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SUMMARY

I. Title

Development of Control Logic for Greenhouse Climate Optimization

. Objectives and Significance

The horticultural crop production in greenhouses have been increasing very
rapidly owing much to the financial subsidy policy of the government. However, the
farmer’s income is not satisfactory‘because of the low crop productivity and heavy
management cost. The low productivity and high cost of management are mainly due
to the failure of optimum control of the greenhouse environment of which
technologies have been developed poorly. Thus, the development of control logic to
optimize the greenhouse environment is needed urgently for the realization of high
productivity and cost cut-down in greenhouse crop production.

The Objectives of the project are a) to develop the searching logic for the
optimum greenhouse climate to maximize the crop productivity and to minimize the
control cost, and 2) to develop the control alogorithm for the realization of optimum

greenhouse climate.

Ill. Research Scopes and Perspectives
This research project aims at developing the methods of greenhouse climate
optimization for the enhancement of crop productivity and control cost effectiveness,
and the control algorithms. The overall objectives of the project are as follows;
0o Development of control logic and system for the optimization of
greenhouse climate
o Development of irrigation control logic and system based on the crop

water demand.

Major research scopes are as follows:
1. Development of greenhouse tomato growth model
o Developing the theoretical model to simulate the tomato growth and

development in the greenhouse.



o Calibrating and validating the model in various environmental conditions.
2. Development of greenhouse microclimate model
0 Developing the theoretical model to simulate the microclimate by using the
outside weather variables as forcing variables
o Calibrating and validating the model in various climatic conditions.
3. Development of control logic and system to optimize the greénhouse climate
0 Designing the algorithm to search the optimal setpoints of climatic
variables in the greenhouse
o Developing and operationalizing the optimal control system for greenhouse
climate.
4. Development of irrigation control model
o Developing the decision method of irrigation timing based on stem
diameter microvariation
o Developing the transpiration model to decide the amount of irrigation
o Developing the optimal control logic and system of tomato irrigation

IV. Results and Suggestions

1. The mechanistic tomato growth and development model were developed, to
simulate the growth of stem, leaf, root and fruit, and the development of leaves, leaf
area, flowers and fruits by using the weather data inside the greenhouse as forcing
variables. A series of experiments for the model parameterization, calibration and
validation were conducted during spring to summer season in 1995 and 1996. The
model developed were proved to simulate the growth and development of tomato very
realistically in various greenhouse climatic condition. The model was incorporated as
a component model of the optimal control systems for greenhouse climate and

irrigation.

2. The theoretical microclimate model based on the energy and mass balances in the
greenhouses, which were divided into 7 above-ground and 20 soil layers, were
designed and programmed. The model developed was and calibrated and validated in
various climatic conditions. The model was found to perform the realistic simulation

of climate inside the greenhouse in various outside climatic conditions. The model



was  mcorporated as a component model as the optimal control systems for

greenhouse climate and irrigation.

3. Algorithm and control system for greenhouse climate optimization were developed.
Using mathematical process models to predict tomato growth and greenhouse climate,
and neural net model to search the optimal greenhouse climate, the optimal ranges of
greenhouse climatic variables which are able to be achieved under the restrictions of
outside weather and greenhouse facilities are calculated, and within the predefined

ranges ‘the optimal set-points to maximize the benefit are determined and controled.

4. For measuring the microvariation of stem diameter due to crop water status, a
measuring device was developed by using strain gauges. The devices were accurate
enough to be utilized in measuring the microvariation of the stem diameter. The
transpiration model was developed and found to predict the transpiration of
greenhouse tomato. The algorithm and system for timely and accurate irrigation were
developed based on the microvariation of stem diameter monitoring and transpiration

prediction.

5. The systems for optimal greenhouse climate irrigation control are able to be

commercialized and to be introduced in farmers’ greenhouses.

6. The models and systems which were developed for tomato culture in this project

are able to be applied in developing the optimal control systems for other crops.
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al, 1989)8 2o 2 3o Bertin$(1993)0] 71#% TOMSIMeo]l 3l& #ojtk. TOMGRO
£ EolEe W8e ul$ FHEA 4AHe Yoy TOMSIME SFALE Had o
dgt oA EvlES] HFE simulationd 4 JYES MAS0] & WH) EviEe
wgudol g ol oI

B2 A7 2 21 TOMSIM3# TOMGROY #AHE il N2 ¢ EviE 43R
4z 743n o8 B3IHo2E Btk LANAN 24 BRuY FHY =R
wol ¢85 3 s Rolch 1Y o AYETUSo) LARAY A =AY
o @A9oz o]8d & U/ As Y BAZUNA 2L parameterSo] 3
slojo} 89 ZE3§ calibrationd} validation# A& HFoF gt £ dAFoM = EviE A
39 e ol UL AYSHT I 87 DRV EvlE 4F R 8L 2
Abeto] Rdlo] MR Y parameter® 2FAF oM =9 wd FEE YNsATh
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A 24 Evie JF 2d

EvtE AFnde FHH F2E& Jed Aol 29 410tk o] YL ERFE, AE
VY, W 5o gAHE 2AAM EvtESY 4 R WEEEE Ay
T FaUdE 249 72, §%, YA, COEESY RoZ A& o 2de ¥
T Aol gt LS AN olE A UF AEZHEES 7 J1#9 sink
strength€ A3t assimilate poolol W& Z71®9| sink strength¥lo] watA 2zt 7|
2.2 assimilate’} W€ HEE 3o & sl@e AF L ALY ¢ 24, 9 4
e s T USSEE 87 8424 oY A 4F A € $8Ss
B 57130 w2} Hadste] 229 WY $8E simulationFrt.
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Fig. 2.1 Schematic diagram of tomato growth model. Boxes are state variables,

valves are rate variables, circles are intermediate variables. Solid lines are

flows of material, dotted lines are flows of information.




1L Z848%8

EvtE 23 d7 A& Gijzen(1992)°] watA g3 ol ANARL 7 7]
B 47 BHEL TF A BYA N9 Z r1@ez BujAFE Faéoq AN
3.

%‘3’— = GREF*(GP — RMAINT)

—%‘% : Crop growth rate (g/m?/day)
GREF : Conversin efficiency from assimilate to dry matter
GP : Gross Assimilation rate (gCH,0/m%/day)

RMAINT : Maintenance respiration rate (gCH;O/m?/day)

4714 FBEL(GREF)E FP4YAEe) BB A@u &L Yehuile Ro2M AE
8 A 2ol A3t AAol = A JEY HYPAEL & Vv APEEH B
T4 AE 4 ez wEAFZSEH G5F o] AU

GREF = PNGP/(ASRL*PTNLVS + ASRs*PTNSTM + ASRe*PTNFRT)
ASR : Assimilate requirement (gCH,O/g dry matter)
PTNGP, PTNLVS, PTNSTM, PTNFRT: potential growth rate of
shoot, leaf, stem and fruit, respictively
L s F - represent leave,-stem, root, and fruit, respectively
A AEAY /A ZELSEE G 718y FEF, NBY FAEEFSES FAZEY
S EQoZRY g7 o] Aidd,

Rm(T) = (RMRL*TDM, + RMRs*TDMs + RMRp*DMGp)Qio T ™
RMR : Maintenance respiration rate(gCH:0/g/day)
TDM : Organ dry weight(g/m®)
Tr ' Reference temperature
Qo : Temperature coefficient for RMR

L s, F . represent leave, stem, root, and fruit, respectively

A7NH Qs FAEEY LEAFEZA 2 7lvel g sol: Ut Ao sy
o,

_21..



7 2o £BBUHEE

THUS A3 LolA &3 &3YALEE Gourdrian 5(1985)9] mhetbd ohg3h o] A
st

AL = An(l-exp(-€lfAn))
An : the gross assimilation rate at light saturation (gCH20/m%leaf/h)
€ ! the initial light use efficiency (molCOz/mol absorbed photon of
PAR)
I, : the amount of absorbed PAR (mol/m’leaf/s)

714 B3 o] 8 & &(e)E Bertin et al(1993)] wabA ot g3} o] Asigch
e = &(C,~ D/C, + 2D

&, * 0.084 molCO,/mol photon absorbed
I': Carbon dioxide compensation point (u#/2)

3 3H & Brook $(1985)9] &R oj3td g9 Fote] w2} Fdists o4& 2o
S EH L AS3AT

[ = 427 + 168(Ti-25) + 0.012(T-25)°

T: © leaf temperature
ZZ9 £ FFFEE&EE FEYHAM CO; T2 wty g3 e HAEFHA
£59 QoM YEELEZRE g Fo| A

Anm =Ppc+Ram
Po, ¢ : Maximum net photosynthetic rate limitted by CO2
(#mol COy/mleaf/sec)
R4, 11 : Dark respiration rate at leaf temperature
(T)( ¢ molCO»/m’leaf/sec)



BERFEHAA COsE @ty SaA: AYEFPYSEE Goudrian $(1985)]
w2}t 33 o] Ao

Pn c = 416(Ca - T)/(rm + 1.36ry + 1.6r5)

I'm . mesophyll resistance(s/m)

n, - boundary layer resistance(s/m) for water vapor

s stomatal resistance(s/m) for water vapor
A7]M 74 Aol FHA FFEE CO 37 FUASE Z A q@ v T
81, 41.62 20CA COz9 dx(mmol/£)elch. &AL Bertin et al(1993)9 &
ojg3tglon AW AAZAYH 7ZIFAYLS B AF(A4EY F4 2Y) AN F=E
A2 & ol &3

¥ G5 FS9] 2EATHL dFG o] AJIAAT

Rd Tl - Rd. mQ(O.l('n‘m)

Ry 2 : Dark respiration at 20C leaf temperature(T))
Qo : Temperature coefficient for dark respiration

229 7 AL, FSHEPEHY FAIRFAS)NNY FFSE Monsi $(1953))
o8t g3t 2ol AT

I, L = K(1-p)Lexp(-KL)
K ' Light extinction coefficient of canopy

L : Cummulative leaf area index from canopy top

p : Canopy reflection coefficient

& FRAFEK)S HAHE(p)E Goudrian(1977)9) whet ohg3 o] AU,

*., K = 0.8V (1-0), for spherical angle distribution
o : leaf scattering coefficient (0.2)
* -

= (1-V(1—-9 )(1+ V(-0 )-[2/(1+ 2sinfh)]

e
B : solar elevation



A2 THel gAY X FRFESE(AIE I d3oMY €T FFPESEAVE 2
g dAM B AT A GE3 go] AstHth

LA
A, = fo AdL, LAI: Leaf Area Index
3 49 HE -2 Gausian Integration Methodo] ¢}3ted +X1H &4t
u e 49 FBHA

TH dF FAYEAL €T FBYY S8 YEANFAM EAAAA YA A
Ao

GP = j:sAc dt

ss : sunset hour

sr : sunrise hour

2. 7189 3¢S

EviEr]@e] £39 25L& Jones T(1991)°] /¥d TOMGROZYE ¥yt A
st 39 old$, 45, A5 HF oW age classold £¥REL 2 7B
E38oM e age class29 Aol && WA A4S age classt 4 #o] £
Ae vtde 9 @ vlde ol F videl £ats A € FAE & age classoll &3t
v Aoz Ao



dN{
N(1) _ GENR * PLM2 — RDVLVT *n* NJ(1)

dt
dl\fi( D) _ GENR*PLM2A1+TPL)
_RDVFRT * ny * N[_(l)
dl\ﬁi(l) = GENR * PLM2*FPN(PLSTN) * SOSIR

—RDVFRT *ng * Np(l)

Ns(i), No()

Ng(i) = the numers of -stems, leaves, and fruit/m', respectively, for age
class i

GENR = rate of new node appearanec, no./plant-d

PLM2 = plant density (no./m’)

FPN = .fruit initiated per new node depending on PLSTN

PLSTN = total numer of nodes on the plant on a given day

TPL = ratio of new fruiting trusses to new leaves

SOSIR = ratio of carbon supply to demand for the crop

RDVLVT = overall rate of development of leaves at temperature T(1/d)
RDVFRT = rate of development of fruit at temperature T(1/d)
nL = numer of leaf age classes, 20 in the present model

nr = number of fruit age classes, 20 in the present model
RDVLT * n.e Z} age class io142) %ol dg th29 age class i+12 Holdte
49 u]ge Yehdch
GENRE MAZ vigle] B34S Yelie Aoz ggx Zo] Aitdd.

GENR = GENRAT*GENTEM

GENERATE: ©it) Hojl¥3t& o]0, GENTEME #3459 2% o&4¢ Yl
£ Aot



54 A% A, N ©888& dgo] 9jste] A4dc

dN, (i)
dt

=RDVLVT s (ny * N (i—1) — np*N(3)
vteel HAde] HE&EE 99 ¥R vehlls Q 4 rE2Hog YA EHs
A

% age classild Ao) 9RH WRe, PLEG) = 2D gaq go Avay,

PLE(i) = Ni(i)* POL(i) * GENTEM
9714 POLG)E H&oA age class iol A& U9 AFE&E vehdc,

3.z 7ige 4%

7}. Sink strength
Z} age class) #3le A[PGS®)], |[PGLW)], HAPGFMHIY FA JEPF&(sink
strength)& th-& 3} o] AHAtstgich

PGL(i) = (1 + FRPT)*PLE(i)/SLAMN
PGS(i) = PGL()*FRST
PGF(i) = Nr(i)*POF(i)*GENTEM

4714 SLAMNS #H4 u|gE3d, FRPTE g41%d 9@ 9449 %F9 v¥]&, FRSTE §
F AR A AF 4FE&9Y ¥, POFOE H2N Z age classd] £3te H49
ZA AR gl

TH AR AA9 AN E(sink strength, PNGP)E o83 o] Al4tdrt

PNGP = }_; [PGLG) + PGS)] + 3 PGF()

-



U AN dA R 4 ide dE 4%E
EvtE7} ARG wet 4 #dAdAE AA4FF T LAY L(PROOT)®] ¥
2 o Aoz JHgsd AR 1E A ERCDRW)S o3} o] AdstA
RCDRW = GREF*(GP - RMAINT)*(1-PROOT)

Zt age classol &3t ZA[DWS®H)], FIDWL®D], FADWF®DIS A8 43&e 37
o] FAF&T source/sink¥(SOSIR = RCDRW/PNGP)oll &j38t thga o] A4t
st

DWS(@) = PGS(i)*SOSIR
DWS(i) = PGL(1)*SOSIR
DWS(i) = PGF(i)*SOSIR
Zt AR g AA AFLE Z age classol A AP &S HAsA ASET @
A 7z age classol &3t: 9 dUA WAL G 2ol AU F ABH
AH&& age classo] £33t 29 GHA AFEE HAUA AP

XLA(@) = PGL(1)*SOSIR*SLAMX/(1+FRPT)

d7]4 SLAMXE #d widd ol



A 34 Evte A¥ed AT

HollA A" 2dS dUHo2 o]fE7] A e dud fH3zdM AYE Evl
E A% 2 2387 FAH olE olgdld =de uisjEsEe]l AFHD
calibration® validationo] Hojof §t}. olg} e BHog I FAZUNA EntE
o] A% - UEAEE 47 Astd AHY A7 olF L CO% &= ZHAPE HA3)
o 2de oyivie 3 € 35S s

1 29 o AP 2 3L AY EvlE Audd

7h AjAl7] 2 A

19959 B 2719t 7H& 7], 1996d B 2o HYE #sidct 19959 & A7 4
Foll A= Momotaro®} ArlettaS FAstdEd 60Y€3I $83M9 59 28U A4Y ALY E
F3430cm, 25ecm(29)x45cmE 8ty AA s At F F3E& MEE FHdA A
sk ek 19959 7He 7] AYolME MFE TASE 992996 A4 AHE KL
60cm2 &% FEL 0cm=T 8hd 25cm(29)x45ecmB F ATt ¥ opdele HA
LEE 11°CE dAsYes 2o HAn 57t 25°C o4 HE 23 st Pyes
ed B3BHAE HA FP  COFE7 800ppm(FL BF)o] HEZ A ddtaz
Aulg Azl GATLAE A 88tA] ¥ HYE FAG 1996E F A7) A¥elME A
F& FAEY 39 1594 A4 AYE FIE 60cm2 I} FEE HemBT
25em(29)x45cmE B4 st $9E oels HA X & 15CE dAsHen Fhde
Hn X7} 30°C o4 =W 3L sutste Yyoz &4 g3WAE HHod 28 8AHA
114 Abslo] COEE7F 1000ppmo] S £ % As Qastaz AU Ao SU7MAE A4
&2 &2 g FUAG

o A &

BN tensiometerg ol &5te] EFFE FYo] 0.2bar o2 FAHEE FHEAN
ANadoz 2% MR en Aule AL, A4, Fgs ALFoz 47 30ke/10a
Agstded AT BelE AP 7juE Agsided, 4E 15kg/10ae ZHIE Y
oz 15kg/10a= 33lo] ZA T/ulsigch EvtEE FAUE d7n A Y o
z AASRAS



9 4% R d&zA)

BN ¥ 159 322 AAZ A4 A o, 99, 2, 4L 0°CAA
48AZF FEANA HAEF T FASYL £ 939 ¥ £ AU @8 F
AZ 4AAE AR T A distd wAF 284 A5, oldF, Hgg, A
%, &35, 35 5& 2AAG

g 24 974 24

AU 2FE(F 249 3%9 psychrometer A Al), dArg, F2(hotwire
anemometer), E¥T £33 (10cm, 20cm, 30cm), EFL%=(5, 10, 20, 30, 50cm), CO2
% %(Infrared gas analyzer)® 2Asged 2T 2JPRL 1020t 2Hso 10
B3] FFAE data loggerE H£&EFAC

2. 2do] ofj/j s 234 9 calibration

EvlE A% simulationo] ¥R parameterEE EvlE 7493 4EABER ¥
F3sAY 29 calibrationg 23 T gEE X 21 - ¥ 23¢] vehlidd. &9
ofolo] Wi A& REo £EaAch

Table 2.1 Constants measured or estimated for simulating growth and yield of
tomato, cv. Momotaro, Arletta and Seokwang by the model

developed.
Values for variety, .

Constants Momotaro Arletta Seckwang Unit
ABORMX 0.73 0.73 0.55
FRLG 6.0 6.0 4.0 nodes
FRPT 0.590 0.578 0.436
FRST 0.990 0.973 0.459
FTRUSN 6.0 6.0 10.0 nodes
GREF 0.75 0.75 0.75 gDM/gCH0
GENRAT 055 055 0.73 nodes/day
KDF 0.68 0.68 0.68
Q10 20 20 2.0
RM 250 250 250 s/m
RMRF 0.01 0.01 0.01 gCHO0/gDM-day
RMRL 0.03 0.03 0.03 "
RMRS 0.015 0.015 0.015 "
SLAMN 0.0066 0.0066 0.013 mf/ﬂ
SLAMX 0.054 0.054 0.039 m%/g
TPL 0.333 0.333 0.333 trusses/leaves

» Explainations of the variables refer to the Appendix.

- 29 ~



Table 2.2 Values for temperature functions in the tomato growth model developed

RDVLVT RDVFRT(1/days)
Temperature (1/days) Momotaro Seokwang GENTEM
& Arletta
9 00 0.0 00 0.0
12 0.0096 0.55
15 0.0126 0.007 0.009
18 0.016 0.022
21 0.01%0 0.021 0.028
24 0.032 0.043
28 0.0260 0.032 0.043 1.00
38 0.0260 0.020 0.027
50 0.0 0.0 0.0 0.0

* Values between temterature classes are linearly interpolated

* RDVLVT: the rate of leaf development or aging at temterature T

* RDVFRT: the rate of fruit development or aging at temterature T

* GENTEM: the function to reduce rate of node initiation when T is outside
the optimum range, and to reduce the sink strength - of
growing organs

* RDVLVT and GENTEM are common to three varieties used.



Table 2.3 Values for potential leaf area expansion(POL, cmz/leaf-day) and potential

fruit growth rate(POF, g/fruit_day) as functions of percent development in the
tomato growth model developed.

Percent POL POF
of Momotaro Momotaro
development & Arletta _ co-vAE & Aretta _ “oonwang
0 0.0 0.0 0.0 0.0
5 3.85 4.37 0.14 005
15 18.15 2061 0.38 0.14
25 28.05 .31.86 068 0.25
35 25.30 28.74 0.86 0.31
45 17.05 19.35 0.87 0.32
55 9.90 11.24 0.77 0.28
65 5.50 6.25 062 0.23
75 2.75 3.12 0.47 0.17
85 1.68 187 0.33 0.12
95 0.55 057 0.17 0.06
100 0.0 00 0.0 00
3. 2d9 HF

A2 249 712, &, 9 COSEE dPds2sn dYAasiy 3%
BN FFEY WANFRE 21 - 238 ol g8ty EntE 4% R ¥{E simulationdt
o &9 HEPE AU

7t EvlE 2%

g9 2Y22 - 21104 HE uis} go] EvtE 4% 29 uid(2922 - 249),
QA(2P25 - 2.7, (Y28 - 2.10), FA(TF21DY B3} #{¢ GIFd 3 =23
olA B&sA simulation¥ = e Ro2 vErdT.
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Fig.2.2 Comparison pf measured and simulated number of nodes per plant in two
tomato cultivars, Momotaro and Arletta in spring season experiments,
1995.(line: simulated, symbol: measured)
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Fig.2.3 Comparison of measured and simulated number of nodes per plant in cv.
Seokwang at different temperature and CO2(800ppm) enriched conditions in
autumn season experiments,1995.
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Fig.2.4 Comparison of measured and simulated number of nodes per plant in cv.
Seokwang at natural and CO(1,000ppm) enriched conditions in spring season

experiments,1996.
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Fig.2.5 Comparison of measured and simulated number of leaves per plant in two

tomato cultivars, Momotaro and Arletta in spring season experiments,

1995.(line: simulated, symbol: measured)
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Fig.26 Comparison of measured and simulated number of leaves per plant in
cv. Seokwang at different temperature and COx800ppm) enriched

conditions in autumn season experiments, 1995.
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Fig.2.7 Comparison of measured and simulated number of leaves per plant in cv.

Seokwang at natural and CO2(1,000ppm) enriched conditions in spring season
experiments, 1996.
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Fig.2.8 Comparison of measured and simulated number of truss per plant in two

tomato cultivar, Momotaro and Arletta in spring season experiments, 1995.
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Seokwang at different temperature and CO2(800ppm) enriched conditions in

autumn season experiments, 1995.
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Fig.2.10 Comparison of measured and simulated number of truss per plant in cv.
Seokwang at natural and CO2(1,000ppm) enriched conditions in spring

season experiments, 1996.
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season experiments, 1996.
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Fig.2.12 Comparison of measured and simulated leaf area index in two tomato

cultivars, Momotaro and Arletta.(line: simulated, symbol: measured)
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Fig.2.13 Comparison of measured and simulated leaf area index in cv. Seokwang

at different temperature and CO2(800ppm) enriched conditions.
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Fig.2.14 Comparison of measured and simulated leaf area index in cv. Seokwang

at natural and CQO»(1,000ppm) enriched conditions.
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Fig.2.15 Comparison of measured and simulated leaf dry weight in two tomato
cultivar, Momotaro and Arletta.(line: simulated, symbol: measured)
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Fig.2.16 Comparison of measured and simulated leaf dry weight in cv. Seokwang
at different'temperature and CO2(800ppm) enriched conditions.
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at natural and CO2z(1,000ppm) enriched conditions.



33 F

350 ¥
+ ~—  Momotaoro
300 4 = =  Arletia -

250 -
200 A
150

100 4

Stem dry weight(g/m*2)

50 1

o + v v v v v
10 20 30 40 50 60 70 80
Doys ofter tronsplonting

Fig.2.18 Comparison’ of measured and simulated stem dry weight in two tomato
cultivars, Momotaro and Arletta.(line: simulated, symbol: measured)
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Fig.2.19 Comparison of measured and simulated stem dry weight in cv.
Seokwang at different temperature and CO2(800ppm) enriched conditions.
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Fig.220 Comparison of measured and simulated stem dry weight in cv.
Seokwang at natural and CO2(1,000ppm) enriched conditions.
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Fig.2.21 Comparison of measured and simulated fruit dry weight in two tomato
cultivar, Momotaro and Arletta.(line: simulated, symbol: measured)
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Fig.222 Comparison of measured and simulated fruit dry weight in cv
Seokwang at different temperature and CO2(800ppm) enriched conditions.
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Fig.223 Comparison of measured and simulated fruit dry weight in cv.
Seokwang at natural and CO02(1,000ppm) enriched conditions.
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Fig.224 Comparison of measured and simulated mature fruit dry weight in two

tomato cultivar, Momotaro and Arletta.(line: simulated, symbol: measured)
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Fig2.25 Comparison of measured and simulated mature fruit dry weight in cv.
Seokwang at natural and CO2(1,000ppm) enriched conditions.
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Fig.2.26 Comparison of measured and simulated shoot dry weight in two tomato
cultivars, Momotaro and Arletta.(line: simulated, symbol: measured)
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Fig.227 Comparison of measured and simulated shoot dry weight in cv.
Seokwang at different temperature and CO2(800ppm) enriched conditions.
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Fig.2.28 Comparison of measured and simulated shoot dry weight in cv.

Seokwang at natural and CO2(1,000ppm) enriched conditions.
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710 vla) =9 F71ste]l mPo] EASH FaH
of £ F&0] ui¢ Fgdn. FrInge] FaE APHoE 249 duRe Bi5
Aol ggstn] 5o Fae 2AITVIS 24 Age HE, EY, A5 F 24
T oA, £57], @idrta o RFe] JFgstr] WiEoly, FHxe 479
el 3 T4 Jldste Ao2A IARAE 24 ddAMe RE QA FA]d
APz FFs7] wFoich 49 wrde APz AES] 4R dFE 37

WEo vrlde B Fstn zES Y HE RS Ao HEE zHIe

Z9] Wslte] g 2474 HHE dFst7] A% 2d JiE A9 g2 dds
o ko™ (Avissar et al, 1982, Takakura et al, 1971, Kindelan, 1980, Bot, 1989
Kimball, 197 ) °] R2&¢ 49 dAst 240749 HARE AT =72 o83
71 9% d3x olFojxlm: 3Uch (Houter, 1990; Van Henten and Bontsema, 1991
Gitzen et al, 1990; Gitzen and Cate, 1988). P|7] 32 & olg} 2& F Ao o]&str] 9
iME AA AEEA v]7]dg dEFE F dolol sl FHAE udd BAFxzANA
53 A2gdddx AHE2d & UxEF EA UAA AHAZ sHojoF ¥rH(Avissar and
Mahrer, 1982). °ol¢} 2& 71&d] ¥¢=7] dsiMe dA @F0] Hin &4d gsido
HEgS WA FE AJAE 12HA AAZHOE o] &sloof &fn] L 2AHA2YE
dA Aol € & v H - ey 542z Hrst Felsojol #rt

B dFeMe 249 & FHAAY oua ¢ A BAHES TR e,
FE, T%, 9AE 5 SIS AES 24849 493 - 38H BEYE A 14 FAx
o2 st HANEE FojM 24U n7ld 4SS dEY F e 2EE AL
oz stgen F3HoRE o] 2dS 24 HE@F A E HH AAA = A

2ol o] stz 3t Holo



A 2 A wdol A7)

L 249 7}A

AL IAEA, BE HEA, AETH, BA, 7 F Alole IS, EYSHER 74
o] Qo ol52 FAFHE °F

HHog FAY Aoz JHA}YeY EG F9e
Azl A% AAZAL 4R 71E &5, F
o &% ZAAZUL simulation?|t F ¥3A FE AE Im EYEFLEZ AT oY
Aok B4 fluxt FAYNgo2 T dojutn FHYY fluxE dAUA] g Aoz A
sdAon, 24 drisy FF71¥T otds AEA, WEFV], HEAE 44 U9
e EHS5 vlstd oS Myl gFeo] o]Ed g3 HEE FAEHAG

2. 249 odA fluxe £

Y 31 B Yo 2E RE 4y fluxE Jebd ZHeln I F(layer)olA o
WAl #2218 g gk 2doA Z gdEEs Ay eduA = 24 fluxE dE
W] ol& ztztel] diste fluxdlg HEFHAH
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Fig. 3.1 Schematic representation of heat and mass fluxes in the greenhouses

7h 953
24L& 139 AF HAEA2 Ho| o ARAde Aol HA Fe A2 7}
W omBel Rt sRAM oux FANE G 2ol & £ ok
- AR
RBco+ RDco+ REco— RLco+ CR—Eco— Hco=0-cceeovmmmrireiimiiniiiiiineenne 1)
- 3
RBci+ RDci+ REci— RLci— CR4Eci+ Hct =10 ovvrmeeeiiennienincenicneine 2)



4. re HE3

AR 1359 g £ B HEA7 Ye ATE 78 dg3 2ol o

5 gsttolA e Al Fx4E FAAsA

- /b‘-.‘?_
RBso+ RDso+ REso— RLso+ CS— Es0— HsO = (--croeeeeomeeeieeieieeeieneeeene 3)
- &%
RBsi+ RDsi+ RESi— RLsi— CS+ Esi+ Hsi = (eeeeerererreereseeerrseresseseesereesesseones 4)

o 495 BE fEA Alelef F7F

o 29 7)ol o A} FA) Aol Yojubx Y= Hez AP

- 443
Hso— Hb— Hci=0 = et isessiestseneeseneens 5)
- FA&A
Eso—Eb—Eci=0 = e neeeeeeneseeseenneieenes 6)

% HeEgs

FEAL, 712, £, AF o9 JE4Gel FYHE 245 o PHY Aoz
HRsed B 2dAE ZelE A dkom NEAd ¢ Ade 9t Rz sy
#% A2EYY U £A4e BeH go) 2 5+ Uk

(RBvo+ RBvi) + (RDvo+ RDut) + ( REvo+ REv) — (RLvo+ RLvi) —
(Evo+ Evi) — (Evo+ Evi) — (Hvo+ Hvi) =0
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of. 3% B2 HEA Alele] F7F

27l 9@ Aol g Roz sysPon 49 FHLLSH A% B 2@
nelste) ot 2ol oA £X4E TS

tlo

- 495

(Hvo+ Hud) + Hmo+ Hh— Hp— Hf = Hsi= () oeevrirserimirieccneirenneseisinenes 8)

LA

- A9%A

(Evo+ Evi) + Emo+ Eh— Ep—Ef—~ Esi=1{0 .oocemrrveminceieesssnssinnns 9)

uh, A S

EQN B g AL TASY HBo Aote LA GeF 2ol & ¢ 3
=)

-y
RBmo+ RDmo+ REmo— RLmo+ CM— Emo— Hmo= 0o, 10
- &%
RBmi+ RDmi+ REmi— RLmi~ CM+ Emi+ Hmi= {0 1D

A BN EFEHAIY FUF

Tl olg I 3719 AFE FASE AN ALY FAE 9&H Zo] €
= 3t

- @95
He—Hmi=0 —————— 12)
- ZEFA
Eg—Emi=0 13)



oh. EFE

Ve RYRGES 1Loste) 1071308 s o] HEolM oux FxAe

g4 2ol # # ok
(RBg+ RDg) + REg— RLg— Eg— Hg— Go=(--vsevreervviccivninnnsrrinni 14)

225 7 EF 2lAE G2 5999 2ol 22A(Yol Bebd EYaE 2 eE
7 gat)e Aoz sbdsgon daid Gua wHAo sy 2 299 dyx 4
AAe e 2ol & 4 AUk

Cvgldzla_’artxl— =G|—i - G.(i=1,"',n) 15)

* C,, ' volumetric heat capacity (J/m¥/K)
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2. 249 flux B34

24l z}t fluxE A4bslyl 94 wAASe e 2o

7} A9 el BFEA

HEFAHRTIY AR E2(RD)F} A DA #(RB)E Erbs et al(1982)0] wat oh-&3 2ol
ALt o

- A #EAHRD)
RD = RT*mt
mt 1 '—‘0.0QAu, OS An» 50.22

I

0.9511 — 0.1604A, + 4.388(A.)° —

16.638(A,)° + 12.336(Ay)¢, 0.22< A, <0.80
0.165, A,=0.80

- Y2 AHRB)
RB = RT - RD

7189 BFB2AHRIE HBEF (SIS HYe] ARz R g3 Zo] At
’g‘tq!

Rex = S.cos8, = S sina

719 F&e Aol FAFY $YALAZRTIF di7| s sFFAA2RE g3
Zol AdsRon o9 AH4ile Haw AFEL B3 Fol AU

A, = RT/Ru
RT ; global solar radiation (J/m? - sec)

-52_



HELE(e)t BEA(6,)S g3 Zo] Aot

cosf, = sina = sindsing + cosdcosd cosw
6., zenith, a; solar elevation ¢; lattitude
6 ; solar declination

& = 23.45 sin[360(d,, + 284)/365}(7/180)
d, ; julian day

24 B2l P FLUAFRA YA(6)L G 2ol AV

cosf = cosBcosl, + sinBsinf, cos(¢ — 7)
¢; solar azimuth[ east(+), west(—))
y; azimuth of the outside wall of greenhouse
cos¢y = (sinasing — sind)/(sina sing)

0< ¢< /2, cos¢ =20
72 < ¢g<m, cos¢g=<9

HFLF(S)e TS 2ol AdsAT

S. = Soll + 0.033 cos(27d,/365)]
Sp = 1370J/(m® - sec)

3. eAus BopRa)

2499 HFBAI HRAE EHete LANEZ Solot HFHAY 7 HEA
ERAIAY $4h 38 A4tet7] Astol Wa® S S Takakura et al(1975)0] wa}
ches gol Axtatgct

Z2AWY BB 253 FE2PsshF WL A ¥ FE(Pcsh)e 9y A
BAd i v & 933 Zo] AMsAd

Pa= A 24Aa 000
Pan= AT A 050
A, ; total cover surface area

A; cover surface area withtilt angle,
£ and azimuth, 7



A)

flo

AUy BeaixAde a5z FE(Psshn 9 3
of dig uj& L t}g3 o] Aasioh
A
Pss& = As ;As.. 8 > 0
.
Pos - A zAs;, 6<0

A ; total screen surface area

Ay,; screen surface area with tilt angle,
A and azimuth, ¥

g gul AS$E B go| AAsH

- g Ee] s B FHAS

+
CF, 1 1 cos B,

Aé = 2 '

A ; tilt angle of the surface

A

- 2e HEAe BEe T FHASF

1 1 + cosf;
CF. = A, % z

B tilt angle of the surface

A

- Ao A oo diY FeAlF

1 — cosB,
CFu = A RAa 7

B ; tilt angle of the surface

Ag BFgAe W7 YRS gt 2ol Adstach
- o2l e YAtz

8(-2 = "ALC'I_ Adgg

- RevEd g JAG

8 = A AL

vl
©

w2

T ¥ E¥(Pssh)e] A ¢4



(1) 24 e 5 o I FAY F5, B4}, F3

FuiAel ofg FAbel wial, F4, FE oo FAAF gt AAED SHA
F(FDi= Snell®] Yol webr o3} 2ol Heojdnt

_ _sind
FI = sin g,

8 ; incident angle
8,; refraction angle

8. = sin ~}(sing/FI)

Lambert-Beer®] 3 o] oJstd KAl vide] A4 FAME FH3AA FFHI G
& HE & FHES 2ol AMtEH.

£
dlo
i)

aa = exp(—k.fl/cosé,)

; extinction coefficient(1/mm)
; film thickness(mm)

=

Fresnel?] $A 022 ¥A&L 433 o] ANE F Ut

(1 — FD? g = 0°

(1 + FDF 2

b = sin(6—6,) tan (6~ 6,)
0.5+~ (a7 e, tan?(676,)
6> 0°

oo FAZNEH FHAEAY sjFHAL FH(tr), WHAkre), FF(@@b) ATE GE I 2
o] Altdd

- _LL:—__fz)_z_;ga;
t (l—fr aa?)
H-—fr}
=fr+ (1 —fr? )
ab =1 — tr — re

Ad Bapo] iF {4 - ukAL ERAF Adtels Kimball(1973)0] wel B FEALY
FREYALZO] 64T 7)\‘9-1 HAsd e o W gEAe] g jFEALY BE
E3- FF, SAHASE GE3 2ol At

- 85 -



trp, = ElzzAdtf(e.)
o = t;Adre(ei)

b = _Al_chcnab(Bl)

. o A@EEAL

tr d = tl’(ﬁd 0)
reqa = re(64 °)
abw = ab(64 0)

- 2AUE B
o A EA}

trgp, = t ‘Z;As;r(gl)
egp = .ALS 'gAs;e(g')
absb 3 .;\1_ gAs’ab( 8‘)

o AFFEA}
trg = tr(640)

ey = re(640)
aby = ab(640)

AHEEAL) &4 A8} WRIKAE T ABITR EWo2 FIFAEE GF
3 2ol Atstgich



SCEES

o g HA}

Uegp = “A‘]‘;“gAcsir(G.)

Ag ; ground area of the greenhouse
A shaded area of cover on the ground

‘o AYuA)

s = A A0

A, ; shaded area of screen on the ground

22 99%s YenEae) 4. s 2ol o HYEA FLE AN JEE A
28 g3 2ol AdY 5 U

b AL 2% ¥

RT, = RB, + RD,

ab RB(cos 8./ cos 8,)P +

46
ab4RD - CF . + abgre RT - CF g
re ; ; reflectivity of the outside ground

(W) A5-95 8 g5

RTC{ = RBCl + RDCI

]

abytro,(RB/ cos 8,)[regcos 8. P A /A +

(tra)?cos 0,P] + abetraresRD - CFA/A
(ch) Yo E 48 59

RT

RB,, + RD,

[abgtr sRB(cos 8./ cos 8,)P + abytrRD - CF (1 + RE )
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) WS st B9

RT, = RB, + RD
= abgfratr RB(cosdy/cos §,)P.y +
absge (A /A (tratr RB + trtr RD)

re , ; canopy reflectance

4 T WA (albedo, re.) Gourdrian(1975)e] welA thg3} o] A4l

TE'JL

re, = re, + (re; — reJexp(—~2K:LAI

re. = 2 . 1-vYa-a
¢ 1 + Kna/Ke 1 + V(1-0)

Ky = 0.5/sina, for sphearical lleaf distribution
Kuyae = 0.8

K = KMV 1—¢

o = scattering coefficient of lleaf

re, = soil reflection coefficient

(2) &4 WFe =HIFEA

24 W9 £Yue] SojoE YAFKGSOL, W/mde tg3} Zo] A4stdth
GSOL = RB*tregustreg + RD*tregstrss

SHUNd 2388 A S AEE  trep=l, mwslolth

(3) 22T AF I EA R

ZETHUH AN dFEAE SAFF(EEHASF  LADY F7te) me AeHes
Zaste AE 7HH T Monsi®t Saeki(1953)8] 4& o] &3t th g3} o] AT

RT RT,,+ RT,,

tre trt(l“reu)RT{l—QXD(—'K’LA.D}

il

K : canopy light extinction coefficient

Tev- canopy reflection coefficient



(4) 2Rl A% HFBA Y F5

RT,. RT . + RT
RT -try-tr. - exp(— K- LAI) - ab,,

(1+ reg trpyt req-rey)

]

6) EGEAAM Y BFEA

RTg = RT - trg- tr.- try- exp(—K- LADab,
(1 +re,- rey, + tré -re,- rey

. FohEa}

249 4 FANM FotRAle] F4E 4 7L A% 13 WAME 323
&3 ol A

(D) 959 FAEA &5

RL. = RL,+ RL, — (RE,, + RE,)

e(l + reg- tre + rey ¢+ tr - trl

f€em * try ° f:rfs . tr,zv

reziz st tl'lzs : tr?v : tr%m)RL

eles 0T + trg - e, 0T!

trg - try © &m0 T4

try - try * try, & Tho

. 0 T2 — e, reyy — & trh - trl « reym — &ctri-rey,
etrd - try - tri, - re 1g)

I
|+ + + + +

f

(@ W% W2 FEA F5

It

RL, RL, + RL, —(RE, + RE

el + tryy - rey + try - trd ¢ remm

trig - tr trd - rey) tre - Ry 4 efec o T
tr .rey €. 0 T4 + try, -+ try, 6. 0 TS

e, 0T + try-re 6,0 T?

try, © try, & 0 TS

~ & 0TH2 — e, 1e, — e 1ey,

— e Tem ¢ trh — EgTe - trh - tri)

+ 4+ +
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(3) BT Hol o AN 5

RL,, + RL,; ~ (RE,, + RE,)

e (1 + try * reym + try, -+ trl, - re i)
trie - tri - Ry + &yftry - e.a T +
& 0Tt + €n 0 T + trm 6, 0 TY)

— &, 6 TH2 — e, rep trl — &, rey

— & Te — &y Ty - tri)

RL,

(4) R ¢ FAEA 5

RLy + RLni — (REn + RE.)
Em(l + rey) tro- trg- tr,- Ry +
Emltr s try. €. 6 TE + tr, g0 TS +
e 0T + g, 0T — €m o TH(Q2 —
En Fey * tr‘.?s~ trﬁ, - Em T€5* tr;"v -
Em €y ™ € T€yg)

RL .,

I

(6) Edude A% FoEA F4

RL;, = RLy, — REg = g tro- trg- tr,- tr, Ry +
ggltrs s tryy: trimecad T + try - try, - e,0 TS
+ try s 6,0 TH + 6,0 TY) — e, 0 THL -
Egre - tr?s- trfv‘ trfm — Egréy” tr?w trf‘m
- &g €y trl, — &g T€im)

* (&, &, €v Em, &), (rey, rey, rey, rew, rey),
(tl‘;c, trls- trlv' trlmv trlg), (TCthtTv-Tm»Tgo)Y\f
2tz} 2Quly, AN-E&, AEF, d9A, EQRUY Haly, HaRg, F3E, 2xo|th

HAFozRE AMBAE g 2e g o] g3ty AP
RL = £,0 Tiﬂ
A7 Toax 8712019 er 9719 £571% o & Stefan-Boltzman¥ ol g ¢

o 715 2& & Brutsaert(1975)°] 95t vl A& E(AH, g/mIZRE dg3 2ol
Ay srAct.



€, =0.58AHJf
Iz 2o dEHEE &% 0 - DI di7)e EHE(ATR) detA o3
ol AAret tH(Unsworth & Monteith,1975).
€ = (1—-0.84c)e, + 0.84c
c = 2.33 —3.33ATR

3 WE, 9%, 87

(D. %9 A=

ARSE AP EF &4 FHA0A FAEEL G4 2o A sAen EYY ¢
AT=E EY, EGTE, EY 7IF o272 Mclnnes(1981)8) A& H &3t AAbs
Ao

T
= KB
G; K 8 Zi

K, : thermal conductivity of soil

AE2Y GASE g3 2& A4 (Chung & Horton, 1987 ol-83ted A4taid
o,

Tgy — Tgo
G, = —K,[—"ZzT-—‘—

Tg, : surface temperature of present time step
Tgo,: surface temperature of previous time step
Tgo,: soil temperature of present time step for the node at vertical postion 2

1—Cya(Tgy — Tgog)dZ,/24t

(2) 843 FE flux

A HEH @ AR He F7) Alold FIFHFH FL(E) fluxe HGEF o)
AL 8
o
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‘H*= pc,h 4T
E = pih 4L
o : density of air(kg/m?)
¢, : specific heat of air(J/kg/C)
AT : temperature difference(C)
A : latent heat of vaporization(]/kg)

4q : spedfic humidity difference(kg/kg)
h : heat transfer coefficient{m/s)

24 HEA} U] FUige G ¥ FE AL AFE 42 Zol ALIRA
t}.(Bussinger, 1963; Kimbal, 1973; Avissar & Mahrer, 1982, Monteith & Unsworth,
1990)

- 24 AEAS AH-F7]

h = 0.0023Ws
Ws: wind speed at 2m{m/s)

- 24 R F719 JEA(

h = 0.0015254T '/

= 0.0044T ' for AT >0
h = 0.0044T '8 for 4T <0

$H EvtE 2o FAAAH ddfluxt £ RIMNY A5 FA4RDAM S} 2o
A Abst Aot

(3) @710 ¢ 4= FE =g
grlo] ojd FAHIT FL(E)] RS 53 o] AL
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Hy = L Cp hvux(Tin - th)
E = p’lhvcn(qin - q\'m)

hye : ventilation transfer coefficient

T  : air temperature inside the greenhouse
Q. - specifc humidity inside the greenhouse
T © air temperature outside the greenhoduse
Qo - Specifc humidity outside the greenhouse

TH BIRPASE 2% #@7)%e) MEAH(Aw, mI)F JE FEH(Ws, m/s)2FH
23 ol AAM3}4 tH{Papapadakis et al, 1996).

= (a + BAw-Ws)/A,

71 ast B AT EA Papadakis et al(1996)0] AAIg g ol 838A] ¢ B AF
oA AL L3 4o A calibrationdted o &8¢

3. 249 3 3y

a9 22 Y 4AHYEY £AHYE JellE 280t 49 Yy, 25 o
B B4, EY HE L AEAe 9 ¢ A&y B4, U AF, EYLx: ¥
of iR A4 & 271X zAB2AM Yo 94X gY RREME 7L, &k, ¥
A, F& T gRri2zdel destt XYY AE o 2o

@ Wy g5, ¥, 2AY, EYIEY XY ¢2AFT 24 dYgR Ui 24 T
H8AE T dE R FE ABASTE A

@ vz 2@ 343 dY $AH 4L Newton-RaphsonPgo 2 3 #i4dtd EYR
H2E, ¥ 2% FETH 2k, HEA 2%, 24Uy §E 9L CO: ¥ & ALY
o 2 B34 134 BE#SE 2] € (Rechardson’s Improvement Formula)ell 9]
o Agsnzg 29 349 F71 AAE SolsiA A

Q@ AHFE FAH7 2o wW7A] @ T @ HE AUdY.

@ EY 2908 2= Q" QdA T EQEY 259 Im Holo EFLEE A
ZHLE &9 impliéit finite difference methodol 2lstd Z+ %(5Scm AH)e EYLEE
Ao,

® g9 time stepell W3t @ ~ @ VEI

o} 7] 429 Quick Basic® 2 program® A 2% source listE " F Eoll. =23t



INPUT CONSTANTS
GREENHOUSE PARAMETERS
CHARACTERISTICS FOR
SOIL. COVERS. VEGETATION

INITIALIZATION

——J

L

INPUT
EXTERNAL METEOROLOGICAL DATA

CALCULATE
THERMAL PROPERTIES OF SOIL

— W
EVALUATE
NET RADIATIONS AND
TRANSFER COEFFICIENTS

SOLVE ENERGY AND MASS BALANCE
EQATIONS

CALCULATE HUMIDITY OF GREENHOUSE AIR

RES ULTS

NO PREVIOUS INTERATION

YES

CALCULATE SOIL TEMPERATURES
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Fig. 3.2 Flow chart for the computer program of the model
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3.1. Photometric properties of cladding film, mulch film and soil

Parameters Cladding Mulch
{(polyethylene) (polyethylene)

Short-wave radiation
Reflectance 0.120 0.084
Absorptance 0.050 0.036
Transmittance 0.830 0.880
Long-wave radiarion
Emissivity 0.067 0.030
Reflectance 0.146 0.120
Transmittance 0.791 0.850
Refraction index 1.50
Ligh extinction coefficient 0.165(1/mm)
Film_thickness 0.05mm 0.0lmm




Table 3.2 Values of the parameters used for the simulation

Parameters Values Unit
Soil
Bulk density(Db) 1.10 g/cm®
Particle density(Dp) 2.65 g/em®
Clay fraction 0.20
Water content(WAT) 0.20 g/cm®
Bottom(Im) boundary temperature 1350 °c
Vegetation
Light extinction coefficient 0.58
Scattering coefficient 0.20
Emmissivity 095
Charcteristic length of leaves 0.06 m
Greenhouse
Length 14.0 m
Width 50 m
Wall height 2.3 m
(Gabble height 1.1 m
Surface area 1694 m°
Greenhouse volume 1995 m
Orientation north - south
Ventilation
Fan ventilation rate 0.36 m/s
Side window ventilation rate 017 + 0.045Aw*Ws m*/s
Aw: window area m’
Ws: wind speed m/s
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Fig. 33 Diurnal marches of air temperature(15m), relative humidity(1.5m), solar
radiation and wind speed(3m) used as input variables for simulation of
greenhouse microclimate from May 18 to May 22, 1997.
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surface heat flux(SHF ) on 18 to 22 May,1997.
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radiation and wind speed(3m) used as input variables for simulation of

greenhouse microclimate on 17 November, 1996.
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Fig. 4.1 Brief Diagram of greenhouse control system.
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Table 4.1 Input parameters to initialize the greenhouse control system.
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Table 4.2 Specification of greenhouse controller.

T B = 3 T 4
CPU i8051(8bit)
ROM 64K BYTES
RAM IM BYTES
REAL TIME

RPN 3 e
CLOCK 3,9,9,A12,72hr AARAY7) S

DISPLAY | LCDA#, 20%x2%, 5x75E, JEH$
WEMICOM | A/p

CONVERTER 12BIT
dHHA Analog @ 8Channel, Digital : 24Channel
28d4 24Channel

%4 PORT RS232/RS422

7B = Function7] 1078, <271 107

ARAPC, £ FHPC,
L3R0xW280x180xT2

4. Al 7] (Relay)

2 AR dubsrte] Aolrigt fAg el AolE Ao, IdA
A gAA Y A5 E A ¥ AL n FA7I(Actuator) A TS
LimitA 2E Aojrjo] #AgGst?] $1slod Digital Relay Board® 712 dx3lo A
A Ao} Alado] HE 2 gt 19 A=Y RETEE sl 24Volt Transformers}
7§ Magnetic Relay®] ¢+A-& 93} Overload RelayE A Adte 9 FAHL ¢ukzyqgl
AdzIgt ARG & 5 gl ’

5 AA 9 Limit switch

L4 Aojas ¥ MM FAE Table 43 oA BE uiel 2o AMe WA 24
THRZ YR 2%, &%, CO; ANE ¥4 dxsidan, 498 FFANZ T3,
4 2T, 2R, 6% ANE Z4F 144 dxste 24Us Z1gxts £ o8&
t}.
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Table 4.3 List of sensors for monitoring greenhouse climate.
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7. %271 (Actuator)
Aojgas dutErty Alddadst FASMA H-23 237, &F7], AL, CO2A
7], AHBF & XA ojELA AoE FI 24U F4& AT Ax
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st ot
Table 4.4 List of actuators to control greenhouse climate.
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2. Alelg AFER

Z492 Huststs B2 ¥ 9(Seasonal Performance Criterion Formulation)2
tes o & QAFS Hgst st Aol YdAHQY EFolm ojyA FAFAY
Aol BAE Aojul g, E3] dulga FruLS HAFPorA 25 FdE
g4€ F U

J= ffk{t}f{ Bt~ c | "Hidi-c, i "o dat

el g 7148

t: AZh tf © FBAA, f Bejrtsd AALE AL 8-S, F ! heating flux
Q : ventilation flux, k, ch, cv @ FAHE, G, g2 & © Y HF

...81...



3. g4 Alo] & Simulation model
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Fig. 4.3 Logical chart diagram of greenhouse control system.
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Y. EvtE 4% 29

EviE ASRYo FLHE d¥MFZE dx 2 AN EvERY uih<,
dF 9484, 4%, 283 AHLE F AS27] @& godN 2¥Yo] Az, 19
& 9A AHEF AR EYEAM de 24YRe 25 AUFE, 28T 24Y
o dAEGE o]t EuiE A{EHYPo] stFgEY od JojAE MAFF AFE
o, A%, 949, 45 T As¥FAdn A, AT § FIFEAE ¥ L&
T Ao 8 simulation®] interval& A&7 ¥ F ded AT intervalvta 7%
&g ol 4FF L A @ + Utk

£ EnE 45382 A3, Momotaro, ArletterE%o] #A3 € Aojv & EnE &
Follel Hge AT Ak 2L Tt s5E
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Fig. 45 Flow chart of tomato growth model in greenhouse.

o Aol BEX HAARY

24 AAAE AT AASEA HAAo] dF =2 E& Fig. 46914 B uiet 2
c}.

HA 24 uZARAE AX de 24URY 2 % &% ¢& FAReE, X
o] ZA¢ x5CTHHAA 05CTHEY AFE Az, 59 B¢ £10%8AdA 19%34
ol AFE HAsd 20X20 matrixE APt o]l LFE RIS EEASEYY
PPHFZ o83l 21 FHEB2A 20x20 matrixs] 43 FRAHAUE & & Atk

o] 2219 matrix& W& E A Y (Response Surface Method, RSM)E E3 $d4&
Hozlsts 25 ¥ $E2UT GAY F7t Ut ol & ol &3 AojE FyA €
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Fig. 4.6 Determination of control target point for optimization of greenhouse climate
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1) %49} Sequence

A Ex A7t HASHY &2 Aojxa 2¥o] JFsEd o AA 2% dF
Alolbit WA, Fxo it Aoibit A, Fort AAbit A 5L AX AAHY Ao
sequence® A XA dch

Fig. 47& 2ol i@ Alofbite] BAAHE 1402 FAIR oo},

A AEHEA7 Eed dAe 24URe 2o ML LA AW A
o7t ¥ 9F w&X X E Bl & A, UA NENE offAl7)z, #7,
FEAY A S &AHoz AY3A o

o] B¢ @71A Aol AAHAE e Aojrlg 7HES FAHK ZHY Ao
< FYsiA o, FF AASGAI} HEAYR] G F 9o dE Ao E d4A
U AR xE 2H3A €.

g o] AHFL HAHPAA Aozt o]Fo] R A& otn] HAE Aojyld A 1x
4o Aol & matrixe] P bit9 setting®] o]},

(B A0] B2 43 =)

\ i
A2 Y
(&%)
v v
e e—s > 2xyy| s es < 2mu9 |
?».—» CRRery

e L
e = 82N "" @“‘ 7] off

2g2: ke ki

—T_
FERE """’

z23gsF

""' 7HE A1

238

g4 s &3

Fig. 4.7 Flow diagram of bit setting for the control of temperature in greenhouse.



2) $ 549 Sequence

Fig. 482 &xol @ Aobite] AYAFE 2822 RAF Aoln

259 ZFee vhAsbAZ A AA AAFEAZF EojW A 4N §E%
o] a7l AWl Aol Wag wF ¥R WHLAE B 2 B¢ &
7], 7k AAL £aHoz AYstA €4

o] A4 ¥k AMoldgo] ZAHHY & Aojzlg st FAHY A o
hg FEA "oy, §F AojT@Ast BT 2P B Ffol & AoiriE HEs
Av AR =E =dsA €.

(83 Ao BEA 4 =¥)

-

Ao S EY A
(§%)

v v

[en &= > =2x94| [en ¢= < sxu4 |
mTer | [0 |~ @) 1@~ @ D
AASE ki
BEFE l
o @ @@
AR A

dgAgE 23A

Fig. 4.8 Flow diagram of bit setting for the control of relative humidity
in greenhouse.



3) F3, ok Ao} AA ¥

2o ARAHA BAANE A HFE FUA, oo}, a8l Wshr|He Ao
T 3¢AZ U Aojst o]Ro] AR E HAsIHTh T, iAol AATF wH
24L& Fig. 49914 B& uie} grh

5 AdEAGHY dENTGE Adsd 4% 1Al A FREH dEAANE F
Aojriztez HFste] Fgd Aiel Aojnld HAao BE2 Ao VYstx, dEF
INZFRE oo dednAe oAt ez BFete A&7t dite W2
2 dHLo} Mg ZAEA €oh 2y YEF INBTIH YEF INTELE B
EAo1719] &L FLAL AAUILTHE FAFLEA Aoju]ge H2HE F 3UE
& AA - A sy

] DAYTIME() ? -}

\ 4 h 4 y

@ aun10A Ao

U & +1hr<daytime<¥d & || ¥4 &<daytime<ydZ+1hr || Y E+1hr<daytime<¥d 2
U E<daytime<Yy S+1hr

B4 = Maximize 2E Aol div] AR AL A ole g Al

Ajolu}-§¢ = Minimize (4¢ @)

Fig. 4.9 Loical model of daytime determination for optimal control in greenhouse.



4) B4 Ao} Sequence

g 49T 2% sequenced} &% sequencer AAZ A Ao} sequenced T ¥
Folztn & 4 gtk 4714 &%, 5, CO: Al E 4% HFTHA Aojyske AAs)
A €t Fig. 4102 A Aojsequenced YEld AHolch

A AbEAte] F£FEmodef 77t AUEAE AIY. FEmodef TF7t e TE
Aole FAEHY AMgate] WHe mzA gk AFmoded ZAHollE WA FEAof
sequence® AHA XA obitE setdti, XA o] sequenceE AXA €. 21 &2
A5 grs AXNA ded FeAE 99 AojgdEE FAsn U0l FELSIE
AMEsA € 298 FEXAEFEA AFEHLAMY £8HE F3& FIEA
Sh= 3

old AL AA HA Aobitrt AAHHY vj242 A9 AojFH ol controller2 A
25 Hed AoddFox AojddaAD HadsiRR S AAA o

] A o} Al & |

r.
L

% Mode 2
‘ Yy
L &= Aol Sequence ]

Y

2 = Alo] Sequence l

)

i R ]

AFAE 2 l‘

¥ | #%Hﬁ%? ]

[ Aol ddwx ]
!

L mqaﬁ@¢ ]

1 EEREEE ]

T, 5 SEH ?
‘ y

[ Aol o 7l |

Fig. 4.10 Flow diagram of total bit setting sequence.



VAT ZT2aWL Lisp ZR283 Turbo-CAA S o]f3ld zPslged
sequential control search(Garsia and others, 1989)2 8o} oj&] d& HHAIE o] &3
neural network Edl o] &t} ol & A% control rule2 o] &3t AMJEE&EE I
Aen L By
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A5 F AAYRE o] 83 EvlE HFH #As 2d9 g
A1d A QA

242 HEA ostq A7t AGH7] el kAo B2 WM " B
Zste], @ e ¥¥ = 2AHAuAE] £F B2 ofye FH: ARYE 4FE
vt a2y fuete] 39 S4dA AujEe FEY AN A7l L BAF ZAA
W3 71Fo] A2 otdHo] YA ¥, FAEY WA JHA AZIE ZAHse dde #F
2 AW $% AHE 71Fo2 &1 BAZL FBABe] 2As BASE o)
elesttta &} (Moriya et al.,1992)

gAY FE dHd A% BAMIE AAY] AHM AEMH FE LdE ¥ F
#2222 monitoring®@ F oiok stEdl, £7] A7 A3 (Moriya et al,1992; Namken
et al,1969; Schoch et al, 1987,1989; Simonean et al,1993; Huck et al,1977), &7] A A&
%o Wl (Moriya etal,1992) & At o8 AEA & A= ¥ 3HHY AE
2 ol AN AA o] &stuatsE B AT olFo] A3 U E3I FAA
o] Wsle A2H FEAHE B whdst(Simoneau et al1993) #AAZ] Ao olE
AFEE o437l A% A7 Bev Moriya et al(1992)& ZA7 &4 FAE ol 43t
oq T @l AEst A2gE 483 s

E A7 HF BHe A4 Uy 2dd oF 24U FUAFY oS
2A3t 24dA AuisHE EcvtEe #AANZ € BAF ZAH =€ Agstn ol
BMAN2doz FAst HEstste A& SR

A 23 4w EvtEd] TR A

L a7 23

BEL Kol vistd HHEIN FoHol ¥ REVL Fob HKikol 4= 4o o
gA A EntEe] e BF FFo| obr|HAY oAd FHH A Kol
2A387] 41$ 22 (Aikman and Houter, 1990; Bakker, 1990) &#< 3¢ + U=F
oA #MEE BEe HAEs z2dse Aol Yasid o8 HiMe 249 MER 84
3 kige] BAES A F4E £ Y FA 2dY sjdo] Yoy =¥ 24
Ael 2] AYY BRES 2ASEY AAE PN FEE B 29 G50
o}



olsp e ojfollA 24 A} AZ EREE B L olF o4 24 WIF =
3 B4 Aojo] #F AT BESA olFdA T Yoy $ YoM o Foke @
T7F A9 ojFox A gn UE dAHoltt HKik BHLS A&ikol AA J¥gs= BREHY
HEth, di7le) fRL, ME 3 RigEDe pEles FUY RBY X U(de Graaf and
van den Ende, 1981, FAO, 1977; Okuya and- Okuya, 1988)3 %) #% <o # € ¥H
Weszoll 2AF Bw 2 d(Aikman and Houter, 1990; Boulard et al, 1991 Jolliet and
Bailey, 1992; Jolliet, 1994; Papadakis et al, 1994; Stanghellini, 1987)2 ¥ 4 o
R L9 RBEE, Fpe] BF B, (fpd $EAE 5ol 23X oj8d & ¢
T 4 &9 dax GEE oA FHstool st EAFel At(Jolliet and Bailey,
1992). #ulHRell 24 2dEL 7|£3 22 Penman-Monteithd) 3 Fldn, 2+ =
12 #MEHNERN), EEERFREEN (), FRLBEERGCIS Adste P v
d olF r7t 7HE AT BEelth o A s mde As FHo] o] &F K
filgel wetd 242 2do FA @R 22kl Stanghellini(1987)29E€  Jolliet
Bailey(1992)7t 93¢ Silsoedld ®ES 2H KR #HES Fg=st e 5oz 3
%oy, Papadakis $(1994)3 Pieters(1995)= Stanghellini(1987) £4d9-& F4¥ FH 9
AExrt i don sded 2 olfUt o HE RdY RE FHo) oS5 RBAEH
2ot 2 BH HaAAM olFAR wEelztn st FH Aol AFE 6749 o
€ 298 Lee(199%6)7t %2 uet o189 24 7I¥ zAAM AFE A 8 et
A adz HEsrlde T8 2do] A Atk At & Eo] Stanghellini®
Rde 3 Golv FUHFE AFA FAHNNY B do FsE AFARTY B8B%
U Fitel wA FdEdxn st

geid B AFNME 24AY EcotE F3o 44 € 3 SR 2AE FAR
d& P53 4¥L Foo Zdol A A F3 2d AFE Yy
st

2. 24l dA
7 mde Al

EvtEe oy FHAHY AU $£AE Yol A F(heat storage)E FAEH ©g3 o]
UelY 4 2tk Papadakis $(1994)¢ EvIE 99 AAe o] A$ £10W/mPelwolm ot
g 0o ZHgan sges EF Stanghellini(1987)E EotE Fd o AEe & 44X
23l vste sig HGn Y.
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Rn=H + IE )

94714, Rn: €8AHW/m), H: @228(W/m), [E: ZLIS(W/mDE oojgct &4 279
EvlEQ Ato]e EdngH)S o 2oz E¥E 4 AH(Monteith and Unsworth,1990).

LT, - T,
H = [ p( 1 ) 2)
Tan

4714 .p.: 718 W E(kg/m®), Cp B719 UM B(J/kg/K), Tv FEK), Ta 71(K), ra @
o JEBAZ LAY (s/m) oot

T4 3719 ECIE 9 Atole JAARV(E)S 3719 ddAAS ¢ 713 4A4go] AAdy
Aol e Rez 7tHsto thge 4oz FEY £ AcH(Monteith and Unsworth,1990)..

E = LCe &5 — e 3)
7 fay + I

A71A, vi AgAZFPa/K), e BN Z8371%(Pa), e W71 £3714(Pa), rav: +3
718l A BB ASEAA(s/m), rst 71 F F4HA F(s/m)ol o,

8 -7 5 7)1d2H(leaf-air vapor pressure deficit, LVPD)S ¥ 3 $Z7|¢t THM o2 XE
a2 G2 7|29 2 g gol degd £ o
e, — €; = (em - ea) + a(T] - Ta) (4)

A7IA, ewst €4 F719 E35Z719(Pa), 6 TrEr1¢2 MY 7)€ 7] (Pa/K)ol o).
Monteith®t Unsworth(1990)ol 918t H ra/ra = /D = 093(A71M k, Dve Z2t 9712 @
2 FF71 FdAF)oln, Yo (1) - Aoz RE FANAdREY g2 AL §2dd g
&3 2},

%Rn + p—acg(eas — e,)

_ M ah
= 093 + 4 + 1= ®
’ 4 Tan



T, — T,= (6)

4L A3 9 34 didel 5)A & ol gty 4&g 2y Yot gy Yo f2ldd
EE 6)4022E 48 SN 23S £ U

EctE o] RE U A A2 #E dAA oo £ o FAF ojd Aol
2 B8 A% de Rez2 74 sio(Boulard et al, 1991; Papadakis et al, 1994; Stanghellini,
1987) A AF(LAD, BB ASRINY(ra) € 71 FHANAF IS ZRE 2T GBAAS
B a3 71T A G )S ST ol Alatslgd e,

w Tah

Tahe = T AT )
= Ls

Tse = SLAT 8)

THe FA% Exe 49 A 6), O)H2RH Frd o4 go

—f;Rn + 31—“%&’-9"—(&“ - e,

E = 2 e
S L Is
0.3 + > +7

0. 93!'3), + re _l_
mRﬁ + (eas - ea)
T, - T,= —LAleC, > = 10)
0.93 + > + r

gtel @), 100AAM Rne (5), (B)AE @a 2l SBAHW/mdels, Te %Y ¥8 &
S(Kyolth. mde] 9% FE A Bde 7 &5 A2AE o &8 ¥ (9), (10)HE #
Aibste] FAD 28 FAld P,
U 28

24}

o>



28 ZF4F AZAN Y $2¢ R F9 e FE £5AZRNE YA F45e
Rolrh, ¥ BdelM Foo FEA: WEY viyel EAlng ol E4(Stanghellini, 1987
Stanghellini and de Jong, 1995)& o|&31o] t}&3 o] Aisdd.

Rn = F{(l + r,p(1—17) — (1-1n)e. IR,

(an
+ (1 — )ole, TS + 4T — 2. TH)

oA71A R AU YALF(W/m®), py, P 2 BT Zh2UE 2 EotE 4 T
AbE, €y, £y £ AT T AR L Y BEUoz FNEAE AEde HAHY Al 7Y
o} BALE, Ty, Ta: 44 2% 4% € &8 BUOZ FoE AMESIE ZAMHY 25, w
Zt g BA e FuEae] E3xgoltt ddA T Tew 4% 24 HEY iy E82E %
ANEAY 22 stolof st o2 SASAY d&stE oEE W7 Asted 249 I
o2 dX&n 4P T3 et & FAHEA ol &EAH pe%t peE 2F 0.09% 0128 °l &
B9 2ol o8 .9 e A 0949 0930l e T HAls ek 0858 ol&sd
o @Al FuEate 2 F3ge dUAHAFLAD, EREA FFASK) R R
Atel EZAFIZREH TS% Zo] Addn
~KLAI

T, = e (12)

-k LAl

o= e (13

2o FAAF ko ke Stanghellini(1987)7F EvtE Zo] distd S E ¢A 0483 064
g 27 AL gstglnh 88 (1040AM Fe ®e st FEoAM ol Yo & 39 &
F 28 2] AW d52A g 2ol AdEHStanghellini, 1987; Stoffers, 1975).

1—0.6471® —0.368™
1—0.64r1 % —10.362™

o714, ast b 2z F&e golst ol Zo Aold FUY¥Le A A ¥oth

F = [1—0.07(1 — b)4.7 ~ a)] (14)

o & g

9ol B2 ZAL d&ary] gstdE GEAASEAA R ra)H T HAAY()E BYE H
7bstedot @t Q7 A& YA A &S Nusselt number(Nw)9 o83 & @A 7 dvh(Monteith
and Unsworth,1990)..

d

Tan = N (15)



A71A, xE F719 FBBAF(mYs), de ERtE o EAPol(m)olg.
ZA dFe %S NutE Reynold's number(Re) 2 Prandtle number(Pr)& &3 o] Uehy
At (Monteith and Unsworth,1990).,

N, = 0.66Re®*Pr®® {16)

ZAH dF A9 Nut Grashof number(Gr)dl oj&tdd &zt o] yiehll Y oH(Monteith and
Unsworth,1990; Parkhurst et al, 1968).

N, = 0.24Gr"%® for T)XT,
N, = 0.37Ge*%® | for TOT, an

i

24 g 49 BASUAME EF UF FRE o2z 49 AATANYES AFUFA
A AR(rae)d ZARRAY AR (r)E S Zo] YFBAZ A AL

Ty gala i
Tagg + Tag

Ign &=

(18)

71 EHIAYLE AR, LVPD, 42, COs s, AT-¥EUY Fo o3ty FesHe A2z ¢9
A Utk (Boulard et al, 1991, Jolliet and Bailey, 1992; Jolliet, 1994; Papadakis et al,
1994; Stanghellini, 1987). zZ3y4 & RddME o5 F /b S8=7t & YAHZ3 LVPDY
< o] g3t g o) TN 45 /NFYHLIAY, YAZE, LVPD ] ARE o83
o 45EE FHsAc

r, = rsm[}. + e ~ayRs - a;)][l + e b (LVPD ~ b;)] (19)

A7, rem HAATIZFHAAYP(s/m), Rs: AU LAHW/m?), LVPD: d-di7] £371¢a
(hPa), al, a2, bl, b2: Aojch,



3.

o|
rx

2 24 o]yl 54 49

of 4¥ & Agdistn & HAPsPel AX T gyidtsie] VenloH Fl24elA 1996
of dAIsENY. EvtE U XS 1€ 179 &8 &S 3¥ 199 E82H® BT
[(27cm(W) x 445cm(L) x 30cm(D)lell ER 3t #BHEZ 8E/m™7t HEE EESR
3, EY FEE 47 Astd §9 Eeia€ HEL dASAG S SBEE A
Bog | HKHFEAC 02bar ©l3t7t HEE BASIAT 49 87 de oz
o] MAXE 15°C2 slgden Hiiels 25°C ol4do] HW XEE o #E HEE
i a=2

ZaEe WHY FUo AT 2 @l ued mWESANeH, £719 MK (stem
heat balance)& ©|838t= sapflow meter(model SGB10 & SGB13, Dynamax Inc,
Houston, TX)E& E719 &R 2o dxlstd At F712 sensord] heater 5
Gl AT E719 FHE Filmm ol thermocoupled AT €719 2% & F
Aol ZA38lstglon], o]& £7]19 heat storageE #WIEsI FAFE AAsted o] &3t
HHGrime et al,1995). 10&vith FA4HE S48t 08T HFAAE T4 2l HA
of ol &3ldt. &4 Ho| & F¥3| HAsided, & AA € JAH AMAEd ER
(LL, c)® ZFEELW, cm)-g Z43t EERELAS b (oS, vdH)d o3ty
At o

LA(cm® = 509 + 0287LL*LW + 5347+(LL*LW/1000)"3 (n=300, R® = 0.9037)
(20)

2 AA et A ZAe FEHEHL oL KE Im'F HE KuES AN
ot

REE 24 oldd 24 WY HHERSV), #% TH BHRRSD, HES ¥
&(p.), W% L3 SEHERN), TN MEHERND), 4 FI9 = &%, T
BOAR A4 RoMe EREK BE, ¥E(nfrared thermometer), E#(hot wire
anemometer) $€ 10& JFeg 27 1083 FFE 3o ol &3t TH MEH
BRn)& g ol Ao

Rn = {Rnu - Rnd) + (p. - ps)Rsu 2D

A714 p, p= 2 TEI KE RHReI



BB 7)FEVAGE FAY, AL, Urle 271Y 5 A2AE o|gsd e Zo] A
Arshgch

fe= 0.9y + L2Colos — ) (22)

y-IE

4. 4 3
7b 71 e 8 g

29 1€ 19964 7HISYRE 0UAA 3Y F¢ 108 PR Y FAY, AL,
TE571¢ T ABZEH 4 (22)8 o) &dld A4y NFTHAAGH &4 WY UxF
Ze] BAE 4Yed Feld 7FZAAYL 7|Fe P aE(Boulard et al, 1991
Papadakis et al, 1994; Stanghellini, 1987)3% wb37FX 2 YA H F7tol] mely FHsA
Zastgon, data 100W/mPo]l HE it mE 7T RAAGe ol AR ¥
I YAFE ol A2 B YA AuiHE Aoz wodn)

2000 T

-
[+]
[o]
(o]

Stomatal resistonce(s/m)

0 100 200 300 400 500 600 700 800
Solar radiation(W,/m®*m)

Fig. 1. Stomatal resistance of tomato plotted against solar radiation in greenhouse

A el ME YA, 71, FEVIY T AR 4BE X3 H3leR ol 849
€ TEst 71T &L vAE FFE DYsirlE g oF . M 2Y 1994
BE ulg} go] Uale JgFo] AL Aoz WUHE ALY 200W/miol A mWe A7
hg o] &3t LVPDS 713 &g #AE velbd Aol 19 20t &I £
AHol A71e &y LVPD7F $7tgel wats 71384 ge] Frtste €38 B¥E
Ba 7]#2] ¥ 32E(Boulard et al, 1991; Papadakis et al, 1994; Stanghellini, 1987)3} %
< 234

s}
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Fig. 2. Stomatal resistance of tomato plotted against leaf vapor pressure deficit.

2do oste FAL FEsHA ANE7] Hatode BF2PY W] e T
Age] #sE YA dFE 5 Uolof T AFAA FAF dAF 2do] g A
2] 2 vH(Aikman and Houter, 1990; Boulard et al, 1991 Jolliet and Bailey, 1992;
Jolliet, 1994; Papadakis et al, 1994; Stanghellini, 1987) o] RdEE /igdad o] o}y
g e Agald Hgste AF TS AgsA dFaA e 490t dFEdd,
a2 olfE 7139 G4 2do AF A ¥ 2de] LAY NFxUH Folst
7} W& o)tk (Lee, 1996; Papadkis et al, 1994; Peters, 1995). YAl €4&, LVPD, CO; ¥
T Fo| ZIF8AAG dFL Y B zdoAde U9 LVPDUE n@dte 4
(19)9] A+S FAsFYen 2 A3 E 13 2o AAQdHodME LVPDS 429
colinearity 7} Wi $ Zste] ol ANE Relstd nEr]st of s o2 $o] =Y LVPD
g S3lo 71280 A g9 FFo] WNYHT A2 E A A ¥e A
< ZAAAHA CO; 5 W3l YWdMEe 7SgdA g e FFol A 7] HEd
2oy 423 CO¥EE AAZch Stanghellini(1987)9] 28t CO% =7} 200vpm
ol 4 500ppmve.2 Frhste S 712S8AAFE 45% Fogt. E 1A EE vy
go] RE AF7t TANLE sy TF dAFH LVPDE o8¢ € 2de 7|¥
Mg Wste] 80%ol4-& AEE ¥ Ae Aoz Yeuo.
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Table 1. Parameter estimates and statistics of stomatal resistance model{Eqn. 19).

Climatic variable Parameter  Estimate Standard error t-value

I'sm 794 52 153"

Solar radiation{W/m?) ai 234 x 10° 148 x 10° 15.8"

az 76.6 69 1117

Leaf vapor pressure b 7.90 x 107 530 x 107° 149

deficit(hPa) bz 28 2.70 x 10" 1047
R-square = 0.8020, Standard error of estimated stomatal resistance = 182s/m

ABBAAYY A2A% 2o gl ALE gel ANF WHE 10¥ B2
Bhd Aol 19 3olth % FAE A2 ARAT] F YA BAE ALAA
43w WA 45T Aol

2000
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Fig. 3. Diurnal courses of measured and estimated stomatal resistance of tomato

in glasshouse on three consecutive days in 1956

a9 49 5% (9), 104, 713N 2d[4 (19)]9 AF FHA(E]D) R 458 T
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Fig. 4. Diurnal courses of transpiration fluxes of tomato measured and estimated
by the present model in glasshouse on three consecutive days in 1996.
Measured net radiation of canopy were used for the calculation.
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Fig. 5. Diurnal marches of measured and estimated canopy temperature of tomato
in glasshouse on three consecutive days in 1996. Measured net radiation of
canopy were used for the calculation.
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Fig. 6. Comparison of hourly transpiration fluxes measured and estimated on
10-minute intervals on three days. Data are independent of those used in
the parameter estimation of stomatal resistance model, and the measured

net radiation and canopy temperature were used for model calculation.
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Fig. 7. Comparison of daily total transpiration measured and estimated by the model.
Data are independent of those used in the parameter estimation of stomatal
resistance model, and the measured net radiation and canopy temperature

were used for model calculation.
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FTEAAZRD AF FAHo ol &F 2o Age A 1Y 8dAM HE uis}
ol 28 £EAY 4529 2 A e ui¢ Z AN ed, £ 29 9, 10, 11
dA BE vig} o] TF &%, FALE R 4 FFUF EY ASAS uis B A
g B oty AEF TH £EAY R THE 2dY Y AFE 3o FAL 9
5% 39(29 6 N vlndtod: FAH FHEIt oA FUT. A & AT
M AgE S dFRde 24 @739 Aoy IR AojE A 74 2d= FEI
oj8d + g Aoz BEHAUH.

2
2]
ich
flo
ki
(]
2
2
X,

>

[

o o

_104-



500

R—squore = 0.9809
400 - n = 1440

e
300 4
200+

100 1

Predicted Net Radiation(W/m2)

-100 N ¥ - —
-100 8] 100 200 300 400 500
Meosured Net Radiation(W,/m2)

Fig. 8. Comparison of canopy net radiations measured and estimated at 10 minutes

interval for 10 days during 10 days in June and July, 1996.
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Fig. 9. Diummal marches of canopy temperature measured and estimated by the

present transpiration model in glasshouse on two consecutive days in 1996.
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Fig. 10. Comparison of hourly transpiration fluxes measured and estimated by the
present transpiration model at 10-minute intervals on seven days during
June and July, 1996.
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Fig. 11. Comparison of daily total transpiration measured and estimated by the
present transpiration mode!l for 7 days during June and July, 1996.
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do T4 oz o848 T e Aoz BIHUG HENAY ofjAyg BA FFolEL ML
Stanghellini(1987)4 3 Stanghellini and de Jong(1995)4’¢ 4 WdHa =de] FI &84
FRPNo2 AlgsAon o FHNH st ALE €5AFL A2 F dAHUL. AF
ZF4o] AR %ARND 5F ABE olgsto] £EA R /FHAAY FHH 22 FAHE FU
& 2de 23 2% ¢ 3 43 YU E AFsdd 2l oo ALY TH &%, &
X FALEE QY F FAFE ASAG B YA B FFM FHE FA & 2de 2
A A EciEe fAA ], Bl Fo AgHoz VLY F Y& Hoz JLEHUG
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A3 T4 Au] EvtEe] FAY Wstel J4F AN 2R
L a7 23

ZE9 @A AA A7IE FASE doe 2HEY AW £ AHE JFeR FE A
ol EgTE FHE J|TLE s AEY fsdhn FoiLi an Huguet, 1990; Moriya
et al, 1992). ZE9 A FEAHE AFEIA4, Qo UL 52 2359
Boste Aol Aoy v Hog AXPFZIE Aol o7 "o BIHMAAY
HAol o] &3] olFh(Namken et al, 1969). 2184 Z79 ¥e FEY F¥AH
€ 4 Wgsiy] 2@ uAAHo2 d&& o] Foldtd o] ABA FEALH Wl
WA AR Aot BAMAIZI AAe ol g3tz & ATF7L @23 olFoXn Ut
(Baille et al, 1992, Garnier and Berger, 1986; Katerji et al, 1990; Schoch et al, 1989;
Simoneau et al, 1993). Z27Z3L FE9 Fo9 T4 873y € AP 3o £5
7 32 3=ul(Kramer and Boyer,1995; Simoneau et al, 1993), F4te] AWz o|F
AxE ARG b AMH HAdZ 550 Hi oF Fuistd sizyl A Hd
2 o] He d¥iE ¥A(Katerji et al, 1990; Klepper et al, 1971; Simoneau et
al, 1993). 23749 Ad £5FL U4F HL: JFEXNE € ESFLESFH g2 A
¥& BAoE B3 (Gamier and Berger, 1986)%F A#Ao] ¥ Autd x 3(Katerji
et al, 1994)= ded ol 4 AE9 Aoloi JRIHE A2z BAY. ¢H #H=7]
AR detde Hd FAF e #Hzr] A AP xdd ¢ ESF fEFEgR
& 39 4#E BAgu goh(Katerji et al, 1994). A7 Wl SAT @A A7
gt Ee] disiAM e Higgs9 Jones(1984) ¥ Huguet(1985)e 7479 & AHEE
ol &8 q e Katerji 5(1990, 1994)2 Hdl A=A 4 5713 7lgez 3= Aol
£719] % HEE JIFo2 e A 2g fdsidan Yo

2 d7dMe S4A EvtEdA AR AAH ¥t HEAAYW FE, EFTE,
A, dAME T wAE AFHoz Hogdtd EfE A7 9 monitorings] o ¥
<4 Ay EvtEY @A AG $HE 2%

2. A 2R Y

Venlo®l #aledo)y EvlE T2 MB& 19969 19 179 5HE5to 39 1990 Set2gEE
[27ecm(W) X 445cm (L) x 30cm(D)lol FA 3] ANYErt 8F/m™7t IS S WA EF
e 9y Yot £ Setad 5L YANgen AL AHYPS AN2YoeD EYSE
F3o] 02baroldt7t HIEE BHsPLD B AY/Y FU 79 198 79 FE&AAE 49
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Ao metA gudo] EviE] $Z F4o] vebd szt dzxE ARG BAE HAu &
e 7 #ele ok 712 L ISCR dAsigen FdE 25°Cojadtol HE HFE dol 7
7t S & &

EotE ZFA 79 W3l strain gauge(12R) 4702 full bridged FAste] Aztg AH74Es &
37 (Moriya et al, 1992)8 TF FYF AT ANl Ao FPRAed AP 237
A13go] €0} e oo vz o 2 dAsAc T4 AP 24 AAY 27] 71F 2
339} sapflow meter(model SG10 & SGI13, Dynamax Inc, Houston, TX)E 4dxlstd ZAHdR
o, EvE AU FEUF e A9 ¥Y MAE Load cell(suspension type)el vhdel(de
Koning and Bakker, 1992) X145 4MF9 ¥z &3 &8 &4 WRY dAF, ©F
g, &%, 4 EF 10cmo 20cme} EYSEXAY, & F& 24U Y. RE #5102
BHLE FAsA 1083 HEE AEso ol &sAn

3.4 #%

3 12 743Y9] 244 YA, S, AAF € 3RAY dE3E JUeEd Aojg, 4
459 g dArEe Y9 Hed oS FAstHon gAY £E4HE UEue 4
TS 42 AXY 24 6AF AHdol 2 F FAre Stk $A g2yl AFEA Fidol
Hdd 2¢ AZRGE tda A 15440 HAE delded olF FA Fas ¥ F
s, ole 4% oF FFH FE FFY FU F4 FEG AMH7 et
(Kramer and Boyer, 1995). 2 Ao} ulstd 15Ale] AaFL 42/ a3t ed, of 7]
T Fo Aol A} YAF F7HE AAHE AA FESFY Fae o B F& ¢ F A
o @A AXA ddst AE GA AAMF @dsis ohe fAS 6A1A E717F Hu2
Astgoizt olF %37 Alztstd 15440 Ad2 $Fo] i olF oAl FAAU. kA
A7 dste A2 £2 F59 T4 EFYe AF NBMY £EYF A}E F AFE
e ®oz o] 59+l Simonneau $(1993)E ESoluiR oA & ARG a3

Oy 2% 7919%E 16972 ESaEXdE, 4NF 2 ANF FAAH ARE YeEd A
olch, E@ele 4Y Al 2 7HIo 3 BAE Yoy o] ¥ APz Hx FH
Yehr] Alag g 2F 8AIZd BAE St AY7INE EYSTEEAEY BHE BB
E% 10cm¥ -0.2bar, 20cmt -0.15bar2 # 2= g7t 7URH Wobl7l Al&3eo 42t -0.7bar}
-03var7tAl Ao 8Yd el #BA ¥ oA &G -02bar ¥ -0.18bar7bA Eol AL,
10cme] Z$E 1YFH A gopxr] Aztste 129 24 #As7 Aol -035bar7tA] ¥
old2s] 20cms A$E o 71%F MM RolA -021barg YUehiidch 128 olFE 10cm}
20cm 5 ¢ -02barg #AAG ALGF AMFH AR iS¢ FAG ¥ HEeS
e, gollN AFE utg Zol Y2 Aol HA oj2n ol FasEe dURE Hole F4A
of = A8 ARl mety AFAHNeE Friste WAE BH 2 R AHe=
Az F4ol Vel EGSFEEAS] A5A YolAd 742 1149 A5 AT R FAA
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o F7bk FRSAG SRR BA ol F oAl YYHA 27t FHE YR 1099 3

T AVAHL Az F4ol UguA D EE EF 10cms} 20cme] EY £ Td4o
-0.2bar o] 422 FAAATAE 73T AT L FAAY Fus} ol FolA A Fsint.
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Fig. 1. Diuna! courses of solar radiation, transpiration, fresh weight and stem diameter of

greenhouse tomato on 3 July, 1996.
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Fig. 2 Time course changes of soil water potential, shoot fresh weight and stem
diameter of tomato plant during July 1 to 16, 1996. Stem diameter and
shoot fresh weight were described on the basis of 0 at 100:00h on July 1.
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Fig. 3. Comparison of daily transpirations measured and predicted by the model(Lee, 1997).
Numbers in the graph mean the dates of July.
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Fig. 4. Schematic representation of time course change in stem diameter and
fresh weight of tomato: MC, maximum contraction of stem diameter; DI,
daily increase in stem diameter; ML, maximum loss of water; DG, daily

gain of fresh weight.
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Fig. 5 Relationship between daily increases of shoot fresh weight(DG) and stem
diameter(DI), and daily maximum contraction of stem(MC) and daily

maximum loss of shoot fresh weight(ML).

¥ 62 YAIFH DG, DI, ML, MC2tel @AE detd Reldh YAZFH DG ¥ Digte
LEZ FA¥ Ao Z#el AM DG € Die dAFS Fdd vlstdqd Fds:s A%
2 Bol &3 o4& dejolM DG DI 2¥4 Fuld ©d& 4F 3 Mg Aoz
A2t Schoch (1987,1990)% ML Za HAd AAZ, €384 3273 F7H3DD
< Buld BAS gz sy 2y FEFA7E JEd Aoz gdsE 7, 10, 1199
B¥e 4 g9 YA d3td JdiElEe DG ¥ DILG dAsA @i @24 DG %
DIt #E9 23 438 BLstcd F83A4 o848 & A& A2 Moy EFE 10
del B3¢ dBFe2y EYTE YHRZRYHE FEY FE $FL FY 7] oigey
DG % DI°l 93t £93tA £ FFol ddd + AL RAE FAad EFFE 24
o @A AZIE ZAss A 2o DG EE DIZ #uste Hel @ Aoz Addn
TH dAER ML R MCoHe #o@ Z4EE 2o dAtgol gol 340 FdsE @
TR 42 FEEF B2 R E719 £ vdA FUST FEZ YD ¢
€ ZA%A B & Aol adu FEZI vistA yehdr] Az 1049 Be
e 8d8A FE HA Fted ol HEA FEXFPHA £ 1T L Bol F

Abol Eo{E7|(Katerji et al, 1994) W& Aoz HAEd. b FHP R 4AFY ¥y
2 W AE BAEnR e A+ ML Bt MCE 71822 3t ZARYe DG BE
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Fig. 6. Relationship between the daily solar radiation and the daily increases of
shoot fresh weight(DG) and stem diameter(DI), and the maximum loss of shoot
fresh weight(ML) and the maximum contraction of stem diameter(MC). The

encircled dates were water-stressed and excluded in the calculation of regressions.
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Fig. 1. Conceptual diagram of optimum irrigation control based on stem diameter
monitoring and transpiration prediction.
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Fig. 2. Structure of optimal irrigation control system
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Fig. 3. Device for measuring stem diameter microvariation(Moriya et al, 1992}

S: stem; Fr: rigid frame; ST: displacement sensing lever; SG: strain gauge

PC: pinch cork; RB: rubber tube; DD: bridge box; L' sensing lever
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Table 2. Equations to regress the output voltage(Y, V) to lever displacement(X, um)
of stem diameter gauges.

Equation R*
gauge 1: Y = 1.988X 0.9987
gauge 2 Y = 2146X 0.9986
gauge 3 Y = 1970X 0.9988
gauge 4: Y = 1996X 0.9984
gauge 5 Y = 2082X 0.9983

Displacement{im)

o N0 S 900 1200 500 OO 2100 2400 2106 3000 30 X0 IWC 4200

Output volatage(lV)

Fig. 4 Relationship between output voltage and displacement of stem diameter

gauge lever
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Table 3. Fresh fruit yield of greenhouse tomato irrigated with different methods

of irmgation timing

Treatment Yield(kg/10a) Fruit number(/10a)

1 3,371 17,480

2 3,178 16,560

3 3.887 16,100
F-value 1237 7 <1
LSD(5%) 412

* significant at probability level of 5%
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Table 4. Time and amount(g/pot) of irrigation under different irrigation management

practices
Irrigation treatment’ Irrigation treatment
Date Tl T2 T3 Date T1 T2 T3
Oct. 23 1,000" 1,000 1,000 Nov. 12 1,041 1,041 1,041
24 0 0 0 13 0 0 0
25 0 0 0 14 0 0 0
26 0 0 0 15 0 0 0
21 320 320 0 16 1,225 1,225 1,225
28 0 0 0 17 0 310 0
29 700 700 1,020 18 0 368 682
30 0 0 0 19 1,044 369 369
31 1,345 1,345 1,345 20 0 348 0
Nov. 01 0 0 0 21 746 397 0
02 0 0 0 22 0 147 0
03 1,300 1,300 1,300 23 0 371 0
04 0 0 0 24 0 316 838
05 830 830 830 25 0 342 0
06 320 320 320 26 0 111 0
07 0 0 0 27 1,625 238 675
08 0 779 779 28 0 348 0
09 1,165 386 386 29 0 218 0
10 0 0 0 30 0 196 768
11 0 0 0 Dec. 01 1,152 384 0

* T1: Water was applied when soil water potential dropped below -0.2bar
T2: Water was applied when daily increment of maximum stem diameter around
dawn was smaller than the diameter increment(Y, nm/day) estimated by the
equation, Y=30.1+3.6X, where X=daily total solar radiation(MJ/m%day)
T3: Water was applied when daily increment of maximum stem diameter around
dawn was smaller than Oum.
*+ Jrrigation amounts were determined by the transpiration amounts from the
previous irrigation time to present irrigation time, which were estimated by the
transpiration model.
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Fig. 6. Temporal changes of soil water potentials when exposed to different irrigation
managements. Treatments were explained in Table 3.
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Fig. 7. Temporal changes of stem diameters when exposed to different irrigation
managements. Treatments were explained in Table 3.
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Table 4. Growth of tomato under different irrigation management practices

Treatment Dry weight(g/plant) LAI
Leaf Petiole Stem Fruit Total

T1 280 144 214 9.2 73.0 6.7

T2 26.0 134 196 6.1 65.1 17

T3 292 154 25 7.0 74.1 84

* Treatments were explained in Table 3.
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APPENDIX 1. LIST OF TOMATO GROWTH MODEL “"GREENTOM"

1. Definition of the abbreviations used in the model

ABNF number of daily-aborted fruits on each fruit-bearing truss(l/day-truss)
ABOR total number of aborted fruits on each fruit-bearing truss(i/day-truss)
ABORMX  maximum ratio of fruit abortion

AGF age classes of fruits belonging to each truss

AGLS age classes of leaves belonging to each truss

ASCSP daily growth rate of shoot dry matter(gDW/day-plant)

ASRF assimilate requirement of leave(gCH20/g DM)

ASRL assimilate requirement of leave(gCH,O/g DM)

ASRS assimilate requirement of stem{gCHx0O/g DM)

BOX age classes for POL and POF function

CD compensation point of COx(ppmv)

CO2L carbon dioxide concentration(ppmv)

CPOOL carbon pool

DELT simulation interval

DMGF dryweight: of fruit(gDW/plant)

DMGL dry weight of growing leaves belonging to each truss(gDW/truss-plant)

DMMF dry weight of mature fruits(gDW/plant)
DTFAST fraction of one day, DTFAST = 1/NFAST

DWF dry weight of each fruit on each age class{on each truss){(gDW/fruit)
DWL leaf dry weight on each age class{on each truss){(gDW/leaves on a truss)
DWS stemn dry weight on each age class(on each truss)(gDW/stemss on a truss)
DWTR dry weight of fruits on each truss(gDW/fruits on a truss)

FABOR ratio of fruit abortion

FPN number of fruit initiated per new node depending on PLSTN

FPNPT potential number of fruit initiated per new node

FRLG number of nodes initiated between the first truss appearance and fruit set
FRPT ratio of petiole weight to leaf blade weight

FRST ratio of stem segment to leaf growth rate

FTRUSN node number initiating the first truss

GENR rate of node initiation(nodes/day) (=TEMFAC*GENRAT)

GENRAT maximum rate of node initiation(nodes/day)
GENTEM temperature function of vegetative development

GP daily gross photosysnthesis(gCH20/plant/day)

GPF instantaneous leaf gross photosynthesis{gCH20/plant/day)
GREF growth efficiency(g biomass/ g CH20)

GRESP daily growth respiration(gCH20/plant/day)

IHE hour in a day

JUL Julian day

NBFPT potential number of fruit on a truss depending on truss number
NBLV number of leaves on a given day

NBRU number of truss/plant on a given day

NBRUP number of fruit-bearing trusses
NDAYS number of days for simulation
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NFAST
NSF
NSTART
PAR

PGF

PGL

PGRED
PGS

PLAR
PLARZ
PLARI
PLE
PLM2
PLSTN
PLSTNI
PMAX
PNGP
POF
POL
PPFD
PROOT
PTNFRT
PTNLVS
PTNSTM

Q10

QE
RCDRW
RCNF
RDVFR
RDVFRF
RDVFRT
RDVLV
RDVLVF
RDVLVT
RMAINT
RMAINTF
RMRF
RMRL
RMRR
RMRS
SLAMN
SLAMX

number of fast loop. if time-step = 1 hour, NFAST = 24

number of set fruits on each trusses

starting Julian day of simulation

photosynthetically active radiation(W/m?)

potential growth rate(sink demand) of fruits(gDW/plant/day) belonging to each
truss

potential growth rate(sink demand) of leaves(gDW/plant/day) belonging to each
truss

function to modify PMAX under suboptimal daytime temperature

potential growth rate(sink demand) of stem segments(gDW/plant/day) belonging
to each truss

leaf area per plant(m%/plant)

leaf area(m%/plant) considering the leaf senescence

initial leaf area per plant(m%/plant)

potential expansion rate of leaves belonging to each truss(m%day/leaf)

planting density{(plants/m?)

total number of nodes/plant on a given day(plastochron index)

initial number of nodes/plant(initial plastochron index)

maximum leaf photosynthetic rate(umolCOy/m’-leaf/s)

potential growth rate(sink strength) of total shoot(gDW/plant/day)

potential fruit growth rate function in response to age class

potential leaf expansion rate function in response to age class

photosynthetic photon flux density(umol/m%s)

proportion of root biomass

potential growth rate(sink strength) of total fruits on a plant(gDW/plant/day)

potential growth rate(sink strength) of total leaves on a plant{(gDW/plant/day)

potential growth rate(sink strength) of total stem segments on a plant
{(gDW/plant/day)

temperature coefficient for maintenance respiration

leaf quantum use efficiency(umol CQO: fixed/umol photon absorbed)

daily total production of biomass{gDM/plant/day)

newly-initiated fruits on each truss(1/day/truss)

daily fruit development rate(1/day)

instantaneous leaf development rate (1/day)

fruit development rate table depending on air temperature

daily leaf development rate(1/day)

instantaneous leaf development rate(1/day)

leaf development rate table depending on air temperature

daily total maintenance respiration(gCH20/plant/day)

instantaneous maintenance respiration(gCH>O/plant/day)

maintenance respiration coefficient for fruit{gCHz0/g-DM/day)

maintenance respiration coefficient for leaf and stem{gCH:O/g-DM/day)

root maintanence respiration rate{(gCH>0/g~-DM/day)

stem menintanence respiration rate{(gCH:0/g-DM/day)

minimum specific leaf area(m¥g)

maximum specific leaf area(m?g)
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SOLRAD  outside solar radiation(W/m?%

SOSIR source/sink ratio

TABF total number of aborted fruits per plant

TABNF number of newly-aborted fruits per plant per day

TDMF dry weight of fruits(gDM/plant)

TDML dry weight of leaves(gDM/plant)

TDML2 dry weight of leaves(gDM/plant) considering defoliated leaves
TDMS dry weight of stems(gDM/plant)

TEMFAC  temperature effects on nodes, leaf and fruit development rate on daily basis
TEMFCF  instantaneous temperature effects on node, leaf and fruit development rate
TFAST time step of simulation in green house

TMPA air temperature(C) in greenhouse

TMPG ~ temperature(C) for temperature function PGRED
TNF total number of fruit per plant

TNMF total number of mature fruit per plant

TNSF total number of set fruit per plant

TPL ratio of new fruiting trusses to new leaves

TRCNF total number of fruits newly-initiated
TRESP daily total respiration(gCH0/m%day)
TRGH light transmission coefficient of green house
VPD vapor pressure deficit(kPa)

WLVSI initial DM of leaves(gDM/plant)

WSTMI initial DM of stem(gDM/plant)

XBOX age class(AGLS*100 or AGF*100)

XFR temperature for temperature function table of fruit development(C)
XGEN node number for GENRAT function{node number/plant)

XK measured light extinction coefficient of tomato canopy

XLA area of leaves belonging to each truss{m*/leaves on a truss)
XLV temperature for temperature function table of leaf development(C)
XM leaf light transmission rate

XNBLV total number of leaves/plant
XNBRU total number of trusses/plant

XNFT number of fruit on each truss
XROOT PLSTN for PROOT function table
XTEM temperature for GENTEM function table

- 140 -



2. Listing of the tomato growth model GREENTOM

RRAAREERREEBERSARREERERSLERBNRCAREELERERERELER RSB ARRERRRSARRRAR AR SRR SGRES

}\‘ grg%ro GROWTH MODEL TO SIMULATE THE GROWTH, DEVELOPMENT

EERAEREE LR AEE SR RREESERKAERRRRKESERERIN LA RAL R AR RCRRERS U KA SAEAS SRR SR A SRS S SR Y
DIM POL(12),POF(12),BOX(12),NBFPT(30),GENTEM(6), X TEM(6), GENRAT(8)
DIM XGEN(8),RDVLVT(9),XLV(9),rdvfrt(9),xfr(9), XFPN(10),PROOT(6)
DIM XROOT(6) PGRED(8), TMPG(8), DWL(30),DWS(30),AGLS(30) DWF(30,7)
DIM AGF(30,7),DWTR(30).PGS(30),PGL(30), PGF(30, 15), ABNF(30),RCNF(30)
DIM XNFT(30).XNSFT(30), ABOR(30),D(30.7) ple(30),x1a(30),nsf(30)
DIM XVAL(30), XARG(30), WAZI(6), WSLO(B),WIN(6),AC(6) XGAUSS(3),WGAUSS(3)

ArkenaasE }PREEl,:SnggRFI;:UNCTION FOR CALCULATION OF SATURATION VAPOR

DEF FN ES(X)=610.78D0+*EXP(17.269D0*X/(X+237.30D0))

DEF FN ESP(X)=610.78D0*EXP(17.269D0*X/(X+237 30D0))*

(4097.9337D0/((X+237.30D0)"2 D))

AAEEREEERRREEEERERRRREEREREEABRE R AR RKAR R R R R R R SR KRR IR ARR R AR AR R ER R A AR S

DEF FNAMINI(AYY BYY)

IF AYY<BYY THEN FNAMIN1=AYY ELSE FNAMINI=BYY

END DEF
EREREPRFRREEKEXERFRBAEERIERAI LS AREE AR RABRRNERR KRR R ARER R AR AR B AR RS E AR KRR RS SR

DEF FNMAX(AXX BXX)

[F AXX>BXX THEN FNMAX=AXX ELSE FNMAX=BXX

END DEF
AEEEEESRABELREBRRERSEEREEBRRARERERER KR EES RN B AR AREEERRRRRARBRE R KR KRR ES SRS

DEF FNTABEX(XVALXARG,DUMMY K)

FOR J=2 TO K

IF DUMMY > XARG(]) THEN GOTO 7100

GOTO 7200
7100 NEXT ]

=K
7200EFI:J%TB§PE‘X:(DUMMY_XARGU -D(XVAL(D-XVAL(J-DY/(XARG())-XARG(J-1)+XVAL(J-1)

EERKEREEEBEERRE KBRS LU RRR R KA AR BRERERE KRR RN R RS RER AR ERRR SRR BB RS REEEER K
C020=350:"PPMCO2 IN QUTSIDE AIR
CO2L=340:"CO2 [N GREENHOQUSE
cp=1004.D0: ‘in J/(kg.K), specific heat of air at constant pressure
SIG 567D-8:' / 100000000 ‘'STEFAN-BOLTZMAN CONST.(W/M2/K)
gamma=66 2D0:'64.6+(1+0.000046*xxp)
rhoa=1.204D0:’ 1.204'293.2/(273.2+xxp)
nhu=15.8D-6:"15.1+((xxp+273.2)/293.2)"1.75/1000000° ‘kinematic viscosity(m?2/s}
kapa=22.2D-6::'21 5*((xxp+‘273 2)/293.2)"1 75/1000000:" thermal diffusivity(m?2/s)
aex=1D0/273 16D0"'1/(xxp+273.16): ‘thermal expansion of air
lambda=(2500.25D0-2.365D0+20.00)+1000.D0: 'J/Kg, latent heat of vaponzation

‘#*ﬁ**‘#‘#*tit#Qﬁa*ttt**‘i‘tt*‘ttt*¥“tlt‘tt*#tttt‘*#ﬁtt‘tttt#tttt!tt‘!#'t““#*t*‘t.’3#““‘*#
=saxex data for GAUSSIAN integration
DATA 0.112702,0.500000,0.887298
READ XGAUSS(1) XGAUSS(2),XGAUSS(3)
DATA 0.277778,0.444444,0.277778
READ WGAUSS(I) WGAUSS(2), WGAUSS(3)
REXREREERAREABEEEEERRRAREAR KK AL R KA RS R B E R ABEEE KA R SRR R R R R
open”1” #11,"c\tomgro\greentorm\inw3_95W dat”
OPEN"O”,#IS, “c\tomgro\simtom\gro3_95W dat”
open”o” #16,"c:\tomgro\simtom\dev3_95W dat
sirnulation beginning
parameters are read in CROPPARM.TOM and MGT.TOM
GOSUB INPUTT
FERREREESLUREREERRKEREEARRARR K ESSSELRRREFRABBEEERA RSB KER RS EERER SRR KRR K
initial conditions
GOSUB INIT
daily loop
EXEREERBRS
IDD=0
FOR JDAY = 287 to 343’1 TO NDAYS
NFAST=24 D0+6.D0
DTFAST = 10/NFAST
DATE = jday
imtia(léze vaniables that accumulate during the day

TEMFAC = 0.

RMAINT = 0.
RDVLV = 0.
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RDVFR = 0.

DTRAN = 0.
SEREBRELLEREESIAERBURAERECI LSS SEEEERRLRELSEESSSSSEEIBPRREIRUEEEBS AL
fast loop (if time-step = | hour, NFAST = 24)
SHEEPEELESSAES SRS F AR N RS S BEI SRR FERRBESRSS

FOR JF=1 TO NFAST

IDD=IDD+1
TFAST is the hour of the day (h)
~ TFAST = (JF-1)s24.DO/NFAST
input climatic data

input#11,date,ttime, tmpa,inhum,solrad,co2l

vpai=fn es{tmpa)*inhum/100.d0
LERTEEER RS read C02 Concenuauon SEEREERERBUSERECSREERNREREE
calculation of astronomical parameter and greenhouse transmission of radiation

GOSUB SOLAR
calculation of development rate

GOSUB DEVFAST
calculation transpiration rate

GOSUB TRANS
calculation of gross photosynthesis

GOSUB PHOTO
calculation of rEasi}r;tenance respiration

integration of vanables on 24 hours
TEMFAC = TEMFAC + TEMFCFsDTFAST
RMAINT = RMAINT + RMAINTE«DTFAST
RDVLV = RDVLV + RDVLVF*DTFAST
rdvir = rdvfr + rdvirfsdtfast
GP = GP + GPF*DTFAST
DTRAN=DTRAN+TRAN«DTFAST
100 NEXT JF
end of fast loop
EEXEEEREERRS AR AT AR E I SRR R A SRR SRS BR RS RRE AR AR R E PSR BB R Rk kB RSk &
development and sink strength
GOSUB DEVRATE
calculation of conversion efficiency(GREF) of assimilates to dry matter
ASRL=13%:ASRS=145:ASRF=1.39
GREF=PNGP/(ASRL+PTNLVS+ASRS+PTNSTM+ASRF+PTNFRT)
daily production of biomass
RCDRW = GREF*(GP+CPOOL-RMAINT)
I[F RCDRW<0 THEN
RCDRW
RMAIN’I‘ GP*CPOOL
END IF

FOR TT=1 TO 6 XVAL(TT)=PROOT(TT)XARG(TT)=XROOT(TTYNEXT TT
RCDRW = RCDRW # (1. - FNTABEX(PROOT,XRCOT PLSTNS)
calculation of source/sink ratio
SOSIR = FNAMINI(1. , RCDRW / (PNGP+EPS))
daily growth respnrat:on
GRESP = (GP+CPQOL~RMAINT) * (1 - GREF+1.125)
daily total resp:rat:on
TRESP = RMAINT + GRESP
fruit setting

GOSUB LOSRATE
dry matter partitioning
GOSUB DMRATE
outputs
GOSUB QUTPUT
NEXT JDAY
«s end of daily loopss
HEEESRANS A BB ABB RS AR RS R EEERES SRR RRBERE U AR REREKE RSB RS ERRBR R AR XX RR SRR RS
CLOSE (9)
CLOSE (10}
CLOSE (11)
CLOSE (15)
STOP
END

SEEAREEEERERERREREREERRRAURIRERES TS ERRARBRREKEERRSES SR BREAREEESERBXXREA SRR IR URRERS

SUBROUTINE: READ CROP PARAMETER INPUT
*t‘ttQ*O“t“‘t“‘*‘t‘tttt't“t““‘t#lt‘tt"‘.“‘**t‘“‘t‘i‘**“'t““t‘tt.t“"‘t
INPUTT:
OPEN"T" #10,"c\tomgro\greentom\CROPPARM.DAT"
OPEN"I" #9,"c:\tomgro\greentom\gmparm DAT"
READ THE PARAMETERS AND THA TABLES
INPUT#10,xk, xm,ck,vpd] XXX$
INPUT#10,TPL,EPS,GREF, fpnpt,xxx$
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INPUT#10,ABORMX Q10,RMRL, RMRF FTRUSN, XXX$
INPUT#10,slamx, slamn FRLG FRPT FRST xxx$
FOR IX=1 TO 1
INPUT#10, BOX(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 12
INPUT#10,POL(IX)
NEXT IX

INPUT#10,XXX$
FOR IX=1 TO 12
INPUT#10,POF(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 30
INPUT#10,NBFPT(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 8
INPUT#10,PGRED(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 8
INPUT#10, TMPG(IX)
XT IX

INPUT#10,XXX$
FOR IX=1 TO 6
INPUT#10,GENTEM(IX)
NEXT IX
INPUT#10XXX$
FOR IX=1 TO 6
INPUT#10 XTEM(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 8
INPUT#10,GENRAT(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 8
INPUT#10,XGEN(IX)
NEXT KX
INPUT#10,XXX$
FOR IX=1 TO 9
INPUT#10,RDVLVT(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 9
INPUT#10,XLV(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 9
INPUT#10,RDVFRT(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 9
INPUT#10,XFR(IX)
NEXT IX
INPUT#10,XXX$
FOR IX=1 TO 6
INPUT#10,PROOT(IX)
NEXT IX

INPUT#10,XXX$
FOR IX=1 TO 6

INPUT#10,XROOT(IX)
NEXT IX

INPUT#10, XXX$

INPUT#,NSTART,NDAYS, DELT NFAST INTOUT, TRGH,XXX$
INPUT#2,PLM2,PLSTNI, WLVSILPLARLWSTMIXXX$
FOR IX=1 TO 6
INPUT#9,WAZI(IX)
NEXT IX
INPUT#9,XXX$
FOR IX=1 TO 6
INPUT#9 WSLO([X)
NEXT
INPU'I‘#Q XXX$
FOR IX=1 TO 6
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INPUTH#3,ACEX)

NEXT IX

INPUT#3 XXX$

INPUT# FAFN AG NSL EWL, WZL GZL XXX$
INPUT#,FLKC FFL,TRD,LAT LON XXX$
CLOSE#10

CLOSE#9

RETURN

T T T T T Y T T T L LTy
.

SQUBROUTINE INITIALIZE
I T T

INIT:
: numbe;gg “aborted” fruits, set fruits and total fruit number

8
<
5
o
=%
gu

.

PLAR = PLARI
XLAQ) = PLAR
ABOR(1) = 0.
the organ age at starting date is very important for the
' final weight of first organs
AGLS(1) = 03:'0.005°0.15
' here, up to 30 trusses may be simulated
FOR 1=2 TO 30
DWL(I)=0.
DWS(D)=0
AGLS()=0.
ABOR(I)=0.
XNFT(I)=0.
DWTR(D=0.
NEXT I
FOR I=1 TO

’

:

set initial conditions on a per plant basis
PLSTN = PLSTNI

' CPOOL is supposed to start at 10% leaf d.wt
CPOOL = 0.1 * WLVSI

TDML = WLVSI
TDMS = WSTMI
TDMF = 0.
DMGF = 0.
DMGL = WLVSI
RETURN

"ttt*‘ttttt#tt‘l*‘*tt“t#t“‘tt&tt#‘#‘tt“&"t“t‘tt“tttt#‘t““‘ttt**t*t#“‘*#tt**t
SUBROUTINE HOURLY CALCULATION OF TEMP-DEPENDENT FACTOR
'ttt#tttttt‘#tt*ttt*#‘i*tttttt’#t“‘t"tittttt#t**t#‘#‘t‘#‘tt‘tt‘tttttt#*t‘tttt&t**t
DEVFAST.
! xemperature effect on development rate
FOR TT=1 TO 6XVAL(TT)=GENTEM(TT)XARG(TT)=XTEM(TTYNEXT TT
ea TEMFCF=FNTABEX(GENTEM, XTEM,TMPA 6)
' leaf aging
FOR TT=1 TO 9XVAL(TT)=RDVLVT(TTEXARG(TT)=XLV(TT)NEXT TT
‘ RDVLVF=FNTABEX(RDVLVTXLV,TMPA8)
' fruit aging
FOR TT=1 TO 9XVAL(TT)=RDVFRT(TT):XARG(TT)=XFR(TTXNEXT TT
Il?g'?‘—lfj RNFNTABEX(rdvﬁt xfr, TMPA 8)

THAEERRBRRRRRERRE KBS R KK EEERREEEBRE oY ARERRES
'SUBROUTINE FOR CALCULATION OF INSTANTANEOUS GROSS PHOTOSYNTHESIS
L T L T T e s e T I L DI L S DL A it d
PHOTO:
RAH=RAH+0.3
RLSI=RLSI*0.15
TTMPA=TMPA
Q10=2.D0
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Tleaf=TMPA'Tv

CCO2ZL=CO2L:'350" 'CO2 CONCENTRATION IN ul/

LAI=PLAR2+PLM2

SCP=0.2

Q10=20

RDTL20=1.1364: 'LEAF DARK RESPIRATION AT Tleaf=20C(umol CO2/m2 leaf/s)
KDF=0.68:"0.58: 'MEASURED EXTINCTION COEFFICIENT OF DIFFUSE PAR
CD=42.7+1.68#(Tleaf-25)+0.012+(Tleaf-25)"2: 'CO2 COMPENSATION POINT{(PPMV)
EFF=0.084*(CCO2L-CD)/(CCO2L+2+CD): ' INITIAL LIGHT USE EFFICIENCY

'(molCO2/mol photon absorbed)
RDTL=RDTL20+Q10"(0.1+(Tieaf-20)) ’
rm=200: ‘mesophyll resistance(s/m)
if Tleaf<=5 or Tleaf>=40 then rm=10000000000000
if Tleaf>5 and Tleaf<15 then rm=2000/(Tleaf-5)
if Tleaf>30 and Tleaf<40 then rm=200/(1-(Tleaf-30)/10)
RM=RM:"+0 4
PMM=450
IF TLEAF<15. OR TLEAF>50. THEN
PMM=(45+100/RM)/0.5
END_IF
IF TLEAF>40 AND TLEAF<=50. THEN
PMM=45.+(1-(TLEAF-40.)/10.)
END IF
IF Tleaf>=40 OR TLEAF<=5 THEN PMM=0
PNC=41.5843+(293/(273+Tleaf)}*(CCO2L-CD)/(rm+1.36*rah+1.6%rlsi)
PNMAX=PNC
IF PNC>PMM THEN PNMAX PMM
PMAX=PNMAX+RDTL: 'max. gross photosynthetic rate(umolCO2/m2-leaf/s)
CALCULATION OF REFLECTION FOR HORIZONTAL AND SPHERICAL LEAF ANGLE
DISTRIBUTION
SQV=SQR(1-SCP)
REFH=(1-SQV)/(1+SQV)
REFS=REFH*2/(1+2#C0SZ)
CALCULATION OF EXTINCTION COEFFICIENT FOR DIRECT RADIATION AND
TOTAL DIRECT FLUX
IF COSZ<0.01 THEN C0OSZ=0.01
CLUSTF=KDF/(0.84SQV)
L = (0.5/COSZ)*CLUSTF
KDRT= KBL*SQV
SELECTION OF CANOPY DEPTH AND CANOPY ASSIMILATION IS SET TO ZERO
GPF=0: ' INSTANTANEOUS CANOPY ASSIMILATION RATE
FOR 1Z=1 TO 3
LAIC=LAI*XGAUSS(1Z)
ABSORBED DIFFUSE PAR, TOTAL DIRECT FLUX AND DIRECT COMPONENT OF
DIRECT FLUX PER UNIT LEAF AREA
VISDF=(1-REFH)*PPFDD*KDF+EXP(-KDF+LAIC)
VIST =(1-REFS)*PPFDB*KDRT*EXP(-KDRT=*LAIC)
VISD =(1-SCP)*PPFDB*KBL+*EXP(-KBL*LAIC)
ABSORBED FLUX(umol/M2 LEAF/S) AND ASSIMILATION OF SHADED LEAVES
VISSHD=VISDF+VIST-VISD
IF PMAX>0 THEN
GPFSH=PMAX*(1-EXP(-VISSHD+EFF/PMAX))

DIRECT FLUX ABSORBED BY LEAVES PERPENDICULAR TO DIRECT PAR AND
ASSIMILATION OF SUNLIT LEAF
VISPP = (1-SCP)*PPFDB/COSZ

TO 3

VISSUN VISSHD+VISPP*XGAUSS(IP)
IF PMAX>0 THEN

GPFS=PMAX#*(1-EXP(- VISSUN*EFF/PMAX))
ELSE

GPFS=0
END IF
GPFSUN=GPFSUN+GPFS*WGAUSS(IP)
NEXT IP

FRACTION OF SUNLIT LEAF AREA(FSLLA) AND LOCAL ASSIMILATION RATE(GPL)
FSLLA=CLUSTF*EXP(-KBL+LAIC)
GPL=FSLLA+GPFSUN+(1-FSLLA)*GPFSH

INTEGRATION OF LOCAL ASSIMILATION TO CANOPY ASSIMILATION(GPF)
GPF=GPF+GPL*WGAUSS(12)
NEXT 1Z
GRF=GPFsLAL/PLM

CONVERSION FROM umol CO2/plant/s TO umol CO2/plant/day
GPF=GPF+86400
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* CONVERSION FROM umol CO2 TO g CH20
GPF=GPI+30/1000000
RETURN

B T T Y T Ty T T Y T Y Ty Y

SUBROUTINE HOURLY CALCULATION OF MAINTENANCE RESPIRATION
“ttt‘“.‘t‘t‘3‘SOt*t“O“83‘#““‘tt‘t“t.“‘t‘t““tt““‘“t‘i““t““tt."““t
RESP:
‘Q10=1.4
' Effect of temperature on maintenance respiration
RMRL=0.03:RMRS=0.015RMRF=0.01: * MAINTENANCE RESPIRATION RATE AT 25C
RMA{I}I}\%EF = (RMRL*TDML2+RMRS*«TDMS+RMRF*DMGF) * (Q107(0.1¢TMPA-25))

"SSERESHERERUBR SRS A EESL R RRBSERESEEES R R RSB E PR S LA R AR RS SRS AB RS A AR KB R RE RS SRS NS
SUBROUTINE DAILY CALCULATION OF ORGAN DEVELEOPMENT
XN BEREEEEHERREIR SRR ABEREEBERRERS SR LEEB S IR RA RIS LR L RS SRS SR REE SIS RS EE SRSk R
DEVRATE
! S sARSEEARRRSEE SRR R RS E R RRERE AN R RS RN B R AL NS A B S AR RE SRS E X R
* node number
FOR TT=1 TO 8XVAL(TT)=GENRAT(TT):XARG(TT)=XGEN(TT):NEXT TT
GENR = TEMFAC*FNTABEX(GENRAT XGENPLSTN,8)
PLSTN = PLSTN + GENR
’ truss number
NBRU = INT((PLSTN-FTRUSN+(1.+TPL)Y/TPL)*TPL/(1.+TPL))
NBRU = FNMAX(0, R )
number of trusses bearing
NBRUP—INT((PLSTN F’I‘RUSN FRLG+(1.+TPLY/TPL)*TPL/(1.+TPL})}
NBRUP=FNMAX(0,;NBRUP)
leaf number
NBLV = INT(PLSTN) - NBRU
number of fruits {diameter>20mm) on each truss o
Note. FPfN is now the ratio of fruit initiation on a truss per node initiation
tren
FOR I=} TO NBRUP
xx=xnft(I)
FPN is now replaced by FPNPT=0.8
XNET(I) = FNAMIN] (NBFPT(I) , XNFT(D)*GENRsFPNPT)
renf(D=xnft(i)-xx
trenf=trenf+renf(i)
mcf(i) AND trenf ISt USED IN LOSRATE
NEXT I

tnf=tnf+trenf
AESREBERRAEERREEEEEEER R AR R AR BERAREBE SRR S AR RS E RSN SRR E SRR REER RN KN
aging and sink strength (determined for leaves and stems
" and for each fruit on each reproductive unit)

PTNLVS = 0.
PTNSTM = 0
PTNFRT =

leaves and stems
new leaves start aging when a new truss appears (2 leaves below
and 1 leaf above)
FOR I=1 TO NBRU

IF AGLS(I)=-1+«EPS THEN

PLE(D=0.

PGL()=0.

PGS(1=0.

ELSE
AGLS({) = FNAMIN1 (1,AGLS(I}*RDVLV)
XBOX = 100.+AGLS(D)
FOR 'I"]}:[é TO 12:XVAL(TT)=POL(TT):XARG(TT)=BOX{TTENEXT TT
IFI-1T
PIéE(I) =temfac*FNMAX (0. FNTABEX(POL BOX XBOX,12))sFTRUSN
ELSE
PLE(I) temfac*FNMAX(0..FNTABEX (POL,BOX, XB0OX,12))/TPL
END IF
pgl(i) = ple(i)*(1.+frpt)/slamn
PGS(I) = PGL(*FRST
END IF
PTNLVS = PTNLVS + PGL(D)
PTNSTM = PTNSTM + PGS(I)
NEXT 1
fruit
FOR I=1 TO NBRU
FOR {=1 TO INT(XNFT(I))
agfQ,i FNamin} (1.,agf(i,j)+rdvfr)
XBOX = 100.¢+AGF(L})

Hoyn
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IF DWF(L])<0 THEN
PGF(L)) = 0.
ELSE

FOR TT=1 TO 12XVAL(TT)=POF(TT)YXXARG(TT)=BOX(TTYXNEXT TT
PGF(I])= temfac * FNMAX(0.,FNTABEX (POF,BOX,XBOX,12))
PTNFRT = PTNFRT + PGF(L])
END IF
NEXT ]
NEXT I
‘ total sink demand
PNGP = PTNLVS + PTNSTM + PTNFRT
RETURN

TEEEEAREEERARSEETRARERBEREA LS ST RS A RERBEREEEERAEAEARRERBSIRARSARKARKK AR A AL SR LIS E SRS SRS
SUBROUTINE for CALCULATION OF ORGAN LOSS RATE
'#“3"“‘.“‘%““‘1“t“‘#““‘.t#‘“‘#t““l‘tt‘t“‘t‘“4..“‘*“"“"‘“‘t“‘t‘
LOSRATE:
' number of "aborted” fruits

TABNF =

IF TDMF<EPS THEN GOTO 6010
FABOR = FNAMINI(1.(0.67- ABORMX*SOSIRY)
FABOR = FNMAX(0.FABOR)
TABNF =FABOR*TRCNF
6010 'CONTINUE

' location of "aborted” fruits: distal position
BBB=0.

FOR I=1 TO NBRUP
IF RCNF(I) =0 OR XNFT(I)<=2. OR BBB >=TABNF THEN GOTO 6040
ABNF(I) = FNAMIN1(4 RCNF(I})
ABNF(I) = FNAMINI(ABNF(I}, TABNF-BBB)
ABNE(I) = FNAMINI(ABNF(I), XNFT(I)-2)
ABNF(I) = FNAMINI(ABNF(I),-ABOR(D))
ABNF(I) = FNMAX (0,ABNF(I))
BBB = BBB + ABNF(I}
ABOR(I) = ABOR(I) + ABNF(I)
NSF(I) = INT(XNFT(I) - ABOR(I))
IF ABOR()<] THEN GOTO 6040
FOR ] = NSF(I}+1 TO INT(XNFT(I)

DWF(L]) = -1+EPS

FREERERERERNRRF AR ARREERAKERRERARREESERRRRREREEKERA XA R R ERRR AR B KRR KARRB B EESE RS RR AR

SUBROUTINE CALCULATION OF DRY MATTER GROWTH RATE

TRRKRAKRRREEEEREARERER KRR S ARA ST R RRRREEERREBEERARKARRR MRS AB SRR KRR E KRR RE R AR R R KRR E

TDML = 0
TDMLZ = 0
DMGL = 0
TDMS = Q
TDMF = 0
DMGF = 0
TNMF = 0
DMMF = 0
PLAR = 0
PLAR2 = 0

" leaf dry weight
FOR 1=1 TO NBRU
XASC = FNAMINI(PGL() PGL(D)*SOSIR)
ASCSP = ASCSP + XASC
DWL(I) = DWL(D) + XASC
dry weight of growing leaves
IF AGLS(DD<1 THEN DMGL = DMGL + DWL(D
Now leaf area expansion is either potential or limited by a max SLA
It 1s avallable for each unit
XLA{D) = XLA(D + FNAMIN1 (PLE(D) , XASC+*SLAMX/{1.+FRPT)}
TDML = TDML + DWL(D
total leaf area
PLAR = PLAR + XLA(D
IF AGLS(D>0 THEN
PLARZ2 = PLAR2 + XLA(D
TDML2 = TDML2 + DWL(D

'

END IF
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NEXT |
stem dry weight
FOR I=1 ’I‘O NBRU+1
XASC = FNAMINI(PGS(I)PGS(I)'SOSIR)
ASCSP = ASCSP +
DWS(I) = DWS(I) + XASC
TDMS = TDMS + DWS(D)
NEXT I
* fruit dry weight
TDMF = (.

XASC = 0.
FOR I=1 TO NBRU
DWTR{) = 0.
NFT=INT(XNFT{))
FOR J=1 TO NFT
" for "aborted” fruit, DWF = -EPS
IF agf(LN< 1 AND dwf(l,])>=0. THEN
XASC = FNAIVHNI(PGF(I J ) PGF(L]1)=SOSIR)
ASCSP = ASCSP +
DWF(I.J) DWF(IJ) + XASC

end i
1f de(l,J)>0 THEN DWTR(I) = DWTR(I) + DWF(L])
mature fruit
IF AGF(L])=1. AND DWF(I j)>0 THEN
DMMF = DMMF + DWF

4,

'

J
IF AGF(Inh{pt(x)D 1. THEN AGLS(D) = -1+EPS
TDMF = TDMF + DWTR()
NEXT I
carbohydrate pool
CPOOL = FNMAX(0.,(RCDRW-ASCSP)/GREF)
" when CPOOL is higher than a threshold value then GP is himited
CPOOLMX = 0.06«TDML/A(1.+FRPT)*GREF)}
IF CPOOL> CPOOLMX THEN
GP = GP - (CPOOL - CPOOLMX)
CPOOL = CPOOLMX

+

B T Y R Ny T Ty T Y T Y

* SUBROUTINE CALCULATES transpiration AND LATENT HEAT FLUX

T ey T L T Y T T T R T T T Ry Y Y 2Ty T

TRANS
‘s+s« this subroutine is the same as in "GREENCLI"

R T S L S R A Y T T T T e Y

"SUBRQUTINE FOR CALCULATION OF BOUNDARY LAYER RESISTANCES

Y Yy Yy Y Ty Ty T T e T2 Y Y T

RESIST:
‘sss» this subroutine is the same as in "GREENCLI"

T T T T R T T Y R Y P s e T e e ety

‘Subroutine for calculation of sun-earth astronomical parameters and transmission

‘of solar radiation through greenhouse cover layer
TREREE R R R RS RE SRR BN ER R AR AR SR RBEE SRS R AR AR RRRE R AR R KRR R Rk kb kR Rk Rk

SOLAR:
'ss++ this subroutine is the same as in "GREENCLI"

B T T S R Rt ]

‘SUBROUTINE CALCULATES ABSORPTION, TRANSMISSION AND REFLECTION OF COVER

B L T Ly e T Y P P P L R s e LTt L

CALAB:
"sx«» this subroutine is the same as in "GREENCLI”

FREREEREEESEREFUB AR RRRRSRRRREEERREARRSAERNREERSSERREEERERRERBSAREESERE LIS ERRAB SRS SN ARS"

SUBROUTINE OUTPUT FOR SIMULATION RESULT

PSR EARKAESAERRRERREREEERSAEE AR R RS ERE RS AR AU CRNRETRREEEABARERRERBREERIERRE S H %

OU'I‘PU’I‘
per plant results:
" # nodes, # leaves, # trusses, leaf DW, stem DW, fruit DW, total DW
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* leaf area, mature fruits DW, # set fruits, # "aborted” fruits,
 #mature {ruits

IF DATE=280 OR DATE=285 OR DATE=287 OR DATE=234 OR
DATE=300 THEN
PRINT#16,USING"#####" DATE; PRINT#16, USING"#### #4".NBLV.NBRU;PLSTN:
E\JSRI[?T#}6,USING"####";TNF;TNSF;TNF-TNSFZTNMF
h

IF  DATE=303 OR DATE=307 OR DATE=311 OR DATE=315 OR
DATE=322 THEN
PRINT#16,USING"#####" DA TE; PRINT#16,USING"### #" NBLV.NBRU;PLSTN;
ENII;R% T#16,USING"####"; TNF: TNSF; TNF - TNSF; TNMF

IF DATE=325 OR DATE=330 OR DATE=335 OR DATE=339 OR DATE=343 THEN
PRINT#16, USING"#####” DATE; PRINT#16, USING "#### ##",NBLV;NBRU;PLSTN;
ENII;RII%;XT#l6.USH\JG”####";TNF;TNSF:TNF-TNSF;TNMF

IF DATE=280 OR DATE=287 OR DATE=294 OR DATE=301 OR DATE=308 THEN
PRINT#1S5,USING ###4# " DATE,;
PRINT#15,USING"#### #" ,(TDML+CPOOL)*PLM2. TDMS*PLM2; TDMF*PLM2;

(TDML+TDMS +TDMF+CPOOL)*PLM2;

ENI!;R%T#IS.USING"#####.#";PLAR* 10000./TDML;PLAR*PLM2;DMMF+PLM2;SOSIR

IF DATE=315 OR DATE=322 OR DATE=328 OR DATE=336 OR DATE=343 THEN
PRINT#15,USING "#####" . DATE;
PRINT#15,USING" ###i# 4", (TDML+CPOOL)*PLM2; TDMS*PLM2; TDMF*PLM2;
(TDML+TDMS +TDMF+CPOOL)*PLM2;
PRII%\IT#IS,USING”#####A##”:PLAR* 10000./TDML;PLAR*PLM2,DMMF*PLM2:SOSIR

END
7082 RETURN
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APPENDIX 2. LIST OF GREENHOUSE MICROCLIMATE MODEL "GREENCLI

1. Definition of the abbreviations used in the model

aex
AINC
ATR

AZIM
CFCS
CFGC
CLF
COSZ
Coni
Conm
Ccp
delta
DL
DTRN
EPC
EPG
EPM
EPS
EPV
EQOT
EWL
Eci

Eg
Em

Ev
Even
Fl

FL
FNFA
gamma
GSOL
GSOLB
GSOLD
GZL

absomptivity of greenhouse cover

average absorptance of beam radiation at the wall surface
soil surface absorptance for total solar radiation
mulching absorption for total solar radiation

screen absorptance for total solar radiation

canopy absorptance for total solar radiation

surface area of walls(m')

ground area of greenhouse(m’)

thermal expansion rate of air(1/K)

average incidence angle of solar beam on wall surface
atmospheric transmission rate

window area opened(m’)

azimuth angle of sun

average shafe factor which wall surface see the sky
average shafe factor which outside ground see the wall surface
clustering factor

cosine of solar zenith

cover inner surface-air conductance(m/s)

mulch-air conductance(m/s)

specific heat of air at constant pressure(J/kg/K)
slope of saturation vapor pressure curve(Pa/K)
characteristic length of leaf(m)

daily tatal transpiration(g/plant/day)

cover emissivity for long-wave radiation

soil surface emissivity for long-wave radiation
mulching emissivity for total solar radiation

screen emissivity for long-wave radiation

canopy emissivity of long-wave radiation

equation of time in hour

east-west length of greenhouse(m)

latent heat flux between cover inner surface and air(w/m')
latent heat flux from soil surface(w/m')

latent heat flux between mulch surface and air(w/m’)
latent heat flux between air and canopy(w/m')

latent heat flux by ventilation(w/m’)

refraction index of covering material

film thickness(mm)

fenestration factor

psychrometric constant(Pa/K)

global solar radiation in greenhouse(W/m?)

beam solar radiation in greenhouse(W/mz)

diffuse solar radiation in greenhouse(W/mz)

gabble height of greenhouse(m)
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Gh!
Gr
HANG
Hci
Hco

RECB
REG
RELC
RELG
RELM
RELS
RELV
RES

soil surface heal flux{w/m')

Grashof number

hour angle

sensible heat between inner cover surface and air(w/m')
sensible heat flux between outer cover surface and air{w/m")
sensible heat flux from soil surface(w/m")

sensible heat flux between mulch and air(w/m*)

sensible heat between mulch and soil{w/m')

sensible heat flux between air and canopy{w/m")

sensible heat flux by ventilation(w/m’)

thermal diffusivity of air(m¥s)

light extinction coefficient of film{1/mm}

extinction coefficient for direct radiation

extinction coefficient for total direct radiation

cover outer surface-air conductance(m/s)

leaf area index

latent heat of water vaporization(J/g)

lattitude in degree

longitude in digree

leaf vapor pressure deficit(Pa)

fraction of diffuse radiation

kinematic viscosity of air(m%/s)

north-south length of greenhousa(m)

Nusselt number for forced convection

Nusselt number for free convection

Nusselt number for mixed convection

photosynthetically active radiation in greenhouse(W/m?
photosynthetically active beam radiation in greenhouse(W/m?)
photosynthetically active diffuse radiation in greenhouse(W/m?
proportion of shaded wall surface area

proportion of sunlit wall surface area

ventilation rate(m'/sec)

photosynthetic photon flux density in greenhouse( # mol/m%/s)
diffuse photosynthetic photon flux density in greenhouse( # mol/m%/s)
beam photosynthetic photon flux density in greenhouse( z mol/m%s)
beam solar radiation{W/m?) outside greenhouse

diffuse solar radiation(W/m? outside greenhouse

reflectivity of greenhouse cover

average reflectance of beam radiation at the wall surface
soil surface reflectance for total solar radiation

cover reflectance of long-wave radiation

soil surface reflectance of long-wave radiation

mulching reflectance of long-wave radiation

screen transmittance of long-wave radiation

canopy reflectance of long-wave radiation

screen reflectance for total solar radiation
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REV canopy reflection coefficient for total solar radiation

REVH canopy reflection coefficient for diffuse radiation
REVS canopy reflection coefficient for direct radiation
REXT extraterestrial solar radiation(W/m?)

RHAI inside relative humidity(%)

RHAO outside relative humidity(%)

RREM mjulching reflectance for total solar radiation
Rah Boundary layer resistance(s/m)

Rahmg contact resistance between soil and mulch(s/m)
Re Reynold’s number

rhoa air density(kg/m°)

rhod reflectance of deep canopy

rhos reflectance of soil

Risi internal(stomatal) resistance(s/m)

Rn net radiation of canopy(w/m?

Rnc net radiation of cover(w/m')

Rng net radiation of soil(w/m')

Rnm net radiation of mulch(w/m")

Rnv net radiation of canopy(w/m')

SDEC solar declination angle

SOLC solar constant(W/m?)

SSI shaded area of wall on greenhouse bed

TALP tangent of solar elevation

TMPA inside air temperature(C)

TR transrnissivity of greenhouse cover

TRAN instantaneous transpiration rate(g/m’-ground/s)
TRCB average transmittance of beam radiation at the wall surface
TRCGB average transmittance of beam radiation at the vegetation surface
TRD diffuse radiation transmittance(transmittance at incident angle of 64 gegree)
TRLC cover transmittance of long-wave radiation
TRLM canopy transmittance of long-wave radiation
TRLS screen transmittance of long-wave radiation
TRLV canopy transmittance of long-wave radiation
TRM mulching transmittance for total solar radiation
TRV canopy transmittance for total solar radiation
Tair outside air temperature(C)

Tc cover temperature(C)

Tg soil surface temperature(C)

Tleaf leaf temperature(C)

Tm mulch temperature(C)

Ts screen temperature(TC)

Tv canopy temperature(C)

U inside wind speed(m/sec)

VPA vapor pressure of outsixe air(Pa)

VPAi inside vapor pressure(Pa)

VPb vapor pressure deflicit of inside air(Pa)
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WAT
WAZI
WINC

WSLO
WZL

water content of soil{cw/ci)

azimuth angle of greenhouse walls
solar incidence angle on wall surface
outside wind speed(m/sec)

slope angle of greenhouse walls(degree)
wall height of greenhouse(m)
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2. Listing of the greenhouse microclimate model GREENCLI

L L L T L T T I

'PROGRAMM FOR PREDICTING the greenhouse climate
""‘ﬂ“‘.“"“““““‘.“‘“"‘.“.““‘.“3“‘.“““‘t‘.“’*“““““
DIM VB(10), MA(10, 10}, DX(10), T(10), TN(10), DELZ(21)
DIM kes(21), TSO(21), TSN(21),VBB(10,10),IR{10)
DIM AAA(ZI) CCC(ZI) BBB(ZI) DDD(21) XGAUSS(3) WGAUSS(3)
OPEN"Q" #2."C: \TOMGRO\greentom\resu .DAT"
OPEN"T, #1 i \TOMGRO\greentom\outci295.DAT"
OPEN"0",#3,"C!\’I‘OMGRO\green[om\reSOLZ%.DA'I‘”
‘sssssnsassssnss data for GAUSSIAN integration
DATA 0.112702,0.500000,0.887298
READ XGAUSS(1),XGAUSS(2),XGAUSS(3)
DATA 0.277778,0. 444444 0. 277?78
READ WGAUSS( 1 ).WGAUSS(Z).WGAUSS(3)
’“t““S““**““Ot“‘“"t“‘*".“#t‘tt“““ﬂ*‘*i““t"tt"‘*****“t"

! IFSSCCREEN IS OPENED, SCRi=0 ELSE SCRI=1

! IFF}XA&I}\: (\)IENTILA’I‘OR IS OPERATED, FANI=1 ELSE FANI=0
PHIFAN=0.36"M3/S

! IFhHEA’I‘ER ARE OPERATED, THEN heater=1 ELSe heater=0
eater=1

‘ QQH=3900:"J/SEC

TR AR AR AR RS R AR R KRS RSB SRR RS E R AR R R BB R AR E R AR R AR R RN R EEE TR E R R KRRk K&

! %?O‘GIAILL IS DOUBLE-LAYERED, THEN DOU=1, ELSE DQU=0

TRAEBRRRSRERRRREES R SR E R R B BREEE KU R SRR S LR E TR RSN R KRR R RAE R RS SRR AR IR kR
ke !
input leaf area index

PLTH=0.495+0.439+LAI"PLANT HEIGHT IN m
*sxx#x4 define function for calculation of saturation vapor pressure and its slope
def fn es(x)=610.78D0+exp(17.269D0*x/(x +237.30D0))
def fn esp(x)=610.78D0*exp(17.269D0+x/(x +237.30D0))*(4087.9337D0/{(x +237.30D0)"2.D0)}
fenenunnanssnssxsSTART DALY CACULATION# sk sansssess ke s hhbsasabasss bbbk
DATE = 205: 'JULIAN DAY OF YEAR
WAT = .20D0: * SOIL WATER CONTENT{M3/M3)
TREBRRERAERRREE R B R R E AR AU R R ARG R REEEE RS R R R AR A SR kRS SR LRSS RA R KA R AR KRS
'READ GREENHOUSE PARAMETER
TARERRR RS SR EEEE AR BN BB SR BB RN R R AR RRRR B AR SR SR EE R R AR KRR Rk
DATA 90,90,-90,‘90,0,1802'AZIMUTH ANGLE OF GREENHOUSE WALL AND ROOF
DATA 90,23.75,23.75,90,90,90:" SLOPE OF WALL AND ROOFS
DATA 32.2.382 ,38. 23,32.2,14.25,14.25"WALL SURFACE AREA
145231.1: 'FAFN AG,NSL EWL WZL GZL
5,0.165,0.05,37 25,126.983.'FI, KCC,FFL,LAT,LON
6:READ WAZI():NEXT I
6. READ WSLO(I):NEXT I
6:'READ AC(IENEXT I
READ FAFN,AGNSLEWL WZL,GZL
READ F], KCC FFL,LAT,LON
ACT=0FOR I=1 TO 6:ACT=ACT+AC(I):NEXT I
GOSUB INPARM:‘input parameters
B T T R L A I e i e 2
LLAT = 37.15D0 * 3.141592D0 / 180.D0"’ lattitude
TERBEEEERERREEEREE R CALCULATE HOURLY *#s# 52t a st 208 6366238558610 bRRRERE
NFAS'I‘ 24DO * 6.D0
0— 3600.D00 * 24.D0 / NFAST: 'TIME STEPSIZE
FOR IDAY—l TO 365
DATE=]JDAY
FOR = 1 TO NFAST
if eof(1) then goto 2
INPUT#1,JJDAY, TTIME tair,ws,solrad,outh
VPA=(FN ES(Tair))*OUTH/100.D0
VPAlI=FN ES(WBt)
TFAST = (JF - 1) *+ 24D0 / NFAST+0.083D0
GOSUB SOLAR
‘ssxsssxs INTIALIZE ABOVE GROUND WEATHER VARIABLE
NNN = 6
dum=dum+1
if dum>1 then goto 1
FOR YY =1 TO NNN+1
T(YY) = Tair
IF YY=6 THEN T(6)=C020+300
IF YY=7 THEN T(7)=VPA+1000.D0
NEXT YY
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Te =T(1):Tm=T(2)
Tg =T TMPA=T4):Tv=T(5):CO2L=T(6)
VPax T
1 ‘continue
DUM1=0
11 DUMI1=DUMI1+1
‘srxxxxeses EFFECTIVE ATMOSPHERIC EMMISSIVITY(EPa)ss#assssesassssasnsns
AHS = 2167D0 = VPA / (Tair + 273.16D0)
EPA = 58D0 * (AHS " (1.DO / 7.D0))
IF TTIME<1000 THEN EPA=0.83D0
I[F SOLRAD > 0 THEN
CLOUD = 2.33D0 - 3.33D0 * ATR: 'CLOUD COVER
IF CLOUD < 0 THEN CLOUD = 0
IF CLOUD > 1| THEN CLOUD = 1
E\IIZSAI; (1-.84D0 = CLOUD) = 58D0 * (AHS " (1.DO/ 7.D0)) + .84D0 * CLOUD:
)
‘exxkrszss HEATER OPERATION #ts st sasttts s s snssthkss s assanhintshsrtnshs
QQH=0
IF HEATER=1 AND TMPA=<95 THEN QQH=1850:'3900
"t**"'*STAR'{O(I)TERATION,NEW’I‘ON RAPHSON METHOD#**sssssssxss2se
SIGNUM = 1.D-5
FOR ITER = 1 TO MAXIT
‘«xxs NUMERICAL CALCULATION OF DEIVATIVES OF ENERGY BALANCE ##+«
‘«=xs EQUATIONS
RRRI=10.0D0
HIjJ=5.0D-3
FOR CX=1 TO 2
HIj=HIJJ
FOR KZ=0 TO NNN
IF SOLRAD<=0 THEN
RB=0.RD=0.: GSOL=0.
END IF

HEN HIJ= RRRI*HIJJ
HEN Tm=Tm*HIJ

DOy
e forkee

IF KZ=6 THEN CO2L=COZ2L+HI1]
'ti**#‘*#"tﬂ‘ﬁt#t‘#‘*l#t#*#ﬂﬁtt#t“‘t##ttttltt#t‘t't#t‘ttt‘ttt“‘*“*i“‘t‘t““‘
' CALCULATION OF NET RADIATION
"#*#*‘t*’tt‘l*t*t““!tt“‘t‘tt‘tt##‘t‘“ttt‘t‘#i‘*‘###“‘#“t“tl‘tt“‘#““““
9999 GOSUB NETRAD
"‘tt‘#ttﬂ‘*tt#t#*‘.ﬁ“t*“““*tl‘“““.t"tt“t“““““““‘i“tti‘i“*#*

' CALCULATION OF BOUNDARY LAYER RESISTANCES AND SOIL AND MULCH
CONTACT RESISTANCE
't**tt‘ﬁtttt“‘t*t*##“*‘*t“t‘tttt‘*t‘*tttt"Qtt‘tt‘t"*tt*t*t‘t**‘#t*t‘t"3“‘#
‘ssaxxxvvesxxs OVER QOUTER COVER
KKH=3.49D0*WS
Hco=KKH#*(Tc-Tair)
FDOU=2 DO*(NSL+EWL)*WZL/ACT
FDOU=1-FDOU+1.35D0:'0.5
IF DOU=0 THEN FDQU=1
‘exxxrss CALCULATION OF VENTILATION RATE s#sssassxssssnssnsensnnes
WOH=0.0D0:' WOH=HEIGHT OF SIDE WINDOW OPENING
Aw=(NSL-2)*WQH»2'5.13:'area of side window opened
ACTI=ACT-Aw
PHI=(0 170D0+0.045D0* Aw*Ws)+FDOU 'SIDE OPEN VENTILATION
IF FANI=1 THEN PHI=PHI+PHlfan
‘sxsxxesxsxsxsnss OVER INNER COVER
U=PHI/Af:'wind speed in the greenh

CONi=1.525D0*((ABS(Tc- 'I‘\/IPA)) (1. D0/3 D0))/1000.D0:* conductance(m/s)

CONih=CONi

IF DOU=1 THEN CONih=CONi*FDOU

Hci=CONih*(TC-TMPA)*RHOa*Cp

QQQc=0.622D0*(FN ES(’I‘c))/(lOlS D0#100.D0)

QQQai=0.622D0*VPai/(1013.D0+100.D0)

Eci=CONY0.93D0+*RHOa* LAMBDA *(QQQc~QQQai)

IF QQQc>QQQai THEN Eci=0.0D0
ltttt*tt‘“‘*‘*‘tt“t“““‘.t“"ﬁ*"tt*t##‘ﬂ‘t‘Ot‘“““““‘3“"‘#'.‘*
' VENTILATION FLUX CALCULATION
'tttt't‘#tt"!“‘."““““t##'#'"‘t.t**t“‘ﬁ““‘.‘t“““‘lt‘t‘tt“‘t‘

QQQa=0.622D0+VPa/(1013.D0+100.D0)
Hven= RHoa*Cp+*FPHI*(TMPA ~Tair)/AG
Even= RHOasLAMBDA *PHI*(QQQa1-QQQa)/AG
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‘snsssnessesssss OVER MULCH ##ssseasesssnssss
CONm=0.4D-2+«(ABS(TM~-TMPA)~(1.D{/3.D0))’ conductance(m/s)
IF Tm-TMPA<Q THEN CONm=CONm/2.D0
QQQmM=0.622D0+(FN ES(Tm))/(1013.D0100.D0)
Hm=FMA*RHOa*Cp*(Tm~TMPA)+*CONm:'/RAHmM
Em—FMA*LAMBDA‘RHOa‘(QQQm QQQai)*CONm/0.93D0
IF QQQai<QQQm THEN Em=0.
‘sxsasnnsssessse OVER SOIL SURFACE CEERBEBEERERBE Y
CONg=0.4D-2+(ABS(Tg~-TMPA)"(1.D0/3.D0)):"CONDUCTANCE(M/S)
IF Tg-TMPA<0 THEN CONg=CONg/2.D0
QQQSg=0.622D0+(FN ES{Tg)}/(1013 D0+100.DO}
‘esssresregoil surface humidity calculation
‘for sandy load
Thethas=0.42D0
Thethar=0.0825
mmmm=0.433D0
nnnn=1.76D0
AAAA=0.0872D0
‘suction head(SUCH, IN m)
watt=WAT
SUCH= (((WATT-THETHAR)/(THETHAS-THETHARN (- 1I/MMMM)- 1" (1/NNNN)/AAAA
evprat= EXP(-SUCH/46.97D0/(Tg+273.16D0))
QQQAG=EVPRAT*QQQSg
Eg=(1.D0~ FMA)*RHOa*LAMBDA'(QQQg QQQai)*CONg/0.93D0
Hg=(1.D0-FMA)sRHOa*Cp*(Tg-TMPA)+«CONg
‘sesxsssnansrsns BETWEEN SOIL AND MULCH
RAHmg = MSDIS / KAPA: 'contact resistance between soil and mulch
Hmg=FMA+*RHOa*Cp*(Tm-Tg)/RAHmg
TRE bR RS R RREEERE BN Heater 0 rauon REXUEESEEEAT SRR EARSRBRE RS RE IS SRR AR KR KRB RBEEE S
GOSUB TRANS: 'TRANSPIRATION CALCULATION
GOSUB PHOTO2'CALCULATION OF PHOTOSYNTHESIS
"sesrsenevexxGROUND HEAT FLUX(Ghf, w/M2)
Ghf = ~kes(1)*(Tg-TSO(2))-Cevs*(Tg~TSO(1))*DELZ(1)/2D0/DTIM
‘sxssssssesxs ENERGY BALANCE AT EACH LAYER
‘=s4« COVER LAYER
VBB(1,KZ) = Rnc - Heo - Hci ~ Eci
‘ssxx MULCH LAYER
VBB(2,KZ) = Rnm -~ Hm ~-Hmg-Em
‘s+e» SOIL SURFACE LLAYER
VBB(3KZ) = + Hmg + Ghf-Eg-Hg
‘vsxsx SENSIBLE HEAT OF XNTERNAL AIR
VBB{4,KZ) = Hci*ACTI/Ag + Hm + Hv +Hg+ QQH/Ag Hven
‘xexs VEGETATION LAYER
VBB(5KZ) = RNv-Hv-Ev
‘asenansnssrs CO2 BALANCE $#sasasxaaksad bk b sk kst aa bk ks hhib bbb ahapbdknrnknsbnhkn
SOURC=0.104D~-4*3"(TSN(2)/10):'8.8D-5+3.D0:"SOIl. RESPIRATION
VBB(6,KZ)=PHl/ag*(C0O20-CO2L)*0.52823D0/(TMPA +273.D0)-GPFM=*4.4D-5
+RMAINTF+SOURC

IF CX=2
FOR KKZ=1 TO NNN
MA(KKZ,KZ)=(VBB(KKZ,KZ)-VBB(KKZ,0))/Hl]
NEXT KKZ
35 FOR KKZ=1 TO NNN
TEMP=MA(KKZKZ}
MA(KKZ,KZ)=(VBB(KKZ KZ)-VBB(KKZ,0))/HI]
MA(KKZ KZ)=(RRRI"2.D0« TEMP-MA(KKZ KZ))/(RRRI"2.D0-1.D0)
NEXT KKZ
25 VB(KZ)=VBB(KZ,0)
NEXT KZ
NEXT CX
GOSUB MATRIX
FOR KKV=1 TO NNN
dx(KKV)=-dx(KKV)
NEXT KKV
TN(1) = Tc + DX(D}
TN(2) = Tm + DX(2)

TN(3) = Tg + DX
TN(4) = TMPA+DX(4)
TN(S) = Tv+DX(5)
TN(6) = CO2L+DX(6}
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TN(T)=VPAL
Te=TN(1)
Tm=TN(2)
Tg=TN(3)
TMPA=TN(4)
Tv=TN(5)
CO2ZL=TN(6)
VPAI=TN(7)
‘ssxxssnss CALCULATE VAPOR PRESSURE ssssssxsnsseassssnnnsntenssdsns
RHQa=1.204D0
CHIv=0622D0*RHOA+(FN ES(TMPA)/(1013.D0+100.D0}
CHIv=CHIv+EPP*(RAH/0.93)*Rnv/2/LAI/LAMBDA
CHIc=0.622D0*RHOA*(FN ES(T¢))/(1013.D0+100.D0)
CHIm=0.622D0*RHOA *(FN -ES(Tm))/(1013.D0*100.D0}
CHl0=0.622D0+*RHOA*VPA/(1013.D0+100.D0)
CHIg=0.622D0«*RHOA*(FN ES(Tg))/(1013.D0+100.D0)*EVPRAT
CHLi=0.622D0+RHOA «VPAI/(1013.D0*100.D0)
EPP=DELTA/GAMMA
Gtran=2.D0+LAL/((0.93D0+EPP)*RAH+RLSI)
Geond=ACTI/AG*CONi/0.93D0
Gvent=PHI/Ag
Ggmd=(1-FMA)*CONg/0.93D0
Gmulc=FMA +CONm/0.93D0
IF CHI<CHIm THEN Gmulc=0.D0
IF CHIi<CHIc THEN Gcond=0D0
Gtot=Gtran+Gceond+Gvent+Gmulc+Ggrnd
CHItot=Gtran*CHIv +Geond*CHIc+Gvent*CHIo+Gmulc*CHIm+Ggmd+CHIg
CHlun=CHltot/Gtot
teon=Grh/Gtot .
CHIold=0.622D0*RHOA *T(7)/(1013.D0+*100.D0)
¥§%})=(%g{{n-(CHIun~C}ﬂold)*EXP(-D’I‘M/tcon))*(1013.D00100,DO)/RH03/0.622D0
= i
TRAEABARARERKREERRERESERERRR KA RS R RRARRKAEEAB RS ERERRRRERAAREEEEERRARR SRR R REER
FOR ICC = 1 TO NNN+1
BBT =1
IF ABS(TN(ICC)) >= 1 THEN BBT = ABS(TN(ICC)
IF ABS(DX(ICC)) >= SIGNUM * BBT THEN GOTO 8010
NEXT ICC
GOTO 8020
8010 Ng(’%‘TIE’:I‘%; MAXIT THEN PRINT “#+*NOT CONVERGE***+"NOTC=NOTC+1
8020 GOSUB SOILT:'SOIL TEMPERATURE CALCULATION
‘sxassrsexsss SUBSTITUTE PREVIOUS WEATHER VAR. FOR NEW WEATHER VAR
FOR 1A = 1 TO NNN+1
TA) = TN(IA)
NEXT IA
‘exsnxxxx SUBSTITUTE PREVIOUS SOIL TEMP FOR NEW TEMP.
FOR IA =1 TO MM
TSOUA) = TSN(A)
NEXT 1A
RHAO=VPA/FN ES(TAIR)+*100.D0
RHAI=VPAI/FN ES(TMPA)+=100.D0
RHAIN=FN ES(WBT)/FN ES(DBT)+100.D0
IF DUMI1<1 AND DUM=1 THEN GOTO 11
print#2, using”####  TMPA:tc; TV.RHAL VPAL/1000, TRAN+*1000.*1000.
NI;:RXI%{TJ#%"’»,USING”M.##";GSOL:SOLRAD;RNC:RnV;RNM;RNg;ghf;eg:hmg
NEXT JDAY
2 END

T T T Y Y Y T TP T e
* SUBROUTINE CALCULATES SOIL TEMPERATURE AT EACH DEPTH
PEARERRSERRS SRS EEREARRRERRSRRRERRASKRRERER AR EESRRSSEERROES
SOILT:
TSN(1) = Tg: ‘SOIL SURFACE BOUNDARY
AAA(1)=0.0D0:BBB(1)=1.0D0:CCC(1)=0.0D0:DDD(1)=TSN(1)
FOR IA = 2 TO MM-1
AAA(IA) = -05D0«(KCS(IA-1)*DELZ(IA-1)+KCS{IA)*DELZ(1A))/CCVS
CCC(IA) = -05D0+(KCS(IA)+DELZ(IA)+KCS(1A+1)*DELZ(IA+1))/CCVS
BBB(IA) = (DELZ(IA)"2.D0)/DTIM-AAA(IA)-CCC(1A}
DDD(IA) = (DELZ(IA)"2.D0)/DTIM*TSO(1A)

AAAMMI=0.D0:" -(KCS(MM-1)+DELZ(MM-1)+KCS(MM)*DELZ(MM))/CCVS
BBB(MM)=1.D0

CCCiMM)= 0.DO

DDD(MM) =TSN(MM):"(DELZ(MM)"2)/DTIMsTSO(MM)

‘sxaesrsrsasesse SOLUTION OF TRIDIAGONAL MATRIX
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IFOR 1A=2 TO MM
RRATIO=AAA(IA)/BBB(IA-1)
BBB(1A)=BBB(IA)-RRATIO+CCC(1A-1)
AAA(IA)=RRATIO
NEXT IA
FOR 1A=2 TO MM
DDD(IA)=DDD(IA)-AAA(IA)+DDD(IA-1)
NEXT 1A
TSN(MM)=DDD(MM)/BBB(MM)
FOR 1AA=2 TO MM
IA=-MM-IAA+1

NI::I‘SN(IA) (DDD(IA)-CCC(IA)*TSN(IA+1))/BBB(IA)

RETURN
3“““““““““‘““““‘“““““““‘““‘t‘“““““.““““
' SUBROUTINE CALCULATES transpiration AND LATENT HEAT FLUX
t““““‘.““‘i“‘t““"‘t“.““t“"“““‘.‘.“““““““““‘
TRANS:

DL=0.06D0: ‘characteristic length of tomato vegetation in m

VPD=FN ES(TMPA)-VPAi

LVPD=fn es(Tv)-VPAi

if lvpd<=0. then Ivpd=1.D0

IF TMPA>35 OR TMPA<-10 OR Tv>35 OR Tv<-10 THEN GOTO 3

g%%!a?%dDO‘(l.DO'(exp(0.0234D0‘(Gsol-76.6D0)))‘-I.DO)‘(I.DO*exp(O.(ﬁQDO‘(vad/lOO.D0—2.832D0)))
3 RLSI=142.7D0+953 9DO+EXP(-0.0081D0+GSOL)
4 TTC=Tv:TTA=TMPA

GOSUB RESIST

RAHv=RAH

Tran=((deltasRNv/Gamma)+2 D0*L Al*rhoa*cp*VPD/gamma/RAHv)/(0.93D0+delta/gamma-+risi/
RAHv)/lambda

Hv=2.D0*LAI*RHQa*Cp+(Tv-TMPA)/RAHv

Ev=LAMBDA*TRAN

RETURN

"“““tt‘t“““““t‘“‘“‘#““‘.“t““““‘l‘“‘t‘i"““““#““‘t‘
"'SUBROUTINE FOR CALCULATION OF INSTANTANEOUS GROSS PHOTOSYNTHESIS
"t“‘t‘t#“‘“‘“““““‘3““““##"‘“““"t“““t““‘ﬁ*““‘#‘*“‘
PHOTO2:

TTMPA=TMPA

IF TTMPA>45 THEN TTMPA=45D0

IF TTMPA<O THEN TTMPA=0

Q10=2.D0

Tleaf=Tv

IF TLEAF>45 THEN TLEAF=45.D0

IF TLEAF<0 THEN TLEAF=0.D0

TDML2=51.25:"56.7

TDMS=27.24

DMGF=1.69

RMRL=003:RMRS=0.015:RMRF=0.01

RMAINTF=(RMRL*TDML2+RMRS+TDMS+RMRF*DNGF)*44.D0/30.D0

RMAINTF=RMAINTF/(60.D0+60.D0*24.D0)*Q10"(0.1D0* TTMPA-2.5D0}

CCO2L=CO2L:'350: ‘CO2 CONCENTRATION IN ul/t

LAI=PLAR2+*PLM2

SCP=0.2

Q10=2.0

RDTL20=1.1364: 'LEAF DARK RESPIRATION AT Tleaf=20C(umol CO2/m2 leai/s}

KDF=0.58: 'MEASURED EXTINCTION COEFFICIENT OF DIFFUSE PAR

CD=42.7+1.68*(Tleaf-25)+0.012%(Tleaf-25)"2: 'CO2 COMPENSATION POINT(PPMV)

EFF=0.084+(CCO2L-CD)/(CCO2L+2*CD): ’ INITIAL LIGHT USE EFFICIENCY

'(molCO2/mol photon absorbed)
RDTL=RDTL20+Q10"(0.1*(Tleaf-20))
m=250: ‘mescphyll resistance(s/m)
if Tleaf<=5 or Tleaf>=40 then rm=1
if Tleaf>5 and Tleaf<15 then rm=2500/(Tleaf-5)
if Tleaf>25 and Tleaf<40 then rm=250/(1-(Tleaf-25)/15)
PMM=(45+100/RM)/0.4
IF Tleaf>=40 OR TLEAF<=5 THEN PMM-=0
PNC=41.5843+(293/(273+Tleaf))+«(CCO2L-CD)/(rm+1.36+rah+1.6+rlsi)
PNMAX=PNC
IF PNC>PMM THEN PNMAX=-PMM
PMAX=PNMAX+RDTL: 'max. gross photosynthetic rate(umolC0O2/m2-leaf/s)
* CALCULATION OF REFLECTION FOR HORIZONTAL AND SPHERICAL LEAF ANGLE
' DISTRIBUTION
SQV=SQR(1-SCP)
REFH=(1-SQV)/(1+5QV)
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REFS=REF1%2/(112¢C0O57)
CALCULATTION OF EXTINCTION COEFFICIENT FOR DIRECT RADIATION AND
TOTAL DIRECT FLUX
CLUSTF=KDF/(0.8+5QV)
KBL = (0.5/COSZ)*CLUSTF
KDRT= KBL*SQV
SELECTION OF CANOPY DEPTH AND CANOPY ASSIMILATION IS SET TO ZERO
GPF=0: ' INSTANTANEOUS CANOQOPY ASSIMILATION RATE
FOR IZ=1 TO 3
LAIC=LAI*XGAUSS(IZ) .
ABSORBED DIFFUSE PAR, TOTAL DIRECT FLUX AND DIRECT COMPONENT OF
DIRECT FLUX PER UNIT LEAF AREA
VISDF=(1-REFH}*PPFDD*KDF*EXP(-KDF+LAIC)
VIST =(1-REFS)*PPFDB*KDRT*EXP(-KDRT*LAIC)
VISD =(1-SCP)*PPFDB*KBL*EXP(-KBL+LAIC)
ABSORBED FLUX(umol/M2 LEAF/S) AND ASSIMILATION OF SHADED LEAVES
VISSHD=VISDF+VIST-VISD
IF PMAX>0 THEN
GPFSH=PMAX+(1-EXP(-VISSHD*EFF/PMAX))

END IF
DIRECT FLUX ABSORBED BY LEAVES PERPENDICULAR TO DIRECT PAR AND
ASSIMILATION OF SUNLIT LEAF

VISPP = (1-SCP)*PPFDB/COSZ

GPFSUN=0

FOR IP=1 TO 3

VISSUN=VISSHD+VISPP+XGAUSS(IP)

IF PMAX>0 THEN

GPFS=PMAX+*(1-EXP(-VISSUN*EFF/PMAX))

END IF
%g&%Uﬁ:GPFSUN*GPFS‘WGAUSS(IP)
R
FRACTION OF SUNLIT LEAF AREA(FSLLA) AND L.OCAL ASSIMILATION RATE(GPL)
FSLLA=CLUSTF*EXP({-KBL+LAIC)
GPL=FSLLA+GPFSUN+(1-FSLLA)*GPFSH
" INTEGRATION OF LOCAL ASSIMILATION TO CANOPY ASSIMILATION(GPF)
GPF=GPF+GPL*WGAUSS(1Z)
NEXT I1Z
GPFM=GPF
GPF=GPF+LAI/PLM2
" CONVERSION FROM umol CO2/plant/s TO umol CO2/plant/day
GPF=GPF*86400
* CONVERSION FROM umol CO2 TO g CH20O
GPF=GPF+*30/1000000
RETURN

TR R R R AR R KoK KA KR R OB AR KR R ROKKR R K
'SUBROUTRINE FOR SOLUTION OF SIMULTANEOUS EQUATIONS
TEERRRREEERERRRERERRREREEREEERRREERRERRERRRRRERREEERRKERRARRESRRARRRAASIRES
MATRIX
‘xxxxxxsxxs FIND LARGEST VALUE IN KO-TH COLUMN
FOR KO = 1 TO NNN - 1
IR(KO) = KO' PP = ABS(MA(KO, KO)}
FOR JX = KO TO NNN
[F PP > ABS(MA(JX, KO)) THEN GOTO 8000
IR(KO) = JX: PP = ABS(MA(JX, KO))
8000 NEXT JX
"sxurraxse SWAP KO-TH EQN AND Pp~-TH EQN
FOR JX = KO TO NNN
TEMQ = MA(KO, JX)» MA(KO, JX) = MA(UIR(KO), JX): MA(IR(KO), JX) = TEMQ
NEXT jX
‘sxsxxssesx | - DECOMPOSITION
FOR IZ = KO + 1 TO NNN
Z = MA(IZ, KO) / MA(KQO, KO MA(Z KO} = Z
FOR JX = KO + 1 TO NNN
MA(Z, ]X) = MA(IZ, JX) - Z » MA(KO, JX)
NEXT JX
NEXT IZ
NEXT KO
‘#rsesseses SWAP 1Z-TH ELEMENT AND P-TH ELEMENT
FOR IZ = 1 TO NNN - 1
TEMQ = VB(I1Z): VB(1Z) = VB(IR(IZ)): VB(IR(IZ)) = TEMQ
FOR JX =1z + 1 TO NNN: VB(JX) = VB(JX) - MA(JX, 12} » VB(IZ): NEXT JX
NEXT IZ
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‘ssessseses BACK SUBSTITUTION
DX(NNN) = VB(NNN) / MA{(NNN, NNN)
FOR I7 = NNN - 1 TO | STEP -1

DX{Z) = Vi3(17)

FOR JX = [Z + 1 'TO NNN
DXUZ) = DXUZ) - MA(IZ, JX) = DX(JX)
NEXT jX
DX(IZ) = DX(IZ) / MA(LZ, 12)
NEXT 1Z
RETURN

‘3“‘“‘““““““‘““‘“‘““‘*“‘““t“““"““““‘.““i““““
'SUBROUTINE FOR CALCULATION OF BOUNDARY LAYER RESISTANCES
““““““““‘“".‘.““‘“".““““‘ﬁ““““““““‘““““““‘
RESIST:

xxp=(TTC+TTA)/2.D0

delta= fn esp(xxp)

Re=Ue¢DV/nhu: ‘Reynold’s number

Nuf=0.66D0*(Re"0.5D0)*(0.7D0"0.33D0): ‘Nusselt number for forced convection

Gr=aex*9.8D0+*d|"3.D0*abs((TTC-~ 'I"I‘A))/nhu/nhu 'Grashof number

Nust=0.26D0s(Gr+0.7D0)~0.25D0

Nusb=0.50D0+*Gr"0.25D0

Nusm=((Nust+Nusb)/2+Nuf)" ‘mixed convection Nusselt number

if TTC-TTA<=0 then Nusm=((Nuf"3.55D0+Nust"3.55D0)"0.28D0+

(Nuf*3.55D0+Nusb~3.55D0)"0.28D0)/2.D0
Rah=DV/(kapa*Nusm)

retum

‘t‘#tltt‘t“““t“*‘tt*““t##““t‘tt“‘*“*##“t‘t*t““‘t““““““““i“‘
'Subroutine for calculation of sun-earth astronomical parameters and transmission
of solar radiation through greenhouse cover layer
#“tt“tt‘t““‘t"#“‘““““tt““titl*‘t‘*“‘t“‘t‘#‘i“‘t“““““““““‘
SOLAR’
PI=3.141592D0: PPI=P1/180.D0
LONG=LON+PPI'LATT=LAT+*PPI
‘rem calculation of SUN-EARTH astronomical parameters
SDEC=23.45D0*SIN(2sPl*(date+284.D0)/365.D0)*PPI:'SOLAR DECLINATION ANGLE
T'TTT=2.D0*Pl*(date-1.D0)/365.D0
EQOT=(0.000075+0.001868+«COS (T TTT)-0.032077+«SIN(TTTT)-0.014615«COS (2« TTTT)-0.04089+
SIN(2+TTTT))*229.18/60:'IN HOUR
SOLT=tfast+4*(LON-135.D0)/60.D0O+EQOT
HANG=(SOLT-12.D0)*15.D0sPPI
COSZ=SIN(SDEC)*SIN(LATT)+COS(SDEC)*COS(LATT)*COS(HANG)
TALP=COSZ/SQR(1-COSZ*COSZ):TANGENT OF SOLAR ELEVATION
IF TALP<=0.001 THEN TALP=0.001
AZCO=(COSZ*SIN(LATT)-SIN(SDEC))/(SQR(1-COSZ+*C0OSZ)«COS(LATT))
'AZIM=AZIMUTH ANGLE OF SUN IN DEGREE
IF  AZCO>=0 AND HANG>=0 THEN AZIM=(-1*ATN(AZCO/SQR(1-AZCO+AZCO
+0.00001))+PL/2)/PPI
IF  AZCO>=0 AND HANG<=0 THEN AZIM=-1+(-1+ATN(AZCO/SQR(1-AZCO*AZCO
+0.00001)) +P1/2)/PPI
Ir AZCO<0 AND HANG>=0 THEN AZIM=(-1*ATN(AZCO/SQR(1-AZCO*AZCO+
0.00001))+P1/2)/PPI
IF AZCO<0 AND HANG<0 THEN AZIM=-(-1+*ATN(AZCO/SQR(1-AZCO=*AZCO+
0.00001))+P1/2)/PPI
REM CALCULATION OF INCIDENCE ANGLE OF SOLAR RAD. ON WALL SURFACE
PCSL=0.D0:PCSH=0.D0:’' ACT=0.D0
CFCS=0.D0:CFGC=0.D0:AINC=0.D0:ATR=0.D0
TRCB=0.DO:RECB=0.D0:ABCB=0.D0: TRCGB=0.D0:REXT=0.D0
TRCD=0.D0:RECD=0.D0: ABCD=0.D0: TRCGB=0.D0
GSOL=0.D0:GSOLD=0.D0
GSOLB=0.D0:GSOLD=0.D0:PARB=0.D0:PARD=0.D0:PAR=0.D0:
PPFDB=0.D0:PPFDD=0.D0:PPFD=0.D0
IF COSZ<0.D0 THEN GOTO 4900
indi=1
GOSUB CALAB
indi=0
TRCD=TR: RECD=RE : ABCD=AB
FOR 1Z=] TO 6
COSI= COS(WSLO(IZ)‘PPI)*COSZ+SIN(WSLO(IZ)*PPI)*SQR(1-COSZ*COSZ)‘
COS((AZIM-WAZI(1Z))«PPI)
WINC=-1*ATN(COSI/SQR(1- COSI‘COSI))*PI/Z 'SOLAR INCIDENCE ANGLE ON
WALL SURFACE IN RADIAN
IF COSI>0 THEN PCSL=PCSL+ AC(IZ)
IF COSI<=0 THEN PCSH=PCSH+AC(I1Z)
CFCS=CFCS+AC(1Z)*(1+COS(WSLO(1Z)*PPl))/2
CFGC=CFGC+AC(1Z)+(1-COS(WSLO(1Z)+PPD))/2
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IF COSI>0 THEN AINC=AINC+AC(IZ)sWINC

REM CALCULATION OF TRANSMISSIVITY REFLECTIVITY, ABSORPTIVITY OF REM
COVERING FILM

IF COSI<0 THEN GOTO 5035
IF DOU=1 THEN

FL=FFL
IF 1Z=1 OR IZ=4 OR 1Z=5 OR 1Z=6 THEN FL=2.D0*FFL
ELSE
FL=FFL
END IF
GOSUB CALAB
GOTO 5040
5035 TR=0'RE=1:AB=0
5040 rem calculation of average tr, re and ab at the wall surface
TRCB= TRCB*AC(E)*T%%%’IA&%VERAGE TRANSMITTANCE AT THE WALL
RECB=RECB+AC(IZ)*RE/ACT:" * REFLECTANCE "
ABCB=ABCB+AC(IZ)*AB/ACT “ ABSORPTANCE "
rem calculanon of average tr of greenhouse cover on the vegetation surface
AZI=ABS(AZIM+PP])

IF ABS(AZIM)>90 THEN PAZI=ABS(AZIM+*PPI)-PI/2
GX=WZL*COS(PAZI)/TALP
GY=WZL+SIN(PAZL)/TALP
GGX=(WZL+GZL)*COS(PAZI)/TALP
GGY=(WZL+GZL)*SIN(PAZI)/TALP
IF EWL<=GY THEN GOSUB 5000
IF GY<EWL AND GGY>EWL/2 THEN GOSUB 5100
IF GY<EWL AND GGY<= EWL/2 THEN GOSUB 5110
[F ABS(AZIM)>30 THEN GOSUB 5120
TRCGB=TRCGB+SSIsTR/AG
IF AZIM>=0 AND iZ=2 THEN TRCGBI=TR
VE)%TAZM(O AND IZ=3 THEN TRCGBI=TR
AINC=AINC/PCSL’AVERAGE INCIDENCE ANGLE OF SOLAR BEAM  RAD. ON
"WALL SURFACE
PCSL=PCSL/ACT:"PROPORTION OF SUNLIT WALL SURFACE AREA
PCSH=PCSH/ACT 'PROPORTION OF SHADED WALL SURFACE AREA
CFCS= CFCS/ACT 'AVERAGE  SHAFE FACTOR  WHICH  WALL SURFACE  SEE

THE SKY
CFGC=CFGC/ACT 'AVERAGE SHAFE FACTOR WHICH OUTSIDE GROUND SEE
‘"THE WALL SURFACE
ACOSI=COS(AINC)

‘SEPERATION OF DIFFUSE AND BEAM RADIATION COMPONENT
SOLC=1367.D0+(1+0.033D0+COS(2.D0+PI*DATE/365. DO): ;IS\I(()LA/I{} ?ONSTANT
REXT=SOLC*COSZ:"EXTRATERESTRIAL SOLAR RADIATION IN W/M2
ATR=RT/REXT-ATMOSPHERIC TRANSMISSION RATE

M T T T T T Y T L T Y T Ty e T T Y e e T TP 2

DE JONG(1980}

TEREERRAKRAERRRRCRE BRI KRR RRR AR R SRR AR AR AR SRR A RRRRAR R RR R RRR R RSN
RRRR=0.847-1.61+COSZ+1.04sCOSZ*COSZ

KKKK=(1.47-RRRR)/1.66

IF ATR>=0 AND ATR<=0.22 THEN MT=1

IF ATR>0.22 AND ATR<=0.35 THEN MT=1.D0-6.4D0*(ATR-0.22D0)"2.D0

IF ATR>0.35 AND ATR<=KKKK THEN MT=1.47D0-1.66D0*ATR

I[F ATR>KKKK THEN MT=RRRR

R Y S T L Y Ty Y T T Ty ey P T e T Y e s
RT=SOLRAD
RD=SOLRAD*MT:' DIFFUSE RADIATION IN W/M2'DIFFUSE RADIATION
RB=SOLRAD-RD:'BEAM RADIATION IN W/M2:'BEAM RADIATION
GSOLB=RB*TRCGB+*FAFN:'BEAM RADIATION(W/M2) IN GREENHOQUSE
GSOLD=RD*TRCD*FAFN:"'DIFFUSE RADIATION(W/M2) IN GREENHOUSE
GSOL=GSOLD+GSOLB:'GLOBAL RADIATION(W/M2) IN GREENHOUSE
PARB=GSOLB#0.47D0:'BEAM PAR(W/M2) IN GREENHOUSE
PARD=GSOLD#*0.47D0:' DIFFUSE PAR(W/M2) IN GREENHOUSE
PAR=PARB+PARD:"GLOBAL PAR(W/M2) IN GREENHOUSE
PPFDB=PARB+4.57D0:'BEAM PPFO(UMOL/M2) IN GREENHOUSE
PPFDD=PARD*4.57D0:'DIFFUSE PPFD(UMOL/M2) IN GREENHOUSE
Ig’%%RI;PFDB};gPFDD ‘GLOBAL PPFD(UMOL/M2) IN GREENHOUSE
1T
GSOLD=(GSOLB+GSOLD)*TRs.GSOLB=0.0D0
GSOL=GSOLD
PARB=0.0D0
PARD=GSOLD*0.47D0
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PAR=PARB+PARD
PPFDB=0.D0
PPFDD=PARD»*4.57D0
PPFD=PPFDB+PPFDD
END IF
IF SOLRAD=0 THEN GSOL=0
4900 RETURN
5000 REM CALCULATION OF SHADED AREA OF WALL AZIM>=0 AND GY>=EWL
SSI=0.0:W1=1:W2=5:"SHADED AREA OF WALL ON GREENHOUSE BED
IF AZIM<0 THEN Wl=4
IF 1Z=W1 THEN SSI=EWL+NSL-EWL«EWL/TAN(PAZI)/2
i?FE'II’ZJI%JHEN SSI=EWL+EWL/TAN(PAZI)/2
5100 REM CALCULATION OF SHADED AREA OF WALL AZIM>=0 AND GY<EWL<=GGY
SSI=0WW]1=1WW2=2
IF AZIM<0 THEN
WWi=4
Ww2=3
END IF
AANG=ATN{GGY+EWL/2-GY)AGGX-GX}))
BANG=PI/2-AANG
IF 1Z=WW1 THEN SSi=(2¢«NSL-GX)+GY/2
IF 1Z=WW2 THEN SSI=(2sNSL-2+GX~-(EWL-GY)*TAN(BANG)*(EWL-GY)/2
RE!FI‘(%:I\? THEN SSI={2+EWL-GYWGX/2+(EWL-GY)«(EWL-GY)*TAN(BANG)/2
5110 SSI=0 'WWWI1=1"WWW2=2:WWW3=3
IF AZIM<0 THEN
WWW]1=4
WWWwW2=3 -
WWW3=2
END IF
if iIZ=WWWI1 then ssi=(2*NSL-GX)*GY/2
IF 1Z=WWW2 THEN SSI=(2¢NSL-GX-GGX)*(EWL/2+GGY~GY)/2
IF 1Z=-WWW3 THEN SSI=(NSL-GGX)*(EWL/2-GGY)
R H:LIJ%Q;\? THEN SSI={2*EWL-GY»GX/2+{3BEWL/2-GY-GGY)*(GGX~-GX)/2
5120 SSI=0: W1=1"W2=2
GX=ABS(GX)X:GY=ABS(GY)GGX=ABS(GGX)YGGX=ABS(GGX)
IF AZIM<0 THEN W1=3W2=4
AANG=ATN{GGY+EWL/2-GY(GGX-GX))
BANG=PI/2-AANG
IF 1Z=W1 THEN SSI={2«NSL-GX)*GY/2
IF 1Z=W2 THEN SSI=(2*NSL-2*GX-(EWL-GY)*TAN(BANG)*(EWL-GY)/2
[F 1Z=6 THEN SSI=(2+EWL-GY)*GX/2+(EWL-GY)*(EWL-GY)*TAN(BANG)/2
RETURN
’*i*#i’*‘**"““‘#“"**i‘%*St*t"'““*‘“.““**“*““*‘*“**‘““‘“
‘SUBROUTINE CALCULATE NET RADIATION
TR RN R R ER AR R KRR RN R AR E RS R AR AR RR AR KRR SRR SRR R RN K

NETRAD:

RL¢=0.0D0'RSc=0.0D0:Ris=0.0D0:Rss=0.0D0
Rlv=0.D0'Rsv=0 DO:Rnm=0.D0:RSm=0.D0
Rig=0.D0:RSg=0.D0:RTco=0.D0:RTci=0.D0
RTs0=0.D0:RTsi=0.D0

‘evnnarennnnasss SHORTWAVE RADIATION shssssseasesrnrbkbrnebkbanshehihnbesr s’

IF SCRI=0 THEN REs=0.D0:TRs=1.D0:ABSS=0.D0

KDF=0.58D0:"KDF=0.63
SCP=0.2D0
CLF=KDF/0.8D0/SQR(1.D0-SCP)
KDRBL=ABS(0.5D0+*CLF/COSZ)
KDRT=KDRBL*SQR(1.D0-SCP)
REvh=(1.D0-SQR(1.D0-SCP))/(1.D0+SQR(1 DO-SCP))
REvs=ABS(2.D0/(1.D0+1.6D0+COSZ))»REvh

‘+ TF SCREEN IS OPENED, THEN REv=REvh

[F SCRI=1 THEN REv=REvh

TRvD=EXP(-KDFsLAI)
TRVB=EXP(-KDRTsLAI)
ABvD=(1-REvH)*(1.DO-TRvD)
ABvB= (1-REV)»(1.DO-TRvB)
ABV=ABVDsMT+(1.D0-MT)*ABVB
TRv=TRvd*MT+TRVB#(1.D0-MT)
REv=REvH*MT+REvs+(1.D0-MT)
TRIv=EXP(~0.8D0*SQR(1.D0-0.1D0)+LAD
EPv=0.95D0
RElv=(1.D0-SQR(1.D0-0.1D0))/(1.D0+SQR(1.D0-0.1D0))
BBX=0.9D0/1.5D0:AAX=PLTH/1.5D0
DENN=1.D0-0.8D0+TRIv*(1.18D0+BBX)-0.2D0* TRIv*{(2.75D0+BBX}
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7

NONN=1.D0-0.2D0+TRIv"1.18D0-0.2D0*TRIv"2.75D0
FFWW=(1-0.07D0*(1-BBX)*(4.7D0- AAX))*DENN/NONN
ABv=ABV*FFWW

TRv=1.D0-FFWW+FFWW»*»TRv
TRIv=1.DO-FFWW+FFWWsTRLv

REv=REv*FFWW

RElIv=RElv+sFFWW

FOR GHX=1 TO 2

[F GHX=1 THEN GOTO 7
TRLm=1.D0:REIm=0.D0:EPim=0.D0
TRm=1.D0: RREm=0.D0: AMm=0.D0

‘sxxuxssssssx COVER LAYER
RECC=RES+TRS"2.D0*REv+(TRs*TRv)"2.D0*RREm+(TRs*TRv+TRm)"2 DO*REg
RSC=(RB+RD)*ABCd*(1:D0+ TRc*RECC/(1.DO-RECd*RECC))

‘sxxnssesexnss SCREEN LAYER
RTso=ABss*(TRcb*RB*(ACOSI/COSZ)*PCSL+TRcd*RD)*(1+REcd*RESs)
RTsi=ABss*TRcb* TRs*RB+*(ACOSI/COSZ)sPCSL
RTsi=RTsitABss*(TRcgb* TRs*RB+TRcd*TRs*RD)*(REv+TRv"2.D0s

(RREm+TRm"2.D0+*REg))
RSs=RTso+RTsi
"sexsxsasssss VEGETATION LAYER -
RESV=REv+RREm*TRv"2 DO+REg*(TRv*TRm)"2.D0
RESC=REs+RECd+TRs"2.D0
RSv= ABv*GSOL/(1.D0-RESV+RESC)
"sxssxxxxsxs MULCHING LAYER
REMMI=REv+REs*TRv"2.D0+REcd*(TRv*TRs)"2.D0
REMMZ2=RREm+REg*TRm"2.D0
RSm=GSOL*TRs*TRv*ABm=(1.D0/(1 DO-REMM1+REMM2)+REg*TRm/
(1.D0-RREm+REg))
‘ssxsaxsxsex SOOI SURFACE LAYER
REGG1=RREm+REv*TRm"2.D0+(TRv*TRm)"2.D0*REs+REcd*(TRv*TRs*TRm)"2.D0
RSg=GSOL*TRv*TRm*(1.D0-REg)/(1.D0-REg*REGGI1)

’“‘&t"t“““““““‘t#t“**‘t‘.““““‘.‘

++« [F SCREEN WERE NOT COVERED, EPs=0:TRls=1:REls=0

IF SCRI=0 THEN

EPs=0.D0

TRIls=1.D0

REIs=0.D0
END IF
QLa=EPa*SIG*(Tair+273.1600)°4.D0
QLc=EPc*SIG*(Tc+273.16D0)"4.D0:" QLc3=4+*QLc/(Tc+273.16)
QLs=EPs*SIG*(Ts+273.16D0)"4.D0:* QLs3=4*QLs/(Ts+273.16)
QLv=EPv*SIG*(Tv+273.16D0)"4.D0:’ QLv3=4*QLv/(Tv+273.16)
QLm=EPm*SIG*(Tm+273.16D0)"4.D0:" QLm3=4+*QLm/(Tm+273.16)
QLg=EPg*SIG*(Tg+273.16D0)"4.D0:" QLg3=4*QLg/(Tg+273.16)

‘sxssssssrsnssx COVER LAYER

rivs=REls+TRIs"2.D0*RElv*(1-TRIv)+REIm*TRIs*2.D0+TRIv-2.D0+RElg*
(TRIs*TRIv*TRIm)"2.D0
Rlc11=EPc*(QLs+(1.D0-TRIiv)*TRIs*QLv+TRIs*TRIv+QLm+TRIs*TRIv*TRIm*QLg)/
(1.DO-REIc*RLVS)

RLc12=EPcsRLVS*QLc/(1.DO-REIc*RLVS)

RLc13=EPc»*TRIic*RLVS*QLa/(1.D0-REIc*RLVS)

RLc=RLC11+RLc12+RLc13+EPc*QLa-2.D0+*QLc

‘sxssnssassessr SCREEN LAYER

RLVS=RElv#(1.D0-TRIv)+REIm*TRIv"2.D0+RElg*(TRlv+TRIm)"2.D0

RLs11=((1.D0-TRIv)*QLv+TRlv*QLm+TRIv«*TRIm*QLg)*EPs/(1. DO-RLVS*REls)

RLs12=QLs*RLVS*EPs/(1.D0-RLVS+REls)

RLs13=(QLa*TRIc+QLc)*EPs

RLs14=(QLa*TRIlc+QLc)*RLVS*TRIs*EPs/(1.D0-RLVS#+REIs)

RLs15=(QLa*TRlc+QLc)*EPs/(1.D0-RElc*REls)

RLs=RLs11+RLs12+RLs13+RLs14+RLs15-2.D0*QLs

‘sasssssssxxrx VEGETATION LAYER
RELVI1=REls+RElc*TRIs"2.D0
RELV2=RELV+TRIv"2.D0*REIm+RElg*(TRIv+TRIm)"2.D0

RLv31=(QLa*TRIc*TRIs+QLc*TRIs+Qls)*(1.D0-TRiv)/(1.D0-RELV1+RELV2)
RELV3=RElv+TRIv"2.D0*REls+RElc*(TRLv*TRIs)"2.D0
RELV4=REIm+TRIm*2.D0*RElg

RLV32=(QLm+QLg*TRm)*(1.D0-TRIv)/(1.D0-REIv3*RElv4) .

RLV33=QLv*(1.D0-TRIv)2.D0+(1.D0-REIv)*RELV1/(1.DO-RELV1+RELV2)

RLV34=QLv+*(1.D0-TRIv)"2.D0«(1.D0O-RElv)*RELV4/(1.D0-RELV3*RELV4)

RLV35=2.D0*QLv*(1.D0-TRIv)

RLv=RLV31+RLV32+RLV33+RLV34-RLV35

'ssessessssss MULCH LAYER

RELMI1=REIv+REls*TRIv"2.D0+RElc*(TRIv*TRIs)"2.D0

RLm111=(QLa*TRIc*TRIs*TRIv+QLc*TRIs*TRIv+QLs*TRIv+QLv#*(1.D0-TRIv))

RLm11=RLm111+*EPm#*(1.D0+TRIm*RElg/(1.00-REIg*REIm))

RLm12=QLm=*(2.D0-EPm#*RElg/(1.D0-REIm*RElg))
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RLmI13=QLg«EPm/(1.DO-REim+REIm+EPg)
RILMI131=QLg*TRIm*RELMI1+*RE!m/(1.DO-RELM1+«REIm)
RLml14=RLm]11¢REIm«RELM1+EPm/(1 DO-RELM1+*RELm)
RLm15=QLm*RELMI+EPm/(1.D0-RELM1*RELM)
RLm=RLm11+RLm13+RLM131+RLm14+RLm15-RLml2
ssxssnsssss SOIL LAYER
RELG1=REIm+RElv#(1.D0-TRIv)*TRIm"2.D0+REls*(TRIm*TRIv)"2.D0+RElc*
(TRIm+TRIvsTRIs)2.D0
RLg11=EPg+*(QLa*TRicsTRIs*TRIvs TRIm+QLc* TRIs*TRIvsTRIm)/(1.DO-REIG1+RElg)
RLg12=EPg¢(QLs*TRIvs TRIm+(1.D0-TRIv)*QLv«TRIm+QLm)/(1.D0-RELG1+RElg)
RLg=RLg11+RLg12-(1 DO~EPg+*REIG1/(1.D0-REIlgl*RElg))*QLg

ssessssssssss NET RADIATION sesssvssssssssssessssssssssssscsssssssas

IF GHX=2 THEN GOTO 8

RNcl=(RLc+RSc)*FMA: ' COVER

RNsl=(RLs+RSs)sFMA: * SCREEN
RNv1=(RLv+RSv)*FMA'FWW:’'+0,83+(1-0.7+EXP(-0.24+LAD): * VEGETATION
RNml=(RLm+RSm)*FMA: ‘ MULCH

gg%‘lg(ng*RSg)‘FMA? ' SOIL SURFACE

RNc2=(RLc+RSc)*(1.D0-FMA): ' COVER
RNs2=(RLs+RSs)*(1.D0-FMA): * SCREEN
RNv2=(RLv+RSv)+(1.D0-FMA):'FWW:'«0.83+(1-0.7«EXP(-0.24sLAI)): * VEGETATION
RNm2=(RLm+RSm)s(1.D0-FMA): * MULCH
RNg2=(RLg+RSg)+(1.D0-FMA): ' SOIL SURFACE
NEXT GHX
RNC=RNC1+RNC2
RNS=RNS1+RNS2
RNV=RNV1+RNV2
RNM=RNM1+RNM2
RNG=RNG1+RNG2

URN

’““*t““t“‘t‘“t“‘“‘..‘t"#“““““““.t““‘t““l“t“‘#"t“‘

‘SUBROUTINE CALCULATES ABSORPTION, TRANSMISSION AND REFLECTION OF ‘COVER

"*“t“““t“‘#i“‘tt‘““““.““““““.#"t“t““t““““‘#““#

CALAB:

5010
5020

SWIN=SIN(WINC)
CWIN=COS(WINC)

IF INDI=1 THEN

SWIN=SIN(64*PPI)

CWIN=COS(64sPPI)

END IF
IF SWIN=0.0 THEN GOTO 5010
SRFR=SWIN/FI
CRFR=SQR(1-SRFR+SRFR)
SMWR=SWIN«CRFR-CWIN*SRFR
SPWR=SWIN*CRFR+CWIN*SRFR
CMWR=CWIN*CRFR-SWIN+SRFR
CPWR=CWIN+*CRFR+SWIN*SRFR
TANP=SPWR/CMWR
TANM=SMWR/CPWR
SMW2=SMWR*SMWR
SPW2=SPWR«SPWR
TANP2=TANP*TANP
TANM2=TANM+*TANM
FR=0.5+(SMW2/SPW2+TANM2/TANP2)
GOTO 5020
FR=(1-1/FD*=(1-1/F1)/((1+}/FD)*(1+1/FD))
CRFR=1
AA=EXP(-KCC*FL/CRFR)
TR=(1-FR)*(1-FR)*AA/(1-(FR*AA)"2)
RE=FR+FR*(1-FR)"2*AA"2/(1-(FR*AA)"2)
AB=1-FR-(1-FR)*(1-FR)*AA/(1-FR+AA)
RETURN

L T T T T T
' SUBROUTINE FOR INPUT OF INITIAL PARAMETERS
I I
INPARM:

'LAI=PLAR2sPLM2

C020=350:'PPMCO2 IN OUTSIDE AIR

¢p=1004.D0: ‘in J/(kg.K), specific heat of air at constant pressure

SIG = 5.67D-8* / 100000000.: ‘STEFAN-BOLTZMAN CONST.(W/M2/K)
gamma=66.2D0:'64.6+(1+0.000946*xxp)

rhoa=1.204D0:'1.204+293.2/(273.2+xxp) . .
nhu=15.5D-6:"15.1%({xxp+273.2)/293.2)"1.75/1000000: "kinematic viscosity(m2/s)
kapa=22.2D-6::'21.5+((xxp+273.2)/293.2)"1.75/1000000:'thermal diffusivity(m2/s) )
aex=1.D0/273.16D0:'1/(xxp+273.16): ‘thermal expansion of air
lambda=(2500.25D0-2.365D0+20.D0)+1000.D0: ‘}/Kg, latent heat of vaporization
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"sssss24sSOIL PHYSICAL PROPERTIES
BULKD = 1.1D0: ‘BULK DENSITY OF SOIL(G/CM3)
PARTD = 265D0: ‘PARTICLE DENSITY OF SOIL(G/CM3)
CLAYC = 2D0: 'CLAY FRACTION
‘ssesexsasr SURFACE AERODYNAMIC PARAMETERS
VK = 41D0: *° VON KARMAN CONSTANT
DZERO = .14D0: * ZEROPLANE DISPLACEMENT HEIGHT(M)
ZMO = 005D0: * ROUGHNESS LENGTH FOR MOMENTUM(M)
ZHO = ZMO * 2D0: 'ROUGHNESS LENGTH FOR HEAT(M)
ZWIN = 3D0:  'HEIGHT OF WIND MEASUREMENT(M)
TEABEERAARRARE
MSDIS =065D-3:' 65/1000: 'DISTANCE BETWEEN MULCH AND SOIL SURFACE
‘ssxssxss PHOTOMETRICAL PROPERTIES OF COVER
TRe = .83D0:'0.888 ' SOLAR RADIATION TRANSMITTANCE OF SCREEN
= 12D0:'0.079 ‘SOLAR RADIATION REFLECTANCE OF SCREEN
ABc = 05D0'0.033 ‘'SOLAR RADIATION ABSORPTANCE OF SCREEN
TRic =791D0: ‘IR RADIATION TRANSMITTANCE OF SCREEN
RElc =.146D0:" .16: ‘IR RADIATION REFLECTANCE OF SCREEN
EPc=0063D0:" 09: 'EMMISSIVITY OF IR RADIATION OF SCREEN
‘ssxsexex PHOTOMETRICAL PROPERTIES OF SCREEN
TRs =0.880:" 84:'0.880' SOLAR RADIATION TRANSMITTANCE OF SCREEN
REs =0.084" .11:'0.084 'SOLAR RADIATION REFLECTANCE OF SCREEN
ABss =0036:" 05.0.036 'SOLAR RADIATION ABSORPTANCE OF SCREEN
TRIs = .78 'IR RADIATION TRANSMITTANCE OF SCREEN
REls = 11: 'IR RADIATION REFLECTANCE OF SCREEN
EPs = .11: "EMMISSIVITY OF IR RADIATION OF SCREEN
"«sxssxss PHOTOMETRICAL PROPERTIES OF MULCH
TRm =0.8800:'0.758" 84: * SOLAR RADIATION TRANSMITTANCE OF MULCH
RREm =0.084D0:'0.20:'0.15' .11: 'SOLAR RADIATION REFLECTANCE OF MULCH
ABm = 0.036D0:'05: 'SOLAR RADIATION ABSORPTANCE OF MULCH
TRIm =0.85D0:' 80: 'IR RADIATION TRANSMITTANCE OF MULCH
RElm =0.12D0:0.15:'0.05:'0.1:°0.04:'0.16: 'IR RADIATION REFLECTANCE OF MULCH
EPm =003D0:’ .04: 'EMMISSIVITY OF IR RADIATION OF MULCH
‘ssexsaasearssrs SOIL OPTICAL PROPERTIES
REg = .25D0: 'SOIL ALBEDO
B WAL S 1 AND WAT X 25 THEN REg = 35D0 - WAT
IF WAT >= 25 THEN REg = .1D0
ABg=1D0-REg
EPg = 9D0 + 18D0 « WAT: ' SOIL SURFACE EMMISSIVITY
RElg=1.D0-EPg
‘esnsrnrn SOIL STEP SIZE(DELZ)
MM=21
FOR YY=1 TO MM
DELZ(YY)=0.05D0
NEXT YY
ressseees VOLUMETRIC HEAT CAPACITY OF SOIL(Cevs, J/M3/K)
Cevs = 2390000.00 * BULKD / PARTD + 418000000 » WA
‘wassssss CALCULATION OF SOIL THERMAL CONDUCTANCE(KCS.W/M/K)

CC1 = 65D0 - .78D0 + BULKD + 6D0 = BULKD " 2.D0
CC2 = 1.06D0 = BULKD = WAT
CC3 = 1D0 + 26D0 / SQR(CLAYC)

CC4 = 03D0 + lDO * BULKD = BULKD
FOR YY =1 TO MM
kes(YY)=(CC1 + CC2 * WAT - (CC1 - CC4) » EXP(-(CC3 » WAT) ~
4.D0))/DELZ(YY)
NEXT YY
#xxexaxx+BOTTOM BOUNDARY(SOO. TEMP AT IM DEEP SOIL(TSB),LEE(1989)s%sssxss
"sxxxxxxes ANNUAL CYCLE OF SOIL TEMP AT SUWON#® s ssasaas s a2 0s s skt Rstht
TSB = 13.5D0
FORYY =1TO 4
SDD = 0.0D0. CDD = -.09D0
IF YY = 1 THEN SDD = -6.95D0: CDD =-6.80D0
IF YY = 2 THEN SDD = -.22D0: CDD = ~0.35D0
IF YY = 3 THEN SDD = .01D0: CDD = 0.25D0
TSB = TSB + SIN(2.D0 » 3.1416D0 * YY *» DATE / 365.00) « SDD
TSB= TSB + COS(2.D0 * 3.1416D0 » YY * DATE / 365.D0) » CDD
NEXT YY
‘seesereansINITIALIZE GROUND LAYER sxeses
FOR [A = 1 TO MM
TSO(IA) = TSB+10.D0
NEXT 1A
TSn(MM) = TSB
TSN(MM) = TSO(MM)
TSn(1) =TsB
‘sxaxexxrares GREENHOUSE DIMENSION *##s##
ACT=(NSL+EWL)*2+WZL+SQR((EWL/2)"2+GZL 2)*NSL*2+EWL*GZL:"TOTAL COVER
AREA
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GRv=Ag¢WZL+AG*GZL/2:'GREENHOUSE VOLUME
GRh=GRv/Ag’EFFECTIVE HEIGHT OF GREENHOUSE
Af=GRv/EWL
FMA=0.93510:0.915:"(NSL-0)+0.9+3/AG:'PROPORTION OF MULCHED AREA
sssssssssssss SCREEN DIMENSION ssssssssse
‘GAP(GAPW) BETWEEN SCREEN AND WALL COVER
‘GAP(GAPR) BETWEEN SCREEN AND WALL COVER
GAPW=0.1D0:'IN M
GAPR=10D0'IN M
Ags= (EWL-GAPW#*2)s(NSL-GAPw+2)
ACTs=AGs+(NSL+EWL-GAPW=*4)«2+sWZL
GRvs=AgssWZL
GRhs=GRvs/Ags
Afs=GRvs/(EWL-2+GAPW)
sexvsssss WINDOW AREA OPENED sssssssssssssnssonsssbsssssosenss
IF WINDOW IS CLOSED, THEN WOH=0.1
WOH=0.005D0
Aw=(NSL-4 D0)s WOH+2.D0:"WOH=HEIGHT OF SIDE WINDOW OPENING
WO0S=0.16D0
Aws=(NSL-2.D0+*GAPW)+WOQOS
RETURN
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APPENDIX 3. LIST OF GREENHOUSE CLIMATE CONTROL SYSTEM PROGRAM

/‘ AXSKAERABEEEERERARRRSLEARASSRARXEELERRERR &

* LA T2 version 0.0
L L e Y I Y/

#include <alloc.h>
#include <string.h>
tinclude <ctype.h>
#include “hanlib.h”
#include “extkey.h”
#include "hanin.h”
#include “asciL.h”
#include "mystdio.h”
#include “mymenu.h”

it (*menufunc){void);
i(nt check_mou_is_in_sub(popupmenu_t *m)

if(m)
if(mou_ax > m->menuwinlx+1 && mou_ax < m->menuwinrx-1) {
iflmou_ay > m->menuwinly && mou_ay < m->menuwin.ry
&& m->menulmou_ay - m->menuwinly - 1] active) {
m->lastsel = mou_ay - m->menuwinly - 1;
ungetxch(CR):
) return true;
)

return false;

i(nt openpopup{popupmenu_t *m)

mnt
// open window
if('open_menuwindow(&m->menuwin})

retun false;
// display menu
htempwindow(m->menuwin.Ix+1, m->menuwin.ly+1, .

m->menuwin.rx~1, m->menuwin.ry-1);

pushcolor();
hsetcolor(m->normal_c):
hsetbkcolor(m->normal_bc):
fori = 0; i < m->menunum ; i++) {

if(m->menul(i).sub) {

if(m->menulil.active)

ctrlprintfxy(l1, i+1, “%sIlI”,m->menuli] menu);
else
ctriprintfxy(l, i+1, “"F%sII"f’",m->menu(1).menu);
} else if(m->menuli).active) {
)ctrlprintfxy(l, i+1, "%s “,m->menuli).menu);
else
ctriprintfxy(1, i+1, ""F%s “f”,m->menul[i).menu);

}

popcolor();
hlastwindow();
retum true;

zloid closepopup{popupmenu_t *m)

close_menuwindow (&m->menuwin);

/
/Bl wg Bl & A trued YWD,
% ALY 4 ¥ falsed JE¥G

i{nt popup(popupmenu_t *m)

int sel, key, done = false, i, opened = false, escout = false;
pushcursor();

pushhanmode();

_showcursor = false;

_hangulmode = false; ]
htempwindow(m->menuwin.lx+1, m->menuwin.ly+1,
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m->menuwinrx-1, m->menuwinry-1);
sel = m->lastsel;
do {
// show cursor
hsetcolor(m- > selected_c);
hsetbkcolor(m->selected_bc):
if('opened) {
if(m->menulsell.sub) {
if(m->menul[sel}.active)
lctrlpn'r'ntfxy(l, sel+l, “%sIll”,m->menulsel). menu);
else
ctrlprintf (l sel+1, "*F"/ sIO*f" m->menulsel].menu);
} else if(m->menulsel].active)
el cu*!pnntfxy(l sel+1, "%s ” m~>menu[sell. menu);
else
ctrlprintfxy(l, sel+l, ""F%s “f’,m->menu{sell.menu);

status_help(m->menu(se!).help);

Jf{m->menulsell.sub)
if(m->menu(sell.active && m->menulsel).autosub && 'opened) {
openpopup(m- >menu(sel).sub);
opened = true;

// getkey

key = hgetch();

switch(key) {

case LEFTARROW: case RIGHTARROW:
if(m~>topdnmember) {
escout = true,;

//done = true;
, ungetchext(key);
break;

case JPARROW:
sel = (sel + m~>menunum -1) % m->menunum;
break:
case DOWNARROW: case ’ *:
sel = (sel + 1) % m->menunum;
break;
case HOMEKEY: case PGUPKEY:
sel = O;
break:
case ENDKEY: case PGDNKEY:
sel = m->menunum - 1;
break,
case ESC:
if(m->escout)
escout = true;
break;
case Fl:
break;
case MOUKEY:
if(check_mou_is_in_sub(m->menu(sel].sub))
key = CR;
el;e if{{mou_ax > m- >menuwmlx && mou_ax < m->menuwin.rx)
&& (mou_ay >= m->menuwinly && mou_ay <= m->menuwin.ry
&& m->menulmou_ay - m->menuwin.ly - 1lactive))

sel = mou_ay -~ m->menuwinly - 1;
ungetxch(CR);

ungetxch(MOUKEY);
escout = true;

} else {

}
break:
default’
//process hotkey
if(key < ' ')
break;
for(i=0; i < m~>menunum; i++) {
ifim->menulil.active && m->menulilhotkey == toupper(key)) {
sel = &
ungetxch(CR).
break;
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}
if{key == CR && m->menulsell.active) {
if{m->menulsell.sub) {
f{m->menu{sel).autosub) {
done = popup{m=~>menulsel].sub);
/Y popup(m->menulsell sub)
} else {
if{lopenpopup{m->menulsel] sub)) {
done = popup(m->menulsel] sub);
£/ popup{m->menulsel} sub);
) closepopup{m->menu(sel].sib);

}
} else  iftm->menulsellitemfunc)
if(m->closeandexecute) {

done = true; .
mt]amxfunc = m->menufsellitemfunc;
eise

done = m->menulsell.itemfunc();

J
f(sel = m->lastsel || done 1] escout) {
iftm->menulm-~>lastsell.sub && m->menu[m->lastsel).autosub
& m-~->menu[m->lastsell.active) {
closepopup(m->menuf{m- >lastsel].sub);
opened = false;

// dispayhelp(m->menu[sell.help);
hsetcolor{m->normal_c});
hsetbkcolor(m->normal_be):

f(m->menulm- >lastsel] sub) {
if(m->menulm->lastsel] active)
ctriprintfxy(l, m->lastsel+1, "%sHll” m->menufm->lastsel].menu);

else
ctriprintfxy(l, m->lastsel+1, ""F%sli*f", m->menulm->lastsell.menu)
} else if{m->menul{m->lastsel].active)
el ctrlprintfxy(l, m~>lastsel+1, "%s ”.m~>menulm->lastsell.menu);
else
ctriprintixy{l, m->lastsel+1, ""F%s “f"m->menulm->lastsel]. menu);

m->lastsel = sel;
} while('done && 'escout);
status_help("");
popcursor();
pophanmode():
hlastwindow(};
return done;

l(nt popupmenu{popupmenu_t *m)

int ret,
if(fopenpopup{m)}

return false;
menufunc = NULL.:
ret = popup{m),
closepopup{m);
if(menufunc == NULL)

return ret,
else

ret = menufunc();
menufunc = NULL:
return ret;

i{nt opentopdn{topdnmenu_t *m)

int i
if((m->bkgbuf = farmalloc(himagesize(~-m~->x,~-m->y,

m->x+ 8 * m->length, m->y+16))) == NULL) {
return false;

hgetimage(-m->x,~m->y, m->x+8 * m->length, m->y+16, m->bkgbuf)
m->old_fc = hgetcolor();

m->old_bc = hgetbkcolor():

pushcolor();

- 169 -



hsetcolor(m->normai_c);
hsetbkcolor(m->normal_bc):
hpnintfpxy(-m->x, -m->y,"%#+s" m->length,”");
m->xpos[0] = m->x;
// make x position
fori = 15 i <= m->menunum; i++) {
m->xpos{i] = m->xposli-1]) + 8 * (strlen{m->topdnmenuli-1].menu)+1);

fori = 0. i < m->menunum; i++)
ctrlprintfpxy{-m->xpos{i], -m->y,
m->topdnmenuli].active?
965" FY%s 1",
m->topdnmenu(i).menu);
popcolor();
retum true;

void closetopdn(topdnmenu_t *m)

if(m->bkgbuf) {
putimage(-m->x, -m->y, m->bkgbuf);
farfree(m->bkgbuf);
m->bkgbuf = NULL:
hsetcolor(m->old_fc):

) hsetbkcolor(m->old_bc);

}

i(nt topdn(topdnmenu_t *m)

int key, done = false, sel, i, j, isopen;
sel = m->lastsel;

isopen = m->autosub;

pushcolor();

pushhanmode();

pushcursor();

_showcursor = false;

aha?gulmode = false;

o

// disp cursor
hsetcolor(m->selected_c):
hsetbkcolor(m->selected_bc);
ctriprintfpxy(-m->xpos{sel], -m->y,

"%s" " "F%s"f",

m-~->topdnmenulsell.active?

m->topdnmenu(sel].menu);
if(isopen && m->topdnmenulsel].active) {
done = popupmenu(m->topdnmenulsel).popupmenu);

// get ke
if(done) (y

ungetxch(ESC);

} else
status_help(m->topdnmenulsel].help);

key = hgetch();

switch(key) {

case LEFTARROW:
sel = (sel + m->menunum-1) % m->menunum;
break;

case RIGHTARROW:
sel = (sel + 1) % m->menunum;
break;

case CR:
if(tisopen)
isopen = true;
break;

case ESC:
if(isopen)
isopen = false;
if(m->escout)
done = true;
break;

case MOUKEY:
if(mou_apx >= m->x && mou_apx <= m->x + 8 ¢ m->len%t.h

&& (mou_apy >= m->y && mou_apy < m->y+16)) {
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for(i = 0; i < m->menunum; i++)
if(mou_apx >= m->xposfi] && mou_apx < m->xposli+1] - 8)
if(m->tppdnmenu[i].active) {

sel = i;
)ungeb(ch(CR):

} else
done. = true;

bri
defauit:
// process hotkey
search menu...
for(i = 0; i < m->menunum; i++) {
if(!m->topdnmenuli].active)
continue;
for(j = 0; j < m->topdnmenuli).popupmenu->menunum; j++) {
if(m->topdnmenu(i). popupmenu->menu{jlhotkey == wug)per(key) &&
m->topdnmenu{i].popupmenu->menulj].active) {
if(m->trace) {
sel = §;
if(\isopen)
isopen = true;
m->topdnmenul(i].popupmenu->lastsel = j;
ungetxch(CR);
} else {

) done = m->topdnmenul(i].popupmenu->menuljl.itemfunc();
}

}
)
break;

// erase cursor

if(sel != m->lastsel || done/* |i key == CRs/) {
hsetcolor(m->normal_c);
hsetbkcolor(m->normal_bc);
ctriprintfpxy(-m->xpos{m->lastsel], -m->y,

m->topdnmenulm->lastsel].active? "%s":""F%s"{",
m->topdn)menu[m->lastsel].menu):

m->lastsel = sel;
} while('done);
status_help("");
popcolor();
pophanmode();
popcursor();
return done;

i(nt topdnmenu(topdnmenu_t *m)

int ret;
1f(fopentopdn(m))

return false;
ret = topdn(m);
closetopdn(m);
return ret;

/e
%ypedef struct _mywindow_

char lx, ly, rx, ry; // position

char light_c, dark_c, board_c, glass_c, text_c,
title_frc, title_bke;

char oldfrc, oldbkec,

char isinit; // initialization occurred?
char issavebkg: // background saving flag
char isactive; // window activation flag
char *winbuf; // buffer for saving background
char msg[71); // title of window
char menu;
// int win_manager;

} mywindow_t;
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2ypedef struct _win_popupmenu_

mywindow_t menuwin;
char menunum;

char escout;

chur closcandexecute;
char lastsel;

char selected_c, normal_c, selected_bc, normal_bc;

popup_item_t menu[_MAXPOPUPITEM_J;

} win_popupmenu_t;
*

i(nt win_openpopup(win_popupmenu_t *m)

nt 1,

// open window

if(lopen_window(&m->menuwin))
return false;

pushcolor();

hsetcolor(m->normal_c),

hsetbkcolor(m->normal_bc);

for(i = 0. i < m->menunum ; i++) {
if(m->menulil.active)

ctrlprintfxy(1, i+1, “%s"”,m->menuli).menu),

else

ctriprintfxy(1, i+l, ""F%s"f" m->menuli).menu);

}
popcolor();
return true;

z'oid win_closepopup(win_popupmenu_t *m)

close_window(&m->menuwin);

i(nt win_popup(win_popupmenu_t *m)

int sel, key, done = false, i, escout = false;

pushcursor();

pushhanmode():

_showcursor = false;

_hangulmode = false:

sel = m->lastsel;

do {
// show cursor
hsetcolor(m->selected_c);
hsetbkcolor(m->selected_bc):
1if(m->menu[m->lastsel].active) {

ctripnntfxy(1, m->lastsel+1, "%s",m->menulm->lastsell.menu);

} else

ctriprintfxy(1l, m->lastsel+1, ""F%s"f",m->menulm->lastsel]. menu):

status_help(m->menufm->lastsel].help);

// getkey
key = hgetch();
switch(key) {

case RIGHTARROW: case UPARROW:

sel = (sel + m->menunum -1) % m->menunum,

break;

case LEFTARROW: case DOWNARROW:

.

case

sel = (sel + 1) % m->menunum;

reak;
case HOMEKEY: case PGUPKEY:
sel = 0;
break;
case ENDKEY: case PGDNKEY:
sel = m->menunum - 1;
break;
case ESC:
if(m->escout)
escout = true;
break;

break,
case MOUKEY:

if((mou_ax > m->menuwin.lx

&& mou_ax < m->menuwin.rx)
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&& (mou_ay >= m->menuwinly+2 && mou_ay < m->menuwin.ry
&& m->menulmou_ay - m->menuwinly - 2].active))

sel = mou_ay - m->menuwinly - 2;
ungetxch(CR);

ungetxch(MOUKEY);
escout = true;

} else {

)
break;
default:

//process hotkey

if(key < ' ")

break; -

for(i=0; i < m->menunum; it+) {

if(m->menlu[i]..active && m->menulilhotkey == toupper(key)) {
sel = i;
ungetxch(CR);
break;

}
) }
if(key == CR && m->menulsell.active) {

if(m->menul(sel].itemfunc)
if(m~->closeandexecute) {

done = true; .
menufunc = m->menulsel).itemfunc;
} else

done = m->menulsel).itemfunc();

}
// dispayhelp(m->menu[sell.help);
if(sel '= m->lastsel) {
hsetcolor(m->normal_c);
hsetbkcolor(m->normal_bc);
if(m->menu[m->lastsel).active) {
} el ctriprintfxy(l, m->lastsel+1, "%s",m->menu[m->lastsel].menu);
else

ctriprintfxy(l, m->lastsel+1, “"F%s"f", m->menulm->lastsel].menu);

m->lastsel = sel;

} while('done && 'escout);
status_help("");
popcursor();

pophanmode();

return done;

;nt win_popupmenu(win_popupmenu_t *m)

nt ret;
if('win_openpopup(m))
return false;
menufunc = NULL,
ret = win_popup(m);
win_closepopup(m),
if(menufunc == NULL)
return ret;
else
ret = menufunc();
menufunc = NULL:
return ret;
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/O BEHE0626506 00683544500 CERENESBESES B

. LA Aol 22 1% version 0.0

¢ S SEIXBSREBEERB RSN ESERE4655ESESR ‘/

#include <string.h>
finclude <ctype.h>
#include <stdarg.h>
#include <stdio.h>

#include
#include
#include
#include
#include
#include

#include
#include
#include
#include
#include
#include

<dos.h>
<alloc.h>
<stdlib.h>
<dir.h>
<io.h>
<bios.h>

"ascii.h”
“extkey h”
“hanout.h”
“hanin.h”
"hanwout.h”
“hanlib.h”

#include
#include
#include
#include

“"mystdio.h”
“hanmou.h”
“"hanmegqg.h”
"mywindow.h”

#ifndef true
#define true 1
#endif

#ifndef false
#define false 0
#endif

int printsw = 0;
;msigned char far wait_mou_cursor(576] =

12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12,

12,12, 12, 12, 12, 12, 12, 12, 12

0, 12,12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, O,

0,012,12,0,0,40,0,0,00,0,0,0,0,0, 4,00, 12 12, 0, 0,

0,0 12,12, 0,0,40,0,0,0,00,0,0,0,0, 4,00, 12, 12, 0, 0,

0,0 12,12,0,0,4,0,0,0,0,0,0,0,00,0,4,0,0, 12 12, 0, 0,

0,012 12,0,0,40000000000, 4,0 0,12 12, 0, 0,

0,0 1212,0,0,40,0,0,0,000,000 4,0, 0,12 12,0, 0,

0,012 12,0,0,4,0,15, 0, 15,0, 15,0, 15,0, 15, 4, 0, 0, 12, 12, 0, O,

0,012 ,12,0,0, 4,15, 0,15, 0, 15,0, 15,0, 15,0, 4, 0, 0, 12, 12, 0, 0,

0,012, 12,0,0,0, 4,15, 0,15 0,15, 0, 15,0, 4,0, 0,0, 12, 12, 0, 0,

0,012 12, 0,0,0,0,4,15,0,15,0, 15,0, 4,0,0,0,0, 12, 12, 0, 0,

0,0 1212,0,0,00,0,4,15,0, 15 0,4,0,0, 0,0, 0, 12, 12, 0, 0,

0,012 12,0,0,0,0,0 4,015 0,15 4,0,0, 0,0, 0, 12, 12, 0, 0,

0,012 120,000, 4,0,0,0,15 0,0,4,0 0,0, 0,12 12,0, 0,

0,0 12,12, 0,0,0,4,0,0,0,150,0,00,4,0,0,0, 12, 12,0, 0,

0,012 12,0,0,40,0,0,0,0,150,0,0,0,4,0,0, 12, 12,0, 0,

0,01212,0,0,4,0,0,00,150,0,0,0,0,4,0,0, 12 12, 0, 0,

0,012, 12, 0,0 4,0,0,0,0,015,0,0,0,0, 4,00, 12, 12, 0, 0,

0,0 12,12,0,0,4,0,0, 15,0, 15,0, 15,0, 15, 0, 4,0, 0, 12, 12, 0, O,

0,012, 12, 0,0, 4,0, 15,0, 15, 0, 15, 0, 15, 0, 15, 4, 0, 0, 12, 12, 0, O,

0,0 12,12, 0,0, 4,15, 0, 15, 0, 15,0, 15, 0, 15, 0, 4, 0, 0, 12, 12, O, O,

0,0,12,12,0,0, 4,0, 15 0,15, 0, 15,0, 15, 0, 15, 4, 0, 0, 12, 12, O, O,

0, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, O,
) 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12
1(msigned char far wait_mou_cursor_mask{(72] =

Oxff,

Oxff,

Oxff,

0x7f,

Oxff,

Oxfe,

0x32,

0x00,

Ox4c,

0x32,

0x00,
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moucursor_t _wait_mouse_ = {
0, 0,

wait_mou_cursor,
wait_mou_cursor_mask,

NULL

extern int (*savescreen)(void);
extern int (srestorescreen)(void)
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%ypedcf struct _dir_list_

byte tag;

char filename(9);

char ext(5];

char description(35];

char attnb;

long size;

struct _dir_list_ *next;

struct _dir_list_ sprev;
} dir_list;

i
oo

extern int isautomatic;

int filecount;
char defaultfn{9] = “»”;
char defaultext{5] = “.»";

t all
int sllow o dreg S,
T

v01d (*_hookhwaitkey_bkg_job[MAXTASK]){void)
= {NULL, NULL, NULL, NULL, NULL,NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL,NULL NULL, NULL, NULL, NULL}

Int mou_x, mou_y, mou_ax, mou_ay, mou_pX, mou_py, mou_apx, mou_apy;
int ishangulmodelock;

window_t statuswin;
int is_status_win_init = false;

static char _color. staclL[IO][Z]
static char _top =

static char _cursor stack_[lO]
static char _cursor_top = 0;
static char _hanmode_stack_[lO];
static char _hanmode_top = 0;

zloid run_beep(void)
sound(4000);
delay(2);

) nosound();

void mou_wait(int sw)
if(sw)

else

mou_changecursor(&_wait_mouse_);

) mou_changecursor(MOU_ARROW256);

void pushcolor(void)

if(_top < 10) {

_color_stack_[_topl(0] = hgetcolor();
) _color_stack_[_top++][1} = hgetbkcolor();
}

void popcolor(void)

if(_top > 0) {
hsetcolor(_color_stack_{--_top][0]):
hsetbkcolor(_color_stack_{_top][1));

}
)

void pushcursor(void)

if(_top < 10)
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—cursor_stack_[_cursor_top++] = _showcursor;

}
{oid popcursor(void)
if(_cursor_top > 0)
) _showcursor= _cursor_stack_{-~_cursor_top};
void pushhanmode(void)
if(_hanmode_top < 10)
} _hanmode_stack_{_hanmode_top++] = _hangulmode;
zioid pophanmode(void)
if(_hanmode_top > 0)
} _hangulmode = _hanmode_stack_[--_hanmode_top);
void ctriputsxy(int x, int y, uchar »s)
iflx <0&&y <0)
| t.rlputspxy((x*l)ts (y+1)+16, sk
else

}

z/oid ctrlputs(uchar *s)

ctrlputspxy((x~1)+8, (y-1)+16, s);

)ctrlputsxy(hwherex(), hwherey(), s)

void ctriputspxy(int x, int y, unsigned uchar *s)

while(»s) {

if(»s == '~ && strchr("RrSsUUTtFBbAaOoLICe", *(s+1))) {

switch(s(++s)) {
case 'R': //reverse on
hsetreverse(tme)

case e /! off
gsetreverse( false),

case 'S’: //shadow on
hsetshadow(true)

case ez // off
{’lsetshadow(false).

eak;
case ‘U’ //funder on
hsetunder(true);
break;
case 'u’: // off
hsetunder(false),
break;
case ‘T’ //threed on
gsetthreed(tme).

case 't // off
hsetthreed(false);
break;

case 'F’: //faint on
hsetfaint(true):
break;

case 'f': // off
hsetfaint(false);
break;

case 'B": //bold on
hsetbold(true);
break;

case 'b" // off
hsetbold(false);
break;

case 'A”: //frame on
hsetframe(true);
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break;

case ‘a’: // off
hsetframe(false);
break;

case 'O': //outline on
gsetouUine(tme);

case ‘0" /
hsetogtline(false};

T +
case ‘L't //block on
hsetblock(true);

break:
case ‘11 f/ off
hsetblock{false);

break;
case 'C': // set foreground color
if(s++5 ~ 0" > Q)

hsetcolor{toupper(*s)-'A’ +10);

eise

break;

case ‘c’: // set background color

if(e++s - 0’ > Q)
hsetbkcolor{toupper(*s)~'A’+10)

hsetbkcolor{+s-'0'});

hsetcolor{*s-"0"),

else

} else {
if(ss > Ox80) {
_hputchpxy(*s, *{s+1), X, ¥y}

St+]

if(x < 0)

X -= 8

else

X += 8,
} else

_eputchpxy(ss, x, ¥y}
if(x < 0)

x ~= 8
else

x += 8,
}
S+,

H
}

void ctriputspxy_viint x, int y, unsigned uchar *s)

while(*s) {
if(»s == '~ && strchr("RrSsUuTtFBbAaOoLICc”, *(s+1))) {
switch{*(++s)) {
case 'R’! //reverse on
hsetreverse(true);

T >
case 'v': // off
hsetreverse(false);
break,;
case 'S’ //shadow on
gsetshadow(tme);

case ‘s’ // off
hsetshadow(false}):
break;

case 'U’: //under on
hsetunder(true);
break;

case ‘u’t // off
hsetunder(false);
break;

case 'T': //threed on
hsetthreed(true);
break;

case 't": // off
hsetthreed(false);
break;

- 178 -



case ‘F’: //faint on
hsetfaint(true);

K:
case 'f’: // off
hsetfaint(false);
break;

case 'B’: //bold on
hsetbold(true):

break:
case ‘b // off
hsetbold(false):

break,

case ‘A"t //irame on
hsetframe(true);
break;

case ‘a’”” // off
hsetframe(false);
break;

case 'O’: //outline on
hsetouthne(true);
break;

case ‘0" // off
hsetoutline(false);
break;
case 'L’: //block on
hsetblock(true):
break;
case ‘I": // off
hsetblock(false);
break,

case 'C': // set foreground color
if(¢++s - 0’ > Q)

hsetcolor(toupper(»s)-'A’'+10);

else

break;

case ‘c’: // set background color

if(x++s - 0" > 9)
hsetbkcolor(toupper(*s)-'A’+10)

hsetbkcolor(*s-'0").

hsetcolor(*s-"0");

else
break;
) else {

if(xs > 0x80) {
_hputchpxy(#*s, *(s+1), x, y)

S++;
} else
_eputchpxy(*s, x, y):
ifly < 0)
y -= 16
else
y += 16
}
St4;
}
}

zloid ctriprintf(uchar *format, ...)

static uchar buffer(1024});
va_list arglist;

va_start(arglist, format);
vsprintf(buffer, format, arglist);
ctriputs(buffer):
va_end(arglist);

YOid ctrlprintfxy(int x, int y, uchar *format, ...)

static uchar buffer[1024];
va_list arglist;

va_start(arglist, format);
vsprintf(buffer, formatS arglist);
ctriputsxy(x, y, buffer);
va_end(arglist):
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;'oid ctriprintfpxy(int x, int y, uchar sformat, ...)

static uchar buffer(1024];
va_list arglist;

va_start(arglist, format);
vsprntf(buffer, format, arglist);
ctriputspxy(x, y, buffer);
va_end(arglist),

;roid hookhwaitkey(void)

mouevnque_t *mouevn,
char task;
if(tmeq_isempty ()} {
mouevn = meq_getevn();
if(meq_isldragevn{mouevn) && allow_mou_drag) {
meq_skipevn{XEVN_LDRAGY);

mou_X = meq. getx(mouevn),
mou_y = meq_gety(mouevn):
mou_ax = meq_getax{mouevn);
mou_ay = meq._getay{mouevn),
mou_px = meq_getpx{mouevn);
mou_py = meq_getpy{mouevn),

mou_apx = meq_getapx{mouevn),
mou_apy = meq_getapy({mouevn);
ungetxch(MOUKEY);

}else  if{meg_isldownevn{mouevn)) {

mou_Xx = meq getx(mouevn);
mou_y = meq_gety({mouevn)
mou_ax = meq_getax(mouevn),
mou_ay = meq_getay(mouevn),
mou_pxX = meq_getpx(mouevn):
mou_py = meq_getpy{mouevn);
mou apx = meq_getapx{mouevn});
mou_apy = meq_getapy(mouevn);

ungetxch( MOUKEY);

}
if{meq_isrdownevn(mouevn)} {
} ungetxch(ESC),

)
for(task = 0: task < MAXTASK; task++)
H(_hookhwaitkey_bkg_jobltaskl}i= NULL)
} _hookhwaitkey_bkg_jobltask]();

i(nc registertask{void {(*func){void)}
char task;
for(task = 0. task < MAXTASK; task++)
if{_hockhwaitkey_bkg_jobltask] == NULL) {
_hookhwaitkey_bkg_jobltask] = func;
return task.

retum -1,

int kilitask{int jobnumber)
if(jobnumber < 0 |l jobnumber >= MAXTASK)
return false:
1if(_hookhwaitkey_bkg_jobljobnumber] 1= NULL) {
_hookhwaitkey_bkg_jobljobnumber] = NULL:
return true;

return false;
int askanswer{char *msg,int dftans)

mywindow_t askans;
int sel, len, ret = dftans:
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len = (strlen{msg)+12);
len += (len % 2)
setmywindow(&askans, 64-len/2, 12, 64+len/2, 15, WHITE, BLACK,
<o) LIGHTGRAY, CYAN, WHITE., BLACK, LIGHTGRAY, true, true, msg
false);
pushcursor();
pushhanmode();
iflopen_window({&askans)) {
_hangulmode = false;
_showcursor = false;

do {
if(ret) {

pushcolor():
hsetbkcolor(LIGHTBLUE):
hprintfxy(1, 1,"%#s" len/2,”"),
hprintfxy(1, 1,"%=*s{" len/4-1,"");
popecolor();
hprintfxy(len/2+1,1,"%#s" len/2-1,""}
hprintfxy(len/2+1, 1,"%*so} 2" len/4-3,"");

hprintfxy{l, 1,"%%s" len/2,"");

hprintfxy(1, 1,"%*s<}” len/4-1,"");
pushcolor(});

hsetbkcolor{LIGHTBLUE);
hprintfxy{len/2+1, 1,"%*s” len/2~1,""%
hprintfxy(len/2+1, 1,"%sso}b 2" len/4-3,"");
popecolor();

} else {

}
sel = hgetch():
switch(sel) {
case LEFTARROW:
ret = true:

break.
case RIGHTARROW"
ret = false
break;
case ESC
ret = -1;
break;
case 'Y': case 'y’:
ret = true,
sel = CR;
break;
case ‘N’ case 'n’
ret = false:
sel = CR;
break;
case MOUKEY:
iflmou_y==1) {
iflmou_x >= 1 && mou_x < len /2) {
ret true;

sel = CR;
} else if{mou_x > len / 2 && mou_x < len) {
ret = false;

sel = CR;

"o

}

}
} while(sel '= CR && sel '= ESCh
close_window{&askans);
} else
ret = -1;
popcursor();
pophanmode();
return ret;

}
zloid puterror(char *msg)

mywindow_t errmsg;
int len;

len = (strlen{msg)+12);

len += (len % 2}

setmywindow(&errmsg, 64-len/2, 13, 64+len/2, 17, WHITE, BLACK,
MAGENTA, RED, WHITE. BLACK, LIGHTGRAY, true, true,
“FREAFUD", false)

- 181 -



if(open_window(&errmsg)) (
pushcursor );
pushhanmode();
_showcursor = false;

_hangulrn = false;
hsettextjustify (CENTER_TEXT);
hprintfxy(len/2,1,msg);
hsetcolor{BLUE),
hprintfxy(len/2,2," (% A 7}kl 4 a)).
hsettextjustily (LEFT_TEXT),
sound(1000):

delay(30);

nosound(),

sleep(2);

pophanmode();

popcursor();
close_window(&errmsg).

else
, hprintf("%s\n", msg);

Z'oid putmsg(char *msg, int sw)

static mywindow_t msgwin[10):
static int stacktop = 0;
int len;

if(sw) { //sw == true => open else close
i(f(stackwp <9

len = (strlen(msg)+12).
len += (len % 2).
setmywindow(&msgwin[stacktop), 64-len/2, 5, 64+len/2, 8, WHITE, BLACK,
GREEN, BLUE, WHITE, BLACK, LIGHTGRAY, true, true
vdel =8 TEe]l R’ false)
if(open_window(&msgwin[stacktop++]))
hsettextjustify(CENTER_TEXT);
hprintfxy(len/2,1,msg);
hsettextjustify(LEFT_TEXT).

} else {
if(stacktop > 0)
close_window(&msgwin[--stacktop]);

}
i(nt win_getline(uchar *msg, uchar *str, int hanmodelock, int maxien)

int ret = false;
mywindow_t getin;
if(maxlen > 72)
return false;
setmywindow(&getln, 64-maxlen/2, 12, 64+maxlen/2, 15, WHITE, BLACK,
LIGHTGRAY, CYAN, BLACK, BLACK, LIGHTGRAY, true, true,
msg, false);
if(open_window(&getln)) {
pushhanmode();
pushcursor();
?witch(hanmodelock)

case HANONLY:

case HAN:
_hangulmode = true;
break;

case ENGONLY:

case ENG:
_hangulmode = false;
break;

}

ishangulmodelock = hanmodelock;
_showcursor = true;

ret = hgetin(str, maxlen);
(switch(hanmodelock)

case HANONLY:

case ENGONLY:
ishangulmodelock = false;
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break;

popecursor(),
pophanmode();
} close_window(&getin);
if(ret == ESC)
return false;
retum ret;

i{nt win_getdata(uchar ®msg, uchar #data, char #pic, int hanmodelock)

int ret = false, maxlen;
mywindow_t g
maxlen = strlen(pic);
iflmaxlen < strlen{msg))
maxlen = strlen{msg)+6;
setmywindow{&g, 64-maxlen/2, 12, 64+maxien/2, 15, WHITE, BLACK,
LIGH}‘SRSXY, CYAN, BLACK, BLACK, LIGHTGRAY, true, true
msg, false);
if(open_window(&g))
pushhanmode();
pushcursor();
?witch(hanmodelock)

case HANONLY:

case HAN:
_hangulmode
break;

case ENGONLY:

case ENG:
_hangulmode = false;
break;

"

true;

}

ishangulmodelock = hanmodelock,
_showcursor = true;

ret = hgetdata(data, pic);
?witch(hanmodelock)

case HANONLY:

case ENGONLY:
ishangulmodelock = false;
break:

}

popcursor{};
pophanmode():
close_window(&g);

}

if(ret == ESC)
return faise;

retum true;

'{e'oid hookhangulmodetoggle(bool hangulmode)

if(hs_status_win_init)
return;
if(ishangulmodelock == HANONLY) {
if(thanguimode)
puterror{("$ =% YA & dgydy
_hanguimode = true:

}
if(ishangulmodelock == ENGONLY) {
if(hangulmode)
puterror("g 2% YY3i4d & AU
“hangulmode = false;

htempeurwindow(&statuswin);

hputsxy(1, 1, _hangulmode ? ” ¥2 |~ : " 4& |

if (_hangulmode)
hsetbufcursor(FRAMECURSOR, FRAMECURSOR, _cursorcolor);
hsetbufcursor{UNDERCURSOR, UNDERCURSOR, _cursorcolor);

hlastcurwindow():

else
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}
Zroid hookinsertmodetoggle(bool insertmode)

if(Yis_status_win_init)
rewrn,
htempcurwindow(&statuswin);

wputsxy(&statuswin, 9, 1, insertmode ? " A4 |“: " $£X [");
hsetbufcursor(NULL, NULL, _cursorcolor);

hlastcurwindow():

)

2/01d status_clock(void)

static sec=60;
.struct time timeinfo;
struct date dateinfo.
static byte buffer{50];
if(Yis_status_win_init)
return;
gettime(&timeinfo);
if(sec == umemfo ti_sec) return;
if(sec % 30 == 0)
run_beep():

getdate(&dateinfo);
spnntf(buffer, ” | %4s | %4d‘4 %Zdﬂ %24 | %2d:%602d:9602d%2s",
isautomatic? "2} §""
dateinfo.da_year, datemfo da mon, dateinfo.da_day,
(timeinfo.ti_hour > 12)? timeinfo.ti _hour-12:timeinfo.ti_hour,
timeinfo.ti_min,timeinfo.ti_sec
(timeinfo.ti_hour > 11)? * (£ %)% (£ H]}")
wputsxy(&statuswin, 88, 1, buffer);
if(timenfo.ti_min == 0 && timeinfo.ti_sec == 0) {
sound(1500);
delay(40);
) nosound();
sec = timeinfo.ti_sec;

)
void status_help(uchar *msg)

if(tis_status_win_init)
return;
)wprintfxy(&statuswin, 17, 1, "%-70s",msg);

void init_status_win(void)

hsetwindow(&statuswin, 1, hgetmaxy(), hgetmaxx(), hgetmaxy(), BLACK, WHITE, DEFWIN)
wclrscr(&statuswin);

_hookhangulmodetoggle = hookhangulmodetoggle:

_hookinsertmodetoggle = hookinsertmodetoggle:

is_status_win_init = true,

hookhangulmodetoggle(_hangulmode);

)hookinsertmodetoggle(_insertmode);

void switch_status_win(int sw)
static int init = false;
if(1s_status_win_init)

init = true:
if(init)
}

{oid allow_darg(int sw)

is_status_win_init = sw;

allow_mou_drag = sw;
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dir_list *addlist{dir_list *dirlist, char *{n, char =ext, int at, long size, char sdes)
i{f(dir!ist == NULL)
i{f((dirlist = malloc(sizeof(dir_list))) 1= NULL)

strepy(dirlist->filename.fn);
strepy(dirhst->ext, exth
sprintf(dirlist->description,”%-34s", des);
dirlist->attrib = att

dirlist~>s1ze = size;

dirlist->next = NULL.

dirlist->prev = NULL;

didist->tag = false;

} else {
dirlist->next = addlist(dirlist->next, {n, ext, att, size, des);
dirlist~>next->prev = dirlist;

return dirlist;

/%

FA_RDONLY #®Read-only attribute
FA_HIDDEN % Hidden file
FA_SYSTEM ¥ System file
FA_LABEL ¥ Volume label
FA_DIREC 4%Directory .
FA_ARCH #Archive

*/
?ir_list sreaddir(dir_list =dirlist, char *path)

struct ffblk fiblk:

int done;

char dirpathl MAX_PATH}
char drivel. MAX_DRIVEL
char dirl MAX_DIR};

char filel MAX_FNAME]
char extl MAX_EXTY)

_splitpath(path,drive dir file,ext);
strepy{(file,”+");

strepyf{ext,”.*”); ) )
_makepath(dirpath, drive, dir, file, ext);

done = findfirst(dirpath,&ffblk FA_DIREC):
while(ldone)

i(f(ﬂblkﬁ._atmb == FA_DIREC)

_splitpath(ffblk.f{_name drivedir.file,ext):
if(stremp(dir,”."))

if(»dir) ; . .
dirlist = addlist(dirlist, dir, ext, ffblk.ff_attribffblk.ff_fsize
IIII);
else ) .
dirlist = addlist(dirlist, file, ext, ffblk.ff_attrib fiblk.ff_fsize
”h‘);
filecount++;

}
) done = findnext(&ffblk);
done = findfirst(path,&ffblk,FA_ARCH)
while{!done)

_splitpath(ffblk ff_name NULL NULL file ext); )

dirlist = addlist{dirlist, hle, ext, fiblk.ff_attribfiblk.ff_fsize, ")
done = findnext(&ffblk);

filecount++;

return dirlisty
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{oid freedir(dir_list edirlist)

if(dirlist->next)
freedir(dirlist->next);
if(dirlist)
free(dirlist);

iong diskfree(int drive)

}

struct dfree free;
getdfree(drive+1, &free);
return (long) free.df_avail * (long) free.df_bsec * (long) free.df_sclus:

1(.\char sdirbox(uchar *msg, uchar sretpath, uchar selected(100][81], uchar sel)

dir_list sroot = NULL, *cur, stop, *disp;

mywindow_t dirboxwin,

char drive MAX_DRIVE];

char dirfl_MAX_DIR];

char ﬁleLMAX_FNAME]

char ext{ MAX_E

static char path[61]""'

long freespace, tagedsize;

int done = false, chgdir = false, key, i, pos, offset, tageditem, curpos, redraw = true;
button_t btn[4]; .

char *btnmsgl4])= ("*H%i TAB""49 SP""&2 CR""3{ 4 ESC"}:
int btnkey[4]g— {TAB,’ " CRESC);

if(sretpath)

| strcpy(path, retpath);

else
sprintf(path,”%s%s”, defaultfn, defaultext);

sretpath = (

{or(i=0; i<4; i++)

set_button(&btnli], 33 + 12+, 22, 45+ 12+j, 24,
LIGHTCYAN, BLACK,

CYAN, LIGHTGREEN, BLACK,

/
/

BLUE,

false, false, btnmsgfi]);
}

if(win_getline("5 2344 & A3t 2", path, ENGONLY, 60))
( if(access(path,0))
( setmywindow(&dirboxwin, 32, 6, 99, 24, WHITE, BLACK, DARKGRAY,
WHITE, WHITE, GREEN,

false, true, msg, false);

II);

savescreen();

if(open_window(&dirboxwin)) {
pushhanmode();
_hangulmode = true;
:vhile(!done)

helrser();
strupr(path),
_splitpath{path,drive,dir file,ext);

chgdir = false;

if(edrive) )
sprintf(drive,”%c:",getdisk()+’A’);

i(f(!tdir)
sdir = ‘\\';

1(f(getcurd1r(‘dnve"A’*l ,dir+1))
puterror("E.2toj B o] AXHUFUT
break;

}
if(!file)
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strepylfile, defaultfn)
if(1eext)

strepy(ext, defaultext);
_makepath(path,drive dir file.ext);
_splitpath(path,drive dir,file ext);

filecount =
tageditem = (i
tagedsize = 0;

cur = top = disp = root = readdir(root, path);
i{f(root == NULL)

puterror{"2d A2 gFU)
break;

}
if(sel)
{

{or(: cur = NULL: cur = cur->next)

_makepath{retpath,drive dir,cur->filename,cur->ext);

forli = O; *selectedli}; i++)
i{f(!strcmp(selected[i], retpath))

cur->tag = true.

tageditem++;
tagedsize +2
break:
}
}
cur = root;
}
pos = offset = O
freespace = diskfree{sdrive - 'A’);
for(i=0; i<4; i++) open_button{&btn[il);

ctriputspxy_v(512,32,""C3"R"A A2 INEBENREERN R"A
hsetreverse(true);
hprintfxy(1,2,"%-66s",” 4 & 344y FE/A7]

hsetreverse{false);
hprintfxy(1,1,” 22 %-60s", path):

zvhile( ichgdir)
hsetreverse(true)

hsetunder(true);
hprintfxy(1,13" %3d {%8ld slo|E] 2astde} 4

tageditern, tagedsize),

cur->size:
v 2" r"CF")

dEdy [N
gEdgyd
E gty

hprntfxy(1,14,” %12ld [%10.1f K, %7.2f M] #}o]

freespace, (float)freespace/1024.,
(floatMreespace / 1048576.);

!_broskey(1l) && redraw;

%-8s%-4s [t1q &) %-34s ",

hsetunder(false);
hsetreverse(false);
//display file
for(i = 0, disp = top;
<10 && disp!=NULL &&

i++, disp = disp->next)

if{disp~>attrib == FA_DIREC)
hprintfxy(1,3+,” %2s

(disp~->tag)? ">>"* ", disp->filename,

disp->ext, disp~>description);
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%-8s%-4s %10ld %-34s

[d¥EA) %-34s ",

%10ld %-34s “,

« (float)(pos+offset))+48;

(HEEed]) %-34s

%10ld %-34s ",

cur->next;

top->next;

else

hprintfxy(1,3+i,” %2s

"

(disp->tag)? ">>":" " disp->filename,

disp->ext, disp->s§ze. disp->description);

if(!_bioskey(1))
redraw = false;
// draw cursor
pushcolor();
hsetcolor(BLACK);
hsetbkcolor(GREEN);
if(cur->attrib == FA_DIREC)
hprintfxy(1,3+offset,”

%2s %-8s%-4s

(cur->tag)? ">>"" “cur->filename,
cur->ext, cur->description);
else
%2s

hprintfxy(1,3+offset,” %-8s%-4s

(cur->tag)? “>>" " cur->filename,
cur->ext, cur->size, cur->description);

popcolor();
if(filecount > 1)
curpos = (int)(112. / (float)(filecount-1)

else .

curpos = 48;
ctriputspxy(512,curpos,” A*RIll"r"a");
// get key
key = hgetch();
// erase cursor

if(cur->attrib == FA_DIREC)

hprintfxy(l,3+offset,” %2s 9%-8s%-4s

(cur->tag)? ">>"" *“cur->filename,

cur->ext, cur->description);

se

hprintfxy(1,3+offset,” %2s %-8s%-4s

(cur->tag)? ">>"" " cur->filename,

cur->ext, cur->size, cur->description);
ctrlputspxy(512,curpos,”"C3Hl*CF");
?witch(key)

case DOWNARROW:
i(f(offset <9

i(f (cur->next)

offset++;
cur=

}
} else
i(f(pos < filecount - 10)
S++,
if(top->next)
top
i(f(cur->next)

cur=



cur->next;

cur->prev,

top->prev;

top->next:

filecount-10)

top->next;

cur->next;

top->prev,

&& sel)
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}
) redraw = true;
break;
case UPARROW:
i(f(offset >0

i(f (cur->prev)

offset--;
cur
} else
i{f(top—>prev)
cur = top =
pos--;
) redraw = true;
break:
case PGDNKEY:

i{f(pos + 20 < filecount)
{or(i=0i 1 < 10; i++)

cur = top =
pos++;
offset = 0;
z else if(pos < filecount - 10)
while(pos <
{
cur = top =
poS++;
offset = 0;

z else
'(vvhile(cur->next)

cur =
offset ++;

redraw = true:

break:

case PGUPKEY:
i(f(pos > 10)

t(’or(i=0; i < 10; i++)

cur = top =
pos—-,
offset = 0;
} else
cur = top = root;
pos = 0;
) offset = O;
redraw = true;
break:
case ' !
if(cur->attrib != FA_DIREC
{
if(cur->tag)



-> =
false; cur>tag
tageditem--;

. tagedsize
-= cur->size;
z else
cur->tag =
true;
tageditem++,
. tagedsize
+= cur->size;
}
}
break;
case CR:

chgdir = true;
i(f(cur->attrib != FA_DIREC)

_makepath(retpath,drive dir,cur- >filename,cur- >ext);

if(sel)
{
memset(selected, 0, sizeof selected);

. for(disp =
root, 1=0; disp '= NULL && i < 100; disp = disp->next) (
if(disp->tag) {

_makepath(retpath,drive,dir,disp->filename,disp- >ext);
strepy(selected(i++], retpath); )
}
}
done = true;
chgdir = true:
} else {
redraw = true;
if(!stremp(cur->filename,”..")) (
for(i=strlen(dir)-2: i > 0; i--)
if(dirli] == \\' 1l dirli] == ")
break;
dirli+1} = 0;
_makepath(path,drive dir,file,ext); )
else
strcat(dir,cur->filename);
strcat(dir,cur->ext);
_makepath(path,drive dir file,ext); }

}
t?reak;

if(wiuetline("*ﬂ 28 7A=z8
24 A2, path, ENGONLY, 60) == CR)

i{f( laccess(path,0))

strcpy(retpath,path);



done = true;

13 && mou_ax > 8 && mou_ax < 72)

-3)

if(cur->next)

cur = cur->next;

offset++;

-3

if(cur->prev)

cur = cur->prev;

offset--;

<= 66 && mou_y > 2 && mou_y < 13)

ungetxch(UPARROW);

ungetxch(DOWNARROW);

(int){(mou_py - 48) * (filecount)/ 128.);
=0
root;

curpos && pos < filecount - 10)

cur = top = top ->next,

pos++;

curpos)

while(pos+offset < curpos)

cur = cur->next;

offset++;
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chgdir =

else
chgdir =
}
redraw = true:
break;
case ESC:
chgdir = true:
done = true;
break.
case MOUKEY:

iflmou_y >=3 && mouy <

{
while(offset < mou_y

}
while(offset > mou_y

{
}
redraw = true;
} else
if(mou_x >= 65 && mou_x
{
iflmou_y == 3)
else
if(mo == 12)
else
curpos =
offset = pos
cur = top =
while(pos <
{
}
if(pos E
{
}
}
redraw = true;



1= -1)

} else
if((i= process_button(btn, 4))

&& mou_x < 65)

/7
/

}

ungetxch(btnkeyf{i]);
else
iflmou y == 1 && mou_x > 0
ungetxch(TAB).
break;
\ }
freedir(root)
) root = NULL:
pophanmode(); .
for(i=0; i<4; i++) close_button(&btnli]):
close_window(&dirboxwin);
restorescreen();
') else
sretpath = (;
retumn retpath;

int pputchar(char c¢)

}

int status, errflag = 0;
l(f(blospnnt(z c, 0) & 0x29)

openmsg("ZHE gAY Off-Lined yt}”);
sound(1000);
delay(30);
sound(500);
delay(50);
nosound();
delay(500);
sleep(1);
closemsg();

) return 3;

status = biosprint(0,c, 0):

if (status & 0x0001)
punerror(”“EE‘I—J g4l gy
errflag |= 0x01;

} else

if (status & 0x0008)
puterror(”‘il/éal LHFAUG)
errflag |= 0x02;

} else

if (status & 0x0020)
puterror(”“EEMI Zol7t &),
errflag |=

return errflag;

i(nt pputs(char *s)

int state;
while(ss) {
if(bioskey(1))
i{f(hgetch( == ESC)

openmsg("At-g-Rtell o3 A7t HAHAFUT"),
sleep(1);

closemsg();
state = -1;
| break;
state = pputchar(+s++);
if(state)
) break:
retum state;
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int pprintf(char +fmt, ..}

va_list argptr;
char buf{1024];
int ret=0;
va_start(argptr, fmt);
vsprintf{buf, fmt, argptr);
va_end(argptr),
ret = pputs(buf);
if(ret)

return -1;-
retum O,

%har *expaned_tab(char #str, int tabsize)
char buf[1024] *ptr, i

intj =
ptr = Str,
for(.‘scr && j < 1023;stre+)
if(esty == '\t’)
fori = 0: i < tabsxze. a+*)
buffj++] = ' %
else
\ buflj++] = sstr;
buffj] = O
strepy(ptr, buf);
return ptr,

}
zzoid draw_v_scrollbar(int x, int y, int len)

int i
ctriputspxy(x, y,""C3"R"AA"a™r")
for(i = 1, i <= len-2; i++)
hputspxy(x, y+16+, "I");
) ctriputspxy(x, ¥ + 16 * 1,""R"A V¥ a"r"CF"};

zroid draw_h_scrolibar(int x, int y, int len)
nt i
ctrlputspxy(x, y,""C3"R"AIl"a"r");
for(i = 1, 1 <= len-2; i++)
hputspxy(x+16+i, y, "I}’
) ctriputspxy(x+16+i, y," R A a"r"CF");
void draw_cursor_scrollbar(int x, int v, int mode)

if{rnode}
ctriputspxy(x, y,”"A*Rll"r"a");

ctriputspxy(x, y,”"C3l"CF");

else

i{nt view_file(char sfileviewermsg,char sviewfilename, int gotoline)

mywindow_t win;

static char far buf{1024];

long far *lines, ptr

int end = 10000

FILE *fp;

int bottom, cursor, left, key, i, done = 0, curposv, curposh, view=false;

uChar ‘btnms {6} {n ” nvn nuu amn no] Fsu n ESC"} ‘p' ‘Chkv

button_t btn[ﬁ%

int binkey[6) = { UPARROW, DOWNARROW, LEFTARROW, RIGHTARROW, F5, ESC}

if((lines = farmalloc(100001 * 41)) == NULL)
return false:
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i{f( (fp=fopen{viewfilename, "rb")) == NULL)

puterror{“3g o} Gy
) retumn false;

setmywindow(&win, 25, 3, 104, 29, WHITE, BLACK, DARKGRAY, B

LUE,
TE, WHITE GREEN, false, true,
fileviewermsg, false);

pushcursor();
savescreen();
xf(open_mndow(&wm)) {
for(i = 0 ;1< 4 i++) {
set_button{&btnli], 26 + 7ei, 27, 33 + 75, 29,

LIGHTCYAN, BLACK, CYAN, LIGHTGREEN, BLACK,

{alse, false,
binmsgli]):
open_button{&btnlil)
for(i = 4 ;i < 6, i++) {
set_button{&btnli), 54 + 26+(i-4), 27, 79+ 25+(i-4), 29,
LIGHTCYAN, BLACK, CYAN, LIGHTGREEN, BLACK,
false, false

btnmsglil}:
) open_button{&btnf{i]);

// READ FILE
for(bottom = 0; bottom < gotoline - 1, bottom++)
fgets(buf, 1024, fp)

bottom = {;
*(lines+bottom++) = frell(fp);
t{'or(.botwm < 10000 && bottom < end && fgets{buf, 1024, fp); )

«(lines+bottom++) = frell(fp);
view = true;

draw_v_scrollbar(608, 0, 21);
draw_h_scrolibar(0, 336, 38);

left = 0;
cursor = (i
if(1view)
puterror("$ % Aol s )
while(!done && view)

i{'or(i =0 i < 21 && !bioskey(l); i++)

buf0] = 0
i{f(i-rcursor < bottom-1)

fseek(fp, *(hnesﬂﬂ:ursor), SEEK_SET)
l(f(fgets(buf 1024, fp))

p = &buflstrlen(buf)}:
while(s--p < ' ) sp = O;
) expaned_tab(buf, 8);
else
buff0] = 0

}
ifi + cursor < bottom && strien(buf} > left)

if(ishangul2nd(buf, left))
hprintfxy(1, i+1, ¥ %-75.75s", buf+left+1);

hprintfxy(l, i+1, “%-76.76s", buf+left)

else

}

else
hpnntfxy(l 1+1 "9 7676311 uny,
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4

/"

MOUKEY)
/

MOUKEY)
/

—showcursor = false;

if(bottom-21 > 0)

o curposv = (int)(288. / (float)(bottom-21) * (float)(cursor)}+16;
se

curposv = 16;
draw_cursor_scrollbar(608, ¢ sv, 1)
ctriputspxy(608,curposv,”* A" r"a”)
curposh = (int)(560. / (float)(940.) * (float)(left))+16;
draw_cursor_scrollbar(curposh, 336, 17,
ctriputspxy(curposh, 336, "*A-REI“r*a");

key = hgetch();
iftkey == UPARROWI{lkey == DOWNARROWI|lkey == PGUPKEY

ilkkey == PGDNKEYIlkey == HOMEKEYllkey == ENDKEYllkey =
draw_cuarsor_scrollbar(608, sv 0);
ctriputspxy(608, curposv "C3 F"),

if(key == CTRL_LEFT || key == CT RL_RIGHT ]
key == LEFTARROW Il key == RIGHTARROW |i key

draw_cursor_scrolibar(curposh, 336, 0);
ctriputspxy{curposh,336, ""C3-“CF" %

(float)(i+1)/(float)(bottom)*100.);

?wiu:h(key)
case ESC:
done = 1;
break;
case FS:
{or(i = 0; i < bottom; i++)
buf(0] =
fseek(fp, ‘(hnesﬂ) SEEK_SET):
1(f(fgets(buf 1024, fp)
expaned_tab(buf, 8);
if(pputs(buf))
) break;
sprintf(buf,” Y 4 %...%4.1{%%
) status_help(buf);
pputs("™\f\r");
status_help("");
//print file;
break;
case LEFTARROW:
if(left > 0)
left--;
break;
case RIGHTARROW:
if(left < 940)
left++;
break;
case CTRL_LEFT:
if(left > 76)
left -= 77;
else
b left = 0;
case CTRL_RIGHT:
if(left < 864) .
left += 77,
else
left = 940;
break;
case UPARROW:
if(cursor > 0)

cursor--;

break;
case DOWNARROW:
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304. * (float)(mou_py-16):

(float)(mou_px-16);

}

}
farfree(lines);

if(cursor + 21 < bottom)

cursor++,
break;
case PGDNKEY:
if(cursor + 42 < bottom)
cursor += 22;
t{zlse
cursor = bottom - 21;
iftcursor < 0)
) cursor = Q)
break;
case PGUPKEY:
if(cursor - 21 > 0)
cursor -= 21;
else
cursor = 0;
break;
case HOMEKEY:
cursor = {;
break;
case ENDKEY:

cursor = bottom - 2L,
iflcursor < 0)

cursor = O
break;
case MOUKEY:

iflmou_x == 77 Il mou_x == 78) {
iftmou_y == 1) {
ungetxch(UPARROW);
} else iftmou_y == 21) {
ungetxch(DOWNARROW);
} else if(mou_y > 1 && mou_y < 21) {

if(bottom > 21)
cursor = (float)(bottom - 21}/

}
} else if( mou_y == 22)

if(moux == 1 || mou_x == 2)
ungetxch(LEFTARROW),
else iftmou_x == 75 |l mou_x == 76)
ungetxch(RIGHTARROW),
else if(fmoux > 2 && mou x < 75)
left = (float}340. / 576 =

} else if((i= process_button(btn, 8)) !'= -1)
ungetxch{btnkey{i]};
break;

for(i = 0, i < 6, i++)

close_button(&btn{i});

close_window(&win);

fcloselfp)
popeursor();

restorescreen(};
/i

retum true;

i{nt copyfile(char *from, char *to)

unsigned char *p;
int size;
FILE =*in, *out;

if({(p=malloc{4096)} == NULL) retum false;
i(f((in = fopen{from, “rb")) == NULL)

free(p):

.._196_



return faise;
i{f((out = fopen(to, "wb")) == NULL)

free(p):
fclose(in);
return faise;

while({size = fread(p, 1, 4096, in)) =0}
fwrite(p,1,size, out);

free(p):

fclose(in);

fclose{out);

retumn true;

/*
i(nt view_file{char *fileviewermsg,char sviewfilename, int gotoline)

“mywindow_t win:

char buf{1024};

char *slines;

FILE «fp;

int bottom, cursor, left, key, i, done = 0, ¢ sv, curposh;

uchar ‘btnms { ] = {"A" n‘n nun umu uo; @Pn’ n.zé. ESC"};

button_t btn{6];

int btnkey[6] = { UPARROW, DOWNARROW, LEFTARROW, RIGHTARROW, ALT_P, ESC)h

if((lines = farmalloc(100001 * 41)) == NULL)
return false;

i(f( {fp=fopen{viewfilename, "rt")) == NULL)
puterror("2 ¥ e} gFUT)

return false;

}
setmywindow(&win, 25, 3, 104, 29, WHITE, BLACK, DARKGRAY BLUE,
WHITE WI-ﬁTE GREEN, false, true
fileviewermsg, false);
pushcursor();

savescreen();

if(open_window{&win)) {
// READ FILE
t{’or(bottom = 0; bottom < 100001 && fgets(buf, 1024, fp): bottom++)

expaned_tab(buf, 8);
xf(buf[su‘len(buf) 1] =
if(buf[strlen(buf)-1] =

= \n'} buflstrlen(buf)~1] = O
= “\¢’) buf(strlen(buf)-1] = 0

*(lines+bottom) = (unsigned char far *)_fstrdup(buf);

}
for(i = 0 ;i < 4 i++) {
set_button(&btnli], 26 + 7+, 27, 33 + 7+, 29,

LIGHTCYAN, BLACK, CYAN, LIGHTGREEN, BLACK,

false, false,
btnmsglil);
open_button{&btnli})
for(i = 411 < 6 i++) {
set_button(&btnlt}, 54 + 25+(i-4), 27, 79+ 25+(i-4), 29,
LIGHTCYAN, BLACK, CYAN, LIGHTGREEN, BLACK,
false, false,
btnmsglil):
} open_button(&btn(il);
ctriputspxy_v(608,0,""C3"cF"R*"AA"a"r"
‘AN ENEREEEN

"“R"AVY"a’r"CFcl”):
ctriputspxy(0,336,""C3"cF"R"ALl"a"r"
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R Al"a"r"CF-cl4 ");
left = O;
cursor = gotoline - 1;
V4 hsetreverse{true);
/ hprintfxy(1,24,*%76s","");

/ hsetreverse(false);
zavhile( idone)

for(i = 0. i < 21 && 'bioskey(l); i++)
if(i + cursor < bottom && strien{*(lines+i+cursor)) > left)

if(ishangui2nd(+{lines+i+cursor), left))

. hprintfxy(1, i+], " %-75.75s

&(s{lines*i+cursor)){left+1]) o
se
hprintfxy(1, i+l, “%-16.76s
&(«(lines+i+cursor)){left)); )
else
hprintfxy(1, i+1, “%-76.76s", ")

Y hsetreverse(tru
/ hpnntfxy(l,ZA”[% %4d%, %4d¥ %3d¥)’, bottom, cursor+23, left+1);
/7 hsetreverse(false);

_showcursor = false:

curposv = (int}{(288. / (ﬂoat)(bottom 21) » (float)}{cursor))+16;
ctriputspxy(608,curposv,” ARl r"a");

curposh = {int}(560. / (float)(340) « (ﬂoat)(left))*lﬁ,
ctriputspxy{curposh, 336, “"A"RIlI"r"

key = hgetch(}):

iftkey == UPARROWI/lkey == DOWNARROWIlkey == PGUPKEY
llkey == PGDNKEYllkey == HOMEKEYllkey == ENDKEYllkey

MOUKEY)
ctrlputspxy(GOS curposv, “~C3ICF");
if(key = C’I‘RL_,LEFT Il key == CTRL_RIGHT ||
key == LEF’I‘ARROW 11 key == RIGHTARROW |l key =
MOUKEY)
ctriputspxy(curposh,336, “~C3IR"CF");
?wit.ch(key)
case ESC:
done = 1,
break;
case ALT_P:

for{i = i i < bottom; i++)

if(pprintf(“%s\r\n”,*(lines+i)))
) break;
{;/pring file;

reak,
case LEFTARROW:
if(left > {i)f
eft--,

break;
case RIGHTARROW:
if(left < 940)
left++;
break;
case CTRL_LEFT:

if(left > 76)
left == 77

left = 0;
break;
case CTRL_RIGHT:

else
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if(left < 864)

left += 77;
else
left = 940;
break;
case UPARROW:
if(cursor > 0)

cursor--,

break;
case DOWNARROW:
if(cursor + 21 < bottom)
Cursor++;
break;

case PGDNKEY:
if(cursor + 42 < bottom)
cursor += 22;

?Tse
cursor = bottom - 21;
if(cursor < 0)
) cursor = 0;
break;
case PGUPKEY:

if(cursor - 21 > 0)
cursor -= 21;
else

break;
case HOMEKEY:
cursor = 0.
break;
case ENDKEY:
cursor = bottom - 21;
if(cursor < 0)

cursor = 0;

cursor = 0;
break;
case MOUKEY:

if(mou_x == 77 || mou x == 78) {
if(mou_y ==
ungetxch(UPARROW),
} else if(mouwy == 21) {
ungetxch(DOWNARROW);
} else if(mou_y > 1 && mou_y < 21) {

if(bottom > 21)
cursor = (float}bottom - 21Y/
304. *» (float)(mou_py-16);

}
} else if( mou_y == 22)

iflmoux == 1 |l moux == 2)
ungetxch(LEFTARROW);
else if(mou_x == 75 |l moux == 76)
ungetxch(RIGHTARROW);
else if(moux > 2 && mou x < 75)
left = (float)340. / 576. =

} else if((i= process_button(btn, 8)) != -1)
break: ungetxch(btnkeyli]):

(float)(mou_px-16);

}
for(i = 0; i < bottom; i++)
if(«(lines+i) !'= NULL)
farfree(s(lines+i));
farfree(lines);

fori = 0; i < 6; i++)
close_button{&btnl[i]);

close_window(&win);

}
fclose(fp);()
popecursor();
//

restorescreen();
/
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retumn true;



/t BEELLEEREXLREEBARELFEREERELRA SSRGS RERAE &

* LA 22aY¥ version 0.0

B ERERBESR RS ESARSREERSEEERRS SR L EBERERRS &N t/

#include <alloc.h>
#include <string.h>
#include <dosh>

#include "hanlib.h”
#include "mywindow.h”
#include "mystdio.h”

int _maxtempwindowlevel = 20;
extern int disable_disp_sensor;
static stack{10], stacktop = O;

zroid push_disp_disable{void)

if(stacktop < 9) {
stack[stacktop] = disable_disp_sensor;
stacktop++;

}
?fmd pop..disp_disable{void)

if{stacktop > O}
disable_disp_sensor = stack[--stacktop);

'Eroid setmywindow_act{mywindow_t *w, char isactive)

w->isactive = isactive:

?oid rectangle_3d(int px, int py, int width, int depth, int left, int right)

hhline(~px,-py, width, left);
hhiine(-(px+1), -(py+depth), width, right);
hvline(~px, -(py+1), depth, left);
}hvline(—(px*width), ~py, depth, right);

it msgbox(int x1, int yt, int xr, int yb,
int  light_color, int dark_color, int
board_color,
int glass_color, int msgfrcolor, int msgbkcolor,
char *msg, char menuwin)

1nt x1, yl, x2, {2 length depth;
= aXZapx(xl yl = ayZ2apy(yt);
x2 = ax2apx(xr}+6; y2 = ay2apy{yb)+14;
length = x2 - x1 + 1. depth = y2 -yl + LI
if(length < 40)
return false;
hsolidbarpxy(-x1,-y1,x2,y2,board_color);
rectangle_3d(x1, y1, length, depth, light_color, dark_color);
hsolidbarpxy(-(x1+24), -(y1+4), x1+length-5, y1+20, msgbkcolor);
rectangle_3d{x1+4, y1+4, 15, 17, light_color, dark_color)
rectangle_ 3d(x1+6 y1+6, 6, 6 dark_color, light_color);
rectangle_. 3d(xl+4*20 y1+4, Iength 432~ 20 17, light_color, dark_coler);
rectangle_3d(x1+4, yl+24+2 length-4+2, dept_h 24-4+2, dark_color, light_color):
hsolidbarpxy(~ ~(x1+5), -{y1+27), x2-4, y2 -6, glass_f color);
if(menuwin) {
hhline(-{x1+4),-{y1+44) length-8, light_color});
hhline(-{x1+3),~-(y1+45) length-6, glass_color};
hhline(-(x1+4),-(y1+46),length-8, dark_color);

pushcolor();

hsetbkcolor(msgbkcolor):

hsetcolor(msgfrcolor);

ctriputspxy{-{x1+8+length / 2 - 8 * strlen(msg)/2+4),~(y1+ 5),msg)
popcolor();

return true,
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void setmenuwindow(menuwindow_L ¢mw, int Ix, int ly, int rx, int ry,

{

mw->Ix = Ix;
mw->ly = ly;
mw-2>rx = rx.
mw-2>ry = ry,

ry:
mw->line_c = lc;
mw->board_c¢ = bec:
mw->fore_c = fc:
mw->old_fc = mw->old_bc = 0;
mw->bkgbuf = NULL;

int open_menuwindow(menuwindow_t *mw)

int x1, yl, x2, y2, length, depth;
long imgsize;
ax2apx(mw->Ix); yl = ay2apy(mw->ly);
x2 = axZapx(mw >rx)¢ y2 = ayZapy(mw S>ry)+14;
length = x2-xl+1depth=ﬂ yl + It
iflmw == NULL)
return false;
size = htextsize(-mw->1x, -mw->ly, mw->rx, mw= >ry)
1f mw->bkgbuf = (char far *)farmalloc imgsize)) == NULL) {
return false;

}
hgettext(-mw->Ix, ~-mw->ly, mw->rx, mw->ry, mw->bkgbuf);
mw->old_fc = hgetcolor();
mw->old_bc = hgetbkcolor();
hsolidbarpxy(-(x1+8), -(y1+16), x2 y2 8, DARKGRAY);
hsolidbarpxy(-(x1+6), -(y1+14), x2-6 y2 14, mw->board_c):
rectangle_3d(x1+6, yl#l4, length-12, depLh-28, mw->line_c, mw->line_c):
rectangle_3d(x1+5, y1+13, length-10, depth-26, mw->line_c, mw->line_c);
hsetcolor(mw->fore_c);
hsetbkcolor(mw->board_c)
if(mw->rx > 11 && mw- >ry >3 {

push_disp_disable();

disable_disp_sensor = true;

return true;

void close_menuwindow(menuwindow_t *mw)

if(mw->bkgbuf) {
hputtext(-mw->Ix, -mw->ly, mw->rx, mw->ry, mw->bkgbuf);
farfree(mw->bkgbuf):
mw->bkgbuf = NULL;
hsetcolor(mw->o0ld_fc);
hsetbkcolor(mw->old_bc);
iflmw->rx > 11 && mw->ry > 3)
) pop_disp_disable():
}

void setmywindow(mywindow_t *w, char Ix, char ly, char rx, char ry,
char gc, char tc, char tfc, char thc,
{‘msg. char menu)

memset(w, 0, sizeof(mywindow_t));

w->lx = Ix;
w->ly = ly;
wW->rX = rxs
w->ry =1y,
w->light_c = Ic;
w->dark_c = dc;
w->board_c = be;

w->glass_c = gc;
w-2>text_c = tc;
w->title_frc = tfc;
w->title_bkc = tbe;
w->issavebkg = issave;

_mz_

int Ic, int be, int fc)

char lc, char dc, char be,

char issave, char isact, char



setmywindow_act(w, isact);
stepy(w->msg, msg);
w->menu = meny;

i{nt open_window(mywindow_t sw)

iflw == NULL)
return false;
if(w->issavebkg && !w->isinit) { .
if((w->winbuf = (char far*)farmalloc{htextsize(-w->lx, -w->ly, w->rx, w->ry))) == NULL) {
w->isinit = false;
return false;

) hgettext(-w->lx, ~w->ly, w->rx, w->ry, w->winbuf);
w->oldirc = hgetcolor():

w->oldbke = hgetbkcolor();
if(!msgbox(w->Ix, w->ly, w->rx, w->ry,

-

w->light_c, w->dark_c, w~>board_c.

w->title_frc, w->title_bkc,
w->msg, (w->menu)? 1:0))

w- >glas§_c,

{

if(w->issavebkg)

farfree(w~>winbuf):

w->winbuf = NULL;

w->isinit = false;

hsetcolor(w->oldfrc);

hsetbkcolor(w->oldbke):
) return false:
w->isinit = true;
if('w->menu)

( htempwindow(w->lIx+1, w->ly+2, w->rx-1, w->ry-1);

else

// display top_down menu

htempwindow{w~>lx+1, w->ly+3, w->rx-1, w->ry-1)

}

hsetcolor(w->text_c);

hsetbkcolor(w->glass_c);

iflw->rx > 11 && w->ry > 3) {
push_disp_disable();

} disable_disp_sensor = true;

)return true.

void close_window(mywindow_t sw)

if(w == NULL || 'w->isinit)
return;

if(w->issavebkg) { .
hputtext{-w->Ix, -w->ly, w->rx, w->ry, w=>winbuf);
farfree(w->winbuf),
w->winbuf = NULL;
w->isinit = false;

hlastwindow();
hsetcolor{w->oldfrc):
hsetbkcolor(w->oldbkc);

iflw=->rx > 11 && w->ry > 3)

) pop_disp_disable();

id set_button(button_t b, char Ix, char ly, char rx, char ry,
voie setoutionta Y char le, char dc, char be,

char stc, char utc, R . .
char issave, char isactive,

char stext)

memset(b, 0, sizeof(button_t));
b->lx = Ix;

b->ly = ly:

b->rx = rx;

b->ry = ry:

b->hght_c = I



b->dark_c = dc;
b->board_c = bc:
b->s_text_c = stc;
b->u_text_c = utc:
b->issavebkg = issave;
b->isactive = isactive;
)strcpy(b—)text, text):

nn

int open_button(button_t *b)

if(b == NULL)
return false;
if(b->issavebkg && 'b->isinit) (
if((b->button = (char far+)farmalloc(htextsize(-b->lIx, -b->ly, b->rx, b->ry))) == NULL) {
b->isinit = false;
return false;

}
hgettext(-b->Ix, -b~>ly, b->rx, b->ry, b->button):

b->oldfrc = hgetcolor(),
b->oldbke = hgetbkcolor();
hsolidbarpxy(-(ax2apx(b->1x)+1), -(ay2apy(b->ly)+1),

ay2apy(b->ry)-2,b->board_c);
disp_button(b, b->isactive);
b->isinit = true;
hsetcolor(b->oldfrc);
hsetbkcolor(b->oldbkc); -
retum true.

ax2apx(b->rx)-2,

void close_button(button_t *b)

if(b == NULL || 'b->isinit)
return;
f(b->issavebkg) {
hputtext(-b->1x, -b->ly, b->rx, b->ry, b->button);
farfree(b->button);
b->button = NULL:
) b->isinit = false;
}

zloid disp_button(button_t *b, char active)

b->isactive = active:
pushcolor();
if(b->isactive)

hsetcolor(b->s_text_c);
else

hsetcolor(b->u_text_c);
hsetbkcolor(b->board_c);
hputspxy(-(ax2apx(b->1x)+(b->rx - b->Ix) « 4 - strlen(b->text) = 4),

-(ay2apy(b->ly)+(b->ry - b->ly) = 8 - 8), b->text);

if(b->isactive) {

rectangle_3d(ax2apx(b->1x), ay2apy(b->ly),
16#(b->ry-b->ly)-1,

8+(b->rx-b->Ix)-1
b->dark_c,b->light_c);
} else {
rectangle_3d(ax2apx(b->1x), ay2apy(b->ly),

16+(b->ry-b->ly)-1,

8«(b->rx-b->Ix)-1
b->light_c, b->dark_c);
}
)popcolor():

i(nt process_button(button_t *btn, int button_num)

int i;
for(i = 0; i < button_num; i++) { )
if((btnli)lx <= mou_ax && btnlil.rx > mou_ax)
&&(btnlilly <= mou_ay && btnlilry > mou_ay))



disp_button(&btnli], true);

delay(100); )
disp_button(&btnlil, false);
return i;

}

return -1;
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Z Fd2 FFH project
Z SAAEY A7H 2229 £l
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#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <dos.h>

#include <biosh>

#include <mem.h>
#include <string.h>
#include <math.h>

#include "hanlib.h”
#include "mystdio.h”
//#include "asynch.h”
#include ;’mux.h”
#include “ctrldata.h”
#include “pc2ctrl.h”
#include “setctrl.h”
#include “setenv.h”

void getsunrise(struct date d, int =sh, int *sm, int *eh, int *em);
//#define port_id (osjk_env.c_haus + 1)

int port_id;

extern int israining.:

/

ctrl_data_t _ctrldata_;

status_flag_t flag;

int upload_status_flag(status_flag_t +flag);

int dnload_status_flag(status_flag_t flag),

void log_sensor_data(int haus, int pos);, // AAM A8 22
void log_ctrl_data(int haus);

weathersensor_t wsensor = { 1, 0, 0, 64, 1, 0, 0}

#define COM1 0

#define COM2 1

/+ Base addresses of serial ports s/

#define COM1BASE 0x03f8
#define COM2BASE 0x02f8

#define COMBASE ((comport == COM1) ? COM1BASE : COM2BASE)

/* Registers */

#define THR (COMBASE + 0) /* Transmit Holding Register «/
#define RBR (COMBASE + () /+ Receive Buffer Register */
#define IER (COMBASE + 1) /* Interrupt Enable Register «/
#define IR (COMBASE + 2) /+ Interrupt Identification Register */
#define LCR (COMBASE + 3) /+ Line Control Register o/
#define MCR (COMBASE + 4) /+ Modem Control Register s/
#define LSR (COMBASE + 5) /+ Line Status Register »/
#define MSR (COMBASE + 6) /+# Modem Status Register */

/* Parameters to bioscom function */

#define DATABIT7 0x02 /# Data bit ¢/
#define DATABIT8 0x03

#idefine STOPBIT1 0x00 /* Stop bit */
#define STOPBITZ2 0x04

#define NOPARITY 0x00 /= Parity s/
#define ODDPARITY 0x08
#define EVENPARITY 0x18

#define BAUD1200 O0x80 /» Baud rate */



#define BAUD2400  0Oxa0
#define BAUD4800  Oxc0
#define BAUD9600 Oxel
/* 8259 PIC(Programmable Interrupt Controller) */

#deline IMR  0x21  /*» /O address of OCWI(IMR) of 8259 PIC +/

fdefine OCW2 0x20 /+ /O address of OCW2 of 8259 PIC o/

/# OCW: Operation
Command Word s/

/¢« IMR: Interrupt
Mask Register o/

#define MASKON Oxe7 /+ Mask IRQ3/IRQ4 on -> IMR o/
#define MASKOFF 0x18 /¢ Mask IRQ3/IRQ4 off -> IMR »/

#define EOI 0x20 /¢ Non-specific End of Interrupt command -> OCW2 s/
/# Interrupt Request Numbers */

#define IRQ3 0x0b /+ of COM2 «/
#define IRQ4 0xOc /* of COM1 */

#define IRQNUM ((comport == COM1) ? IRQ4 : IRQ3)
/* Miscellaneos */

#define BUFSIZE 0x4000 /* Size of comm buffer */
#define BUFFEREMPTY .(-1) /+ Buffer empty s/

int comport = COM2: /s Default COM port, alterable by user */
void interrupt (soldvect)(void); /+ Old interrupt vector */
byte far commbuf(BUFSIZE): /* Comm buffer s/
static int bufptrO = 0, bufptrl = 0; /* Pointers to comm buffer */
(static void interrupt com_isr(void)

bufptrl %= BUFSIZE

commbuf{bufptri++] = mportb(RBR).

) outportb(OCW?2, EQI);

izoid com_init(int comport)
bioscom(0, DATABITS | STOPBIT1 | NOPARITY | BAUD2400, comport);

outportb(MCR, 0x(b);
outportb(IER, 0x01);

oldvect = getvect(IRQNUM);
setvect(IRQNUM, com_isr);

) outportb(IMR, inportb(IMR) & MASKON);

void com_close(void)

outportb(MCR, 0x00);
outportb(IER, 0x00);

outportb(IMR, inportb(IMR) | MASKOFF);
) setvect(IRQNUM, oldvect);
i(nt com_getc(void)
if (bufptr0 == bufptrl)
return BUFFEREMPTY
bufptr0 %= BUFSIZE:

return commbuf{bufptrO++];
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E/oid com_putc(int c¢)

while (Xinportb(LSR) & 0x20)) ;
) outportb(THR, (byte)c);

{oid com_puts(char *s)

3 while (»s) com_putc(ss++);
void clear_com_buffer{void)

) bufptrO = bufptr]l =

Zroid open_weatherlink(void)

int c, y;
l(.msigned char data[147] =

0x0D,0x57,0x52,0x44,0x84,0x34,0x0D,0x57,0x52,0x44,0x84,0x3C,0x0D,0x57,0x52,0x44
,0x64,0x44,0x0D,0x57,0x52,0x44,0x44,0x9A ,0x0D,0x57,0x52,0x44,0x84,0x9E,0x0D,0x57
0x52,0x44,0x64,0x A6,0x0D,0x57,0x52,0x44,0x82, 0x8E,0x0D,0x57,0x52,0x44,0x82,0x 96
0x0D,0x57,0x52,0x44,0x62,0x9E,0x0D,0x57,0x52,0x44,0x84,0x5A,0x0D,0x57,0x52,0x 44
\0x84,0x62,0x0D,0x57,0x52,0x44,0x64,0x6 A ,0x0D,0x57,0x52,0x44,0x44,0x82,0x0D,0x57
\0x52,0x44,0x84,0x86,0x0D,0x57,0x52,0x44,0x64,0x8E,0x0D,0x57,0x52,0x44,0x22,0x60
,0x0D,0x57,0x52,0x44,0x42,0x64,0x0D,0x57,0x52,0x44,0x32,0x68,0x0D,0x57,0x52,0x 44
,0x42,0xAC,0x0D,0x57,0x52,0x44,0x42,0xB0,0x0D,0x57,0x52,0x44,0x32,0xB4,0x0D,0x52

0x52,0x44,0x01,0x2A,0x03,0x0D,0x57,0x52,0x44,0x84,0xCE,0x0D,0x4C,0x4F,0x4F ,0x50
. .0xE7,0xFF,0x0D

1/ mou_wait(true);
com_init(comport);
clear_com_buffer():
printf("Testing .");
com_putc(13); delay(500);
printf(”.”).
com_putc(13); delay(500);
printf("."),
com_putc(13); delay(500);
printf(".”);
delay(500);
printf(".");
delay(500);
printf(".");
delay(500);
printf("."),
delay(500);
printf(".");
i{f((c= com_getc()) == 'V")

printf("\nWeather Link was detected on COM%d\nNow
comport+1);

y = wherey().

gotoxy(l,y), .,

cputs "%'&ﬁ%*&ﬁ’&'&%‘&%&ﬁﬁ‘&&ﬁ’&& )

t;or(c—O. ¢<140;c++,delay(100

com_putc(datalc]):

gotox(y((c) / 140. = 40.+1, y)

cputs

gotoxy(45, y),

printf ”%30f %% completed.”, (c+1.) / 140. * 100.);
if(datalc] == 13) delay(500);

} else
(
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puts(”"No \'Weather Link\" was Connected !!")
sound(

delay(40);

sound(4000);

delay(60),

sound(3000);

delay(40);

nosound();

}
/ get_loop_data(}
clear_com_buffer();
/}’/ mou_wait(false);

\{roid close_weatherlink(void)

) com_close();

zroid loop{void)

unsigned char datal] = {0x4C,0x4F 0x4F,0x50,0xE7,0xFF,0x0D}, ©
mou_wait(true);

status_help("71 32 e el ol A g & AUy
clear_com_buffer();

for(x-(). i<7;i++, delay(100%)

ccm..putc(d tafil):
if(datali] == 13) delay(200);

}
mou_wait{false)
status_help("");

i{nt get_loop_data{void)

int ¢, i, ok = false;
Ewhile(!ok)
do
c = ete():
while{c 1= 6 && c ‘- BUFFEREMPTY);
if(c== BUFFEREMPTY)
break;
¢ = com_getc();
i{f(c == 1)
fori = 1; i < 18; i++)
wsensor.datli} = (uchar)com_getc();

if(i == 18 && wsensor.dat{d] < 100 )
ok = true:

= com_gete()
== 1)

— 0y -
P
[+]

for(i = 1; 1 < 18; i*++)
18;;vsensor.clat[i] = (uchar)com_getc():

i ==
ok = true:
) }
/4 clear_com _buffer{);
retum true;
i{nt await{unsigned char code)
unsigned char ch;
int i, length:
mou_wait{true):
for(i = 1000; i > O i~=) {
delay(1);
length = 1,
ch =0
1f('readcom(port id, &ch, &length)) {
if(ch == code)
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) retum true;

mou_wait(false
openmsg(”llq 7| $+del gaddd.”),
delay (500

closem sg()
/4 putzrmr("zl°l 7] $deol gy
}retum false;

i(nt init_mux(void)

int ret, i;
for(i = 1, i <= MAXPORT: i++) {
ret = setcom(i, 0x03, 9600);
if(ret & 0x40) {
g?etskﬂpr("‘éﬂig.ﬂ A gtayd)

}
if(ret & 0x80) {
g\rle;tn{(ror('@qxe =etoly el XA gR&EUT),;

}

if(ret & 0x20) {
puterror(*X E7} v @A} o gy,
break;

}
) clearcom(i, 0x01);

return ret.

/
% A Mg 249 Aojalgd Hrlo] we} Aol AR Yot
i(nt load2ctrldata(int haus)

FILE «fin;
long offset:
int 4, j;
ctridata _t ctl
mou_wait(true);
fin = fopen(osjk_env.hauslhaus].ctridata_fn, "r+b");
if(fin '= NULL) {
if(ctrldata_headerfhaus].elapsed < ctrldata_header[haus].duration)
offset = sizeof(ctridata_header_t) + sizeof(ctridata_t)
(ctrldata_header(haus).elapsed - 1);

else
offset = sizeof(ctrldata_header_t) + sizeof(ctridata_t)
(ctridata_header{hausl.duration - 1);
fseek(fin, offset, SEEK_SET);
fread(&ctl,sizeof(ctridata_t), 1, fin);
fclose(fin);
for(i=0; i < 4; i++)
for(j=0: j < 48; j++)
_ctridata_.steplil{j] = ctl.ctrlitem(il.step[j];
memcpy(_ctrldata_.error, ctrldata_header(haus).error, sizeof _ctrldata_.error);
memcpy (_ctridata_.mul, ctridata_header(haus].mul, sizeof _ctridata_mul);
memcpy(_ctridata_.unit, ctrldata_header{haus].unit, sizeof _ctrldata_.unit);
memc;)y(_ctrldata can__open_wmd ctrldat&header[haus]can open_wind,
_ctrldata_.can_open_wind);

memcpy(&_ctrldata_.can_open_rain, &ctrldata_header(hausl.can_open_rain,
_ctrldata_.can_open_rain);

_ctrldata_.wind_speed = ctrldata_header(haus).wind_speed:

mou_wait(false)
return true;

mou_wait(false);
return faise;

void auto_dnload_ctrldata(void)
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static struct date d(7];
struct date td;

static count(7);

char src = "WWRC\r";
int i, j;

getdate(&td);
{or(i =001 < T iee)
if(ctrldata_headerfil.started |l ctridata_header{i].stoped)
continue;
portid =i + I;
i{f(td.d&day 1= dli}.da_day)

for(j = 0; j < 5; j++, delay(150))
com_putc(re(jl);

i(f( count(i) > 1 || dnload_ctridata(i) )
dli) = d:
countli] = 0;

countfi]++;

// commander = pc
i(nt dnload_ctrldata(int haus)

int i, item;
char buf45);

if('ctrldata_header[haus).started l ctrldata_header[haus).stoped)
return false;

if(Nload2ctrldata(haus))
return false;

mou_wait(true)
status help("‘ﬂ°17l°ﬂ7ﬂ Aoztg g Adxn AFY);

i(f(haus < 4)

sprintf(buf, "%c%cLD__TEMP”, _ESC_, 'L’):
delayedout(haus+1, buf, 10);

item = 0,

if(tawait(_RS_)) {
mou_wait(false);
status_help("");
return false;

}

delay(10);

sprintf(buf, "%c", _ESC_),
delayedout(haus+1, buf, 1);
{or(i =0; i < 48; i++)

sprintf(buf,”%+04d",_ctrldata_.step[item](i]);
, delayedout(haus+1,buf 4);
sprintf(buf,”%03d%03d%1d",_ctrldata_.error(item],_ctridata_mullitem]

ctrldatadumthtem]):
delayedout(haus+1, buf, 7
sprintf(buf,"%c",_EOF_ 3
delayedout(haus+1, buf, 1);

if(lawait(_GS_)) (
mou_wait(false);
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status_help("),
return false;

}

delay(100);

sprintf(buf, "%c%cLD__HUMI”, _ESC_, ‘H');
delayedout(haus+1, buf, 10);

item = 1,

if(tawait(_RS_)) {
mou_wait(false);
status_help("");
retumn false;

}
delay(10);

sprintf(buf, “%c”, _ESC_);
delayedout(haus+1, buf, 1);

gor(i =01 < 48; i++)

sprintf(buf,"%+04d”,_ctrldata_.steplitem][i});
delayedout(haus+1,buf4);

sprintf(buf,”%03d%03d%1d",_ctrldata_.error{item],_ctridata_.mul(item),
ctrldata_.unit(item]);

delayedout(haus+1, buf, 7);

sprintf(buf,"%c",_EOF_);

delayedout(haus+1, buf, 1);

if(lawait(_GS_)) {

mou_wait(false);

status_help("");
) return false;
delay(100);

sprintf(buf, "%c%cLD__CO02 ”, _ESC_, ‘O’);
delayedout(haus+1, buf, 10);

item = 2;

if(lawait(_RS_)) {
mou_wait(false);
status_help("");
return false;

}
delay(10);

sprintf(buf, “%c”, _ESC_);
delayedout(haus+1, buf, 1);

{or(i =0;1 < 48 i++)

sprintf(buf,”%+04d",_ctrldata_.steplitem](i]);
) delayedout(haus+1,buf,4);
sprintf(buf,”%03d%03d%01d",_ctridata_.error{item), ctridata_.mul{item]

ctridata_.unitfitem]);
delayedout(haus+1, buf, 7);
sprintf(buf,"%c",_EOF_);
delayedout(haus+1, buf, 1);

if(lawait(_GS_)) {

mou_wait(false);
status_help("");
) return false;
delay(100);

sprintf(buf, "%c%cLD_LIGHT”, _ESC_, 'G'):
delayedout(haus+1, buf, 10);
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item = 3,

if(!await(_RS)
mou_wait(false);
status_help(™);
return false;

)
delay(10);

sprintf(buf, "%c”, _ESC_).
delayedout(haus+1, buf, 1)

sprintf(buf,”%+04d",_ctrldata_.steplitem][0));
delayedout(haus+1,buf,4);
sprintf(buf,"%603d%03d%1d" .ctrldata_.error(item],_ctridata_mullitem],

_ctrldata_.unit[item));
delayedout(haus+1, buf, 7);
sprintf(buf,"%c",_EOF_);
delayedout(haus+1, buf, 1);

if(tawait(_GS_))

mou_wait(false);.
status_help("");
) return false;
delay(100);

sprintf(buf, “%c%cLD__WIND”, _ESC_, 'N’);
delayedout(haus+1, buf, 10);

if(lawait(_RS_)) {
mou_wait(false);
status_heip("”)
return false;

}
delay(10);

sprintf(buf, "%c”, _ESC_),
delayedout(haus+1, buf, 1);

delayedout(haus+1,0sjk_env.haus(haus).can_open_wind, 8);
delayedout(haus+1,&o0sjk_env.haus[haus]. can_open_ram 1);
delayedout(haus+1,&o0sjk_env.haus[haus).wind_speed, 1);

sprintf(buf,”%c", _EOF_);
delayedout(haus+1, buf, 1);

if(fawait(_GS_)) {
mou_wait(false);
status_help("");
return false:

) else
{

Ok o

sprintf(buf, "%c%cLD__HYPH", _ESC_, ‘'L');
delayedout(haus+1, buf, 10):

item = 0;
if(!await(_RS_)) {
mou_wait(false);
status_help("");
) return false;
delay(10);
sprintf(buf, "%c”, _ESC_),
delayedout(haus+1, buf, 1);
sprintf(buf,"%03d%03d%03d2603d%602d%02d%02d", _ctridata_.step[0](0)
_ctridata_.step{0](1],
_ctrldata_.step[01[2],

_ctridata_.step{0](3],
_ctridata_.error{0],
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_ctrldata_.error{1]
ctridata_crror{2)%;

delayedout(haus+1,buf,18); // DO X ¢

for(i =00 i <1 /338/; i+4)

for(itcm = 0; item < 4; item++)

/2),

(_ctrldata_.step[i)(4+item] % 2)? 30: 0,
_ctrldata_.step(i}[8+item),
_ctrldata_.steplil[12+item));

}
. sprintf(buf,"%c",_EQOF_);
delayedout(haus+1, buf, 1);

if(Yawait(_GS_)) {
mou_wait(false);
status_help("”);
return false;

)

status_help("");
mou_wait(false);
return true;

int dnload_stationdata(void)

char buf{20), i
struct date d;

int sh, sm, eh, em:
getdate(&d);
mou_wait(true);

sprintf(buf,”%602d%602d%604d%604d",(_ctridata_.step{il{4+item]

delayedout(haus+1,buf,12);

status help("2ﬂ°17l°ﬂ7'll g4zted s gy

1(’or(1 0:1 < 4; i++)

if(Ictridata_header(i).started || ctridata_header[i).stoped)

oonunue.
port_id =

spnntf(buf ”%CXLOADST N",_ESC_):

delayedout(i+1, buf, 10);

if(lawait(_RS_))
continue;

delay(10);
sprintf(buf, “%c”, _ESC_);
delayedout(i+1, buf, 1);

/1 3 3 2 4 =13

sprintf(buf, "%c% +03d%+03d%02d%04d",

+ IOI'
3600.),
10.- 32)s 5. / 9),

delayedout(i+1, buf, 13);

dicision_wd(wsensor.sdata. wd)
(int){wsensor.sdata.ws#*1609.3 /
(int){((wsensor.sdata.out_t /

(int)wsensor.sdata.out_h,
wsensor.sdata light);

// if sunrise and sunset time are download....

getsunrise(d, &sh, &sm, &eh, &em),

sprintf(buf,”%02d% 02d9602d%402d” ,sh, sm, eh, em);

delayedout(i+1, buf, 8);
/4
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sprintf(buf, "%c”, _EOF_);

?elayedout(i*l, buf, 1);

-

if(lawait(_GS_)) {
mou_wait(false);
status_help("");
return false;

}
mou_wait(false);

status_help("™):
retum true;

/*

% commander = pc
i(nt current_sensor_status(void)

unsigned char bufl14];
int i, size, iter;

mou_wait(true);
memset(&sint, 0, sizeof sint);
sprintf(buf,"%c%cSend Sensor”, _ESC_, 'S’);
delayedout(port_id, buf, 13);
if(await(_RS_)) {
size = 7,
for(iter = 32767; iter > 0; iter--)
if( !readcom(port_id,bsint.sdat.e, &size))
reak;
sint.sdate[7} = 0;
size = 6;
for(iter = 32767, iter > O; iter--)
if(freadcom(port_id, sint.stime, &size))
break;
sint.stimef6) = 0;
t(’or(i=0: i < MAXSENSOR,; i++)
if('await(RS.)
for(iter = 32767, iter > 0; iter--)
if(!readoom(port_idt; buf, &size))
T '
bufl7] = 0;

sint.sidli] = buff0] - ‘0’;
) sint.sdatalil = atoi(&bufl1])
i(f(await(_EOF_))
sprintf(buf, "%c”, _GS_);
delayedout(port_id, buf, 1);
mou_wait(false);
return true;

}

mou_wait(false);
return false;

*/
// commander = pc
int upload_status_flag(status_flag_t #flag)

char buf(12];
int size, iter;
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mou_wait{true)

port_id = osjk_env.c_haus + 1.

sprintf(buf, "%c%cRD STATUS",_ESC_, 'R'):

delayedout(port_id, buf, 11}
~ if(tawait(_ESC)) {

mou_wait{false):
return false;

}
i{f{osjk_env.c,haus < 4)

await(‘'C');
size = 5;

" await(’c’)
size = 2;

}
for(iter = 32767; iter > O; iter--)

if{!readcomiport_id, ﬂag->sv{)
T

if(!await(_EQF_)) {
mou_wait(false):

| return false;

sprintf(buf, “%c”,_GS_)

delayedout{port_id, buf, 1);

mou_ wait{false);

retumn true;

2/{ commander = pc

int dnload_status_flag(status_flag_t flag)

char buf{12};

mou_wait(true);

port_id = osjk_env.c_haus + I;

sprintf(buf, “%c%c”,_ESC_, ‘M’);

delayedout{port_id, buf, 2);

i{f(osjk_env,c,haus < 4)
delayedout{port_id, flag.sw, 5);
sprintf{buf,"MANUAL%c", EOF_)
delayedout(port_id, buf, 7):

else
delayedout{port_id, flag.sw, 2);
sprintf(buf,”_MANUAL%c", EOF_});

) delayedout{port_id, buf, 8);

if(await(_GS.)) {
mou_wait{false);
return true;

}
mou_wait{false);
return false:

z commander = pc
i{nt set_ctri_auto(void)
char buf{12];

mou_wait{true);

&size))
eak;
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port_id = osjk_env.c_haus + 1;

sprintf(buf, "%c%c”._ESC_, ‘A’);
delayedout(port_id, buf, 2);
sprintf(buf,"SET AUTO%c",_EOF_);
delayedout(port_id, buf, 9);
if(await(_GS_)) {
mou_wait(false);

return true;

mou_wait(false);
return false;

/"
// commander = pc
//

int ctrl_init(void)

char buff12];
mou_wait(true);

port_id = osjk_env.c_haus + 1;

sprintf(buf,”%c%c",_ESC_, 'I');
delayedout(port_id, buf, 2);
sprintf(buf,"SYSRESET%c",_EOF_);
delayedout(port_id, buf, 9);
if(await(_GS_)) {

mou_wait(false);

return true,

mou_wait(false);
return false:

nt alarm_init(void)

char buf[12);
mou_wait(true);

port_id = osjk_env.c_haus + 1;
sprintf(buf,"%c%c",_ESC_, 'a’);
delayedout(port_id, buf, 2);
sprintf(buf,”ARMRESET%c",_EQF_);
delayedout(port_id, buf, 9);
if(await(_GS_)) {

mou_wait(false);
retumn true;

mou_wait(false);
return false;

% commander = pc
int set_ctrl_timer{(ctrl_time_t t)
char buf{7], hbu;
mou_wait(true);
hbu = osjk_env.c_haus; )
{or(osjk_env.c_haus = 0 ; osjk_env.c_haus < 7. osjk_env.c_haus++)
port_id = osjk_env.c_haus + I;

sprintf(buf, "%c%c",_ESC_, 'T');
delayedout(port_id, buf, 2);

delayedout(port_id, t.time, 7);

sprintf(buf,"%c",TEOF_);
delayedout(port_id, buf, 1);

await(_GS_);
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}

osjk_env.c_haus = hbu;
mou_wait(false);
retum true;

Z commander = pc
i{m set_ctrl_date(ctrl_date_t d)

char buf(3], hbu;
mqu_wait(tme);

hbu = osjk_env.c_haus;
{or(osjk_env.c_haus = 0 ; osjk_env.c_haus < 7; osjk_env.c_haus++)

port_id = osjk_env.c_haus + I;

sprintf(buf, “%c%c",_ESC_, ‘W');
delayedout(port_id, buf, 2);

delayedout(port_id, d.date, 7);

sprintf(buf,"%c",_EOF_);
delayedout(port_id, buf, 1)

) await(_GS_);
osjk_env.c_haus = hbu;

mou_wait(false);
return true;

// commander = pc
int set_himist_rain(int mist, int rain)

{

char buf(15);
int haus;
/rx/\ov.Lwait(true):

// set rain... ) )
flag.win_status.rain = rain;

haus = osjk_env.c_haus;
// osjk_env.c_haus = 1,
// upload_status_flag(&flag).

ior(port_id = 1; port_id <= 4; port_id++)
sprintf(buf, "%c%c%1dRAINMIST”,_ESC_, ‘!', mist*2+rain)
delayedout{port_id, buf, 11);
sprintf(buf,"%c”,_EOF_);

delayedout(s)ort._id, buf, 1)
await(_GS_):

port_id = haus + 1;
// osjk_env.c_haus = haus;

// upload_status_flag(&flag);

mou_wait(false);
retumn true;

zzoid check_rain(void)

char buf(2]={_GS_0}, ch:
int l%r}gtll, P

p=4a
delayedout(p , buf, 1);
length = 1;
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ch = 0

rwdcom(p. Snch &length);

iftch =
else

xsraxmng = true;

israining = false;

flag. win_status.rain = israining;

‘(Ioid parse_comm(void)

haus+1);

char ch = 0, bufl10}; msgl80%
int len, i, haus i, pos;

struct time t;

gettime(&t):
pos = tti_hour » 20 + tti_min / 3.

{or(haus = 0; haus < 7. haus++)

fen = 1;
port_id = haus + 1,

if(‘ctrldata_header[haus].started || ctrldata_header(haus].stoped)
continue;

if(readcom(haus+1, &ch, &len))
continue;

fori = 0: i < 1000 Vit readcom(haus+l &ch, &len))

iftch == _ESC) b
i == 1000)
continue;

mou_wait{true);
i{f (ch == _ESC.)

len = I;
for(i = 32767: 1 > 0; i—~)
if(lreadcom(haus+l, &ch, &len))
break:

v

?witch(ch)

case ‘¢’l

lstatus.,help("w?:ﬂ Aojziot B Aloiaad AU

2
for(i = 32767, i > 0, i~-)
if(freadcom(haus+1, flag.sw, &len))

break;
if(tawait(_EOF_)) {
mou_wait{false)
status_help("");
return;

}

sprintf(buf, "%c¢”,_GS_)
delayedout(haus+1, buf, 1);
watch_ctrl(haus);
log_ctrl_data(haus);

break;

IC':
A5 printf(msg, "%d AMoi717t 2 ANEE BAYULG
istatusghelp(msg).

for(i = 32767. 1 > 0; i--)
if(lreadcom(haus+1, flag.sw, &len))
break;

if(i == Q) break:

if(lawait{_EOF_)) {
mou_wait(false),
status_help("");
return;
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}

sprintf(buf, “%c”,_GS_):
detayedout(haus+1, buf, 1);
watch_ctrithaus);

log_ctrl_data(haus):
break;
case 'S’ .
sprintf(msg, “%d Aoi7]7F ¥y AMABE 2YPYo
haus+1);
status_help(msg);
{or(j =0, <8 j++)
len = 6,
for(i = 32767; i > 0; i--, delay(10))
if(‘readcom(haus+1, buf, &len))
break;
if(i == 0) break;
bufl6] = 0;
sensordatalhaus](j](pos] = atoi(buf);
if(sensordatafhaus](3)[pos] < 0.)
sensordatalhaus){3](pos] = 0.;
if(sensordatalhaus](5]{pos) > 10000.)
sensordatalhaus][5){pos] =
10000.;
if(sensordatalhaus]{4l[pos] > 10000.)
sensordatafhaus][(4](pos] =
10000.;

for(i = pos: i < 480; i++)
sensordatalhaus](j](i}

{

sensordatalhaus](j)[pos];
ifi > 0)

if(fabs((float)sensordatalhaus](j)[i-1] / ((float)sensordatalhaus](j](i-11+.001)) > 15)
sensordatalhaus](j]li] = sensordatalhaus][j](i-1];

/Y
Z At Cul #2(chl) Light Sensor was attatched....
wsensor.sdata.light = sensordatall/shauss/][2){pos);

log_sensor_data(haus, pos);
disp_sensor(pos);

break;
case ‘'s’:
status_help("&4 Aol 7]7 Bl AMAEE M),
i(f(haus > 3)
I{’or(j =0;j <8 j*+)
len = 6;

for(i = 32767, 1 > 0; i--)
if(‘readcom(haus+1,
buf, &len))

break;
if(i == Q) break;
buf(6} = 0; )
sensordatalhaus](j)[pos] = atoi(buf);
for(i = pos: i < 480; i++)

sensordatalhaus](jlli] =

{

sensordatalhaus](j)(pos);
ifti > 0)

if(fabs((ﬂoat)sensondata[haus][j‘][i-1] / ((float)sensordatalhaus](j}[i-1]+.001)) > 15)
sensordatalhaus](jl(i] = sensordatalhaus](j]li-1];

)
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}

log_sensor_data(haus, pos)
disp_sensor{pos);

break:
}

status,he {""),
mou_wait{false);

i{nt dicision_wd(int degree)

}

float d;

d = {float)degree;

ifd > 3375 1l d < 225)
return 0;

iftd > 225 && d < 6715)
return 1;

Jfid > 675 && d < 1125}
return 2;

ifld > 1125 && d < 157.5)
return 3;

ifld > 1575 && d < 2025)
return 4.

ifld > 2025 && d < 2475)
retumn 5;

if(d > 2475 && d < 2925)
return 6;

if(d > 2925 && d < 3375)
return 7,

retumn O;

i{nt loadZorchid{void)

FILE =fin;
long offset;
int i, ji
ctridata_t cth
mou_wait{true);
fin = fopen("orchid.ctl”, "r+b");
if{fin '= NULL) {

if(ctridata_header[0].elapsed < ctridata_header{0].duration} )

offset = sizeof(ctridata_header_t) + sizeof(ctridata_t)

(ctridata_header{0l.elapsed - 1)

else
offset = sizeof(ctridata_header_t) + sizeof(ctridata_t}

(ctrldata_header(0).duration - 1)

fseek{fin, offset, SEEK_SET);
fread(&ctl,sizeof(ctridata_t), 1, fin);
fclose(fin);
for(i=0: 1 < 4; i++)

for(j=0; j < 48; j++)

_ctridata_steplil(j] = ctl.ctrlitem{il.step(i}
memcpy{_ctridata_.error, ctridata_header{Ql.error, sizeof _ctridata_.error)
memcpy{_ctridata_mul, ctridata_header[0].mul, sizeof _ctridata_.mul);
memcpy{_ctrldata_.unit, ctrldata_header[0].unit, sizeof _ctridata_.unit):
memcgzy( _ctridata_, can__open_wmd ctridata_header{0}. can_open_wind,

_ctrldata_.can_open_wind

memepy{&_ctridata_.can_open_rain, &ctridata_header{0].can_open_rain,

_ctridata_.can_open_rain);

_ctridata_wind_speed = ctridata_header{0].wind_speed:

mou_wait(false);
retum true,

}
mou_wait{false);
returm false;

i(nt dnload_orchid(void)

int i, item;
char buf{15);
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if(!ctridata_header{0}.started I| ctridata_header{0].stoped)
return

false;

if("toad2orchid())
retum false;

mou_wait(tru
St helpC S 1A NARES B2 LS

sprintf(buf, “%c%cLD__TEMP”, _ESC_, ‘'@’);
delayedout(1, buf, 10);

item = 0;

if(tfawait(_RS_)) {
mou_wait(false);
status_help("");
return false;

}

delay(10);

sprintf(huf, "%c”, _ESC_):
delayedout(1, buf, 1);

t('or(i = 0; 1 < 48; i++)

sprintf(buf,"%+04d", _ctridata_.steplitem](i]);
delayedout(1,buf,4);

}
sprintf(buf,”%603d%03d%1d",_ctrldata_.error{item], ctridata_.mul{item],

ctridata_.unit(item));
delayedout(l, buf, 7);
sprintf(buf, “S6c”_EOF_);
delayedout(l, buf, 1);

i(f( lawait(_GS_))

mou_wait(false);
status_help("“");
return false:

}
status_help("");
mou_wait(false);
retum true;

/%

int check_security(void)

int ok = 0, i len. ,
(:t)ar key[lol IM' Iol IRI IOI IEI Iol I21 Ioi IAI Iol IG' Ioi I&I lol,l,(:ll '0 ,)
char send[10} = ('Z'- ’O’ ‘G- 'O’ ‘&'~ '0' 'C'- ’0’ '2'- ’0’ ‘M’-'0°,’/R'-"0* 'E’-'0"};
e ttf)g[lfm"/cspg ]°/ 9%6c%c%6c%c%c.”._ESC
o 6c26c2%6c%cY6c%crbcr%éc.” s
sprint{(but,"56c> send[0]+'0’, send[1]+'0, send(2}+"0
send[3]+0’, send[4]+'0’, send[5)+’0
send{6]+°0’, send[7]+'0"):
for(i = 0; i < 8 i++)

key(8] = 0;
for(i = 0; i < 3; i++)
( rt_id =
delayedout(3 buf, 10);
for(len = 0; len < 32767; len++) delay(0);

=9
x{f(‘readcom(S cmp, &len))

9] =
::f'(!}‘s)tmmp(anp*l key))
ok++;
break;
}
}
}
return ok,
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4o} Z233Y version 0.0
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#include <dos.h>
#include <string.h>
#include <stdio.h>
#include <stdlibh>
#include <fentlh>
#include <sys\stath>
#include <io.h>
#include <alloc.h>
#include <bios.h>

#include “

#include
#include
#include
#include ¢
#include |
#include

)

hanbgi.h”

“ascii.h”
"extkey.h”

hanbgi.h”
hanin.h”
hanlib.h”

“mywindow.h”

#include "mymenu.h”

#include
#include *
//#include
#include “
#include
#include “
#include
#include

'my scdxo h”
"asynch h*”
mux.h”
accesary.h”
ctrldata.h”

“pc2ctrl.h”
“setctrl.h”

extern char *bang [30];
extern char sstate[30][3]);
extern int printsw;

extern int fire_hi_mist_temp; // default 30 centi degree.

extern ctrl_data_t _ctridata_;
extern status_flag_t flag:

void disp_

ctrldata_h
{0 /1

|3
{o/2

temp_21(int win);
eader_t ctridata_header[MAX_HAUS] =

“Control Logic Data File v1.0",
false, //start

false, //stop

false, //ed

false, //ind

"y

HI 4008 S0 N B0 N 1 nu}

(21055)"' '
{1 1 10, 100},

"Control Logic Data File v1.0”,
false, //start
false, //stop
false, //ed
false, //ind
"o // op
000 //sd

/led

/d8ur

0 //ela

"o /m uu s o3 oer e nu)

0
(21055)' o
{1, 1,10, 100},



),
{0 /3
"Control Logic Data File v1.0,

false,
false,
false,
false, // ind
0,00,
0.0.0,
0,
0,
0!
{ Illl'l!l!,llll’""’"!&.MN’"M’”" .
{ 2, 10, 5, 5},
) {1, 1,10 100},
{0, /4
"Control Logic Data File v1.0”,
. false,
false,
false,
false, // ind
0,00,
0,00,
0,
0,
0, .
( IIll'HII,I"l'rlH'lllllrlll'lll)'lll!}'
{2 10,5, 5),
) {1, 1,10, 100},
{0, /5
“Control Logic Data File v1.07,
false,
false,
{alse,
false, // ind
0,00,
0,00,
0,
0,
0,
{ lll?,'"!'"“'""’Hﬂ‘ﬂﬂ’”ﬂ'lvu )
{ 2,10, 5, 5},
) {1, 1,10, 100},
{0 /%
"Control Logic Data File v1.0",
false,
false,
false,
false, // ind
0,00,
0,00,
0,
Ox
0,
( IIII'IIII'”II,IIII’"".”II,II" llll}
{2 10, 5, 5},
) {1, 1,10, 100},
{0, //7
"Control Logic Data File v1.0",
false,
false,
false, .
f‘a'lse, // ind
0,00,
'Or i)



-u'un'nn.nu.nn'nn'nn'nn)’
( 2,10, 5, 5},
) {1, 1,10 100},
1

int far sensordatalMAX_HAUSI{8]{480};
int disp_data_pos;

int disable_disp_sensor = false;
//void_siren{void);

int edit_waterctridata(void);

void disp_temp_hy(int win);

extemn button_t status[90L;
extern int isautomatic;

int upload_status_flag(status_flag_t tﬂa§):
int dnload_status_flag{status_flag_t flag);
int dnload_stationdata(void);

void agc.mre(void);

int dnload_orchid{void);

struct {
char crop{40):
unsigned int duration; //max 65535 days
int excess;
int syear, smon, sday: // 1994 22 22
int eyear, emon, eday;
unsigned char ctridata_fn[MAX_PATH];
unsigned char data_log_fn[MAX_PATHL
unsigned char ctrl_log_fn{MAX PATH];

\ char memol[8}[60];

temp,

void disp_cntl{void);
void log_sensor_data(int haus, int pos); // 44 A8 22
void log_ctrl_data(int haus);

char ‘WEEKU :(l'gll'llgll,llﬂll.ll$ll II%II'IJ%‘I,"E’I):
char swind_direction[8]={" & * n_&_%-,n‘n s S u’u%k‘ R - T L
char *hausnamel] = {n%}é1u'néAézn'ne_ﬂsu'a%,gdn'nogQln'noéqxzn’ no}Qan}:

config_t osik_env = {
37.0,//float latitude; // %
127.0//flcat longitude; // %
({), /fcurrent haus @A EAIHE 342

{
0, // char edited; // control data is edited?
false, // is auto
"OSJK_H1.CTL", //unsigned char ctridata_fn[MAX_PATH]
“SENS_H1”//unsigned char data log_fn[MAX PATH}
“CTRL_H1"//unsigned char ctrl_log_fn(MAX_PATH]:
{0.0,0,0,0,00,0},//unsigned char can_open_windi8;
8. //unsigned char can_open_rain:

0, // char edited; // control data is edited?

false, // is auto

“OSJK_H2.CTL", //unsigned char ctridata_fn[MAX_PATH]
“SENS_H2" //unsigned char data_log_fn[MAX PATHIL
"CTRL_H2" //unsigned char ctrl_log_fn[MAX_PATH]:
{0,0,0,0,00,0,0},//unsigned char can_open_wind(8};

8, //unsigned char can_open_rain;

-~

0, // char edited; // control data is edited?

false, // is auto

"OSJK_H3.CTL", //unsigned char ctrldata_fn[MAX_PATH]
*SENS_H3" //unsigned char data_log_fn(MAX PATHI
*CTRL_H3"//unsigned char ctrl_log_fn[MAX_PATH}:
{0,0,0,0,0,00,0},//unsigned char can_open. wind(8)

0, //unsigned char can_open_rain;
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)

0, // char edited; // control data is edited?

false, // is auto

"OSJK_H4.CTL", //unsigned char ctrldata_fn[MAX_PATH]I;
"SENS_H4" //unsigned char data_log_fn[MAX_PATH],
“CTRL_H4" //unsigned char ctrl_log_fn[MAX_PATH];
{0,0,0,0,0,0,0,0},//unsigned char can_open_wind[8];

8, //unsxgned char can_open_rain;

0, // char edited; // control data is edited?

false, // is auto

"OSJK_WI1.CTL", //unsigned char ctridata_fn[MAX_PATH]
“"SENS_W1" //unsigned char data_log_fn[MAX_PATH]J:
"CTRL_W1" //unsigned char ctrl_log_m{MAX_PATH]};
{0,0,0,0,0,0,0,0},//unsigned char can_oper._win&{8];

8, //unsigned char can_open_rain;

0, // char edited, // control data is edited?

false, // is auto

"OSJK_W2.CTL", //unsigned char ctrldata_fn{MAX_PATH]
"SENS_W?2” //unsigned char data_log_fn[MAX_PATH];
"CTRL_W2" //unsigned char ctrl_log_fn[MAX_PATH]I;
{0,0,0,0,0,0,0,0},//unsigned char can_open_wind[8];

8, //unsigned char can_open_rain;

0, // char edited; // control data is edited?

false, // is auto

"OSJK_W3.CTL", //unsigned char ctridata_fn([MAX_PATH]
"SENS_W3" //unsigned char data_log_fn{MAX_PATH];
"CTRL_W3" //unsigned char ctrl_log_fn[MAX_PATHJ;
{0,0,0,0,0,0,0,0},//unsigned char can_open_wind[8];

8, //unsigned char can_open_rain;

int set_on_off_rain(void):

int _set_item(void);
int set_pos(void);
int setprint(void):

win_popupmenu_t _environment_ =

{ 8,18, 36, 24,

WHITE, BLACK, CYAN, CYAN, BLACK, BLACK, LIGHTGRAY,

0,0
0,

true,
true,

NULL,
("edegndA),
false

se,

O

I{BLUE, BLACK, LIGHTGRAY, CYAN,

("35A #/F3 A “UC™w”",
"B AR oA 4AY,

1,
)
e

NULL,

set_rain_status,

),
{("Fogo} W& H/EZA Ao “UW,
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" B2 H/F% oy,

)
’ .

NULL.,
)a:l_wind_slulus
{29 AMAS/AE) “UP v,
Aol AE/AE AA

NULL,
set_pos

z"ewwg% SE ]
"ol HE/AT AA

)
B

win_popupmenu_t _rain_ =

{ 12,12, 34, 22, :
WHITE, BLACK, CYAN, CYAN, BLACK, BLACK, LIGHTGRAY
0,
true,
true,
NULL,
(a1 &u F AAHA"),

false

-

, //escout
false, //close & exec

=00

(o)

?LUE, BLACK, LIGHTGRAY, CYAN,
{"d% 1 “Ul“u”,

o

’il‘i’*_ VE dd/ey A9,

0,

i,

NULL,
set_on_off_rain

(¥ 2 ~U2-u”,
'1'2‘8. HY Id/e¥ A9,

0,

,2,,

NULL,

set_on_off_rain

"%_‘io‘- 3 AU3AuIl'
;3'?1 A dy/ey 497,

0,

1 3 ' ,

NULL,
set_on_off_rain

AR 4 “U4"u",
;1'?! Ay 94Y/29 49,

0,

141'

NULL,

set_on_off_rain

),
("&%1 “Us™u”,



)
h

1Y MY dY/Y dgn,
0.

g,

NULL,
set_on_off_rain
2% 2 “u”

od A Qg/ey g

NULL,
set_on_off_rain

traz 3 ~UT*u"
;3'8_ 2% 9d/ey Ay,

»

' "11 ,
NULL,
set_on_off_rain

{ha

5% 4 “U8"u
'1’4‘3! &% 942y Ky,

"
’

0,

181 R

NULL,
set_on_off_rain

’

int dlsp_po(s[61[4] =

{19, 2, 107, 14},
{19, 15, 107, 27},
{19, 28, 107, 40},

(216,192,500, 0},
{216,400,500, 0},
{216,608,500, 0}

i(nt setprint{void)

printsw = !printsw;
if(printsw)
putmsg("ZJE 2 AMAEE 2YZUD", true);

putmsg("ZJE 2 MA2AEF &A1 FFUD, tue);
sleep(1);

closemsg();
return false;

else

1(nt set_environment(void)

putmsg("B73 & o2 BAHA AYHA £HE 2 F AFUD, truek
delay(500);

closemsg();

win_popupmenu(&_environment_):

return false;

i(nt set_on_off_rain(void)

if(osjk_env.haus[osjk_env.c_haus).can_open_rain
( (0x01 << _rain_.lastsel))

strnepy (&_rain_.menul_rain_.lastsel]l.menu(12],” ° @§"7); )
osjk_env.haus[osjk_env.c_haus).can_open_rain &= (T(0x01 << _rain_.lastsel))
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} else {

strepy (&_rain_menuf_rain_lastsell.menu(12),"O €¢",7);
osjk_env.haus{osik_env.c_haus].can_open_rain |= (0x0] << _rain_lastsel)l;

osjk_env.hausfosjk_env.c_haus).edited = true;
} return false;

i{nt set_rain_status(void)
int i
for(i = 0; i < 8 i++)

if(osjk_env.hauslosjk_env.c_hausl.can_open_rain & (0x01 << i))
Istmcpy(& _rain_menulilmenu{12]"O 9¥" 7%
else

strmepy(&_rain_menuli)menu(12),” © @¥"7):
win_popupmenu{&_rain_);
return false:
1(nt set_wind_status{void)

int i, j, done = fa!se, key:
char *direc(8] = {

X
char stop(8] =

o IE Wy
nﬂ %"1” " z,‘ 3}.211 "14‘ ;g.sn n},’ ;“,41:
ué_%],lu ué_ %2» né %Bu né_ 1}4::

h
char tbl(8](8](7], bufl12}

mywindow_t wind;
button_t btn{17},speed;

setmywindow{&wind, 13, 10, 68, 23, WHITE, BLACK, CYAN LIGHTGRAY,

LUE, BLACK, LIGHTGRAY, true, true,
"“}%ﬁ- 9 3 %ojA A" false);

for(i=0; i < 9 i++)
set_button{&btnlil, 14 + 6+, 12, 20 + 6%, 13,

WHITE, BLACK,

for(i=0; i < 8 i++)
set_button(&btn[9+i], 14, 13+i, 20, 144},
YELLOW, BLACK,
for(j = 0; j < 8 j++)
for(i = 00 1 < 8 i++) .
if(osjk_env.hauslosjk_env.c_| haus] can_open_windij] & (0x01 << i)
o strepy (bIGlG)Y O ")
se

strepy (tbiGIGLY ° "%

WHITE,

pushcursor();
_showcursor = false;
iftopen_window{&wind)) {
// disp pannel
set_button{&speed, 14, 22, 50, 23,

WHITE, BLACK, GREEN,
false, false, top{il):

BLACK, CYAN,
false, false, direc(il);

WHITE, BLACK, GREEN,

WHITE, BLACK,

TAB")
open_button(&speed);

for(i=0; i < 17; i++)

false,

false,

i s 2k



open_button(&btnli));

fori = 0; i < 8 i++)

for(j = 0. j < 8 j++)

o hputsxy(7+6#j, i + 2, tbl[i)(j1)
l =

=0
disp_| butwn(&bm[pl] true);
disp_button(&btn[9+i], true);

allow_darg(false);
do {

//disp cursor
hpnntfxy(40 15,"%3d m/sec”, osjk_env.haus[osjk_env.c_haus].wind_speed);
spnntf(buf "%3d”, osjk_env. haus[os;Lenvc haus]}. wmd_speed
if(key = LEFTARROW Il key==RIGHTARROW || key = MOUKEY 1
ENDKEY) key == PGUPKEY |i key == PGDNKEY Il key == HOMEKEY |l key

disp_button(&btnlj+1), true):
if(key == UPARROW {| key == DOWNARROW || key == MOUKEY |l
key == PGUPKEY Il key == PGDNKEY ||l key == HOMEKEY |l key

disp_button(&btn[9+i], true);
hsetreverse(true);
hputsxy(7+6+j, i + 2, tbllil(i])
hsetreverse(false);
//getkey
key = hgetch();
// erase cursor
if(key == LEFTARROW || key==RIGHTARROW || key == MOUKEY ||
ENDKEY) key == PGUPKEY |l key == PGDNKEY [l key == HOMEKEY i key

disp_button(&btn[j+1], false);
ift(key == UPARROW || key == DOWNARROW || key == MOUKEY ||
ENDKEY) key == PGUPKEY |l key == PGDNKEY |l key == HOMEKEY || key

disp_button(&btn({9+i), false);
hputsxz'(%ﬁt i+ 2, thllill1);
switch(key) {

ENDKEY)

case TAB:
W1He£data("§}1ﬂ F4€¢ dF3M 8 (m/sec)”, buf, “999", ENGONLY):

OSJk_enV hauslosjk_env.c_haus).wind_speed = atoi(buf);

eak
case PGDNKEY:

7.

b

case (I)-IOMEKEY
j=

break;
case ;ENDKEY
j=7

break;
case UPARROW:
L = (if7) % 8

reak;
case DOWNARROW:

i=(+1) % &

break;
case LEFTARROW:

i =(+*7) % 8.

break:
case RIGHTARROW:

j=(+1) %8

break;
case ' "

ungetxch(DOWNARROW);

break;
case CR:

osjk_env.haus[osjk_env.c_haus].edited =

if(osjk_env.haus t&?ﬁlfnv c_.)lau)s] carLopeermdb] & (0x01 << j) {

strepy (thlfi)(3),” H -
} ( osjk_env.hauslosjk_env.c_haus].can_open_wind(i] &= ((0x01 << j)%
else
strepy (tblGIG)Y O ")
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osjk_env.hausfosjk_env.c_haus).can_open_wind[i] I= (0x01 << j);

break;

case ESC:

done = true;

break:

case MOUKEY:

if(mou_ ax > 19 && mOLLaX < 67 && mou_ay > 12 && mou_ay < 21) {

= (mou_x-7) / 6

i = mou_y-2
ungetxch(CR);

} else {
done = true;

) ungetxch(MOUKEY);

break;
} // end switch
} while(!done),
for(i=0; i < 17, i++)
. close_button(&btnli]);
close_button(&speed).
close_window(&wind);

popcursor();
retumn false;

i(n[ set_pos(void)

char buf{10];
sprintf(buf,”%3d * %02.0f\'",(int)osjk_env.longitude,

(osjk_env. Iongntude (int)osjk_env longitude)*100);
1{f win_getdata(” lé QXN Ax& (44t ##\' )?”, buf, "999 " 99\'", ENGONLY))

buf(3] = bufl7] = O;
osjk_env.longitude = atof(buf)+ atof(&bufl5})/100.;
sprintf(buf,”%2d * %02.01\'” (int)osjk_env latitude,

(osjk_env latitude-(int)osjk_env latitude)*100);
if(win_getdata("® 9 x]9 Hit(## #\')?", buf, “99 * 99\'*, ENGONLY)) {
bufl2] = bufl6] =
} osjk_env.latitude = atof(buf)+awf(&buf[4])/100.
}
retun false;

}
i(nt read_config(void)

int file;

if((file = open("OSJK_12.CFG",O_RDONLY | O_BINARY)) < 0)
return false;

read(file,&osjk_env, sizeof osjk_env);

read(file, sensordata, sizeof sensordata);

read(file, &printsw, sizeof printsw);

read(file, &fire_hi_mist_temp, sizeof fire_hi_mist_temp);

close(file);
retum true;

int write_config(void)

int file;

if((file = open("OSJK_12.CFG",O_WRONLY | O_BINARY | O_CREAT, S_IWRITE)) < 0)
return false:

write(file,&osjk_env, sizeof osjk_env);

write(file, sensordata, sizeof sensordata);

wnte(file,&printsw, sizeof printsw);

write(file, &fire_hi_mist_temp, sizeof fire_hi_mist_temp);

close(file);

return true;

z'oid disp_crop_season{void)
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nt §;
ctriprintfxy(2,1,""C4H Z B4} AWM E:"Cl %s %02d.",

osjk_env.c_haus < 4 ? "714" ""c??q"

) osjk_env.c_haus
osik envee hause Posjk env.e haus-3);

c[r]l)”nu'xy(z'z'"“o:.::;::::::::::::::::::::::::::_:::.:::::::::::::::::::::

ctrlpnntfxy(2,3°CA ¥ 2 & "CF %-.39s",

ctrldata_header(osjk_ env.c. _haus).crop);
ctripnntfxy(24,"CA< 4 2 7] “CF %05d¥”,

ctridata_header{osjk_env.c_haus).duration);
ctrlprintfxy(2,5,"°C1d 4t Ao} -A| 2 “CF %4dd %02d¥ 9602dY”,

ctrldata_header(osjk_env.c_haus).syear,
ctrldata_header[osjk_env.c_haus).smon,

ctrldata_header{osjk_env.c_haus).sd
ctriprintfxy(2,6,"“Cle] 4} Ao} "}’é}"é "CF %4d'd %02d¥ %02d4¥”,

ctrldata_header(osjk_env.c_haus].eyear,

ctrldata_header[osjk_env.c_haus].emon,

ctridata_header{osjk_env.c_haus).eday);

ctriprintfxy(2,7,"°C07 2 =7 - ‘VSd%J", ctrldata_header[osjk_env.c_haus).elapsed);
ctriprintfxy(2,8,""C0Z 3} 2}7] : 9%5dY”, ctrldata header[oslk env.c_haus].excess);
ctrlprintfxy(29,°Caxlo| =2 71% 3t *CF %-.125",

os)k_env haus[os)k_env.c_haus].ctrldata_fn);
ctriprintfxy(2,10,""C4-4 8 93 7|2 249 :"CF %-.12s",

osjk_env haus[oslk env.c_hausl.ctrl_log_fn)
ctriprintfxy(2,11,""C44A ztg 7] ﬂ%’%‘ "CF %- 125",

osjk_env.haus(osjk_env.c_haus).data_log_fn);

ctr]pﬁn[fxy(z']2""‘C1“o:::==:::::::========:=::“o Dﬂ ¥ “QOs==ssss=zss=z==z===zcssssss

for(j=0: j < 8 j++) )
} hprintfxy(2,13+j,"%-.58s", ctrldata_header[osjk_env.c_haus].memof{j));

#pragma warn -par
bool crop_hookhgetdata(int *keycodep, byte *string,

int *curpp, int *lastpp, size_t n)
?witch(*keycodep)

case UPARROW:
case DOWNARROW:

case F2:
case MOUKEY:
*keycodep = CR;
) break;
return true;

#pragma warn +par
void calc_edays(int year, int mon, int day, long duration,

*eday)
{

int *eyear,

duration += day,
rvhxle(duratlon - Year[leap(year)l{mon} > 0)

duration -= Year(leap(year)][mon];

mont++;
if(mon > 12) {
yearf#;
mon = 1;
}
}
seyear = year;

*emon = mon,
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*emon,
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}

seday = {int)duration;

im edit_crop_season{void)

mywindow_t crop_seasomn;
char buf(20}, sch;

FILE *fp;

int 1, done = falses

long fsize;

nt pos{14}{2)=

{ {16, 3},

h

{21, s},

s 6}’
(26, 9}.{26, 101.{26, 11},
12,1302 14} 2,151{ 2, 16),{ 2, 17),( 2, 18)( 2, 19){ 2, 20)

button_t btn{2];
char stext{2] =

{"#42 ESC”,
NaEa

struct date d, fr, to.
getdate(&d);

setmywindow(&crop_season, 34, 4, 95, 26, WHITE, BLACK, GREEN, LIGHTGRAY,

BLUE, BLACK, LIGHTGRAY, false, tue,
"&dd 2A71(Crop Season} H 3" false);

savescreen();
if(open_window(&crop_season)) {

{or(i =011 <2 i+4}
set_button(&btnli), 76+9si, 6, 85+9+i, 7,

GREEN, WHITE, BLACK,

74

, open_button(&btnli}):

/+ copy to temp */

strepy (temp.crop,ctridata_header{osjk_env.c_haus).crop);
_fmemcpy{temp.memo,ctridata_header{osjk_env.c_haus].memo,480);
i(f(!cu'ldata_header[osjluenv.c_haus].edited)

ctridata_header{osjk_env.c_haus].duration = 0;
ctridata_header{osik_env.c_hauslexcess = O,

temp.duration = ctridata_header{osjk_env.c_haus}.duration;
temp.excess = ctridata_header{osjk_env.c_hauslexcess;
temp.syear = ctridata_header{osjk_env.c_haus].syear;
temp.smon = ctrldata_header{osik_env.c_haus].smon;
temp.sday = ctridata_header{osjk_env.c_haus].sday;

temp.eyear = ctridata_headerosjk_env.c_haus}.eyear;
temp.emon = ctridata_header{osik_env.c_haus).emon;
temp.eday = ctridata_header{osjk_env.c_haus].eday:

strepy (temp.ctridata_fn, osjk_env.haus{osjk_env.c_haus].ctridata_fn);
strepy{temp.ctrl_log_fn, osjk_env.hauslosik_env.c_hauslctrl log_fn);
strepy(temp.data_log_fn, osjk_env.haus{osjk_env.c_haus)data_log_fn);
_hookhgetdata = crop_hookhgetdata;

pushcursor();

pushhanmode();

disp_crop_season();

_showcursor = true;

for(i = 0, i < 14 && !done) {
hgotoxy{pos{i){0l,poslil[1));
switch(i)
case 0/ ¥43&
hangulmode = true:

hgetdata(temp.crop, " XX XXX XX XXX XXXXXX XXX XXKXXKHKXXXKXKXKXXKKK" );

break:
case 1i//944Ajoi A&l

WHITE, BLACK,
false, false, textfil);

sprintf(buf, “%4dY %02d¥ 9%02d¥Y", temp.syear, temp.smon

temp.sday )



if(hgetdata(buf, "9999'd 994 9949") == CR && _lastkey == CR) {
bufld) = buff9) = buff14);
temp.syear = atoi{buf);
if(temp.syear < 1984)
temp.syear = d.da_year;
temp.smon = atoi(&bufl[7)):
if(temp.smon > 12 | tempsmon < 1)
temp.smon = d.da_mon;
temp.sday = atoi(&buf(12});
if(temp.sday > Year{leap(temp.syear)ltemp.smon] ||

temp.sday = d.da_day:

temp.sday < 1)

4 ‘ ctriprintfxy(2,7,"°C0%3 & 27] : %5dY ",
ctridata_header{osjk_env.c_haus].elapsed):
if(temp.excess < 0 II temp exces% > 1000)
excess = 0;
ctrlpnntfxy(28"“0013} 2t7] - %5dY”, temp.excess);
4 cale_edays(temp.syear,temp.smon, temp.sday,

temp.duration,
/

&temp.eyear, &temp.emon, &nemp.edayg:

4

% Ao} olid 71&,,

ctriprintfxy(25,°Clej 4 Ao} A1z "CF %ddd %02d¥9 %02d4",
temp. syear temp.smon, temp.sday);

break;
case 2./ Aoty d
sprintf(buf, "%4dd %02d¥ 902d¥Y”, temp.eyear, temp.ermon,

if(hgetdata(buf, "0999\d 994 99¥") == CR && _lastkey == CR) {
bufl4] = buff8] = buf{14};
temp.eyear = atoi(buf);
if(temp.eyear < temp. syear)
temp.eyear = temp.Syear;
temp.emon = atoi{(&buf[7]);
if(temp.emon > 12 || temp.emon < 1)
temp.emon = temp.smon;
temp.eday = atoi(&bufl12]);
if(tempeday > Year{leap(temp.eyear))[temp.smon] ||

temp.eday);

temp.eday < 1)
temp.eday = temp.sday;

fr.da_year = temp.syear;
fr.da_mon = temp.smon;
frda_day = temp.sday:

to.da_year = temp.eyear:

to.da_mon = temp.emon;

to.da_day = temp.eday:

temp.duration =(int) diff_days(fr, to);

temp.excess = O;

ctriprintfxy(2,8, '“CO&-»} 271 1 %5dY”, temp.excess)

/*

temp.duration,

calc_edays(temp.eyear,temp.emon, temp.eday

Sj,temp.eyear, &temp.emon, &temp.eday);
}
/
;/";” Aol oy 718
ctriprintfxy(2,6,"°Cled ¢ Aol ol Y "CF %4dd %02d¥ %02dY”
temp.eyear, temp.emon, temp.eday);
gtrlprintfxy(?,4,”‘CA°ﬂ 4 2 7] “CF %05dY”, temp.duration);
reak;
case 3//Alejeel7) 28Uy

_hangulmode = false:
hgetdata{temp.ctridata_fn,"Xxxxxxxxxxxx");
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break;

case 4/4 Y7 Z8YY
_hangulmode = false;
hgetdata(temp.ctri_log_fn,"xxxxxxxx");
ch=strchr{temp.ctrl_log_fn,".’):
if(ch) sch = Q;

break.
case 5//4M AR E%AY
_hangulmode = false;
hgetdata(temp.data_log_fn,"xxxxxxxx");
ch=strchr(temp.data_log_fn,".");
if(ch) sch = 0;
break.
case 6: case 7:case 8 case 9: case 10: case 11: case 12: case 13
/iR
_hangulmode = true:

hgetdata(temp memoli =6, XX XXX XXX XXXXXX XKXKXHKXKXKKKKXKKXXKK KX XXX XXX KXXKKXXXKKKXXKX XX )

"rab);

"web");

break:

(switch(_lastkey)

case ESC:
done = true;
break;

case F2:
//save;
strepy(ctrldata_header[osjk_env.c_haus].crop,temp.crop);
_fmemcpy(ctridata_header{osjk_env.c_haus].memo,temp.memo,480);
ctrldata_header[osjk_env.c_haus].duration = temp.duration;
ctrldata_header{osjk_env.c_haus].syear = temp.syear;
ctridata_header{osjk_env.c_haus].smon = temp.smon;
ctrldata_header[osjk_env.c_haus].sday = temp.sday;

ctrldata_header[osjk_env.c_haus].eyear = temp.eyear:
ctridata_header{osjk_env.c_haus).emon = temp.emon;
ctridata_header[osjk_env.c_haus) eday = temp.eday;
ctrldata_header{osjk_env.c_haus) excess = temp.excess;

strepy (osjk_env.haus{osjk_env.c_haus).ctridata_fn,temp.ctridata_fn);
strepy (osjk_env.haus(osjk_env.c_haus].ctrl_log_fn,temp ctrl_log_fn);

strepy (osjk_env haus(osjk_env.c_haus].data_log_fntemp.data_log_fn),

ianaanninniog
ctrldata_header{osjk_env.c_haus).mul(0] = 1;
ctrldata_header{osjk_env.c_haus).mui(1)} %0

ctridata_header{osjk_env.c_haus].mul(2]

osjk_env.haus[osjk_env.c_haus].edited = true;
ctridata_header{osjk_env.c_haus).edited = true;
ctrldata_header(osjk_env.c_hausl.init = true;
Z update each file

if(laccess(osjk_env.haus[osjk_env.c_haus] ctrldata_fn, 0))

= fopen(osjk_env.haus(osjk_env.c_haus).ctridata_fn,

else

fp = fopen(osjk_env.haus[osjk_env.c_haus].ctridata_fn,

if(fp '= NULL) {
fseek(fp, 0, SEEK_SET);

fwrite(&ctrldata_header[osjk_env.c_haus),

sizeof(ctrldata_header_t), 1, fp);

fsize = sizeof(ctrldata_header_t) + sizeof(ctrldata_t)

ctrldata_header[osjk_env.c_haus].duration;

chsize(fileno{fp), fsize);

fclose(fp);
} else
puterror("3} ol & #7} gl&dyd”),
done = true;
break;
case UPARROW:

i=G+13) % 14;

*



break,

case MOUKEY:
swmch(process button{btn, 2)) {
cas
ungclxch(E‘BC)
break:
case 1!
ungetxch(F2);
) break;
break;
case DOWNARROW:
default:
t=0+1)% 14
break;

}

}
for = 0.1 < 2 i+4) {
close_button{&btn{il):

close_window(&crop_season);

popcursor();
pophanmode();

restorescreen();
_hookhgetdata = NULL:

}retum false;

i{nt show_ctridata_info(void)

char week;
mywindow_t info_w:
struct date d;

float freem,

1f(*ctrldata_header[osjk_env.c_haus].started
o eTor A E ARy g

else if(ctridata header[os k_env.c_hausl.stoped)
puterror(” | e

setmywindow(&info_w, 34, 4, 95, 24, WHITE, BLACK, DARKGRAY, LIGHTGRAY,
BLUE, BLACK, LIGHTGRAY, false, true,
"& QAo A B false);

savescreen();

freem = farcoreleft();

if(open_window{&info_w)}) {

getdate{&d);
week = (getweek(d.da_year, dda_mon) + ddaday - ) % 7:
ctrlprintfxy(2,2,°C4-& 4 ¥ &:°Cl %s %02d.",

osjk_env.c_haus < 4 ? "7]A"oEy”,

osjk_env.c_haus < 4?7 osjk_env.c_haus + 1 @ osjk_ env.c_| haus-3);
‘ctriprintfxy(2,3,""COY| “H 3} B:°CF %-s.” crldata_header{osik_env.c_hausl.crop):

ctriprintfxy(24,°CO® A @& R CF %ddd %0248 %02d¥ (%sfY)", dda_year, dda_mon
d.da_day, WEEK[week]) o
cn—lpnntfxy(z QzzzzezsczsrcrzsssssscossszEsSTsSEoszsssoozszgssSSS==sss=sssTgl);

— ctripnntfxy(Z?”‘Clﬂlﬂ)\]Z}"é "CF %4d\d %02d¥ %02dY ~ClAMeiet3U:"CF %4dd %024 ¥
% "

ctridata_header{osjk_env.c_haus).syear,
ctridata_header{osik_env.c_haus].smon,
ctridata_header{osjk_env.c_haus).sday,
ctridata_header{osik_env.c_haus] eyear,
ctridata_header{osjk_env.c_haus}.emon,

ctridata_header{osjk_env.c_haus).eday
ctriprintfxy(2,9,7C0el] 4 1“““ 27):°CF %5d 4",

_23?_



ctridata_header{osjk_env.c_haus).duration
ctriprintfxy(2,10,"~C073 7~l"l ’4’71 ~“CF %5d 4",

ctrldata_header{osjk_env.c_haus).elapsed);
ctrlprintfxy(2,11,""C0x 7 Qv 27]|:"CF %5d ¥*,

ctridata_header{osjk_env.c_haus).excess);

culprintfxy(2,13,°C4&49 AAH HA~Cl ($74] %30f° %0201\

osjk_env.longitude,

%02.00\"",

(osjk_env.longitude-(int)osjk_env.longitude)*100,

osjk_env latitude,

(osjk_env latitude- (int)osjk_env latitude)*100);

ctriprintfxy(2,15,""C4 o} 7] 2] €4 X E: IRQI0, 8 X E, 500H, 500bytes buffe:”),
ctriprintfxy(2,16,""C4A} 8- 7} ¥ A2 a:"Cl %. 0f(9’ 1f k) bytes” freem,freem/1024

ctrlprintfxy(1,18,"C1"'R €4x)7] A 12 ¥. Copyright 199495 543 Y FE Co. r):

. pushcursor();
_showcursor = false;
hgetch();
popcursor();
close_window(&info_w);

restorescreen();
return false;

i(nt edit_weater_water_ctrldata(void)
switch(osjk_env.c_haus)

case (: case 1: case 2: case 3:
edit_ctrldata();
break;

case 4: case 5 case 6:
edit_waterctrldata();
break;

return false;

im edit_ctrldata(void)

ctridata_t tmpdata, tmpdata2;
FILE #fin;
mywindow_t info_w.
button_t btn[20];
int hkey[20] =
LEF’I‘ARROW RIGHTARROW, UPARROW, DOWNARROW,
‘+'  PGUPKEY, PGDNKEY HOMEKEY ENDKEY
FS FG 'F10, ESC, F2 CR, ALTl ALT_2, ALT_ 3, ALT_a)
int 1, items = 0, key, done = false, redraw = true, step = 0, day = 0;
int last_item = -1
int pos(20](4] =

{27, 24, 31, 25},
{31, 24, 35, 25},
{35, 24, 39, 25},
{39, 24, 43, 25},
{43, 24, 53, 25},
{53, 24, 63, 25},
{63, 24, 73, 25},
{73, 24, 83, 25},
{83, 24, 93, 25},
{93, 24, 103, 25},
{27, 25, 40, 27},
{40, 25, 53, 27},
{53, 25, 63, 27},
{63, 25, 73, 27},
{73, 25, 83, 27},



{83, 25, 103, 27},

select item

, 5, 103, 7 },
7, 103, 9 },

{92, 9, 103, 11},

(92,11, 103 13 )

int scale[4] = {4, 2, 2, 4}, scrollbar, cyr, cmon, cday:
float max, min, mean:

struct date d;

int sh, sm, eh, em;

char 'texttZO

(nun nmu "A" nvu

no“)‘ _n u g ’u ug“&‘_. P U " "'ﬂ& P Dnu u)i 8_ Homen ".11 Endu
%xla l:sn 117“%;‘% Fsu "9_;} F]Ou uﬂ}\ ESCI! I'%i Fzrl "H zJ. Bn
"%E @lu uﬁ_s_ @2/1 ucoz @3/' "%E @4"}

char buf[80);
({:har *report(4]{4] =

{"clI"CCY"CF  #HALZ="c7""clI"C0V'CF HHLZE"c7","cl"C2V'CF HTLe

“c7","c1"CBY"CF 44 &%"c7"},

{"cl"CCY"CF  HIEE"CT"cI'COVCF HAHFE"T"cI'C2V"CF AZEE

°c7","°c1"CBY"CF A3 ¢ X" c7"},

("cl"CCY*"CF _#3x CO2c7""cl"COY"CF HA CO2c?""c1"C2¥"CF #@

C02°c7","c1"CBY"CF AA C02°c7"}

("c1"CCY"CF  HRBFE"CT""cI"COVCF  HHAFE T "cl'C2V"CF  HERE

“():7",”“cl”CBV‘CF A FE"cT)

BLACK,

lf(!ctrldata_header[o jk_ envc _haus].init)
puterror("2f 717} 4 A = of 9&11 daud. 44 zAsigd d3PiAan),
return false;

}

for(ii = 0 ; ii < 20; ii++) {
set_button(&btnlii}, posliil(0],posiill1] poslii)(2),posliil(3],
WHITE, BLACK, ii < 16 ? LIGHTGRAY:GREEN,ii < 16 ? LIGHTGREEN:WHITE,

false, false, textlii]);

)

sprintf(buf," A AMoi P B HA7| : %02d ¥ 24", osjk_env.c_haus + 1);
setmywindow(&info_w, 25, 3, 04 23, WHI’I‘E BLACK, GREEN, BLUE,
WHITE, BLACK, LIGHTGRAY, false, true,
buf, false):
memset(&tmpdata, 0, sizeof(ctrldata_t));
memset(&tmpdata2, 0, sizeof(ctrildata_t));
savescreen();
if(open_window(&info_w)) {
pushcolor();
hsetbkcolor(LIGHTGRAY);
hsetcolor(BLACK);
allow_darg(true):

hsolidbarpxy(-208,-63, -511, -280, LIGHTGRAY):

rectangle_3d(208, 63, 511, 280, WHITE, BLACK).

// file open

mou_wait(true);
copyfile(osjk_env.hauslosjk_env.c_hausl.ctrldata_fn, “_ctrl_.$$$");
mou_wait(false);

fin = fopen(osjk_env.haus[osjk_env.c_haus).ctridata_fn, “r+b”)
i(f(fm = NULL)

for(ii = 0; ii < 20; ii++)
open_button(&btnfiil);
ctriputspxy(8,282""C3"cF R AN N NEENEENENEEREEREREN

REERREREE RIDrCO°c7");

if(ctrldata_header[osjk_env.c_haus].elapsed)

day = culdam_heada{OSJLenv ¢_haus].elapsed-1;
else

da
while(!done)

if(redraw) {

fseek(fin, (long)sizeof(ctrldata_header_t) +
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(long)sizeof(ctridata_t) + (long)day, SEEK_SET),

LIGHITGRAY);

? 510, BLACK);

262,"%602d", ii / 2);

24, 10, BLACK);
+ 16, "%2d * C", 50-ii);

(£ %3d ° C)"C0~c7",

{
24, 10, BLACK);
+ 16, "%3d %%", 100-ii);

[£ %3d %%1°C0°c7”,

{
24, 10, BLACK);
+ 16, "%4dppm”, 1000-ii*10);

[+ %4dppm]~C0"c7”,

24, 10, BLACK);

fread(&tmpdata2, sizeof(ctridata_t), 1, fin);
if(tmpdata2 init{items])
tmpdata = tmpdata?;
i{f(last_inem = itemsll key == F10)
hsolidbarpxy(-209,-80, -508, -263,
disp_button(&btn[16+items), true);
hhline(80,260,420, BLACK):
hvline(80,20,240, BLACK);
hprintfpxy(30, 262," A1z} —");
for(ii = 0, 1) < 48; ii++) {
hvline(ii*8+115, ii % 2 ? 255:250,ii % 2
if(ii % 4))
hprintfpxy (ii*8+108,
}
?witx:h (items)
case 00 // &%
for(ii = 0; ii <= 50; 1+=10) {
hhline(80, ii * 4 +

hprintfpxy(30, ii * 4
}
ctrlprintfpxy (530, 282,"“c2°CF

ctrldata_header(osjk_env.c_haus).error{items])
. ctrldata_header[osjk_env.c_haus].mul[items});

reak;
case I: // €%
forii = 0; ii <= 100; u+=10)

hhline(80, ii * 2 +
hprintfpxy(30, il * 2

}
ctriprintfpxy(530, 282,""c2°CF

ctridata_header{osjk_env.c_haus].error[items]
« ctrldata_header[osjk_env.c_haus).mul(items));

break;
case 2: // o4t
for(ii = 0, ii <= 100; ii+=10)

hhline(80, ii » 2 +
hprintfpxy(22, ii * 2

}
ctrlprintfpxy(530, 282,""c2"CF

ctridata_header{osjk_env.c_haus].error{items]
* ctrldata_header[osjk_env.c_haus].mul[it:arﬂs]);
reak;
case 3 // =% .
for(ii = 0; ii <= 50; ii+=10) {
hhline(80, ii = 4 +
hprintfpxy(10, ii * 4

+ 16, "%2dkW/m, “, (5000-ii»100)/1000);

+9%4dW/m, ~C0"c7”,

}
ctriprintfpxy(530, 282,"°c2"CF
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ctridata_header{osjk_env.c_haus].error{items]

+ ctridata_header{osjik_env.c_haus]l.mullitems]);
) break;
for(ii = 0; i1 < 4; ji++)
ctriprintfxy(67, & =+ 2 + 10

reporthitems]fiil): .
last_item = items:

redraw = false;

)

// draw cursor
for(ii = 0 i < 48 ii*+) .
hprintfpxy (8+#(14+ii), 216-tmpdata.ctrlitemlitems].steplii] «
scalelitems],”-"%

for(1i=0, max = 0; ii < 48; ii++) {
if(tmpdata.ctriitem[items].stepliil > max)
max = tmpdata.ctriitem{items).stepliil;

}

for(ii=0, min = tmpdata.ctrlitem[items).step[0); ii < 48; ii++) {
if(tmpdata.ctrlitemliterns].steplii] < min)

) min = tmpdata.ctriitern{items].stepfii};

for(ii=0, mean = 0; ii < 48; ii++) {

} mean += tmpdata.ctriitern[items}).stepliil / 48.;

?witch(ntems)

case O .
ctriprintfxy (68, 11, ""c1"CF%4.1f "C ~C0°c?",

ctriprintfxy(68, 13, ""cl"CF%4.1f “C ~C0°c7",
ctriprintfxy (68, 15, ""c1"CF%4.1f *C “C0°c7”,
ctriprintfxy{(68, 17, "¢c1"CF%4.1f “C *C0°c7",

max * ctridata_header{osjk_env.c_haus].mullitems});
min* ctridata_header{osjk_env.c_haus].mulfitems}):

means ctrldata_header{osjk_env.c_haus].mullitems});

{float)tmpdata.ctrlitem{items].steplstepl* ctridata_header{osjk_env.c_hauslmulfitems}:

break;
case 1:
ctriprintfxy(68, 11, ""c1"CF%4.1f %%
“C0°c7", max» curldata_header{osjk_env.c_haus) mullitems])
ctriprintfxy(68, 13, "“cl"CF%4.1f %%
“C0"¢7”, mun* ctridata_header(osjk_env.c_haus).mullitems));
ctrlprintfxy(68, 15, “"c1"CF%4.1f %%
“C0°c7”, mean* ctridata_header{osjk_env.c_haus].mullitems]);
ctriprintfxy(68, 17, ""c1"CF%4.1f %%

“COcT",
{floatitmpdata.ctrliteml{items].steplstep]= ctrldata_hea@er[osjk_,env.c_haus]mul[items}):
case 2 break
ctriprintfxy(68, 11, "“cl"CF%6.1f ppm"C0°c7”,
ctriprintfxy (68, 13, ""cl"CF%6.1f ppm~C0"c7",
ctriprintfxy(68, 15, “"c1"CF%6.1{ ppm~C07c7",

ctriprintfxy(68, 17, ""c1"CF%6.1f ppm-C0"c7",

max* ctridata_header{osjk_env.c_haus].muilitems)),

mun* ctrldata_header{osjk_env.c_hausl.mullitems]):

mean* ctridata_header{osjk_env.c_haus].mulfitems));

(float)tmpdata ctrlitem{items].step{step]* ctridata_header{losjk_env c_haus].mullitems});
case 3 break;

ctriprintfxy (66, 11, "c1"CF%6.0fW/m, “C0°c7",
ctriprintfxy(66, 13, “"c1"CF%6.0fW/m; “C0"c7”,
ctriprintfxy (66, 15, "“c¢1"CF%6.0fW/m, ~C0"c7”,

ctripnntfxy(66, 17, ""¢1"CF%86.0fW/m, “C0"c?",

max* ctrldata_header[osjk_env.c_haus).mullitems));
mun* ctridata_headerlosjk_env.c_haus].mullitems})

mean* ctridata_header{osjk_env.c_haus].mullitems]);

(float)tmpdata.ctrlitemlitems].step[step]* ctrldatal;header[osjk,_env.c_haus].mul[items]):
reak.:
}
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ctriprintfpxy(8+(14+step),216 - tmpdata.ctrlitem(items).step{step] «

scale{items] ,
tmpdata2.initlitems] ? “"CA"A-"a"C0":""CC"A-"a"C0"

(dav)) 24 scrolibar = (mt)(464 / (ctridata_header{osjk_env.c_haus].duration-1)
* ay))+24,

ctriputspxy(scrollbar,282, “"CF-c0"All"a"C0"c7");
calc_edays(ctridata_header{osjk_env.c_haus].syear,
ctrldata_header{osjk_env.c_haus).smon,

ctridata_header{osjk_env.c_haus).sday,

day, &cyr,
&cmon, &cday);
d.da_year = cyr;
d.da_mon = cmon;
d.da_day = cday;

getsunrise(d, &sh, &sm, &eh, &em);
ctrlpnntfpxy(sh*lG*l15+smt16/60 -48,232,"*CE 1% “C0");
ctriprintfpxy(eh*16+115+em#*16/60- 48.232"°C0 od ~C0");

hsetcolor(BLACK);
ctriprintfxy(3, 1, ""U%2dAN %02d¥ < %sAd > [ %3d¥ / %3d

step / 2, step % 2 ? 30:0,
ctridata_header{osik_env.c_hausl.individual ? "7l

4] [%4dd %2d¥ %2d¥L]"u”,

0,

. day + 1ctridata_header{osjk_env.c_hausl.duration,
d.da_year, d.da_mon, d.da_day);

// get key

key = hgetch();

// earse cursor
for(ii = 0; ii < 48; ii++)
ctriprintfpxy(8+(14+ii),216 - tmpdata.ctrlitem(items).step(i]
« scalelitems] ,” ")

?witch (key)

case '+'! case PGDNKEY: case ’'-'' case
PGUPKEY: case HOMEKEY: case ENDKEY:
case MOUKEY:
ctriputspxy(scrollbar,282, "“C3l~C0");
break:

case CR: case F2:
tmpdata.init{items] = true;
tmpdataZ2.initlitems] = true;
fseek(fin, (long)sizeof(ctrldata_header_t)
fwrite(&tmpdata, sizeof(ctrldata_t), 1,
osjk_env.haus[osjk_env.c_hausl.edited =

break;

+ (long)sizeof(ctridata_t) * (long)day, SEEK_SET);
fin);

true;

}
?wiwh(key)
case ESC:
if(osjk_env.hauslosjk_env.c_haus].edi

ted)
if(askanswer("8 A Y RNE A
break;

A7, false) '= true)
fclose(fin);

copyfile(”_ctrl_$$%” osjk_env.haus(osjk_env.c_haus].ctrldata_fn);
remove(”_ctrl_.$3%$");

done = true;
b ;
Case I_I.
if(day > O)
day --;
redraw = true;
break;
case '+

if(day <
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ctridata_header{osjk_env.c_hausl.duration - 1)

scalelitems] )

tmpdata.ctrlitem[items).steplstep]++;

tmpdata ctrlitem[items].steplstep]-~;

ctridata_headerfosjk_env.c_haus] duration)

ctridata_header{osik_env.c_hausl.duration - 1;

/ scalelitems] )

tmpdata.ctrlitem{items].steplii]++;

tmpdata.ctrlitem(items].stepliil--;

/ scalelitems] )

tmpdata.ctrlitem{items].stepfii] ++:

day++,
redraw = true;
break;
case UPARROW:

iftmpdata.ctrlitemliterns].step{step] < 200. /

gsjkr(env.haus[osjk_env.c_haus}.edited = true:

reak,

case DOWNARROW:
if(tmpdata.ctrlitemlitems).steplstep] > 0)

osjk_gnv.haus[osjk_env.c_haus].edited = true;

reak;
case LEFTARROW: case '4"
if(step > 0)
step~--;

break;
case RIGHTARROW: case "6':
if(step < 48-1)

step++;
break;
case PGUPKEY:
if(day - 7 > 0)
day -= 7,
else
day = O;
redraw = true;
break:
case PGDNKEY:
if(day + 7 <
day += 7,
else
day =
redraw = true;
break;
case HOMEKEY:
day = O
redraw = true:
break;
case ENDKEY:
day = ctrldata_header[osjk_env.c_haus).duration
redraw = true;
break;

case '8"
for(ii=0; ii < 48, ii++)
if(tmpdata.ctriitem[items].steplii] < 200.

osjk_env.haus[osjk_env.c_haus].edited = true;
break;
case ‘2"
for(ii=0; ii < 48; ii++) )
if(tmpdata.ctrlitem[items].steplii] > 0)

osjk_env.hauslosjk_env.c_haus).edited = true:
break;

‘ for(ii=0; ii <= step; ii++) .
if(tmpdata.ctrlitem[items].step(ii] < 200.

osjk_env.haus[osjk_env.c_haus].edited = true;
break:
case '1”:
for(ii=0; ii <= step; ii++) .
if(tmpdata.ctrlitem(items).stepliil > 0)
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tmpdata.ctriitem{itemsl.stepliil--;
osjk_env.hauslosjk_cnv.c_haus).edited = true;
break:
case ‘9"
for(ii=step;f(ii ;d‘;& ii*l'l) 0 1 steplii] < 200
if(tmpdata.ctrlitem(items].steplii] < .
/ scalefitems] )

tmpdata.ctrlitem[items].steplii}+ +;
osjk_env.haus[osjk_env.c_haus).edited = true;
break;
case ‘3"
for(ii=step; ii < 48; ii++)
if(tmpdata.ctrlitem{items).steplii] > 0)

tmpdata.ctrlitem(items).steplii}--;
osjk_env hauslosjk_env.c_haus).edited = true;
break;
case MOUKEY:
il = process_button(btn, 20):
ifii >= 0)
ungetxch(hkey(iil):
else
if{lmou_x > 14 && mou_x < 63) && (mou_py
< 224 && mou_py > 22) {
step = mou_x - 15;
ctriprintfpxy(8+(14+step),216

1

tmpdata.ctrlitem(items).step(step] * scalelitems] ,” “);
tmpdata.ctrlitemfitems].stepstep] = (224 - mou_py) / scalelitems];

osjk_env.hausfosjk_env.c_haus).edited = true; |
else
i(f(mou_py > 282 && mou_py < 298)

if{mou_px > 8 && mou_px < 24)
ungetxch('-');
%) else if(mou_px > 504 && mou_px <
520
ungetxch('+’);
else iflmou_px > 24 && mou_px <
504) {

24) = (float)(ctrldata_header(osjk_env.c_hausl.duration) / 480);

day =(int)((float}(mou_px -
redraw = true;

}
break;
case F10:

sprintf(buf,”%3d" ctrldata_header{osjk_env c_haus].error{items)), i
if(win_getdata("2 2t2] ¥ & YA AHL", buf,
“999", ENGONLY))

ctridata_header{osjk_env.c_haus).errorlitems] = atoi(buf);
redraw = true;
break;
case F2:
// save
if(‘ctrldata_header{osjk_env.c_hauslindividual) {
utmsg( LI I AT s A A7 E BT

tmpdata.init{0] = tmpdata.init{l] = true;
fseek(fin, 0, SEEK_SET);

T8 AP, wue);

fwrite(&ctrldata_header(osjk_env.c_haus), sizeof(ctrldata_header_t), 1, fin);

for(ii = day. il <
ctridata_header{osjk_env.c_haus).duration; ii++)

{
fseek(fin,(long)sizeof(ctrldata_header_t) + (long)sizeof(ctridata_t) » (long)ii, SEEK_SET).
fwrite(&tmpdata,
sizeof(ctrldata_t), 1, fin);

closemsg();



fclose(fin);
remove(”_ctrl_$$$");

osjk_env.haus[osjk_cnv.c_bausl.edited = true;

port_id = osjk_env c_haus + 1.

dnload_ctrldata(osjk_env.c_haus):

done = true;
break.
case F5:
ctridata_header[osjk_env.c_haus).individual
false;
break;
case F6:
ctridata_header{osjk_env.c_haus).individual
true;
break.
case ALT_l:
case ALT_2'
case ALT_3"
case ALT_4
disp_button(&btn[16+items), faise)
(switch(key)
case ALT_l:
break;
case ALT_2:
break;
case ALT_3:
break;
case ALT_4:
break; )
redraw = true:
break:
}
} else
puterror("37]3}Y4 & 4 F£71 dFUI");
allow_darg(false);
for(ii = 0; ii < 20; ii++)
close_button(&btnliil);
popcolor();
close_window(&info_w);
restorescreen();
return false;

km edit_waterctrldata(void)

ctridata_t tmpdata;

FILE *fin,

mywindow_t info_w;

button_t btn[16];

int hkey(16] =

{ LEFTARROW, RIGHTARROW, UPARROW, DOWNARROW,

'-’, '+, PGUPKEY, PGDNKEY, HOMEKEY, ENDKEY,
F5, F6, TAB, ESC, F2, CR}.

int ii, items = 0, key, done = false, redraw = true, step = 0, day = 0,

system = 0;
int pos[16](4] =
{27, 26, 31, 27},
{31, 26, 35, 27),
{35, 26, 39, 27},
{39, 26, 43, 27},
{43, 26, 53, 27},
(53, 26, 63, 27},
{63, 26, 73, 27},
{73, 26, 83, 27},
(83, 26, 93, 27),
{93, 26, 103, 27}
{27, 27, 40, 29},
{40, 27, 53, 29},
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(53, 27, 63, 29},

{63, 27, 73, 29),
{73, 27, 83, 29},
{83, 27, 103, 29},

int /*scale[4] = (4, 2, 2, 4),+/ scrollbar, cyr, cmon, cday;
struct date d
int sh, sm eh em;
char ‘texttl?]

(uuu umn u‘u uvu

= i

““g 4»" ng}% P U unﬂg P Dn""ﬂ% Home"" End”

"wzw For AN o d/E TAB 8~ BS C're8 F2", A% B,

char buf(80);

if(Ictrldata_header{osjk_env.c_haus}.init)
puterror(" 2217} 4 sl of ?Jxl ey AX 2ANE AAHA8Y),

return false;

}

for(ii = 0; ii < 16; ii++) {

set_button(&btnfii}, pos[u][O],pos[n][l] poslii]{2],poslii) (3],
WHITE, BLACK, LIGHTGRA Y, LIGHTGREEN, BLACK,
false, false textfii]);

}
sprintf(buf, "A] %d
setmywindow(&info_w, 25, 3, 104, 31, WHITE, BLACK, GREEN, LIGHTGRAY,

FAH A A AAHPP HAY7)”, osjk_env.c_haus-3);
WHITE, BLACK, LIGHTGRAY, false, true,

buf, false);
memset(&tmpdata, 0, sizeof tmpdata);
savescreen();
if(open_window(&info_w)) {
pushcolor(),
// hsetbkcolor(BLUE);
/ hsetcolor(WHITE);
allow_darg(true):
/ hsolidbarpxy(-208,-63, -511, -280, LIGHTGRAY);
/! rectangle_3d(208, 63, 511, 280, WHITE, BLACK),

EENERNE R TCO

Bl

// file open

mou_wait(true),
copyfile(osjk_env.haus{osjk_env.c_haus].ctridata_fn, “_ctrl_.$$%").
mou_wait(false).

fin = fopen(osjk_env.haus[osjk_env.c_haus].ctridata_fn, “r+b”);
if(fin '= NULL)

for(ii = 0; ii < 16; ii++)

open_button(&btnliil);
ctrlpu)tspxy(S ,282+32,°C3cFRU rAANEENEEEEEEENEEEEEEEREN

if(ctridata_header(osjk_env.c_haus].elapsed)

day = ctridata_header{osjk_env.c_hausl.elapsed-1;

else

day = O

hhline(30,260+32,470, BLACK);
hprintfpxy(30, 262+32,"A & —"),;
for(ii = 0. ii < 48; ii++) {

)

hvline(ii*8+115, ii % 2 ? 255+32:250+32,ii % 2 ? 5:10, BLACK);
if(1(ii % 4))
hprintfpxy(ii*8+108, 262+32,"%602d", ii / 2);

églp;’lr;tfxy(zz "*C1°cF pH A ENEEENENENENEENAREEEREEN
ctriprintfxy(24,°C1°cF~ EC A HANERNEENENEENEEERENEEREE

mS “C0°c7");

‘e Cgolpnn)tfxy(ZG”“Cl “cF TEMP AEENNTNEEEEEENEESENEEENER
E:Cu-(l)gn7nt)fxy(28”“Cl cF DO FENEENNENNEEEEEREENEEENEE

ppm " ;



for(ii = O i < 41 qivs)
{

Vi ctripnntfxy(28+2+i,"°C1°cFPROGRAM %d HHEENENRERE
EEEEREEENERNENE C0c7i+1);

ctriprintfxy (2,101 2#ii,""C1"¢FPROGRAM %d HEENENEENE
llllllllll}lllll‘cov",,; ')

fseek(fin, (long)sizeof(ctridata_header_t) + (long)sizeof(ctridata_t} + (long)day,

SEEK_SET); )
fread(&tmpdata, sizeof(ctridata_t), 1, fin)
while(!done)
~if(redraw) {
ctriprintfxy(67,2,""C1°cF%4.1f", tmpdata.ctrlitem[0}.step[0] / 10.);
/MAX 14

ctriputspxy(88+tmpdata.ctrlitem[0].step{0] * 2.85, 16,

items ==
0?7 "CC%cl"A | "a"CO 7 CFcl"A | "a"C0°c?")
JMAX § ctriprintfxy(67,4,""C1°cF%4.1f" tmpdata.ctrlitem{0].stepll] / 10.):
1 !

ctriputspxy(88+tmpdata.ctrlitem(0].step{1] * 8, 48,

17 ""CCel™A | "a™COc7™""CFcl1"A | "a"C0%?").
ctriprintfxy(67,6,”"C1"cF%4.1f" tmpdata.ctrlitem([0).step(2] /10
//MAX 50

ctriputspxy(88+tmpdata.ctrlitem([0].step{2] » 8, 80,

27 "CCcI"A | "a"COc7"“CFcl"A | “a"CO°c¢7"):
ctriprintfxy(67.8,"°C1"cF%4.1f" tmpdata.ctrlitem{O).step[3] / 10.);
//MAX 14

ctriputspxy(88+tmpdata.ctriitem([0].step{3] » 2.85, 112,
3?7 "“CCel"A | "a"COc7""CFcl”A | "a"C0cT")

items ==

items ==

{or(ii = 0 i < 4 dite)

ctriprintfxy(64,10+2+ii,""C1"cF%602d:2602d> %04d - 2604d",
tmpdata.ctrlitem{system].steplii+4] / 2,
tmpdata.ctrlitem{system).steplii+4] % 2 ? 30:0,
tmpdata.ctrlitem{system].stephi+8],
tmpdata.ctrlitem{systeml.steplii+12] );

* 8, /«112%/144+ 32sii,

items == ii+4? ""CCcl"A | “a‘OO“c'i""'"}CF"cl"A | ~a"C0™ ")

ctriputspxy(108+tmpdata.ctrlitem(system].steplii+4]

hprintfxy(2,26,"[pH]-[.%61d]-[EC]-[ %602d]-[Templ-{%2d] LI F10°,
ctridata_header{osjk_env.c_haus].error|
ctridata_headerfosjk_env.c_hauslerror{l},
ctridata_header{osjk_env.c_hauslerror{2})

(=]
s

// draw cursor )
scrollbar = {int}{464. / (ctridata_header{osjk_env.c_hauslduration-1) =

ctriputspxy(scrollbar,/*282+/314, ""CF c0"AM 2"C0"c7");

(day))+24,

calc_edays{ctridata_header{osjk_env.c_haus}.syear,
ctridata_header{osjk_env.c_haus).smon,
ctridata_headerfosjk_env.c_haus).sday,

day, &cyr, &cmon,

&cday)

d.da_year = cyr;

d.da_mon = cmon;

d.da_day = cday:

getsunrise(d, &sh, &sm, &eh, &em); R

ctriprintfpxy(sh*16+115+sm*16/60-48,/+232+/264," CE o ; C0");

ctriprintfpxy(eh»16+115+em*16/60-48,/+232+/264,""CO 3 Co"):
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hsetcolor(BLACK);

if(items > 3)
step = tmpdata.ctrlitem[system).step[items);

' ' | curlprintfxy(3, 1, “9%2dAl %0243 < %s*ld > [ %3d9) / %3del | (%4d
LRI R/ S B

step / 2, step % 2 7 300,

ctridata_ headerfosjk_cnv.c_haus)landividual 7 “78 " &

day 1,ctridata_header(osjk_env.c_haus).duration,
d.da_year, d.da_mon, d.da_day).

// get key
key = hgetch().

ctriputspxy(88+tmpdata.ctrlitem[0).step0] * 2.85, 16,
“*C1°cFll"C0°c7");

“*C1°cFlI"C0°c7");
““C1"cFIll"C0°c7");
“*C1"cFIlI"C0"c7");

ctriputspxy(88+tmpdata.ctriitem{0).step[1] + 8., 48,

ctrlputspxy(88+tmpdata.ctrlitem{0).step[2) * .8, 80,

ctriputspxy(88+tmpdata.ctrlitem{0].step(3] + 2.85, 112,

for(it = 0; ii < 4; ii++)

{ ctriputspxy(108+tmpdata.ctrlitem[system).step[ii+4]+8,
““C1"cFIll"C0c7");

/#112+/144+ 32sij,
}
(switch (key)

»

case '+’': case PGDNKEY: case '-': case PGUPKEY: case
HOMEKEY" case ENDKEY"

case MOUKEY:
ctrlputspxy{scrollbar,/*282+/314, "“C3H"C0").
break;
case CR:
tmpdata.init{0] = true;
fseek(fin, (long)sizeof(ctrldata_header_t)

(long)sizeof(ctridata_t) * (long)day, SEEK_SET);
fwrite(&tmpdata, sizeof(ctrldata_t), 1, fin)
osjk_env.haus[osjk_env.c_haus).edited = true;
break;
case TAB:
i(f(items > 3)

sprintf(buf,”[9604d - %04d]",
tmpdata.ctriitem[system).steplitems+4],
tmpdata.ctrlitem[system).steplitems+8]);
win_getdata(" $ 2 A H/F A AIHE EE
A= dHstMan,

buf,"[9999-9999)" ENGONLY);
buf(5] = buf(10] = 0;
tmpdata.ctrlitem[system].stepfitems+4) =
atoi(buf+1);

tmpdata.ctrlitem[system].steplitems+8) =
atoi(buf+6);
) break;
?witch(key)
case ESC: .
if(osjk_env.haus[osjk_env.c_haus).edited) L
if(askanswer("@ A LFF AL ALY,

break;

false) '= true)
fclose(fin);

copyfile("_ctrl_$%$$",0sjk_env.haus[osjk_env.c_haus].ctrldata_fn);
remove(”_ctrl_.$3%");
done = true;
break;

1.

case -~ .



tmpdata.ctrlitem[0).steplitems]--;

tmpdata.ctrlitem[0].step[items]--:

5

tmpdata.ctrlitem([0].steplitems]--;

> 0)

tmpdata.ctrlitem[system].steplitems]--;

tmpdata.ctrlitem[0].steplitems]++;

tmpdata.ctrlitem{0] steplitems]++;

+= 5,

tmpdata.ctrlitem(0] steplitems]++;

< 47)

if(day > 0)

day --;
redraw = true;
break.
case
iflday < ctrldata_header{osjk_env.c_hausl.duration - 1)
day++;
redraw = true:

break.
case UPARROW:
items =" (items + 7) % 8;

osjk_env.haus{osjk_env.c_haus}.edited = true;
reak;
case DOWNARROW:
items = (items + 1) % 8
osjk_env.haus[osjk_env.c_haus].edited = true:

break;
case LEFTARROW: case ‘4"
switch(items)

case 0:
if(tmpdata.ctrlitem[0].steplitems] > 0)

break;

case !
if(tmpdata ctrlitem([0).step(items] > 0)
break;

case 2! )
if(tmpdata.ctrlitem(0).step(items] > 4)

tmpdata.ctrlitem[0].steplitems]

break;

case 3:

if(tmpdata.ctrlitem([0].steplitems] > 0)

break;
case 4: case 5. case 6 case 7 )
if(tmpdata.ctrlitem[system).step(items]

| break;
redraw = true;
break;

case RIGHTARROW: case '6':
switch(items)

case O
if(tmpdata.ctrlitem([0].steplitems] < 140)

break;

case I’
if(tmpdata.ctrlitem({0].step[items] < 50)
break;

case 2 .
if(tmpdata.ctrlitem[0].steplitems] < 500)

tmpdata.ctrlitem(0).steplitems])

break;

case 3:

if(tmpdata.ctrlitem[0).steplitems] < 140)

break:
case 4 case 5: case 6: case 7
if(tmpdata.ctrlitem(system].steplitems]

tmpdata ctriitem{system).step[items] ++.
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}
redraw = true;
break:
case PGUPKEY:
if(day - 7 > 0)
day -= 7,
else

day =0
redraw =

) fseek(ﬁn (long)sizeof{(ctridata_header_t) +
(long)sizeof(ctrldata_t) * (long)day, SEEK_SET):
fread(&tmpdata, sizeof(ctridata_t), 1, fin);
break;
case PGDNKEY:
if(day + 'g< ctrlq]ata_header[osjk_env.c_haus].duration)
ay += T,
else

L day = ctridata_header{osjk_env.c_haus}.duration
redraw = true;

seek(ﬁn, (long)sizeof(ctridata_header_t) +
(long)sizeof(ctrldata_t) * (long)day, SEEK_SET);

fread(&tmpdata, sizeof(ctridata_t), 1, fin):
break;

F10: // edit error
sprintf(buf, “[pH]-[.%1d]- [EC] [°/02d] [Temp]-[%602d})",
ctridata_header{osjk_env.c_haus].error{0},
ctrldata_header[osjk_env.c_haus).error(1),
ctridata_header[osjk_env.c_hausl.error[2]);
hgotoxy(2,26);
_showcursor = true:
_insertmode = false;
if(hgetdata(buf,“(++]-[.9)-[**]-[ 99)-[*+=+]-[98])") == CR)
{ /] 0123456789012345678901 234567830
ctridata header[os;k env.c_haus).errorl0] = atoi(buf+7);
ctridata_header{osjk_env.c_haus).error{l] = atoi(buf+17);
ctrldata_header[osjk_env.c_haus].error [2] = atoi(buf+29),
| redraw = true;

_insertmode = true;
_showcursor = false;

—

break;

case HOMEKEY:
day = 0;
redraw = true;

fseek(fin, (long)sizeof(ctrldata_header_t) +
(long)sizeof(ctridata_t) * (long)day, SEEK_SET);
fread(&tmpdata, sizeof(ctrlidata_t), 1, fin)

break;
case ENDKEY:
day = ctrldata_header{osjk_env.c_haus).duration - 1;
redraw = true;
fseek(fin, (long)sizeof(ctridata_header_t) +

(long)sizeof(ctrldata_t) * (long)day, SEEK_SET),
fread(&tmpdata, sizeof(ctrldata_t), 1, fin);
break:
case MOUKEY:
ii = process_button(btn, 16);
ifii >= 0)
ungetxch(hkey[ii));

else
i(f(mompr > /+282+/314 && mou_py < /+298+/330)

if(mou px > 8 && mou_px < 24)
ungetxch(’-’),

else if(mou_px > 504 && mou_px < 520)
ungetxch(’+');



else if(mou_px > 24 && mou_px < 504) {

day

(float)ctridata_header{osjk_env.c_haus].duration) / 480.);

A,

truc);

sizeof(ctrldata_header_t), 1, fin);

case F2:

ctridata_header(osjk_env c_haus) duration; ii++)

redraw

} else
iftlmou_y % 2 =

=(int)((float)(mou_px -

= true;

= 0 && mou_y < /‘15‘/17)

items = mou_y / 2 -

break:

// save

if(‘ctridata_header{os k _env.c
178 1"Uoiz 2718

putmsg(“[¢

tmpdata.init{0}

tmpdata.init[2) =

us] 1nd1v1dual) {
5

tmpdata.init[1] = true:
mpdata.init[3] = true;

fseek(fin, 0, SEEK_SE’I‘);
fwrite(&ctridata_header{osjk_env.c_haus),

for(i

= day; i

24)

YA

<

fseek(fin,(long)sizeof(ctrldata_header_t)

+ (long)sizeof(ctridata_t) * (long)ii, SEEK_SET);

fin);

/»

case Fo:

case F6:

fwrite(&tmpdata,

closemsg():

}
fclose(fin):
remove(”_ctrl_$3$");

osjk_env.haus{osjk_env.c_haus).edited = true;

port_id

= osjk_env.c_haus + I;

dnload_ctrldata(osjk_env.c_haus)

done = true;
break;

ctrldata_header{osjk_env c_haus).individual

break:;

ctridata_header(osjk_env.c_haus).individual = true;

break;

case ALT_I:

items = 0;
redraw = true;
break;

case ALT_2:

items = 1,
redraw = true;
break;

case ALT_3:

items = 2;
redraw =
break;

true;

case ALT_4:

items = 3,
redraw = true;
break;

case ALT_5:

items = 4;
redraw = true;
break;

case ALT_6:

items = 5;
redraw = true:
break;

case ALT_T:

items = 6,
redraw =
break;

true,

case ALT_ &

items = 7,
redraw = true;
break;
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case ALT_S:
disp_butwn(&bm[syswnflﬁl f232);

=0
dlSD button(&btn[system*lﬁ] true);

case ALT_ N
disp_button(&btn{system+16], false);
system = 1,
disp_button(&btn[system+16], true);
break;
case ALT_R:
disp_button(&btn[system+16], false);
system = 2,
dxsp button{&btnlsystem+16], true);
break:
+/
}
) else
puterror("2 7| 8Yd & 4 #7F o)
allow_darg(false);
for(ii = 0; ii < 16; ii++)
close_button(&btnlii));
popcolor();
close_window(&info_w);
restorescreen();
return false;

zloid disp_sensor(int pos)

int ij;
char buf[80}

if(disable_disp_sensor)
return;

disp_data_pos = pos;

i(f( Ictrldata_header(osjk_env.c_haus).init)

sprintf(buf,"%d &4& Z7|d Ao} ¢t HAFUHR", osik_env.c_haus+l);

putmsg(buf, 1);
sleep(1);
closemsg();
return;

}
i( f(!ctridata_header{osjk_env.c_haus].started)

sprintf(buf,"%d &4 & A& Al2aA| g kFYh”, osjk_env.c_haus+l)

putmsg(buf, 1);
sleep(1);
closemsg();
for(i=0; 1 < MAXITEM; i++)
for(G = 0; ] < 48; j++)
_ctridata_. step[l][)]
) else 1f(ctrldata_header[os;k env.c_haus).sto

sprintf(buf,"%d €2 & o7} o]u nkt@‘—lt}" osjk_env.c_haus+1);

putmsg(buf, 1);
sleep(1);
closemsg();
for(i=0; 1 < MAXITEM; i++)
for(j = 0; j < 48; j++)
_ctrldata_.step(il(j] = 0;
2 else
pushcolor();
hsetcolor(WHITE);
hsetbkcolor(DARKGRAY),

i(f (osjk_env.c_haus < 4)
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i(f(osjk_env.c_haus >0

disp_temp(0);
disp_humi(1);
disp_co2(2);
) else
disp_temp_21(0):
disp_humi(1);
) disp_co2(2):
} else
disp_ec(0).
disp_ph(1);
) disp_temp_hy(2);
} popcolor();
}
zloid disp_weather_station(void)
int i;
static min = 0;
struct time t;
gettime(&t);

i(f(t.ti_min = min)

min = t.ti_min;
if(min % 2)
loop();
else
get_loop_data();
} else return;

if(display_disable)
return;

pushcolor();
hsetcolor(WHITE),
hsetbkcolor(BLUE); - o
ctrlprintfxy(-109, -3"°R>° & & 1)L
setcolor(WHITE);
circle(940, 140, 79);
setcolor(LIGHTGRAY);
fori = 18: i > 0; i--)

circle(940, 140, 60+i);
setcolor(WHITE),
circle(940, 140, 60);
hprintfpxy(-932, -62, "%");
hprintfpxy(-862, -132, "A");
hpnntfpxy(-1002, -132, "&");
hprintfpxy(-932, -202, “&");

ctriprintfxy(-109, -19."°R g & it
ctriprintfxy(-109, -22,"°R:~ 2 = ),
ctriprintfxy(-109, -25""R** & % )
ctriprintfxy(-109, -28""R , 7l ¢ “r);
ctrlprintfxy(-109, -31,”°R’" "~ d A} ')
ctrlprintfxy(-109, -34""R. . - AF% ...
ctriprintfxy(-109, -37°R, . #AEHN )
hsetbkcolor(CYAN),

setfillstyle(SOLID_FILL, DARKGRAY);
floodfill(940, 140, WHITE),

// pieshice(840, 140, (450- last_wd) % 360, (450-last_wd + 1) % 360, 55)
wsensor.sdata.wd %= 360;
setcolor(LIGHTGREEN),
setfillstyle(SOLID_FILL, LIGHTGREEN):
setbkcolor{LIGHTRED);

pieslice(940, 140, (449-wsensor.sdata.wd) % 360

(450-wsensor.sdata.wd + 1)%360, 55);
pieslice(940, 140, (440-wsensor.sdata.wd) % 360

(460-wsensor.sdata.wd + 1)%360, 20):
hprintfxy(-111,-16," 5 3:%-4s (%3d * )",
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wind directionldicision_wd(wsensor.sdita.wd)l,
) wsensor.sdata.wd);
hprintixy(-113,-20,%6.1f m/sec”,wsensor.sdata.ws+*1609.3 / 3600.);
hprintfxy(-113,-23."9%6.1f " C*,(wsensor. sdata.out_t /10.- 32)s 50 / 9.0);
hprintfxy(-113,-26,"%8d %%",wsensor.sdata.out_h);
hprintfxy(-113,-29,"%8.2f mb* ,wsensor.sdata.atm * .03386);
hprintfxy(-113,-32,“%8d W/m; wsensor.sdata light);
hprintfxy(-113,-35,"%8d mm”,(int)(wsensor.sdatarain * 0.254));

hsetcolor(BLACK);
hprintfxy(-114,-38,"%8s", flag.win_status.rain ? “v|7}} 8" ... ")
y dnload_stationdata();
*
hprintfxy(-110,-37,"%c%c%c%c %c%c%c%c %63d",
wsensor.sdata.dmy5 & 0x80 ? '1°:'0’,
wsensor.sdata.dmyS & 0x40 ? '1°:°0’,
wsensor.sdata.dmy5 & 0x20 ? ’1°:'C’,
wsensor.sdata.dmy5 & 0x10 ? ‘1:'0’,
wsensor.sdata.dmy5 & 0x08 ? ‘1':0’,
wsensor.sdata.dmyS & Ox04 ? ‘1':'0"
wsensor.sdata.dmy5 & 0x02 2 ? ‘10,
wsensor.sdata dmyS & 0x01 ?

‘1':'0',wsensor.sdatadmy5 );
hprintfxy(-110,-38,"%c%c%c%c%c%c%c%c %3d”,

wsensor.sdata.dmy6 & 0x80 ? '1''0Q’,
wsensor.sdata.dmy6 & 0x40 ? ‘1':'Q’,
wsensor.sdata.dmy6 & 0x20 ? '1°:°0°,
wsensor.sdata.dmy6 & 0x10 719 0,
wsensor.sdata.dmy6 & 0x08 ? '1':'0°,
wsensor.sdata.dmy6 & 0x04 ? ‘1°:°0’,
wsensor.sdata.dmy6 & 0x02 ? ‘1°:°0’,
wsensor.sdatadmy6 & 0x01 ? ‘10’

,wsensor.sdata.dmy6 );

// hprintfxy(109,41,"%6d”,wsensor.sdata.dmy6 ):
) popcolor();

zroid disp_temp(int win)

int i
char buf[50];
/ if(draw_new)
if(ctrldata_header{osjk_env.c_hausl.init &&
ctrldata_header[osjk_env.c_haus].started &&
( Ictrldata_header(osjk_env.c_haus).stoped)
sprintf(buf,"%-s & %", hausname(osjk_env.c_haus));
msgbox(disp_pos[win](0] disp_pos{win][1],disp _pos[wm][Z] disp_pos[win](3],
WHIT BLACK, LIGHTGRAY, DARKGRAY,
WHITE,CYAN, buf, 0);

pushcolor();

hsetbkcolor(DARKGRAY);

hsetcolor(WHITE);

hhline(disp_pos[win+3]{0},disp_pos[win+3}[1},disp, _pos[w1n+3][2] WHITE);
hvline(disp_pos{win+3][0],disp_pos{win+3][1]-120,120, WHITE)

o O e lctisp.pastwine 3101+
e(- s(win+ +),
vn sp-postwin ) -(disp_pos{win+3][1]), i % 40 ? 510,
WHITE),
if(Mi % 40))
hprintfpxy (- (disp_pos[win+3][0]+i-8),

-(disp_pos[win*3][l])+4) ,"9%02d", i / 20);

forti = o'h'mf (- ('d:l *_po [win+3](0] - 8),
win+ -
net-ldisp_posiwi -(disp_pos(win+3](1] - i « 2), 10,
WHITE); hprintfpxy (- (di [win+3]{0]-64)
- n+ = »
printfpxy Sp_pos! -(disp_pos[win+3][1]
-is2-8),"%2d" c) i);



load2ctrldata(osjk_env.c_haus):
for(i=0; i < 48 && ctrldata_header[osjk_env.c_hausl.init; i++)

hhline(-(disp_pos[win +3J[0] + (float)i = 10.),

-(disp_pos{win+3](1] -
_ctrldata_.step[0](i] * 2), 10,
) YELLOW);

hprintfxy(-(disp_pos[win][0]+74), -(disp_pos[win]{1]+2 ),"%5.2f * C",

100): (Noat)sensordatalosik_env.c_haus)(7)(disp_data_pos]  /

setcolor(LIGHTRED);
for(i=1: i <= disp,data_pos; i++)
line( disp_pos{win+3](0] + i,

disp_pos{win+3]{1] -
(int)(sensordatalosjk_env.c_haus][71(i-1] / 50.),

disp_pos[win+3}{0} + i+1,

. disp_pos[win+3]{1] -
(int)(sensordatalosjk_env.c_haus]{71(i] / 50.));
popcolor();
} else
agc_mre();

}
Z'oid disp_temp_21(int win)

int 1
char buf(50];
/ if(draw_new)
if(ctrldata_header(osjk_env.c_hausl.init &&
ctrldata_header[osjk_env.c_haus).started &&
Ictridata_header[osjk_env.c_haus].stoped)

sprintf(buf,"%-s € Z1(354)/&52(8 2 4)", hausnamelosjk_env.c_haus)):
msgbox(disp_pos[win)[0)],disp_pos[win][1),disp_pos[win){2] disp_pos[win][3],
WHITE, BLACK, LIGHTGRAY, DARKGRAY,
WHITE,CYAN, buf, 0);

pushcolor()

hsetbkcolor(DARKGRAY);

hsetcolor(WHITE);

hhline(disp_pos[win+3){0],disp_pos[win+3]{1], dxsp_pos[w1n+3][2] WHITE);
hvline(disp_pos[win+3][0),disp_pos{win+3](1)-120,120, WHITE);

for(i = 0; i < 480; i += 20)
hvline(- (dlsp_pos[wm*S][O]ﬂ) .
-(disp_pos[win+31(1]), i % 40 ? 510,
WHITE):
if(1(1 % 40))
hprintfpxy(-(disp_pos[win+3}[0]+i-8),

'(disp_pos[win*B][I]}M) ,"9%02d", i / 20).
for(i = 0,1 <= 50; 1 +=

R
hhline(- (dlsp_pos[wm*3][0] - 8),
-(disp_pos[win+3][1} - i = 2), 10,

HITEY hprintépxy - (disp_posiwin+3][0]-64)
rintfpxy(-(dis; s[win+ -64),
printipxy P-Po -(disp_pos{win+3](1}
-i=*2-8),"%2d" C) in
load2ctridata(osjk_env.c_haus);
EO]’(I =0; i < 48 && ctridata_header[osjk_env.c_hausl.init; i++)
hhline(-(disp_pos[win+3}{0]+(float)i = 10.),
~(disp_pos{win+3][1] -

_ctridata_.step[0](i] = 2), 10,
MAGENTAY);

}
hsetcolor(LIGHTMAGENTA);
hprintfxy(-(disp_pos[win][0]+74), -(disp_pos{win}[1}+2 ),"T1:%5.2f * C",



100): (float)sensordatalosjk_env.c_haus](7][disp_data_pos]  /

setcolor{LIGHTMAGENTA);
for(i=1; 1 <= disp_data_pos; i++)
line( disp_pos[win+3}{0] + i,
) disp_pos[win+3}{1) -
(int)(sensordatalosjk_env.c_haus}{7][i-1] / 50.),
disp_pos[win+3}[0] + i+,

. disp_pos[win+3](1) -
(int)(sensordatalosjk_env.c_haus)[7](i] / 50.));

load2orchid();
load2ctrldata(osjk_env.c_haus);
for(i=0: i < 48 && ctridata_header{osjk_env.c_haus).init; i++)

hhline(-(disp_pos[win+3)[0)+(flcat)i » 10.),

-(disp_pos[win+3](1] -
_ctridata_.step(0][i] * 2), 10,
CYAN);

}
hsetcolor(LIGHTCYAN).
hprintfxy(-(disp_pos[win](0]+74), ~(disp_pos{win][1]1+4 ),"T2:%5.2f * C",
) (float)sensordatalosjk_env.c_haus)[6][disp_data_pos]  /
1 :

setcolor(LIGHTCYAN):
for(i=1; i <= disp_data_pos; i++)
line( disp_pos[win+3][0] + i,

(int)(sensordatalosjk_env.c_hausl(6](i-1] / 50.),

disp_pos{win+3][1] -
disp_pos[win+3}[0] + i+1,

disp_pos[win+3][1] -
(int)(sensordata(osjk_env.c_haus](6][i] / 50.));
popcolor();
) else
age_mre();

rmd disp_temp_hy(int win)

int 1,
char buf{50]);
/ if(draw_new)
if(curldata_headerfosjk_env c¢_haus].init &&
ctrldata_header{osjk_env.c_haus) started &&
( 'ctridata_header[osjk_env.c_haus].stoped)
o s postwinT[O) g post o T her st w2 disp. poslwinl(3],
msgbox(dis s{win is s{win sp_pos[win sp_pos[win
€ p-po p-po WHI BLACK, LIGHTGRAY, DARKGRAY,
WHITE,CYAN, buf, 0);

pushcolor();
hsetbkcolor(DARKGRAY);
hsetcolor(WHITE);

hhline(disp_pos[win+3}{0).disp_pos[win+3][1]),disp_poslwin+3](2], WHITE);
hvline(disp_pos[win+3](0],disp_pos(win+3][1]-120,120, WHITE);

o = O et dism pasbuine 3101+,
vline(-(disp_pos{win+ +
l p_po -(disp_pos{win+3][1}), 1+ % 40 ? 510,
WHITE);
(G % 40)) .
hpnntfpxy(-(disp_pos{win+3)[(0]+i-8),

-(dJsp_pos[win*3][1])+4) ,"%02d", i / 20);

ol = 0 e (disay patwine3100] - 8)
win+ -
ne sp-pos -(disp_pos[win+3][1] - i = 2), 10,
WHITE),
hprintfpxy(-(disp_pos[win+3][0]-64),
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-{disp_posiwin+3][1}
-1 % 2-8), "%2d" C}", i

loadZctridatalosik_env ¢_haus);
for(i=0; i < 48 && ctridata_header{osjk_env c_hauslinit; i++)

hhiine(-{disp_pos[win+3}{0}+(float)i » 10.),

~{disp_pos[win+3](1] -
_ctridata_stepl0]{2] / 5., 10,
) YELLOW);

hprintfxy(-(disp_pos[win)[0]+74), -(disp_pos[win]{1]+2 ),"%5.2f * C",
100) {float)sensordatalosik_env.c haus][?][dxsp_data_pos) /

setcolor(LIGHTRED);
for(i=1, 1 <= disp_data_pos; i++)
line( disp_pos{win+3}i0] + i, )
disp_pos{win+3]{1] -
(int){sensordatalosjk_env.c_hausl(7](i-1] / 50.),
disp_pos{win+3J[0) + i1,
disp_pos{win+3}{1] -
(int){(sensordatalosjk_env.c_haus}{7}{i} / 50.))%
popcolor(},
} else
age_mre();

E’oxd disp_humi(int win)

int i

7 if(draw_new)
char bui[50};
/ if(draw_new)

if(ctridata_header{osjk_env.c_hauslinit &&
ctridata_header{osjk_env.c_haus].started &&
{ letridata_header[osjk_env.c_haus).stoped)
spnr{g(tztg %5 {% E}[’;)]}éausnam[e[om]lflfglvc hau{sl 2] [winl(3],
msgbox(disp_poswin isp_poslwin sp.posiwin isp_posiwin
¢ p-postt P WHITE. BLACK LIGHTGRAY, DARKGRAY,
WHITE,CYAN, buf, 0):

pushcolor():
hsetbkcolor(DARKGRAY);
hsetcolor{ WHITE):

hhline(disp_pos[win+3}{0],disp_pos{win+3]{1),disp_pos{win+3]{2], WHITE):
hv!xne(dxsp_pos[wxn+3][0]d:sp__pos[wm*S][l] 120,120, WHITE);

forl = 0 et ldisp pestwins3101+9,
+ +
vhnetTidisepas wm l ~(disp_posiwin+3][1]), i % 40 ? 510,
WHITE);
if(1G 9% 400) .
hprintfpxy (- {disp_pos[win+3}{0}+i-8),

-(disp_pos[wim?,}{l];ti) J1o502d”, i /200

ol = 0 e {disp. [{ 3]0 - 8),
. -
nelTicisppostwin -(disp_poslwin+3}{1] - i =« 2), 10,
WHITE):
hprintfpxy{- (disp_pos{win+3}{0}-64),

- i 2-8), “%3d %‘;/6", VAR

~{disp_pos{win+3][1]

loadZctridatalosjk_env.c_haus)
for(i=0; 1 < 48 && ctridata_header{osjk_env.c_hausliniti i++)

hhiine({-{disp_pos{win+31[0}+{floath = 10,
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-(disp_pos{win+3](1) -
YELLOW);

_ctridata_.step{1]{i)), 10,
)

hsetcolor(LIGHTRED);
hprintfxy(-(disp_pos[win][0]+74), -(disp_pos[winl[1]+4 ),"%6.1f %2(2)",
1000 (float)sensordatalosjk_env.c_haus][S){disp_data_pos] /
hsetcolor(LIGHTMAGENTA).
hprintfxy(-(disp_pos[win](0]+74), -(disp_pos{win}[1]+2 ),"%6.1f %%(1)",
100) (float)sensordatalosjk_env.c_haus)([5)(disp_data_pos]  /

setcolor(LIGHTRED);
for(i=1; i <= disp_da S i++)

line( disp_pos(win+3][0] + i,

disp_pos{win+3](1} -
(int)(sensordatalosjk_env.c_haus]){5){i-11/100.),
. disp_pos[win+3][0] + i+1,
- disp_pos[win+3]{1} -
(int)(sensordatalosjk_env.c_haus}(5](i1/100.)); .
setcolor(LIGHTMAGENTA);
for(i=1; i <= disp_da S 1++)
line( disp_pos{win+3]{(0] + i,
disp_pos{win+3][1} -

(int)(sensordatalosjk_env.c_haus][4][i-11/100.),
. disp_pos[win+3][0] + i+1,
disp_pos{win+3][1) -
(int)(sensordatalosjk_env.c_haus][4])(i)/100.));
popcolor();
} // else
) // agc_mre();

z/oid disp_co2(int win)

int i;

char buf(50];

sprintf(buf,“%-s o]t 3 g 4", hausnamelosjk_env.c_haus));

if(ctrldata_header[osjk_env.c_hausl.init &&
ctridata_header{osjk_env.c_haus).started &&
tctrldata_header[osjk_env.c_haus).stoped)

(
& e e ox(dlisp_posiwinl[0] disp_poslwin](1]disp_poslwin}(2)disp_postwinl(3]
m s{win}{0] dis, s{win)(1],dis| s[win}{2),disp_pos[winl{3],
SghoxAISP-PO P-po WHITEI,LDOBLACK. LIGHTGRAY, DARKGRAY,
WHITE,CYAN, buf, 0);

pushcolor();
hsetbkcolor(DARKGRAY);
hsetcolor(WHITE),

hhline(disp_pos[win+3)[0],disp_pos[win+3][1},disp_pos[win+3](2], WHITE);
hvline(disp_pos[win+3][0],disp_pos{win+3](1}-120,120, WHITE);

forli = 0 et lclsp_pastwin+ 3101+
vine(-(disp_posiwin+ +1),
P -(disp_pos{win+3](1)), i % 40 ? 510
WHITE):
if(1 % 40))
hprintfpxy (- (disp_pos{win+3](0]+i-8),

-(disp_pos[win*S][l])M) ,7%02d”, i / 20);

fori = 0 et ctsp. posLwin+31(0] - 8
Z . - 8),
ne Sp-postwin ~(disp_pos[win+3]{1] - i = 2), 10
WHITE):
hprintfpxy(-(disp_pos[win+3](0]-64),

- i+ 2-8), "%4d pp;n”, i=40);

-(disp_pos{win+3](1]

load2ctrldata(osjk_env.c_haus); .
for(i=0; i < 48 && ctrldata_header{osjk_env.c_haus).init; i++)



hhline(-(disp_pos[win+31{0]+(float)i * 10.),
-(disp_pos[win+3][1]

YELLOWY);

_ctridata_.step{2](i}), 10,
}

hprintfxy(-(disp_pos{win][0]+74), -(disp_pos{win][1)+2 ),”%4.0f de

(ﬂoat)sensordata[os;k env.c._haus](3 sp_data_pos] / 10.)

setcolor(LIGHTRED);
for(i=1; i <= disp_data_pos: i++)
line( disp_pos[win+3][0] + i,

disp_pos[win+3][1]
(int)(sensordatalosjk_env.c_haus][3][i~1] / 200.),

disp_pos[win+3){0] + i+1,

disp_pos[win+3][1)
(int)(sensordatalosjk_env.c_haus][3](i] / 200.));

popcolor();
Y/ else

) // agc_mre();

/*
2/01d disp_light(int win)

int i,
msgbox(disp_pos[win}{0],disp_pos{win][1],disp_pos[win}[2}.disp_pos[wn][3),
WHITE, BLACK, LIGHTGRAY, DARKGRAY
WHITE,CYAN, “3", 0)

hhline(170,(win ? 390:198),400, WHITE);
hvhne(170,(win ? 280:88), 110 WHITE);

for(i = 0, 1 < 360; 1 += 15) {
hvline(1+180,(win ? 390:198) i % 80 ? 5:10, WHITE);
if(1G % 30))

hprintfpxy((i+172), (win ? 392:200),"%02d", i / 15);

0.1 <=50;1 += 10) {
hhline(160, (win ? 384:192) - 1 * 2, 10, WHITE):
hpnntfpxy(lOO (win ? 376 184) - i *+ 2, "%3d,000", i * 4);

hprintfxy(15, (win ? 17°5), "LUX"); .
hpnntfxy(70, win ? 17 5"%6d LUX", (float)sensordatalosjk_env.c_haus)(1){disp_data_pos] *

)

for(1

100,

for(i=0; i <= disp_data_pos; 1++)

hputpixel(180 + 1, (win ? 384:192) - sensordata[osjk_env.c_haus)[5]{i) / 200,

\ LIGHTGREEN);
=/
E/Oid disp_ec(int win)

nt 1,

char buf[50};

sprintf(buf,"%-s EC”, hausname[osjk_env.c_haus));
// if(draw_new)

if(ctridata_header{osjk_env.c_hausl.init &&
ctrldata_header[osjk_env.c_haus].started &&
( 'ctridata_header(osjk_env.c_haus).stoped)
msgbox(disp_pos[wn](0] disp_pos(win](1),disp_pos[win](2],disp_pos[win][3),
WHITE, BLACK, LIGHTGRAY, DARKGRAY,
WHITE,CYAN, buf, 0);

pushcolor():
hsetbkcolor(DARKGRAY);
hsetcolor{ WHITE);

hhline(disp_pos[win +3]{0],disp_pos[win+3]{1],disp_pos[win+3](2], WHITE);
hvline(disp_pos{win+3][0], disp_pos{win+3][1]}-120,120, WHITE);

forG = 0; i < 480; i += 20) {
hvhne(- (dlSD__DOS[Wm*3][0]*l)

-(disp_pos[win+3](1]), i % 40 ? 510,
WHITE);

if(1(i % 40))
hprintfpxy(-(disp_pos[win+3}(0]+i-8),
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(s poslwin 3] Ay “oand”, « / 200
i

forh = 0; 1 <= 50, i
hhline(- (d;sp,pos{wm*S}[Ol .
-(disp_pos(win+3](1] - i * 2),
WHITE)
hprintfpxy (-{disp_pos[win+3][0]-64),

10

~(disp_posl{win+3]{1]

-1 = 2-8), "%5.2f u}S", i/10);

load2ctridata(osjk_env.c_haus);
for(:=0; i < 48 && ctridata_header{osjk_env.c_hauslinit; i++)

hhline({-(disp_pos{win+3}{0]+(float)i = 10.),
~(disp_pos{wn+31[1]

_ctridata_.step{0]{1] + 2), 10,
. YELLOW);

)

hpnntfxy(-(disp_poslwin]{0]+74), ~(disp_pos[winl[1]+2 },"%5.2f uS",
(float}sensordatalosik_env.c_ haus){4]{disp_data_pos)
1000.);

setcolor(LIGHTRED):
for(i=1; 1 <= disp_data_pos; i++)
line( disp_pos{win+3}{0] + i, ‘
disp_pos[win+3](1)
GntXsensordatalosik_env.c_haus}{4]{i-1] /100> 2),
disp_pos[win+3][0] + 1+],

disp_posfwin+3]Jl1]
(int)(sensordatalosjk_env.c_haus}{41{i]} /100.+ 2))
popcolor{);

Y/ else
| // agc_mre(),
/Y i
Z DOt A eiot &...
Ezoid disp_ph(int win)

int i

char bufl50];

sprintf(buf,"%-s pH & DO”, hausnamelosjk_env.c_haus]);
Vi if{draw_new)

if(ctridata_header{osjk_env.c_hauslimt &&
ctridata_header{osjk_env.c_haus).started &&
{ tetridata_header{osjk_env.c_haus].stoped}
msgbox{(disp_pos{win)[0].disp_pos{win}{1],disp.poslwin}{2]disp_pos{win](3],

WHITE, BLACK, LIGHTGRAY, DARKGRAY,

WHITE.CYAN, buf, 0)
pushcolor();
hsetbkcolor(DARKGRAY);
hsetcolor(WHITE),

hhline(disp_pos{win+3]{0},disp_pos{win+3]{1],disp_pos{win+3}{2], WHITE)
hvhine(disp_pos{win+3][0},disp_pos{win+3][1]-120,120, WHITE);

for(i = 0; 1 < 480; i +=
hvline(~ (dlsp_pos[wm+3][0]+1)

~(disp_pos{win+3){11}, i % 40 ? 510,

WHITE)
if(1G % 40))
hprintfpxy(-(disp_pos[win+3}{0]+i-8),

-(disp_.pos[win*3][l}}+4) 9602d”, i / 200
for(i = 0; 1 <= 50; i
hhline(- (d:sp_pos[wnn+3][0]

-(disp_pos[win+3][1} - i « 2),
WHITE):
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hprintfpxy{-{disp_pos{win+3]{0]-64),

-(disp_pos{win+3][1}

-1 * 2-8), "%4.3f "5 i /3571

load2ctridatalosjik_env.c_haus);
for(i=0; i < 48" && ctridata_header{os)k_env.c_hauslinit; i++)

/o
hhline(-(disp_pos{win+3){0}+{floath » 10},
-(disp_pos{win+3}{1]
_ctridata_.step[0]{0] « .714), 10,

/ADO
hhline(-(disp_pos[win+3][0]+(float)i * 10.),

-(disp_pos[win+3](1]
_ctridata_step[0}3] = 714), 10,
GREEN);

pushcolor(};

hsetcolor(LIGHTRED): )

hprintfxy(-{(disp_pos[win}{0]+68), -(disp_pos{win}{1]+2 )," (&M} %H.%A?.lf”,
00 (float)sensordatalosjk_env.c_haus)[5][disp_data_pos]
1000.%

hsetcolor(LIGHTGREEN); ,

hprintfxy(-(disp_pos{win][0]+68), -{(disp_pos[win}{1]+3 },"[%443] DO %4.1fppm",
000 {float)sensordatalosjk_env.c_haus}{3](disp_data_pos}
1000.):

popeolor(};

gor(iﬂ; i <= disp_data_pos: 1++)

setcolor(LIGHTRED);
line( disp_pos{win+3](0] + i, )
disp_pos{win+3){1]
(int){(sensordatalosik_env.c_haus}{5]{i~1] /1000.%7.14), ) .
disp_pos{win+3]{0] + i+1,
disp_pos{win+3}{1]
(int)(senslo/;data[osjk_envAc_haus]{5][i] /1000.+7.14));

/

7
setcolor(LIGHTGREEN); /DO
line( disp_pos{win+3]{0] + 1,

disp_pos{win+3]{1]
(nt)(sensordatalosjk_env.c_haus){3}{i-1] /1000.27.14),

disp_pos{win+3][0] + i+1,

disp_pos{win+3]{1}

(int)(sensc/);data[osjk_env.c~haus][3][i] /1000.#7.14));

//

/

7

popcolor();

} else
| agc_mre();
/a:
Eroid siren(void)

inti=0

{or(i = 0§ < 500; i++)
sound(i + 500%;

delay(1);
:}msound( %
.
ESC C

2 byte ; status

7 cheon close
open
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cheik close
open
curtain close
open
on ==1 / off
on /off
on /off

boiler
fan
mist

alarm ==

O=NWAEUNDNO~NWH WL

—

byte ; limit

cheon close
.open

chik cls

o
manual/auto==0

{O'—'NWAU\O’)\)

z'oid watch_ctrKint haus) .

char msg[60];

int j:

static int lasthaus = -1;

if(haus '= osjk_env.c_haus)
return,

if(lasthaus '= osjk_env.c_haus)
{or(j=0; j <90 j+=3)

disp_button(&status(j}, false)

lasthaus =

}
i(f(haus < 4)

t('or(J = 0§ <30 j+%)
?wiu:h(j)
case 0:
flag win_status.topl);
case It

flag win_status.top2/+==2? false:trues/);

case 2:

flag. win_status.sidel);

case 3

flag. win_status.side2).

case 4:

flag. win_status.curtain);

case 5

osjk_env.c_haus:

disp_button{&status(j*3+flag. win_status.topl],

break;
disp_button(&status{j*3+flag. win_status.top2],

break;

disp_button(&status(j*3+flag. win_status.sidel],

break;

disp_button(&status{j*3+flag.win_status.side2},

break;

disp_button(&status[j*3+flag. win_status.curtain]

break;
disp_button(&status[j*3+flag. win_status.boiler],
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flag.win_status.boiler);

flag.win_status.vent1)

flag.win_status vent2);

flag.win_status.dnftf).

ﬂag.win_étatus himist);

flag.win_status.sheltl);

flag.win_status.shelt2);

flag. win_status.mistl);

flag win_status.mist2);

flag.win_status.mist3);

flag.win_status.irigl);

flag.win_status.ing2);

flag. win_status.irig3);

flag.win_status.co2);

flag. win_status.alarm);

flag.win_status.froze);

case 6:

case 7:

case 8

case 9:

case 10:

case 11:

case 12:

case 13:

case 14:

case 15

case 16:

case 17:

case 18:

case 19:

case 28

break;

disp_button(&status|j*3+flag.win_status.ventl],

break:

disp_button(&status{j*3+flag. win_status.vent2},

break.

disp_button(&status[j*3 +flag. win_status.driftf],

break.

disp_button{&status(j*3+flag. win_status.himist]

break;

disp_button(&status{j*3+flag. win_status.sheltl],

break;

disp_button(&status[j*3+flag. win_status.sheit2],

break;

disp_button(&status[j*3+flag. win_status.mist1],

break;

disp_button(&status[j*3+flag. win_status.mist2],

break;

disp_button(&status[j*3+flag. win_status.mist3],

break;

disp_button(&status[j*3+flag.win_status.irigl],

break;

disp_button(&status{j*3+flag. win_status.irig2},

break;

disp_button(&status{j*3+flag. win_status.irig3],

break:

disp_button(&status(j*3+flag. win_status.co2],

break;

disp_button(&status[j*3+flag. win_status.alarm}

break;

disp_button(&status(j*3+flag.win_status.froze],

break;
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}
% else //myph
{or(j = 19; j < 29; j++)

?witch(j)
case 19
disp_button(&statuslj*3+flag. win_status.alarm]
flag. win_status.alarm).
break;
case 200
disp_button{&status{j*«3+flag. water.ab],
flag.water.ab);
break;
case 21:
disp_button{&status{j*3+{lag. water.acid],
flag water.acid);
break,
case 22
disp_button(&statuslj*3+flag. water.basel,
flag. water base);
break;
case 23: )
disp_button{&statuslj«3+flag.water.spray],
flag.water.spray);
break;
case 24 .
disp_button{&status[j*3+flag water.nft],
flag water.nft);
break;
case 25! .
disp_button{&status(j*3+flag. water.rockwool],
flag water.rockwool):
break;
case 26
disp_button(&statusly*3+flag. water. wonsool,
flag water wonsoo),
break:
case 27
disp_button{&status{j*3+flag water.heater],
flag water.heater},
break;
case 28: .
disp_button{&status{j*«3+flag.water.stirrer],
flag water.stirrer);
) break;

}

}
if(osjk_env.c_haus < 4)
if(osik_env.hauslosik_env.c_hauslisauto)
isautomatic = true;
else
isautomatic = false;

if(flag win_status.alarm)
i{{(haus < 4)
sprintf(msg,"%d3¥ 24 ol4¥ H 2", haus+1)
status_help(msg);
el sprintflmsg,\"%d® &4 2N 3L haus+l);
else
{

sprinti(msg,"%d¥ 24 Aoj7] ol4¢ HF2" haus-3)k
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status_help{msg):
sprintf(msg,"\"%d¥ 44017l HrN\ dhds48", haus-3)

puterror(msg),
/" siren();
flag. win_status.alarm = falses

Zl()id log_ctrl_data{int haus)

FILE =fout;

struct date di

struct time t

char *door() = {("AA" dg" 2Y")

char =onoffl] = {"A&" AA"}:

char nl80};

getdate(&d);

_gettime(&t);

mou_wait{true); .
status_help("A|o} A8 F 2] wghrigry,

sprntf(fn,"%s %1d%02d", osjk_env hauslhausl.ctri_log_fn,
dda_year % 10, d.da_mon)
i{f(haus < 4)

i(f(access(fn, )]

// make new file
fout = fopen(fn,
forintf{fout, “&4
fprintf(fout,

"

b
A7) Aol HE wB Y 147! %d\n’, haus+1);

forintf(fout, "¢ % Al T ARY F L&F7 8BS COZ % Ao 7
fprintf(fout,

fout = fopen(fn, "ab");
/y d0H3 &2 & A 2 & 85
A S S R L - S

@
fprintf{fout,” %2d/%62d/%62d  9602d:%602d"%02d %6d %6s %bs %bs %bs %66s
%6s %bs %6s 9%6s %bs %bs %bs %bs %bs %bs Wbs Kbs %bs Wbs %6s T4s\r\n”,
d.da_year % 100, d.da_mon, d.da_day,
t.ti_hour, t.ti_min, t.ti_min, ctridata_header(haus].elapsed,
door{flag.win_status.topl}],
door([flag. win_status.top2]
door[flag.win.snatus.sidelj,
doorlflag.win_status.side2],
door{flag win_status.curtain},
onoff{flag. win_status.boiler],
onofi{flag. win_status.ventl},
onoff[flag. win_status.vent2],
onofflflag.win_status.driftf],
onoff{flag win_status.himist},
door{flag.win_status.sheltl]},
doorlflag.win_status.shelt2)
onoff{ﬂag.win,status.nﬁstlf,
onoff{flag.win_status.mist2},
onofflflag.win_status.mist3},
onoff{flag win_status.irigl],
onoff{flag win_status,irig2],
onoff{flag. win_status.irig3]
onoff[ﬂag.win_sLatus.frozei. N
(flag. win_status.auto_man) ? "AE""FF,
flag. win_status.alarm ? “g&"” -- "

_265._



fclose(fout);
3 else /%

i{f(access(fn, o)
// make new file
fout = fopen{fn, "wb");

forntf(fout, " A7) AoiRE B Y #Y LHo}7] %d\An”, haus-3);

fprintf(fout,
"::::::::::::::::::::::::::::::::::—.::::::::::::::===:=====::::::::==:==:=:======\r\n");
fprintf(fout,
Tl e e e e o e o e = . e o 2 & e e 2 2 o e e 0 e e ot e e e v e \r\n"):
} else
| fout = fopen(in, “ab");

fprintf{fout,” 962d/%2d/%2d 9602d:%602d:%02d %6d %-4s %-4s %-4s %-4s
%-4s %-4s %-6s %-6s %-SSgr\n”,
d.da_year % 100, d.da_mon, d da_day,

t.ti_hour, t.ti_min, t.ti_min,

flag.water.ab 7 "F3“ A "

flag. water.acid ? "B 2" 3 A|",

flag. waterbase ? "Zg""H A"

flag water heater ? "7Fg":" A",
flag. water.stirrer ? “R g3 2],
flag. water.wonsoo ? "F&"" A A",
flag.water.spray ? 38" A A",
flag.water.nft ? “ZF"" g 2",
flag.water.rockwool ? "ZF&""R A" );

ctrldata_header{haus].elapsed,

fclose(fout);

status_help("");
mou_wait(false);

b/ Aol 22

(void log_sensor_datalint haus, int pos) // 44 A8 221

FILE sfout;
char n{80};
struct date d;
struct time t;
static int m;
getdate{&d);
gettime(&t);

ifim == t.ti_min)
returmn,
i{f(t.timmin % 30 == 0)
m = L.t _min;
} else
return;

mou_wait{true)
sprintf(fn,”%6s.%1d%02d", osjk_env.haus(haus].data_log_fn,

dda _year % 10, dda mon);
status_heip("4dA A8 E 3o BFPUG)
i(f(haus <4) /2%

i(f(access(fn, )]
// make new file

fout = fopen(fn, "wb");
forintfout "€ A A7 AN 2 ¥ HY 714A017] %d\\n’, haus+D;

e odiout” ¢ A A 4 4% eX1 e32 $E1 €52 CO2
W AR FY B4 AL 9% B4 A P
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{

fout = fopen{in, "ab"}

printf(fout,” 982d/%62d/%20  %02d:9602d:9%602d  %66d 265.1f %65.1f %5.1f
%5.1f %5.0f %5d %65.1f %4s %401' %4.1f 2%4d %4.1f %6.20\r\n",

}

(int)ctridata_header{haus].elapsed,

)
fclose(fout):

d.da_year % 100, d.da_mon, d.da_day, o
tti_hour, tti_min, t.ti_min,

sensordatalhaus]{7]lpos] / 100, /&%
sensordatalhaus}{6]ipos} / 100, /&%
sensordatalhaus][S}{pos] / 100, /&%
sensordata[haus][4][pos] / 100 V53
sensordatalhaus}{3}lpos] / 10, /A L%
sensordatalhaus}{2][pos] , At
sensordatalhaus](0](pos] / 100., /A A& E
wind_direction{dicision_ wd(wsensor.sdata. wd}l,
wsensor.sdata.ws*1609.3 / 3600,
(wsensor.sdata.out_t /10.- 32.)% 50 / 90,
wsensor.sdata.out_h,

wsensor.sdata.rain * 0.254,
wsensor.sdata.atm * 03386

// make new file

2 else
i{f(access(fn. o
fout = fopen{fn, "wb")
fprin[f(fout“‘:::==:::::::::::::::::::::::::
\r\n");
fprintf(fout,”~--~----~-=-mmmmmm oo
")

i

fout

}
fpnntf(fout," 9%2d/%2d/%2d
%4.1f %3.1f %5.11\r\n",

%
fcloselfout)

}
status_help("")
mou_wait(false);

z/oxd print_file(char *filename)

FILE +fp;
char buf{1024};
fp = fopen(filename,"'rb")
if{fp == NULL)
return;
mou_wait{true);
‘{xhile(fgets(buf, 1024, fp))

if(pputs(buf)

break,

mou_wait(false);
\ fcloselfp):

i{nt view_logfile(void)

char filename[80)="+x

fopen(fn, "ab”);

%02d:9602d:9602d %664 9%64.1f %3.1f %5.1f

dda_year % 100, d.da_mon, d.da_day,

t.ti_hour, t.ti_min tu.mm ctr!dat&header[haus] elapsed,
sensordata{haus)[5}{pos] / 1000.,
sensordatalhaus}{4}[pos] / 1000,
sensordatafhaus}{7}{pos} / 100.,

sensordatalhaus}[3}{pos] / 1000.,

sensordatalhaus}[2]{pos] / 1000.,
sensordatalhaus]{6}[pos]} / 100.
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dirbox("B. 112} st 2a3Uo)|EL n=A48”,
filename, NULL, 0);
if(+filename)

view_file("2 4 x)17] 2239 ¥7)” filename, 1),
return false;

)
it preat logfile(void)
{

char filename[80)="+
dirbox (") 4§ st 22 2} F} gdg& n2M8" filename, NULL, 0);
mou_wait(true);
if(+filename)
print_file(filename);
mou_wait(false);
return false;

)
zloid pnnt_to_prnter{void)

static min = -1;

struct time t;

struct date d;

int i;

gettime(&);

getdate(&d).

i(f(min = tti_min && Ntti_min % 30))

if(printsw == 0)
//puterror(" M AR E AHEA UEE AAFHA UAFUGR)
) return,
mm = tu_mn,
// pnnt data
/

f(pprintf("@ %4dd %2d¥ %2dY %02d'%02d (%4s] dA 244%En  [24HA7]
V120 ‘sd 3 FE N\n\n”,

t.ti_hour, tti_min,

d.da_year, d.da_mon, d.da_day,

flag.win_status rain ? “8] &""-~--"))
return
if (pprintf(" Xt %"J [9%4s] &4 %3.1f m/sec HHLE: %+30f "C AF&F5: %3d
%%\r\nt B4 % %3.1f mm 71 %6.1f mb AR %5d W/m; \r\n",
wind_direction[dicision_ ‘wd(wsensor.sdata. wd)),
wsensor.sdata. ws*1609.3 / 3600.,
(wsensor.sdata.out_t /10.- 32.)x '50 / 9.0,
wsensor.sdata.out_h,
wsensor.sdatarain * 0.254,
wsensor.sdata.atm * .03386,
wsensor.sdata.light ))
return;
for(i = 0, 1 < 4; i++)
if(ctrldata_header[1} elapsed) .
(pprintf("[&4%d) Z#27: %3dY¥ &%l %+51f "C *%2
%+51f "C HEL %3d %% F52 %3d %% olb3teta: %4d ppm\r\n

ctrldata headerf(i).elapsed,
(float)(sensordatali){7)[disp_data_pos] /

100),
) (float)(sensordatali)(6][disp_data_pos] /
100, e
(int)(sensordatali)(5)[disp_data_pos] /
100.), .
(int)(sensordatalil[4){disp_data_pos] /
100, (int)(sensordatali](3)[disp_data_pos] /
10.))
)
return;

fori = 4, i < 7; i++)
if(ctridata_header(i].elapsed)
porintf("[$4%d] A =27 %3dY pH: %52f EC: %52fuS DO:
%5.2fppm F&: %4.1f " C\r\n”,

i-3,
ctrldata_header(i].elapsed,



100.)),
pprint}f("\r\n”);

?'oid agc_mre(void)

/1

/7

pushcolor();
hsetbkcolor(150);

hsetbkcolor(CYAN}),

helrserxy(-19,-2, 107, 40);

setcolor(WHITE),

settextstyle(TRIPLEX _ FONT HORIZ_DIR, 6)%
outtextxy(450, 240, "Ag&C ")
settextstyle('I‘R[PLEX _FONT, HORIZ_DIR, 6);

outtextxy(300, 300, "Mirae Electronics” );

outtextxy (350, 350, "1994,1995" );

hsetoutputmode(OVERWRITE_ENLARGE),

hsetenlarge(1,5);

{floa)sensordatalijl5)idisp_data_pos] /
{float)sensordata{i}[4)[disp_data_pos] /
(float)sensordatalil[3][disp.data_pos] /
{float){sensordatali){7){disp_data_pos] /

hpnntfpxy(-320, -120, 4 & i s A H et &4 aloir ey

hsetthreed(false):

hsetoutputmode(OVERWRITE);

popcolor();

}nt edit_orchid{void)

ctrldata_t tmpdata,
FILE #*fin;

mywindow_t info_

button_t btn[20];
int hkey[20]

tmpdata2,

WS

{ LEFT ARROW RIGHTARROW, UPARROW, DOWNARROW,
, PGUPKEY, PGDNKEY HOMEKEY, ENDKEY,
CR, ALT 1, ALT_ 2 ALT.3, ALT _4};

int i1, items = 0, key, done = false, redraw = true, step =

int last_item = -1,
nt pos[20](4] =

FS F6 'FI10, ESC, F2

»

{27, 24, 31, 25},
{31, 24 35, 25},

(35

, 39, 25},

9, 24, 43, 25},

{43,

E352
98 =8RABH

{9

w

] 28
88-’: ﬁ_ﬁﬁﬁﬁﬁ

{40,

3

3

{63, 25, 73
25, 83, 27},
21},

{73,

{83, 25, 103

RRRHR

8t

53

K
(2

3

, 27},
}

// select item

{92, 5,
{92,
{92, 9,
92,11,

=~

103, 7 }.
103, § },
103, 11 },
103, 13 }
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I3

int scalel4l = {4, 2, 2, 1}, scrollbar, cyr, cmon, cday.

float  max, min, mcan;

struct date d;

int sh, sm, eh, em;

char stext[20] =
(llull l’mll 4IAII'leI
'012!] unqlg + nop Pg U nnﬂx PgDn""i‘]w Home””Z End",
”QZ}Z]Z:‘ mun,ngx];é anu uncﬂ,g ESC" 92 F2, n;‘;& =)
II%E @lll ”"_n "_n 3 .)

char buf(80];

¢(:har sreport{4][4] =

{""c1"CCY"CF  HRLEE"c7""cl"COVCF HALE"cT"cl"C2ZV'CF HFLE
“c7",c1"CBY"CF 43 Lx"c7"},

{"c1"CCY"CF  HRFECT""CcI"COV'CF  HAFECT"cI'C2YCF HZEE
“c?"*c1"CBV"CF A A& %7},

{""clI"CCY"CF #32 CO02c7""c1I"CO¥"CF #HA (CO02c7","cl"C2v°CF #HZ

CO2°c7","c1"CBY"CF 43 C02°c7"},
{(""cl “CCV‘CF HRBE T c1"COVCF  HABE7""c1"C2Y"CF HTFx
7, "cl ‘CBY"CF 4A % E"c7") :

if(‘ctridata_header[Ol.init) {
puterror("2t717} A A 5o UA gy dA 3A}rE HAYHAL"):
return false;

)

for(ii = 0 ; ii < 20; ii++) {
set_button(&btnlii), pos[u][O],pos[u][l]pos[u][Z].pos[u][S]
WHITE, BLACK, ii < 16 ? LIGHTGRAY:GREEN,ii 16 ? LIGHTGREEN:WHITE,
BLACK,
false, false, textliil):

sprintf(buf,” &4 AZR A7)
setmywindow{&nfo_w, 25, 3, 104, 27, WHITE, BLACK, GREEN, BLUE,
WHI’I‘E BLACK, LIGHTGRAY false, true,
buf, false);
memset(&tmpdata, 0, sizeof(ctrldata_t));
memset(&tmpdata2, 0, sizeof(ctrldata_t));
savescreen();
if(open_window(&info_w)) {
pushcolor();
hsetbkcolor(LIGHTGRAY);
hsetcolor(BLACK),
allow_darg(true);

hsolidbarpxy(-208,-63, -511, -280, LIGHTGRAY);

rectangle_3d(208, 63, 511, 280, WHITE, BLACK).
// file open

mou_wait(true);

copyfile("ORCHID.CTL", "ORCHID.$$$");
mou_wait(false),

fin = fopen("ORCHID.CTL", “r+b");
i(f(ﬁn == NULL)

fin = fopen("ORCHID.CTL", “w+b");
chsize(fileno(fin),
snzeof(ctrldata_header t)
sizeof(ctrldata_t) .

ctridata_header{0).duration);
if(fin '= NULL)

for(ii = 0; ii < 20 ii++)
open_button(&btnl[ii));
ctrlputspxy(8,282,""C3"cF" R AEAEEANEENNNENEEENNEEE
HEEEERNEREE RUIr"C0c7");
if(ctridata_header{0).elapsed)
day = ctrldata_header{0).elapsed-1:

=0

else

da
while(!done)
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(long)day, SEEK_SET);

LIGHTGRAY);

? 510, BLACK)

262,"%02d", ii / 2)

24, 10, BLACK):
+ 16, "%2d " C", 50-ii);

[£ %3d " C}"C0c7",

ctrldata_header{0].mul(items]);
ctrldata_header[0).mul[items));

ctrldata_header[0].mullitems));

if(redraw) {
fseek(fin, (long)sizeof(ctridata_header_t)
+  (long)sizeof(ctridata_t)

fread(&tmpdata?2, sizeof(ctrldata_t), 1, fin);
if(tmpdata2.initlitems])
tmpdata = tmpdata2;

i{f(last_item = jtemsll key == F10)
hsolidbarpxy(-209,-80, -509, -263,
disp_button(&btn[16+items], true);
hhline(80,260,420, BLACK);
hvline(80,20,240, BLACK);
hprintfpxy(30, 262," A1t —");
for(ii = 0. ii < 48; ii++) {
hvline(ii*8+115, ii % 2 ? 255:250,ii % 2
if(1Gi % 4))
hprintfpxy(ii*8+108,
}
?witch (items)
case 0: // €%
for(ii = 0, i <= 50; ii+=10) {
hhline(80, i1 = 4 +

hprintfpxy(30, ii * 4
}
ctriprintfpxy(530, 282,""c2°CF

ctrldata_header{0}.error{items)

* ctrldata_header{0] mul(items]);
break;

ctrlprintfxy (67, 10, report{items][0]):

redraw = false;

)

// draw cursor

for(ii = 0; ii < 48; {i++)
hprintfpxy(8+«(14+ii), )
216-tmpdata.ctrlitem[items].steplii] * scalelitems],"-"):

for(ii=0, max = 0; ii < 48; ii++) {
if(tmpdata.ctrlitem{items).steplii] > max)
max = tmpdata.ctrlitem{items).stepliil;

for(ii=0, min = tmpdata.ctrlitem[items).step[0); ii < 48; ii++) {
if(tmpdata.ctrlitem(items).stepfii] < min) )
min = tmpdata.ctriitem(items).stepliil;

for(ii=0, mean = 0; ii < 48; ii++) {
mean += tmpdata.ctrlitem[items).steplii] / 48.;

}
?witch(items)
case O:
ctriprintfxy(68, 11, ""c1"CF%4.1f " C ~C0°c7”,
max .
ctriprintfxy (68, 13, "*c1"CF%4.1f °C “CO%c7",
min¢
ctrlprintfxy(68, 15, "*c1"CF%4.1f *C “C0"c7",
means

ctrlprintfxy(68, 17, ""c1"CF%4.1f " C ~C0°c7",

(float)tmpdata.ctrlitem(items).step[step)
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sctridata_header(0].mul{items));

; break;
ctriprintfpxy(8+(14+step),216

tmpdata.ctriitem{items].steplstepl * scalelitems] ,

tmpdata2.initlitems] ? "“CA~A-"a"C0":""CC"A-"a"C0");
scrollbar = {int){464. / (ctridata_header{0).duration-1) « (day))+24;
ctriputspxy(scrolibar,282, ""CF c0"ANM"a"C0"c7"):
cale_edays(ctridata_header{0] syear,

ctridata_header{0}.smon,

ctridata_header{0).sday,

day, &cyr,

&cmon, &cday).

. d.da_year = cyr:
d.da_mon = cmon;
d.da_day = cday;
getsunrise(d, &sh, &sm, &eh, &em):
ctriprintfpxy{sh+16+115+sm=+16/60-48,232,""CE 1* ~C0")
ctriprintfpxy{eh*16+115+em*16/60-48,232,""C0 o “Co"),

hsetcolor(BLACK);
ctriprintfxy (3, 1, "U%2dA]l %02d® < %sx% > [ %3d¥ / %3d

Hon

A} {%4d9d %2d¥ %24y,
step / 2, step % 2 ? 300,
ctridata_header{0lindividual ? "2§g" "< ",
day + 1ctridata_header{0] duration,
d.da_year, d.da_mon, d.da_day):

// get key
key = hgetch();

for(ii = 0; ii < 48 1i+4)
ctripnntfpxy{8«{14+ii),216

tmpdata.ctrlitemlitemsl.steplii] * scalelitems] ,” “)%

?witch tkey)

case '+t case PGDNKEY: case ’'-'' case
PGUPKEY: case HOMEKEY" case ENDKEY:
case MOUKEY:
ctrlputspxy(scrollbar,282, “~C3W"C0"):
break:
case CR:

tmpdata.init{items) = true;

tmpdataZ.init{items] = true;

fseek{fin, (long)sizeof(ctridata_header_t)
(long)sizeof(ctridata_t) * (long)day, SEEK_SET);

fin);

fwrite(&tmpdata, sizeof{ctridata_t), 1,

osjk_env.haus[0l.edited = true;
break.

}
?wimh(key)

case ESC:
if(osjk_env.haus[0].edited} ) L
iflaskanswer("d A Y A& #HAst

break;
fclose(fin);
copyfile("ORCHID.$$$","ORCHID.CTL");
remove{"ORCHID.$$%");
done = true;
break;

if(day > 0)
day --;

case ‘~'!
redraw = true;
break;

Ay, false) != truel
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case "+
if(day < ctrldata_header{0].duration - 1)
day++,
red:aw true;

case UPARROW:

if(tmpdata.ctriitem[items].steplstep] < 200. /
scaleflitems) )

tmpdata ctrlitem[items].steplstepl++;
osik_env.haus[0).edited = true:
break;
case DOWNARROW.
if(trpdata.ctrlitem{items] steplstep] > 0)

tmpdata.ctriitem{items].step{step]--:
osxk env. haus[0].edited = true:

case LEFTARROW case ‘4!
if(step > 0)

break;
case RIGHTARROW: case '6"
if(step < 48-1)

step--;

stept+,
break;
case PGUPKEY:

if(day - 7 > )

day -= T,
else

day = 0;
redraw = true;
break;

case PGDNKEY:
iftday + 7 < ctridata_header{0}.duration)
day += 7.

day = ctridata_header{0].duration - 1;
redraw = true;
break:
case HOMEKEY:
day = O;
redraw = true;
break;
case ENDKEY:
day = ctridata_header{0].duration - 1.
redraw = true;
break;
case ‘8"
for(ii=0; ii < 48; ii++) .
if(tmpdata.ctrlitem[items).steplii] < 200.

else

/ scalelitems] )

tmpdata.ctriitem{items].steplii]++;
osjk_env.haus{0].edited = true;
break;
case ‘2"
for(ii=0; ii < 48, ii++) .
if{tmpdata ctrlitem{items].steplii} > 0)

tmpdata.ctrlitem{items].steplii]--; ]
osjk_env.haus{0].edited = true;
break;
case ‘7"
for(ii=0; ii <= step ii++)
if(tmpdata.ctrlitem[items].steplii} < 200.
/ scalelitems] )

tmpdata.ctrlitemlitems].steplii] ++; i
osjk_env.haus{0].edited = true;
break;
case ‘1"
for(ii=0; ii <= step; ii++)
if(tmpdata.ctrlitem{items].steplii] > 0)

tmpdata.ctrlitem[items).stepliil--:
o osik_env.haus{0].edited = true;
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break;

for(ii=step; ii < 48; ii++)
if(tmpdata.ctrlitem{items).steplii] < 200.

case ‘9"

/ scalelitems] )

umpdata.ctriitem(items].stepliil+ +;
osjk_env.haus{0].edited = true:
break;
case ‘3"
for(ii= step. ii < 48; ii++)
if(tmpdata.ctrtitem[items).steplii} > 0)

tmpdata.ctrliteml[items).stepliil--;
oslk env.haus{0).edited = true;

break;
case MOUKEY:
ii = process button(btn, 20);
ifGii >=
ungetxch(hkey[n]):
else
if({mou_x > 14 && moux < 63) && (mou_py
< 224 && mou py > 22))
step = mou_x - 15
ctriprintfpxy(8+(14+step),216 -
tmpdata.ctrlitem(items).step{step] * scalelitems] ,” ")

tmpdata.ctriitem[items).step[step] = (224 - mou_py) / scalelitems];
osjk_env.haus[0).edited = true;

} else
i(f(mou_py > 282 && mou_py < 298)

if(mou_px > 8 && mou_px < 24)
ungetxch('-');
else if(mou_px > 504 && mou px <
520)
ungetxch(’+');
else if(mou_px > 24 && mou_px <
504)

24) = (float)(ctridata_header{0).duration) / 480.);

day =(int)({float)(mou_px -

redraw = true;

}
}
break;
/ case Fi0:
/ sprintf(buf,“%3d" ctridata_header{0].errorfitems]);

xf(wxmgetdata("&.z}—J Ha dFsALa", buf,

/

“999" ENGONLY))
ctrldata_header[0l.error(items]) =

atoi{buf);

/Y redraw = true

/ break;

1f('ctrldata_,header[0] individual)
putmsg("[8 ¥ XA} 14"12] aA71e ¥

LA HAZRUG”, true),
tmpdata. 1mt[0] = tmpdata.init{l] = true;

fseek(fin, 0, SEEK_SET);
fwrite(&ctridata_header(0],
sizeof(ctridata_header_t), 1, fin);
for(ii = day: il <

ctridata_header{0].duration; ii++) (

fseek(fin,(long )sizeof(ctridata_header_t) + (long)sizeof(ctridata_t) * (long)ii, SEEK_SET)
fwrite(&tmpdata,
sizeof(ctrldata_t), 1, fin);
closemsg();

}
fclose(fin);
remove("ORCHID.$$$");

[/esnsssussransansssnsnshassns
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dnload_orchid();

[/ex2ess0s0ennrenssnansesenses

done = true;
break;
case F5:
ctridata_header(0).individual = false
break;
case F6:
= true,

ctridata_header{0).individual
break;

puterror("Z 713U & A £ dFUD);
allow_darg(false);

for(ii = 0; 11 < 20; ii++)
close_button(&btnliil);

popcolor(); :
close_window(&info_w);

} else

restorescreen();

return false;
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/
/7
Z MULTIPORT Device Driver Interface
/

finclude <dos.h>
#include “"mux.h”

i(nt u_peek(int seg_,int off_)

char far sfarread,

farread = (char far ) ((Iong)seg « 0x100001 + (long)off ):
) return( (sfarread & Oxff) + (*(farread+1) << 8) )

int setcom(int port_no,int byte_spec,int bps) /*+ Set Port Address */
{ /+ MULTIPORT INITIALIZE ¢/
union REGS r;

.int seg,val,

seg =  u_peek( 0, 0x142 ); /+ 0x50 vector address is 0:0x140 */
val = u_peek( seg, 0x103 );

f( val !'= 0x434D ) return( 0x80 ); /+ device not found ./
rhah = 0x00; /* number of Function s/
rhbl = port_no: /* Port Number */
rhbh = byte_spec: /+ Port initialize parm «/
rx.cx = bps:

int86(0x50, &r, &1);
) return (r.h.al);

int clearcom(int port_no, int svr_code) /¢« clear buffer & XON/XOFF */
{ /* MULTIPORT INITIALIZE */
union REGS r

nt seg,val;

seg = u_peek( 0, 0x142 ); /» 0x50 vector address is 0:0x140 +/
val = u_peek( seg, 0x103 );

if( val '= 0x434D ) retutn( 0x80 );  /* device not found s/
rhah = 0x01; /* number of Function «/
rhbl = port_no; /* Port Number */
rhbh = svr_code;

int86(0x50, &r, &r);
) return (r.h.al);

int writecom (int port_no, char *data, int data_size) /* Write data */
{

char far =fptr; /* send character in user buffer =/
union REGS r;

struct SREGS sregs:

int seg,val;

seg = u_peek( 0, O0x142 ); /* 0x50 vector address is 0:0x140 »/
val = u_peek( seg, 0x103 ),

if( val != 0x434D ) return( 0x80 ); /+ device not found */
r.h.ah = 0x02;

r.h.bl = port_no;

r.X.cx = data_size;

fptr = (char far *)data;

sregsds = FP_SEG (fptr). /+ Segment of Read Buffer +/
r.x.dx = FP_OFF (fptr); /* Offset of Read Buffer ¢/

int86x (0x50, &r, &r, &sregs);
return ( r.hal );

)

int delayedout(int port, char *data, int size)
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int i, ret,
§or()=0; i<size; i++)

delay(COMDELAY);
ret = wrnitecom(port, data, 1);
if(ret)
break.
) data++;
) retum ret;
i{m readcom(int port_no, char +data, int *data_size)
/ /* Read From Comm Buffer
L 3
char far siptr;
union REGS ri
. struct SREGS  sregs:
int seg,val
seg = u_peek( 0, Ox142 ); /* 0x50 vector address is 0:0x140 »/
val = u_peek( seg, 0x103 )
if( val != 0x434D ) return( 0x80 );  /* device not found s/
rhah = 0x03:
r.hbl =  port.no;
r.X.CX = =»data_size;
fptr = {char far *)data;
sregs.ds = FP_SEG (fptr) /* Segment of Read Buffer «/
rxdx = FP_OFF (fptrh /+ Offset of Read Buffer */

int86x (0x50, &r, &, &sregs)
sdata_size = r.x.cx
retun ( r.hal )

}
i{nt readdcom (int port_no, char *w_data, int *data_size, char *s_data, int search_size)
/ /* Read From Comm Buffer
*
union REGS r
struct SREGS sregs:
char far *f_ptr;
int seg,val;
seg = u_peek{ 0, O0x142 )i /« 0x50 vector address is 0'0x140 +/
val = u_peek( seg, 0x103 )
if( val '= Ox434D ) return{ 0x80 )i  /* device not found */
r.h.ah = 0x04;
r.h.bl = port_no:
rhbh = search_size; /+ Delimiter »/
r.X.cx = =data_size;
f_ptr = (char far *)w_data;
sregsds = FP_SEG (f_ptr) /* Segment of Read Buffer #/
rxdx = FP_OFF (f_ptr); /* Offset of Read Buffer +/
iptr = {char far *)s_data;
sregses = FP_SEG (f_ptr); /* Segment of Read Buffer #/
r.x.di = FP_OFF (f_ptr); /+ Offset of Read Buffer +*/

int86x (0x50, &r, &r, &sregs):
*data_size = r.xX.cx:
} return ( rhal )

i{nt checkcom(int port_no, int infor_code, int *data) /* get port status */

union REGS r;
nt seg,val;

seg = u_peek( 0, O0x142 ); /+ O0x50 vector address is 0:0x140 +/



val = u_peek( seg, 0x103 ).

if( val != 0x434D ) return( 0x80 );  /+ device not found +/
rhah = O0x07; /+ number of Function s/
rhbl = port_no: /+ Port Number */
rhbh = infor_code:

int86(0x50, &r, &r):

*data = rX.CX:

return {r.h.al);

}
i{nt oncom(int port_no, int mode, char del_addr(}, int del_len, int far »u_addr)
union REGS

struct SREGS sregs:
int seg,val;

seg =  u_peek( 0, O0x142 ). /« 0x50 vector address is 0:0x140 +/
val = u_peek( seg, 0x103 );

if( val 1= 0x434D ) return( 0x80 ); /* device not found +/

r.h.ah = 0Ox08;

r.h.bl =  port_no;

rhbh = mode: /+ event mode */

rx.cx = del_len;

sregsids = FP_SEG (u_addr): /+* Segment of Read Buffer */
r.x.dx = FP_OFF (u_addr): /+ Offset of Read Buffer =/
sregses = FP_SEG (del_addr): /* Segment of delimiter Buffer +/
r.x.cd = FP_OFF (del_addr), /» Offset of delimiter Buffer +/

int86x(0x50, &r, &r, &sregs):
return ( r.h.al);
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[
* Virtual Memory Manager for XMS

» HIMEM.SYS o &A3lA extended memory& At £57] ¢ 2§
*/

#include <dos.h>

#include <stdio h>
#include <conio.h>
#include <alloc.h>
#include <mem.h>

#include "vm_xms.h"

Hifndef true
#define true 1
#define false 0
#endif

/+ Error no

0x80 "Not allowed function”

0x81 “Vdisk detected”

0x82 "A20 error”

0x90 "HMA not exist”

0x91 "HMA was used by another application”
0x92 "Value of DX register less than /HMAMIN”
0x93 "HMA not allocated”

0x94 "A20 line aleady enabled”

0xA0 "All Extended Memory Block allocated”
0xAl "All Extended Memory Block used out”
0xA2 "Invailed handle”

0xA3 “Invailed source handle”

0xA4 "Invailed source offset”

0xA5 “Invailed destination handle”

0xA6 “Invailed destination offset”

0xA7 "Invailed copy length”

0xA8 “Overlap occurred in moving memory”
0xA9 "Parity error”

0xAA "Block not locked”

0xAB “Handle locked”

0xAC "Overflow locked block”

0xAD “Lock failure”

0xB0

0xB1

0xB2

*/

driver_func_t XMS_DRV = NULL;
int xmsermo = 0;

unsigned int freesize:
XmsMemCopy_t cpy:

i(nt is_xms_install(void)

_AX = 0x4300;
geninterrupt(0x2f);
if(_AL == 0x80)

return true;
return false;

}

Ezoid far *get_xms_drv_adrs(void)
_AX = 0x4310;
geninterrupt(0x2f);

\ retum MK_FP(_ES, _BX)

int get_xms_ver(void)

if(XMS_DRV == NULL)
return 0

_AH = 0;
(XMS_DRV)();
return _AX;
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}

zmsigned int get_max_free_xms(void)

_AH = 8
(XMS_DRV)();

xmsermo = _BL:
) return _AX;

?nsigned int get_total_free_xms(void)

_AH = §

(XMS_DRVX),

xmsermo = _BL;
) returm _DX;

?nsigned int xms_alloc(int kb)

_AH =9
DX = kb;
(XMS_DRVX();
if(_AX)

return _DX;

xmsermo = _BL;
) return false;

1(msigned int xms_free(int handle)

_AH = 0x0a;
_DX = handle;
(XMS_DRV)X();
if(_AX)

return true;

xmserrmo = _BL;
return false;

}
int xms_copy(unsigned int sh, unsigned long sadrs,

(
asm push DS;

cpy.length = len;
cpy.srchandle = sh;
cpy.srcoffset = sadrs;
cpy.desthandle = dh;
cpy.destoffset = dadrs;
_DS = FP_SEG(&cpy):
_SI = FP_OFF(&cpy):
_AH = 0x0b;
(XMS_DRV)();

asm pop DS;

if(_AX)

return true;
xmsermo = _BL;
return false;

)

int xms_lock(unsigned handle)

_AH = 0x0c:
_DX = handle;

(XMS_DRV)();
if(_AX)

return true;
xmsermo = _BL;
return false;

unsigned int dh, unsigned long dadrs, long len)



l{nt xms_unlock(unsigned int handle)

_AH = 0x0d.
_DX = handle;

{(XMS_DRV)();
if(_AX)

return true;
xmserrno = _BL;
retumn false;

[

}
i(nt get_handle_info{unsigned int handle, xms_handle_info_t *i)

_AH = 0x0e:
_DX = handle:

(XMS_DRV)(:

L if(

Hou

i->locked_blk = _BH;
i->free_handle = _BL;
i->blocksize = _DX;

) return true;

xmsermo = _BL;

return false;

}
i{nt resize_block(unsigned int handle, unsigned int newsize)

_AH = 0xOf.
_BX = newsize:
_DX = handle;
(XMS_DRV ()
if(_AX)

return true;
XMSermo = H
return false;

- 3

}

/*
{ond main(void)

mt h, X, v

unsigned i

unsigned char far *buf;
x = wherex{).

y = wherey(});

buf = farmalloc(515841);
i{f(buf== NULL)

returmn;

}

printf("buf ptr %Fp\n”, buf)

for(i = 0; i < 51584u; i++)
«(buf+i) = i % 256

}f(is_xms_install())

XMS_DRV = get_xms_drv_adrs(),
prnntf("Total free memory %dk bytes\n”, get_total_free_xms());
printf("Maximum free memory %dk bytes\n”, get_max_free_xms())

printf("Now allocate 150kb .. handle = %u\n”, h = xms_alloc(152));

ifth == false)
print{(“Allocation error\n”);
e{:lse

if(xms_copy(0, (long)FP_SEG{buf} * 655361+(long)FP_OFF(buf),
h, 01, 515841) == true)

{

printf(“Screen copy success... press any key\n"):
\ getch();
else
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printf("Screen copy fail\n”);

puts{"press any key”)
getch(?;
/4 setmem(buf, 51584u, O)
for(i=0; i<51584u; i++)
«(buf+i) = O;
xms_copy(h, 01, 0, {long)FP_SEG(buf) * 655361+(long)FP_OFF(buf), 515841)
t{'or(i = 0; i < 51584u; 1++)

printf("vTest...%u" i),
if(+«(buf+i) '= i % 256)
printf("error in %d\n”, i)

gotoxy{x, y)

printf("Now free 150kb.\n");

if(xms_free(h))
printf("Success\n");

else
printf("Error\n”);
} else
printf("No xms drive\n");
{arfree(buf);
»/

i(m mt_xms{void)
if(is_xms_install())
XMS_DRV = get_xms_drv_adrs(}
freesize =get_total_free_xms();
if(freesize > 800)
retum true.

return false;
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APPENDIX 4. LIST OF TOMATO IRRIGATION SYSTEM PROGRAM

/9008080005058 88020820088480000002020TEREIRELNEERERERREIREPNIREINEREIEEENTINNS

DC-DUTCH.C

Analog input channel list

main-ch0 * mux16 expansion (soil moisture)

main-chl : temperature - direct

main-ch2 : humidity - through voltage follower
main-ch3 : co2 - direct

main-chd : soil moisture (zest) - direct

main-ch5 : soil moisture (Fujiwara) - direct

main-ch6 : mux16 expansion (stem diameter, radiation)
main-ch7 : Intemal Temperature

mux16-ch0 sol moisture 0. (NC)
mux16-chl . soil mosture 1
mux16-ch2 : soil moisture 2
mux16-ch3 : soil moisture 3
mux16-chd : soil moisture 4

mux16-ch5 : NC
mux16-ch6 * NC
mux16-ch7 : NC

mux16-ch8 : stem diameter 0
mux16-ch9 : stem diameter 1
mux16-chl0 : stem diameter 2
mux16-chll : stem diameter 3
mux16-chl2 : stem diameter 4

mux16-chl3 : radiation 0
mux16-chl4 : radiation 1
mux16-chl5 : NC

mux-ch0 : positive pulse
mux-chl : negative pulse

mux-ch3 : NC
mux-chd : NC
ffl0]  year

ff{1] * month

ffl2] day

ff[3] : hour

{4} : minute
£f{5] : second
f{6] : temperature
{7} : humidity

(8] : soil moisture 0
9] - soil moisture 1
£f{10] - soil moisture 2
ff{11] : soil moisture 3
£(12] : soil moisture 4
f{13] : sol moisture Fujiwara
ff(14] : NU

£f{15} : co2 concentration
£f(16) : stem diameter O
£f(17] : stem diameter 1
£f(18] : stem diameter 2



£f19] : stem diameter 3

ff(20] : stem diameter 4

ff(21] : radiauon 0

£(22] : radiation 1 - Reference

(23] : radiation summation

£1124] : expected gain

ff(25) : daily gain of stem diameter O
#{26] : daily gain of stem diameter 1
ff{27] : daily gain of stem diameter 2
{28} : daily gain of stem diameter 3
#{29] : daily gain of stem diameter 4
(30} : irrigation mode 0

£{31] : irrigation mode 1

£#{32] : irrigation mode 2

£1(33] : number of leaf

#(34] : number of truss

£f[35] : number of node

£{36] : number of fruit

£{37] : daily transpiration

ff{38) : biomass production

ff{38] - gross photo synthesis

£f{40} : leaf area index

fi{41] : irrigation need 0

£i{42] : imgation need 1

£f{43) * wrrigation need 2

ff{44] : instant transpiration

£f{45] : net radiation

ff{46] : vapor pressure deficit

£{47] - stomatal resistance

f{48] : boundary layer resistance
£{49] : temperature wet bulb
Tomato transpiration model outputs...

Q‘.“““‘t‘tt‘t‘.t.t““.".“‘i““““..‘.““.t'.‘.“‘“O.“"‘t't“i.‘t“‘/

#define RUNKERNEL 1

#define NTASKS 8
#define TASKO 0
#define TASK] 1
Adefine TASK2 2
#define TASK3 3
#define TASK4 4
#define TASKS 5
#define TASK6 6

#use “default h”
#use “kdm lib"
#use "serial.lib”
#use “rtk hib”
#use "vdriver.lib”

#define NORECORD 1440

#define CR 0x0d

#define IBAUD 2400 // modem communication speed
#define TBUFSIZE 1024 // size of transmut buffer for modem
#define RBUFSIZE 1024 // size of receive buffer for modem
#define MANUAL 0

#define AUTO 1

#define BAUD 28800

#define INTERVAL 1
#define KEYPAD_SIZE 24



hfdel LK COLS

fundef LK_COLS
#endif

ddefine LK_COLS 20
#fdel LK_LINES
#undef LK_LINES
#endif

#define LK_LINES 4

Jansesnsanssnensnsersensennans

declaration function prototypes

‘.‘..‘.“““‘...‘..‘.Q‘.’/
/* control functions */

void muxl6_ch_nlint n, int ch);
void high_pulse()

void low_pulse();

int change_time(}:

void init_control_variable(),
void record_finished():

void clear_sram(};

void reset_datalogging():

void reset_comport():

void record_data(),

void irrigation_control():

void cal_daily_gain(),

void cal_real_value(),

void read_sensor().

int lk_run_menu(char *call_menu, struct lk_menu *menu, int index)

/+ model functions ¢/

void store_xmem();

void restore_xmem{().
void zero_variable(),

void continue_simulation();

void 1nit_simulation():

void run_daily_simulation(),

void run_fast_simulation()

void read_data(void).

float maximum(float, float);

float mimmum(float, floath

float vapor_pressure(float);

float vapor_pressurel(float);

float tables(floats, floats, float, int)
void 1nit_vanable(void),

void calc_temp_dep_factor{void).

vod calc_hourly_photosynthesis{void};
void calc_maint_respiration{void);
void development_rate6(void),

void lossrateS(void)

void calc_drymatter_growth_rate6(void):

voud calc_transpiration{void);
void calc_net_radiation{void).
void cale_boundary_layer_resistance{void):

void read_crop_parameter(void):
void read_greenhouse_parameter(void).

void clear_dayvalue{void)
void modify_data(void).

/‘C"'t"t‘t““"“t"‘t."t‘t‘.ttl‘.t“‘ltSttttt".t‘.



declaration of variables

“‘.‘““.‘.‘.“.“"‘.‘.‘..'0..‘.“‘.“‘.“““““.‘/

/+ model variables +/

static
static
static
static
static
static
static
static
static
static
static
static
static
statc
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
stauc
static
static
static
static
static
static
static
static
static
static
static
statc
static
static
static
static
stauc
static
static
static
static
static

int reset_model;

float irmi_mun;

float no_iter;

float dt_iter:

float x_ageclass:

float daily_leafdev_rate:
float xfpn(10];

float leafarea_on_truss{30]:
float dwleaf_on_truss(30};
float dwstem_on_truss(30]:
float leafage_on_truss[30):
float dwfruit_on_truss{30){7):
float fruitage_on_truss{30](7);
float dwfruits_on_truss(30);
float pot_stemgrow([30]:
float pot_leafgrow([30]:

float pot_fruitgrow([301(15),
float abortfruit_on_truss(30):
float newfruit_on_truss[30};
float fruitno_on_truss(30],
float inst_fruitno_on_truss.
float x_no_on_truss[30],
float total_abortfruit{30].
float pot_leafexp_on_truss{30];
float setfruit_on_truss{30},
float dwstem,

float dwfruit,

float inst_maint_resp.

float inst_dwleaf_on_truss;
float inst_dwfruit_on_truss.
float init_dwleaf,

float imt_dwstem,

float photon_density:

float co2_compensation;
float qefficiency;

float inst_photosynthesis:
float inst_tempeffect_on_dev:
float inst_leafdev_rate;

float inst_fruitdev_rate;
float ql10;

float fruit_mresp_coeff,

float leaf_mresp_coeff;

float stem_mresp_coeff,
float dwleaf;

float dwleaf_modified;

float leafarea_modified:

float init_leafarea_plant;
float planting_density;

float extinction_coeff;

~

~

float node_bet_firsttruss_fruitset.

float pot_fruitno_per_node;
float newinit_fruitno;

float firstfruit_trussno;
float fruitno:

//xbox
//ravlv
//xfpn
//xla
//dwl
//dws
//agls
//dwt
//agf
//dwtr
//pgs
//vgl
//vgf
//abnf
//renf
//xnft
//nft
//xnsft
//abor
//ple
//osf
//tdms
/dmf
//rmaintf
//dmgl
//dmgf
//wlvsi
//wstm
//opfd
//ed
//ae quantum use efficiency
//gof
//temfct
f/rdvivE
//rdvfrf
//q10
//rmrf
//rmrl
//rmrs
//tdml
/tdmi2
//plar2
//plari
//plm2
//xk
//frlg
//fpnpt
//trenf
//nbrup
//tnf



static float nodeinit_rate:
static float no_node;
static float init_nodeno.

static float tempeffect_on_devrate;

static float no_truss;

static float no_leaf:

static float leafarea_plant;
static float newzbort_fruitno;
static float abortfruit_ratio;
static float max_abort;

static float sourcesink_ratio;
static float abortfruit_no;
static float setfruit_no;
static float fruitdev_rate,
stauc float petiole_leaf_ratio;
static float stem_leaf_ratio:
static float min_sla;

static float firsttruss_nodeno;
static float max_sla:

static float dwshoot_growrate;
static float dwshootgrow_truss,

static float truss_per_leaf:

static float fruitno_mature;
static float dwfruit_mature,
static float lai;

static float rlsi,

static float daily_transpiration:

static 1nt currentday;
static int currentrecord,
static float rlc,

static float rls;

static float rig:

stauc float grow_efficiency:
static float grow_resp.
static float total_resp.
static float carbon_pool,
stauc float maint_resp:

static float gross_photosynthesis;

static float biomass_product,

static float ass_req_leaf.
static float ass_req_stem.
static float ass_req_fruit
stauc float pot_grow_shoot:
static float pot_grow_leaf,
static float pot_grow_stem:
static float pot_grow_frut:
static float vpd;

static float limit_vpd,
static float leaf_vpd;

static float ck;

static float vp_air,

static float vp_sat:

static float temp_air;
static float wetbulb_t:
static float t_wetbulb:
static float humidity:
static float co2:

static float global_solar;
static float solarradiation;
static float taul:

static float tau2;

static float pmax;

static float top:

static float bot;

//genr
//plstn
//plston
//temfac
//nbru
//nblv
//plar
//tabnf
//fabor
//abormx
//sosir
//tabf
//tnsf
//rdvir
//frpt
//frst
//slamn
//ftrusn
//slamx
//ascsp
//xasc
//tpl
//inmf
//dmmt

//dtran

//gref
//gresp
//tresp
//cpool
//rmaint
//gp
//redrw

//asrl
//asrs
//asr
//pngp
//ptnlvs
//ptnstm
//ptnfrt

/Mimit VPD for VPD vs Pmax curve

//gsol
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stalic
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
floar
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

xim,

eps.
carbon_pool_max; //cpoolmx
temp_veg;

dl;

rahv;

rah;
transpiration;
delta;

mv,

1t;

ta;

m,

delt;
temp_greenhouse.
temp_mulching.
temp_a;
temp_cover,
radlong_cover.
radlong_screen;
radlong_veget:
radlong_greenhouse.
radshort_veget.
epa;

epg.

reg,

tre,

rec,

tric;

relc;

epc,

tm.

mem;

trlm;

relm;

epm;

trs,

_res;

epss;

trls:

rels;

scp.

epv:

kdf,

rev.,

v,

abv;

revh;

trvd:

trlv:

relv;

plth,

bbx;

aax.

denn;

nonn,

ffww,;

resv;

resc;

recd:

| £3'H

qla;

tair;

qlcs

tc,

qls;

ts:

qlv:

tv,

qlm;

tm;

static float qlg.



static float tg;

static float relvl,
static float relv2;
static float relg;

static float riv3l;
static float relv3;
static float relvd4;
static float riv32;
static float rlv33;
static float riv34;
static float riv3S:
static float riv;

static float mvl;

static float xxp;

static float ttc;

static float tta,

static float re;

statc float nu_forced;
static float grashof;
static float nust;

static float nusm;
static float nusb,
static float nu_mixed;
//shared float NSTART;
//shared float NDAYS:
//shared float NFAST,
//shared float INTOUT,
//shared float TRGH;

P T Y Y P PR R L

declaration of constants
"‘t‘“‘.“t“““‘.““.“.““.t‘t“.“t“t.“‘t“t/

static float age_class[12] =

{0.0, 5.0, 150, 25.0, 35.0, 45.0, 55.0, 65.0, 75.0, 85.0, 95.0, 100.0}, //box
statuc float pot_leafexp_in_age{12] =

{00, 0.00035, 0.00165, 0.00255, 0.0023, 0.00155, 0.0009,

00005, 0.00025, 000015, 000005, 00}, //pol
static float pot_fruitgrow_in_age(12] =

{0.0, 0.09, 025, 0.45, 057, 058, 051, 0.41, 031, 0.22, 011, 0.0} //pof
static float pot_fruitno_on_truss[30] =

(5,55,5,5555,55555555555655555555555); //nbfpt
static float pmaxchange_on_temp(8) =

{0.0, 067, 1.0, 1.0, 1.0, 10, 0.0, 0.0}, //pgred
static float x_temp_pmax(8] =

{0.0, 90, 120, 150, 210, 280, 350, 500}, //tmpg
static float tempeffect_to_vegdev(6] = {0.0, 0.0, 0.0, 055, 10, 00} //gentem
static float x_temp(6] = {00, 5.0, 90, 120, 280, 500}, //xtem
stauc float maxrate_nodeimt {8) =

{00, 055, 055, 0.55, 0.55, 0.55, 0.55, 0.55} //genrat
static float x_node[8) = {0.0, 50, 20.0, 43.0, 48.0, 60.0, 90.0, 200.0). //xgen
static float leafdev_on_temp(9] =

{00, 00, 0.0096, 0.0126, 0.0190, 0.0260, 0.0260, 00, 00), //rdvivt
static float x_leafdev{9] =

(00, 90, 120, 150, 210, 280, 350, 50.0, 80.0}: //xlv
static float fruitdev_on_temp(9) =

{00, 00, 0.007, 0.016, 0.021, 0.024, 0.022, 0.02, 0.0}; //rdvfrt
static float x_fruitdev(9] =

{0.0, 90, 150, 180, 21.0, 240, 280, 350, 50.0) //xfr
static float proportion_root[6] = {0.18, 0.15, 0.12, 0.08, 002, 0.02). //proot
static float x_nodeno(6] = {1.0, 10.0, 20.0, 30.0, 50.0, 900} //xroot

static int totalcount,

static float cp = 1004.0; //specific heat of air at constant pressure(J/kg.K)
static float sig = 0.0000000567; //stefan-boltzman constant(w/m2X)

static float gamma = 66 2.

static float rhoa = 1.204,

static float nhu = 00000155; //kinematic viscosity(m2/s)
statc float kapa = 0.0000222. //thermal diffusivity(m?2/s)
static float aex = 1.0/273 16, //thermal expansion of air

static float lambda = (2500.25-2 365#20.0)+1000.0; /Natent hear of vaporization(J/kg}
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/“‘.“.“.“““.““‘.““.‘...‘..l“‘
xmem variables
..“C‘.‘.‘O‘.O‘....““““‘..“““‘../

/* model xmem */

xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata

xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata

xm_reset_model(2};
xm_xfpn[40);
xm_Jeafarea_on_truss{120);
xm_dwleaf_on_truss{120):
xm_dwstem_on_truss[120);
xm_leafage_on_truss(120);
xm_dwfruit_on_truss{840];
xm_fruitage_on_truss{840];
xm_dwfruits_on_truss(120};
xm_pot_stemgrow[120];
xm_pot_leafgrow(120]):
xm_pot_fruitgrow(1800):
xm_abortfruit_on_truss{120].
xm_newfruit_on_truss{120];
xm,_fruitno_on_truss{120};
xm_x_no_on_truss[120]:
xm_total_abortfruit{120];
xm_pot_leafexp_on_truss(120];
xm_setfruit_on_truss[120}:

xm_no_iter(2];
xm_dt_iter{d].
xm_x_ageclass[4],
xm_daily_leafdev_rate{4}:
xm_inst_fruitno_on_truss(4],
xm_dwstemf{4):
xm_dwfruit{4]:
xm_inst_maint_respl4];
xm_inst_dwleaf_on_truss[4]:
xm_inst_dwfruit_on_truss(4):
xm_tnit_dwleaf(4];
xm_init_dwstem{4d],
xm_photon_density(4],
xm_co2_compensation(4]:
xm_gefficiency{4]:
xm_inst_photosynthesis[4);
xm_inst_tempeffect_on_dev{4];
xm_inst_leafdev_rate[4];
xm_inst_fruitdev_rate[4];
xm_ql0[4]
xm_fruit_mresp_coeff[4];
xm_leaf_mresp_coeff{4),
xm_stem_mresp_coeff(4];
xm_dwleaf(4],
xm_dwleaf_modified[4]);
xm_leafarea_modified(4];
xm_init_leafarea_plant(4],
xm_planting_density(4]):
xm_extinction_coeff[4],
xm_node_bet_firsttruss_fruitset[4],
xm_pot_fruitno_per_node(4].
xm_newinit_fruitno{4],
xm_firstfruit_trussno(4):
xm_fruitno{d],
xm_nodeinit_rate{4];
xm_no_node[4];
xm_init_nodeno[4):
xm_tempeffect_on_devrate{d],
xm_no_truss{4]:
xm_no_leaf(4];
xm_Jeafarea_plant(4);
xm_newabort_fruitno[4};
xm_abortfruit_ratio[4);
xm_max_abort{4];
xm_sourcesink_ratio{4],
xm_abortfruit_no{4];
xm_setfruit_no(4);
xm_fruitdev_rate{4];

//xfpn
//xia
//dw!
//dws
//agls
//dwf
//agf
//dwtr
//vgs
//vgl
//ogf
//abnf
//renf
//xnft
//xnsft
//abor
//ple
//nsf

//xbox
//rdvly
//nft
//tdms
//udmf
//rmaintf
//dmg]
//dmgf
//wlvst
//wstm
//ppid
//ed
//qe quantum use efficiency
//gof
//temfcf
//rdvive
//rdvirf
//q10
//rmrf
//rorl
//rmrs
//tdml
//tdmi2
//plar2
//plari
//plm2
//xk
//frig
//fpnpt
//uenf
//nbrup
//tnf
//genr
//plstn
//plstni
//temfac
//nbru
//mbiv
//plar
//tabnf
//fabor
//abormx
//sosir
//tabf
//tnsf
//rdvfr
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xebata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata

xm petiole leaf ratiofdh
xm_stem_leaf_ratiol4}:
xm_min_sla{4};
xm_firsttruss_nodeno(4];
xm_max_slaf4];
xm_dwshoot_growrate(4];
xm_dwshootgrow _truss(4);
xm_truss_per_leaf(4);
xm_fruitno_mature{4):
xm_dwfruit_mature(4];
xm_lai(4]):

xm_rlsif4):
xm_daily_transprration{4};
xm_currentday(2];
xm_currentrecord{2],
xm_rle[4);

xm_rls(4};

xm_rlg(4):
xm,_grow_efficiency(4):
xm_grow_resp{4};
xm_total_respl4];
xm_carbon_pool{4];
xm_mant_resp{4]:
xm_gross_photosynthesis(4];
xm_btomass_product(4];
xm_ass_req_leaf(4];
xm_ass_req_stem{4};
xm_ass_req_fruit[4];
xm_pot_grow_shoot[4];
xm_pot_grow_leaf{4);
xm_pot_grow_stem([4],
xm_pot_grow_fruit(4);
xm_vpd[4];
xm_limt_vpd{4);
xm_leaf_vpd{4);
xm_ck[4]);

xm_vp_air{4];
xm_vp_sat[4];
xm_temp_air{4];
xm_wetbulb_t{4];
xm_t_wetbulb{4];
xm_humidity{4);
xm_co2[4]):
xm_global_solar(4],
xm_solarradiation{4]
xm_taulf4);

xm_tau2[4];
xm_pmax(4];

xm_top{4);

xm_bot[4];

xm_xm(4];

xm_epsid];
xm_carbon_pool_max[4]:
xm_temp_veg{4]:
xm_dl(4]):

xm_rahv(4];

xm_rah[4];
xm_transpiration[4};
xm_delta[4]

xm_rmv(4],

xm_lti{4],

xm_ta[4],

xmum(4).

xm_delt(d]):
xm_temp_greenhouse(4];
xm_temp_mulching(4]}:
xm_temp_a[4]);
xm_temp_cover[4];
xm_radlong_cover{4].
xm_radlong_screen{4];
xm_radlong_veget(4];
xm_radlong_greenhouse(4]:

//rpt
//frst
//slamn
//ftrusn
//slamx
//ascsp
//xasc
//tpl
//tnmf
//dmmf

//dtran

//gref
//gresp
//tresp
//cpool
//rmaint
//gp
//redrw
//asrl
//asrs
//asrf
//pngp
//ptnlvs
//ptnstm
//ptnfrt

//hmt VPD for VPD vs Pmax curve

//gsol

//cpoolmx
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xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata

xm_radshort_veget(4];
xm_epal4];
xm_epgl4]:
xm_reg[4];
xm_tre{4);
xm_rec(4];
xm_tric(4];
xm_relc(4),
xm_epcl4);
xm_tum{4l;
xm_rrem(d];
xm_trim[4];
xm_relm[4].
xm_epm(4]);
xm_trs(4];
xm__res(4];
xm_epss(4);
xm_tris{4];
xm_rels[4);
xm_scp(4},
xm_epv[4):
xm_kdf(4):
xm_rev[4]
xm_trv{4),
xm_abv[4]:
xm_revh(4];
xm_trvd[4):
xm_triv{4]
xm_relv{4);
xm_pith[4];
xm_bbx(4],
xm_aax{4}.
xm_denn(4],
xm_nonn[4]:
xm_ffww(4),
xm_resv{4],
xm_resc[4]),
xm_recd(4];
xm_rsv(4];
xm_qlal4).
xm_tair{d],
xm_glc[4).
xm_tc[4]:
xm_qls{4],
xm_ts{4],
xm_qlv{4});
xm_tv(4];
xm_qlm(4];
xm_tm{4};
xm_qlg(4).
xm_tg(4):
xm_relv1[4];
xm_relv2{4]
xm_relg(4).
xm_rlv31{4];
xm_relv3{4];
xm_relva{4];
xm_rlv32[4],
xm_rlv33(4);
xm_rlv34(4);
xm_riv35(4});
xm_rlv{4].
xm_mvl1[4];
xm_xxp(4),
xm_tecf4]:
xm_tta{4];
xm_re[4):
xm_nu_forced(4]:
xm_grashof(4);
xm_nust(4],
xm_nusm(4],
xm_nusb(4],
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xdata xm_me_mixed{4)

Jer000000000s00000000000 0ttt tcttessterttenIestsenes

control vanables

.“O‘!‘t'tl‘.".‘..‘t““"“..‘."‘t""..““0....‘/

mti j ko Lmon oo pogru v, w2 data

/+ control xmem */

xdata storage{144000):

xdata model_storage{4000};
xdata xm_record_count{2];
xdata xm_rad{4}

xdata xm_irri_need0[4];

xdata xm_irri_needi{4],

xdata xm_tm_need2{4):

xdata xm_temperature_10min{4],
xdata xm_t_wetbulb_10muni4].
xdata xm, humdity_10min{4}
xdata xm_co2_10min{4);
xdata xm_rad_10mun[4);

shared float irri_need0:

shared float im_needl;

shared float un_need2.

shared 1nt currenttime;

shared int myindex;

shared int indextest;

shared int tempstorage[200}(50};

// looping variables

shared char op_rbuf{255}; // ¥s232 comm. receiver buffer

shared char op_tbuf{255). // 1232 comm transmitter buffer

shared char op_cc, op_rcc. // rs232 comm r/t counter

shared long int record_count. // important!!! - long it type for xdata access
shared long int send_count;

shared int recorded. // recorded in this minute

shared int controlled{3]; // controlled!

struct tm 1, ledt.

shared int cleared:

shared unsigned now_year,now_month,now_day,now_hour,now_rrun,now_sec, old_min.
shared unsigned start_year,start_month, start_day,start_hour,start_min,start_sec,

shared float radiation_sum;
shared float radiation_10min;
shared float temperature_10min,
shared float t_wetbulb_l0min;
shared float humidity_10rmn;
shared float co2_10mun;

shared float expected_daily_gain:
shared float daily_gain{5);
shared float daily_gainA, daily_gainB, daly_gainC;
shared float soilmoistureSet;
shared float stemdiameterSet;
shared float gainSet,

shared float sotumoisture{5):
shared float soud_hwjiwara;
shared float sou_zest;

shared float stemdiameter{S}.
shared float radiation{2}:

shared float temperature;
shared float rhumidity,

shared float co2_concentration;
shared float spare{4);

shared unsigned setumef3], holdtime[3}:
shared int stime[3] htime{3}

shared int irrigation_timer(3).
shared int irrigation_mode{3};
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shared int irrigation_status{3}

shared int {100}

int b keys [J = { ‘s, ‘m’, s, ‘et 0,0, e

'\l_‘l' 141. v I. lrl. 101‘ 'l'. I4I' I7Y'
R S O U LT T U

int task0{),tagkl ), task2(},task3(),task4(),task5(),taskb() backgnd():
int (sFrask[]{) = {taskO,taskl task2task3 task4 taskS,taské backgnd);

struct 1k_menu treatmentA[20)=
{

Y

{1, "\*x1bpl00\x1bc\x 1 bp000\x 1 besoil moisture 1 \n%10.2f bar”, &soilmoisture{l], 0, 0},
{1, “\x1bpl00\x1be\x1bpl00\x1bcsoil moisture 2-x \n%610.2f bar”, &soilmoisture{2], 0, 0},
{1, “\x1bplO0\x1bc\x 1bp000\x1bestem diameter 0\n%610.1f um®, &stemdiameterf0), 0, 0),
{3, "“\x1bp100\x1bc\x1bp000\x1bcsoil set point\n%10.1f bar’, &soilmoistureSet, 0, 0},
{3, "\x1bp100\xibc\x 1bp000\xibeirrigation need A\n%10.1f g*, &irri_needd, 0, 0},
{22, “\x1bpl0O\x1bc\x1bp00O\x1bcimrigation time”, &stime[0],0, change_time},
{22, "\x1bpl00\x1bc\x1bp000\x Ibcwaiting time”, &htime[0],0, change_time},
0

struct Ik_menu treatmentB{20)=
{

h

{1, "\x1bpl00\x1bc\x1bpl00\x1besod moisture 3\wn%10.2f bar”, &soilmoisture(3], 0, 0},
{1, "\x1bpl00\x1bc\x1bp000\xibcstem diameter 1\n%10.1f um”, &stemdiameter{1], 0, 0},
{1, "\x1bpl00\x1bc\x 1bp000\x1bcstem diameter 3\n%10.1f um”, &stemdiameter(3), 0, 0},
{8, "\x1bp100\x1bc\x1bpO00\xlbcstem set point\nS610.1f %%", &stemdiameterSet, 0, 0},
{3, "\x1bpl00\x1bc\x 1bp000\x 1 bcirrigation need B\n%610.1f g*, &imi_needl, 0, 0},

{22, “x1bpl00\x1bc\x1bpO0O\x 1 beirrigation time”, &stime(1],0, change_time},

{22, “\x1bpl00\x1bc\x1bp0O0\x1bcwaiting time”, &htime{11,0, change_time},

0

struct Ik_menu treatmentC[20])=

{

%

{1, "\x1bpl00\x 1be\x 1bp000\X 1 besoil moisture 4\n%10.2f bar”, &soilmoisture(d], 0, 0},
{1, "x1bpl00\x1bc\x 1bp000\x1bcstem diameter 2\n9%10.1f um”, &stemdiameter{2], 0, 0},
{1, "\x1bp100\x1bc\x1bp000\x1bcstem diameter £n%10.1f um”, &stemdiameter{4], 0, 0},
{3, "\x1bpl00\x1bc\x1bp000\x1bcgain set point\n%10.1f um”, &gainSet, 0, 0},

{3, '"\x1bpl00\x 1bc\x 1bp000\x 1beirrigation need C\n%10.1f g", &irmri_need2, 0, 0},

{22, "\x1bpl00\x 1bc\x1bpDO0\X 1bcirrigation time”, &stime(2],0, change_time},

{22, "x1bpl00\x 1bc\x1bp000\x1bcwaiting time”, &htime[2},0, change_time),

4]

struct 1k_menu statusmonitor{50}=

{

/"

{1, "\x1bp100\x1bc\x 1bp000\x1bctemperature\n%610.2f 'C", &temperature, 0, 0},

{1, “\x1bp100\x1bc\x1bp000\xlbctemp. wet\n2610.2f 'C, &t_wetbulb, 0, 0},

{1, "“x1bpl00\x1bc\x 1bp000\x1bcrelative humidity\n%10.2f %:%6*, &rhumidity, 0, 0},

{1, "\x1bpl00\x1bc\x1bpl00\x1bcstem diameter 0\n%10.2f um”, &stemdiameter{0], 0, 0},
{1, "\x1bpl00\x1bc\x1bp000\x1bcstem diameter 1\n%10.2f um”, &stemdiameter{1], 0, 0},
{1, “\x1bp100\x1bc\x1bp000\x1bcstem diameter 2An%10.2f um”, &stemdiameter{2], 0, 0},
{1, "\x1bpl00\x 1bc\x 1bp000\x1bcstem diameter 3\n%10.2f um”, &stemdiameter(3}, 0, 0},
{1, "\x1bpl00\x1bc\x 1bp00G\x I bestemn diameter 4\n%10.2f um”, &stemdiameter{4], 0, 0},
{1, "\x1bpl00\Xx1bc\x 1bpi00\x1bcsoil moisture 0\n%10.2f bar”, &soilmoisture0}, 0, O},
{1, “\x1bp100\x1bc\x 1bp000\x 1 bcsol moisture 1\n%10.2f bar”, &soilmoisture(l], 0, 0},
{1, “\x1bp100\x1bc\x1bp000\x 1bcsoil moisture 24n%10 2f bar”, &soiimoisture{2], 0, 0},
{1, "\x1bp100\x1bc\x1bp000\x1bcsoil moisture I\n%10.2f bar”, &soilmoisture{3), 0, 0},
{1, "\x1bp100\x1bc\x 1bp000\x1bcsoil moisture An%10.2f bar”, &soilmoisture(4], 0, 0},
{1, "\x1bpl0O\x1bc\x 1bp000\x 1 besoil water Hujiwara\n%10.2f pF”, &soil_hujiwara, 0, 0},
{1, “\x1bpl00\x1bc\x 1bpO00\x1bcsoil water Zest\n%610.2f pF”, &soil_zest, 0, 0,

{1, "\x1bpl00\x1bc\x1bp000\X1bcco2 concentration\n%61Q.1f ppm”, &co2_concentration, 0, 0}
{1, "\x1bpl00\x1bc\x1bp000\x1beradiation 0\n2610.1f W/m2”, &radiation{0], 0, 0},

{1, "\x1bpl00\x 1bc\x1bp000\x1bcradiation 1\n%10.1f W/m2", &radiationfl], 0, 0},

{1, "\x1bp100\x1bc\x1bp000\xibcTotal radiation\n%11.1f J/day”, &radiation_sum, 0, 0},
{1, “\x1bp100\x1bc\x 1bp000\x 1 beurigation mode (\n%6 5d°, &irrigation_mode[0], 0, O},
{1, “\x1bp100A\x1bc\x 1bp00O\x1berrrigation mode 1\n% 5d”, &imgation_mode{1], 0, 0},
{1, "\x1bpl00\x1bc\x1bp000\x 1 berrrigation mode 2\n% 5d”, &irrigation_mode(2}, 0, 0},
{1, "\x1bp100\x1bc\x 1bp000\x 1 bcexpected gain\n%10.1f", &expected_daily_gain, 0, O},



{1, "\x1bp100\x1bc\x1bpO00\x1bcreal gain no C\n%10.1f", &daily_gaini0), 0, 0},
{1, "x1bp100\x1bc\x1bp000\xibcreal gain no 1\n%10.1f", &daily_gain(1], 0, 0),
{1, "\x1bp100\x1bc\x1bp00O\xibcreal gain no 2\n%10.1f", &daily_gain(2}, 0, 0},
{1, "1bp100\x1bc\x1bp000\x1bcreal gain no 3\n%10.1f", &daily_gain(3), 0, 0),
{1, "\x1bp100\x1bc\x1bp000\x 1bcreal gain no 4\n%10.1f", &daily_gain{4}, 0, 0),
{1, "\x1bp100\x1bc\x1bp000\x ibcreal gain tr A\n%610.1f", &daily_gainA, 0, 0),
(1, "x1bp100\x1bc\x1bp000\x1bcreal gain tr B\n%610.1{", &daily_gainB, 0, 0},
{1, "x1bpl00\x1bc\x1bpO00\x1bcreal gain tr C\n%10.1f", &daily_gainC, 0, 0},
{1, "x1bp100\x1bc\x1bp000\x1bcrecording index\n% 5d”, &myindex, 0, 0},

{1, "x1bpl00\x1bc\x1bpO0O\x1bcfirst rec. value\n%% 5d”, &indextest, 0, 0},

{3, "\x1bp100\x1bc\x 1bp000\x1bewatering(ml/min)\n%10.1f ml/min”, &irri_min, 0, 0},
0

I

struct 1k_menu modelmonitor{30]=
{
{1, “\x1bp100\x 1bc\x 1bp0OO\x 1bernv\n%10.2f", &mv, 0, 0),
{1, “\x1bp100\x1bc\x1bp000\x 1bctranspiration\n%10.2f g/day”, &transpiration, 0, 0},
{1, "\x1bp100\x 1bc\x 1bp000\x 1 bevpd\n2610.2f", &vpd, 0, 0},
{1, \x1bp100\x1bc\x1bp000\x1bcinternal r\n%10.2f s/m", &rlsi, 0, 0},
{1, "\x1bpl00\x1bc\x1bp000\x1bcboundary r\n%10.2f s/m", &rah, 0, 0},
{1, "\x1bp100\x1bc\x 1bp000\x1bctemp_air \n%10.2f 'C", &temj®_awr, 0, 0},
{1, "\x1bpl00\x1bc\x1bp000\xibcwetbulb_t \n%10.2f 'C”, &wetbulb_t, 0, 0},
{1, "x1bp100\x1bc\x1bpO0O\x1bcno of leaf\n%10.2f", &no_leaf, 0, 0},
{1, "\x1bp100\x1bc\x1bp000\x1bcno of truss\n%10.2f", &no_truss, 0, 0),
{1, "\x1bp100\x1bc\x 1bp000\Xx1bcno of node\n%10.2f", &no_node, 0, 0},
{1, "\x1bp100\x1bc\x 1bp00O\x1bcno of frut\n%10.2f", &fruitno, 0, 0},
{1, "\x1bpl00\x1b&\x 1bp000\x1bcno of set fruit\n%10.2f", &setfruit_no, 0, 0},
{1, "\x1bpl00\x1bc\x1bp000\x1bcno of abort frwt\n%10.2f", &abortfruit_no, 0, 0},
{1, "\x1bp1C0\x1bc\x1bpO00\x 1 bcsource/sink ratio\n%10.2f", &sourcesink_ratio, 0, 0},
{1, "\x1bp100\x1bc\x1bp000\x1bcdaily transpiration\n%8 2f g/plant/day”, &daily_transpiration, 0, 0},
{1, "\x1bp100\x1bc\x 1 bp000\x 1 bcbiomass production\n%8.2f g/plant/day”, &biomass_product, 0, 0},
{1, "\x1bp100\x1bc\x1bp000\x1bcmaint. respiration\n%8.2f g/plant/day”, &maint_resp, 0, 0},
{1, "“x1bp100\x1bc\x1bp000\X1begross photosynthesis\n%8.2f g/plant/day”, &gross_photosynthesis, 0, 0}
{1, “\x1bp100\x1bc\x 1bp000\x1bcdry weight of leaf\n%10.2f g”, &dwleaf, 0, 0},
{1, "\x1bpl100\x1bc\x 1bp000\x1bcdry weight of stem\n%10.2f g”, &dwstem, O, 0},
{1, "\x1bp100\x1bc\x1bpD00\x1bcdry weight of fnt\n%10.2f g”, &dwfrut, 0, 0},
{1, "\x1bp100\x1bc\x 1bp000\x1bcleaf area index\n2610.2f m2/m2”, &lai, 0, 0},
|3

struct tk_menu setup(7])=

{
{32,"\x1bp000\x 1 bc\n\x 1bc\x1bp200\x 1bc Treatment A”, &treatmentA, 0, 0},
{32, \x1bp000\x 1bc\n\x 1bc\x 1bp200\x 1bc Treatment B”, &treatmentB, 0, 0},
{32,"\x1bp000\x 1bc\n\x 1bc\x 1bp200\x 1bc Treatment C", &treatmentC, 0, 0},
{32,"x1bp000\x 1 bc\n\x 1 bc\x 1 bp200\x 1 bc View Sensors”, &statusmonitor, 0, 0},
{32,"\x1bp000\x 1 bc\n\x 1bc\x 1bp200\x 1bcView Growth Model”, &modelmomtor, 0, 0},
0

)

Py T P T T YT

main function

Y P T LY

main()

{
zero_variable(),
continue_simulation();

1 init_simulation();
ut_control_variable();
ser_kul_s0();
setdaisy(1):
ser_imt_s0(4, BAUD /1200).
op_rcc=1.
op_rbuff0] = 0,
ser_rec_sOlop_rbuf, &op_rcc).

tk_init_keypad();

ik_Joadtab (tab_keys, sizeof (tab_keys)):
Ik_settab (1)
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outport (DCNTL, 0x30);
Reset_PBus()

exp_1nit_n(0,000,-1, t);
exp_nit_n(1,00,0,-1, 0);
exp_init_n(2,0,00,-1, 0)
exp_init_n{(3,0,00,-1, 0);

/! recled(0);
DI():
init_kernel(); // initialize runtime kernel
run_every(TASKO, 20); // every .2 seconds - Waltch dog timer
run_cvery({TASKI1, 3000); // every 30 seconds - Main
/" run_cvery(TASK2, 1000); // every 10 seconds -
run_every(TASK3, 3000); // every 30 seconds - recording
run_every(TASK4, 20); // every 2 seconds - communication
V4 run_every(TASKS6, 100);
imt_timer0 (9216); // 400 Hz, no keypad dnver
EI(), // start running
. backgnd(); // this runs after everything else

}

P L L R

mult task functions
‘..“““““““‘..““‘.l““.“l““‘.“ll‘.““l‘./

indirect task0()
{

runwatch ().
hitwd();
)
indirect taskl() // ADC, Recording, Control, Simulation
{
tm_rd(&t);
now_year = ttm_year, tempstorage{0)(0] = now_year;
now_month = t.tm_mon; tempstorage(0)[1] = now_month;
now_day = t.tm_mday: tempstorage(0)[(2] = now_day;
now_hour = t.tm_hour; tempstorage[01(3] = now_hour;
now_min = ttm_min, tempstorage{0){4] = now_min;
now_sec = t.tm_sec: tempstorage{0](5] = now_sec:
currenttime = ((t.tm_hour+60)+t.tm_min);
read_sensor(), // read from sensor channels and deposit to temporary array
cal_real_value(), // calculate values for display
if (now_mun != old_mun) {
old_mun = now_min;
recorded = O
if (((now_rmun%10)==0) & (recorded==0)) // every 10 munutes and only one tme
{

record_data();
record data to SRAM
run_fast_simulation(),
if ((now_hour==0) & (now_min==0)) {
run_dady_sumulation();

// printf(ss====z===z====\n");
/ printf("%10.3f 9%10.3f\n", daily_transpiration, no_node)
}
store_xmem();
}
cal_daily_gain(); // calculate daily gain - prepanng for control
irmigation_control(): // Irrigation contro} routine
)
return;
}
indirect task2() {
// printf(“time passed'\n");

)

indirect task3() {}
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indirect task4() // communication
{
auto int kk, yy.
EI():
/ printf("%d\n", op_rcc);
if (op_rcc) return;
if (op_rbufl0)=="b") {
op_rbuf[0)=0;
op_rcc=1;
ser_rec_sO(op_rbuf, &op_rcc);
for(yy=0.yy<144.yy++)
op_cc = 100;
for(kk=0:kk<100;kk++}
op_tbuflkk] = xgetchar(storage+(send_count*100)+kk)
V4 if (op_tbuf[10)) printf("%d" %d\n”, send_count, op_tbuf{10]);
ser_send_sO{op_tbuf, &op_cc);
while(op_cc) suspend(1);
send_count=(send_count+1)%1440;

}

}

else 1f (op_rbuf[0]=="h") {
record_count = xgetint(xm_record_count);
op_rbuf[0]=0;
op_rcc=1;
ser_rec_sO(op_rbuf, &op_rce).
op_cc=10;
op_tbuf0)
op_tbuf(1]
op_tbuf(2]
op_tbuf(3)
op_tbufl4]
op_tbufl5)
op_tbuf(6)
op_tbuf{7] = ‘.*;
op_tbufl8) = 144096256;
op_tbuff9] = (char) (1440/256);
ser_send_sO{op_tbuf, &op_cc):
while(op_cc) suspend(10):
send_count = record_count:

W
‘'
‘2t
,
‘d’;
I
:
'y
‘e
;

LA VN [ R TR TR TR T T 1}

}
else if ((op_rbuff0}!="h’) & (op_rbufl0]'="b’)) {
reset_comport();

)
)
indirect task5() // spare task
)
indirect task6() // spare task
}

indirect backgnd()
{

nt q, k, e, dummy, led_on:
nt pp:
char hour, sec, min,

while(1)

{
for(q=10000L;--q:):
ik_setbeep (1)
IV Jed (led_on).

led on = (ledon==1)?2:1

tm_rd(&lcdt):

Ik_printf("\x1bp000lrrigation controls”):for(q=200L:~~q.):
Ik pnntf("\x1bp300  %602d/%02d/%602d %02d:9602d.%02d",
lcdt.tm_year,lcdt.tm_mon,lcdt.tm_mday,
lcdt.tm_hour,lcdt.tm_min,Jcdt.tm_sec):

for(q=200L;~-q:);
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}

k = Ik _kxget(0),

switch{k) {
case 's’ .
case ¢’
case 't
case ‘m’ !
}

dummy-=lk_kxget(0):

1k _setbeep{100);

Ik_printf("\x 1be”).for(q=200L;~~q;):

Ik_run_menu("\x 1bp300\x1bcMonitor and Set”®, setup, 0);
tk_setbeep(100}:

dummy=tk_kxget(0);

k_printf("\x 1be"):for(q=200L:-~q:};

break;

" dummy-=lk_kxget(0):

Tk_setbeep(100):

tk_printf("\x1bp100reset comport”); for{q=200L:~~-q}.
reset_comport{).

break:

dummy=ik_kxget(0)

1k_setbeep(100);

Ik_printf("\x1bpl0OReset data logging”): for(q=200L.--q;)
reset_datalogging();

clear_sram();

break;

dummy=1k_kxget{0);

Tk_setbeep(100):

k_printf("\x 1bp100doing nothing”); forla=200L.-~q)
break:

P e R T e S T R ]

function definition :

control functions

P T I T T T Py T Y T TR Y

void imit_control_vanable) {
auto nt pp.

tm_rd(&t),

old_min = ttm_min:
now_mun = old_mun

mymdex = 0:

indextest = 0;

stme{0} = mk_st(6,00,0),
stime{l] = mk_st{(6,00,0):
sumef2] = mk_st(6,00,0%;
humef0] = mk_st{1,30,0%
htime{1} = mk_st(1,30,02:
htimel2] = mk_st{1,30,0);

wn_min = 350;
for(p=0,p<Sip*+) {

}

stemdiameter{p] = O:
soilmoisture{p] = 0;

for(p=0;p<150.p++)

radation(0] =
radiatonf1} = 0;

for (pp=0ipp<S0ipp++)

tempstoragelpllop] = 0.

0.

temperature = 0;
rhurmudity = 0.
co2_concentration = Q)
for {(p=0.p<3ip**+} |
irrigation_modelp} = O:

0

irrigation_timer(p] =
irrigation_statusfp] = 0.
}
cleared = 1.
recorded = 0.

soumoistureSet = 0.2,
controlled(0] = 1:
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controiled{1] = 1,
controlled(2) = 1.

record_count = xgetint(xm_record_count).
send_count = 0;

/" radiation_sum = xgetfloat(xm_rad);
expected_daily_gain = 0,
daily_gain[0] = O:
daily_gain{1) = O
daily_gain(2] = 0;
daily_gain(3] = O;
daily_gain(4] = 0,
daily_gainA = 0,
daily_gainB = 0,
daily_gainC = 0;
change_time();

/" printf("%d %d %d %d\n", settime{1)holdtime{1], settime{2)holdume(2])
}
void reset_datalogging() {

init_control_variable().
record_count = O;
send_count = 0;

cleared = 1.

myindex = 0.
xputnt{xm_record_count, 0},
xputfloat(xm_rad, 0.0);
radiation_sum = 00,

}

void clear_sram() |
auto long int q;
init_control_variable():
for(g=0.q<144000:q++) {
xputchar(storage+q, 0).
}

myindex = 0;

record_count = 0;
send_count = 0;

cleared = 1;
xputint(xm_record_count, 0);
xputfloat(xm_rad, 0.0);
radiation_sum = 00:

)
change_time()

settime(0] = st_hour(sume[0})*60 + st_mun(stime(0)):
settime(1) = st_hour(stime[1))+60 *+ st_min(stime[1]);
settime(2] = st_hour(sume(2])+60 + st_mun(stime[2]);
holdume{0] = st_hour(htime[0})*60 + st_min(htime{0]);
holdame[1] = st_hour(htume{1))+60 + st_mun(htime{1]);
holdtime(2) = st_hour(htime[2])*60 + st_min(htime{2]).

}
void reset_comport()
{
ser_kill_s0():
setdaisy(1);
ser_init_s0(4, BAUD /1200);
op_rec=1;
op_rbufl0} = 0;
ser_rec_sO(op_rbuf, &op_rcc);
)

void read_sensor()

auto int ii, jj, kk, cc;
float sum;

float positive, negative,
sum = 0.0;
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”

kk = 0;

sum = 0.0; // Read Temperature
ad_rd12(9); //dummy reading.. Greg Young recommended

for (ii=0;ii<256;ii++) sum += (float) abs(ad_rd12(9));

ffl6] = Gint) (sum / 256.0);

sum = 0.0 // Read Temperature wet bulb
ad_rd12(10); //dummy reading... Greg Young recommended

for (1i=0:ii<256:ii++) sum += (float) abs(ad_rd12(10));

ffl49] = Gnt) (sum / 256.0).

temperature = f{6]#50.0/3146.0-12.0.
t_wetbulb = ff[49}s50 0/3146.0-12.0:
temperature = 22.0;
t_wetbulb = 17.5;
rhumidity = (float) (vapor_pressure(t_wetbulb)/vapor_pressure(temperature)+*100.0);
rhurudity = ff7}+60.0/751.0-0.439;
< ffl7] = (int) rhumudity;

for(ii=0,ii<5;ii++) { // Read soil moisture block
positive = 0.0;
negative = 0.0;
mux16_ch_n(l, ii);
for(j)=0:ji<10:jj++) |
mux_ch_n{(3,kk,0)
hgh_pulse();
ad_rd12(0);
if (kk) for(cc=0:cc<10,cc++) positive += (float) abs(ad_rd12(0));
else for(cc=0icc<10;cc++) negative += (float) abs(ad_rd12(0));
low_pulse();
for(cc=0icc<10icc++) ad_rd12(0):
if ('kk) kk=1,
else kk=0;

}
ff{8+11) = (int) ((positive+negative)/100.0);
}

ff(8] = ff{8] - 0;

ff{9] = ff[9] - 390;

ff{10] = £f{10) - 250,

ff{11] = ff{11) - 135

ff{12] = £{12] - 300:

sum = 00, // Read soil moisture Hujiwara
ad_rd12(13), //dummy reading. Greg Young recommended

for (n1=0<256;u++) sum += (float) abs(ad_rd12(13)):
f{13] = (int) (sum / 256.0);

sum = 00 // Read radation from

7mv/1000Wm~2

/%

ad_rd12(12); //dummy reading.. Greg Young recommended

for (1=0:ii<256;ii++) sum += (float) abs(ad_rd12(12));

ff(21) = (int) (sum / 2560);

ff{21] = ff{21] - 31;

sum = 00; // Read co2 concentration
ad_rd12(11), //dummy reading... Greg Young recommended

for (ii=0:n<256;i1++) sum += (float) abs(ad_rd12(11));

ff{15] = (int) (sum / 256.0);

for(ii=0:ii<5,ii++) { // Read stem diameter sensor
sum = 0.0:
mux16_ch_n(1, 1i+8);
ad_rd12(14); //dummy reading... Young recommended
for (j5=0:jj<256:)++) {
sum += (float) ad_rd12(14),

}
fflit+16] = (int) (sum / 256.0);
}

mux16_ch_n(1, 13); // Read radiation 0
sum = 00,

HANS
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/"
/7

/7
}

ad_rd12(6). //dummy reading... Greg Young recommended
for (j=0)j<256:)j++) sum += (float) ad_rd12(6);
ff{21) = (int) (sum / 256);

mux16_ch_n(l, 14); // Read radiation 1
sum = 00;
ad_rd12(6). //dummy reading... Greg Young recommended

for (jj=0:1j<256:jj++) sum += (float) ad_rd12(6);

ff{22] = (int) (sum / 256);
ffi21] = ff(21);

ff(22) = ff22):

if (£f[21}<0) ££(21) = 0.

if (ff22]<0) £f[22) = O;

£f{23] = (int) (radiation_sum/1000.0); // Calculate radiation total
ff{24] = (int) (expected_daily_gain*100), // Calculate expected gain
£f25) = (int) (daily_gain{0]*10 0); // deposit daily gain 0
ff[26) = (int) (daily_gain[1]¢10.0); // deposit daly gain 1
. (27} = (int) (daily_gain[2]+10 0); // deposit dally gain 2
ff{28] = (int) (daily_gain(3)*10.0), // deposit daly gain 3
f{29] = (int) (daily_gain{4)+10.0). // deposit daily gain 4
ff[30] = (int) wrigation_mode[0). // Imgation mode A
ff{31] = (nt) irrigation_mode[1]; // Imgation mode B
ff[32} = (int) irrigation_mode[2]; // lrrigation mode C
ff(33] = (int) no_leaf;

£f{34] = (int) no_truss:

ff(35] = (int) no_node:

£f(36) = (int) fruitno;

ff[37) = (int) (daily_transpiration):

ff[38) = (int) (biomass_product*100.0);

ff[39) = (int) (gross_photosynthesis+1000);

ff{40) = (int) (1ai*1000.0),

ffl41) = (int) wrn_need0.

ffl42) = (int) irm_needl:

ff(43) = (int) umn_need2,

ffl4d) = (nt) transpiration;

ffl45] = (int) mv:

ffl46) = (int) vpd,

f{47) = (nt) rlsi,

ff{48] = (int) rah,

for())=6.jj<23.))++) // temporary storage

tempstorage[myindex](} = ()
for (n=2311i<49,n++)

tempstorage{0](u) = ff{u),
tempstorage[myindex](49) = ff(49],

indextest = tempstorage{0][6);
mywindex = (myindex+1)%200,

printf("%d %d\n", myindex, tempstorage[myindex-1](6]);

// calibration routine here;
void cal_real_value()

{

/7
/"

/"

auto 1nt 1i,
auto float vs_vx, rs;
for (1=0u<Su++) |
if (ff[8+i1} > 2122) ff{8+u] = 2122,
if (ff[8+ii] < 10) ff(8+i) = 10;
vs_vx = ((500.0/2122.5)+ff[8+n)) / 5000.
if (vs_vx > 08333) vs_vx = 08333,
if (vs_vx < 00566) vs_vx = 0.0566,
rs = vs_vx/(1-vs_vx),
sotlmoisture(ii] = (006516 + 0.951172rs - 0.25159+pow(rs,2.0) -
003736+pow(rs,3.0) + 003273+pow(rs,4.0) - 0003%4*pow(rs,5.0)),
sotlmoisturefii} = (0.15836 + 6'1445+rs - 84189*pow(rs,2.0) +
92493+pow(rs,30) - 31685¢pow(rs,4.0) + 0.33392spow(rs,50));

}
soil_hujiwara = (0.000445+(float) ff[13]) + 1.15023. // unit' pF
soil_hujiwara = 2.1; //temporary

- 301 -



soil_zest = (0.0018303+ (float) {f[14]) - 0.748583, // unit pF

cu2 concentration = {float) {f{15]s3000/3146-749.5; // unit: ppm

H co2_concentration = 420.0; /ltemporary
stemdiameter{0] = (6710546 + 0.1 + fi{16]) 7/ + T4928823);
stemdiameter{1] = (6.21414 = 0.1 = ff[17]); // - 209777180);
stemdiameter{2] = (6.407376 » 0.1 » ff{(18]) // - 150361136)
stemdiameter{3] = (6.769002+ 0.1 = ff{19]): /- 623923672
stemdiameter{4] = (6679632 = 01 » {20} // - 746.888477).

//radiationf0} = (float) (0.9496676 » H{21])
radiation[0] = (float) (077110769845 = 21D
/ radiation{0} = (float) ( 0.385553849725 » ff[21]):

if (radiation[0] >1000) radiation{0} = 1000.0;

/4 radiation{0] = (float) 1514238705388« {21} // real radiation value 0 » 0.7571193526843
/W radiauon{1] = (float) 1.5422153889 « #{22}; // real radiation value 1

if {radiation{0] < 0) radiation{0] = O;

if (radiation{l] < 0) radiation{l] = 0.

radiation_sum = xgetfloat{xm_rad),

radation_sum = radiation_sum + (radiation{0j*30.0); // radiation summation

xputfloat(xm_rad, radiation_sum): // record it for reset
}

void cal_daily_gain()

{
auto long int yesterday_record,
auto mnt yy, t,

yesterday_record = {{record_count-1) - 144);
if (yesterday_record < 0) yesterday_record += 1440;

yy = xgetint{storage*{{yesterday_record)=100+16+2));
tt = xgetnt(storage+{{record_count-1)+100+16+2));
daily_gain{0] = (0.6710646) * (float)(tt~yy)

yy = xgetint(storage+{{yesterday_record)+100+17+2));
tt = xgetint(storage+((record_count-1)s100+17+2));
daily_gain{1] = (0621414) « (float){tt-yy):

yy = xgetint{storage+{{yesterday_record)*100+18+2)),
tt = xgetint{storage+{({record_count-1)+100+18+2)};
daily gainf2] = (0.6407376) « (float}{tt-yy)

yy = xgetint(storage+((yesterday_record)*100+19+2));
tt = xgetint{storage+{{record_count-1)+100+19+2});
datty_gan{3} = (06769002) = (float)(tt-yy)

yy = xgetint{storage+({yesterday_record)*100+20s2}}
tt = xgetint{storage+({record_count-1)¢100+20+2)}
datly_gainl4} = (0.6679632) » {float)(tt-yy)

/7 printf("%d %6d %d %d %10.1f\n", {int)yesterday_record, (int) record_counttt, vy, daily_gain{1])

daily_gainA = daily_gamn{0);

daily_gainB = (daily_gain{1]}+daily_gan{3)/2.0:

daily_gainC = (daily_gain[2}+daily_gain{4])/2.0;
expected_daily_gain = 30.1 + (radiation_sum/1000000.0) *= 36,

return;

}

void urigation_control()
if (currenttime < settime[0)) controlled[0] = 0;
if {currenttime < settime{1]) controlled[] = 0:
if {currenttime < settime[2]} controlled[2] = G
holdtume[0] = (int) uri_need0/irri_min;

holdtime[1} = {int) im_needl/irri_min;
holdtimel2] = (int) irri_need2/Ari_min;
if (holdtime[0]>60) holdtime(0] = 60;
if (holdame[11>60) holdtime{0] = 60:
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f (holdtime[2]1>60) holdtime[0) = 60,

f ((currenttime >= settime[0]) && 'controlled(0))  {
if(tirrigation_status{0]) {
if(((sotmoisture{1]+soilmoisture{2])/2.0) > soilmoistureSet)
Set_PBus_Relay(3,1,1);
irrigation_mode{0] = holdtime(0],
irrigation_status[0] = 1,
irrigation_timer{0) = 1;

}
else {
controlled(0] = 1.
radiation_sum = 00;
xputfloat(xm_rad,0.0):
}
)
else f (imgation_status(0]) {
if (irrigation_timer{0] < holdtime(0}) {
irrigation_mode{0}--;
}
\f Grrigation_timer{0] >= holdtime{0)) {
Set_PBus_Relay(3,1,0)
irrigation_mode(0]} = 0.
imgation_status{0} = 0
controlled(0] = 1,
radiation_sum = 00;
xputfloat(xm_rad,0.0):
iri_need0 = 00
}
irrigation_timer{0) ++;
}

)
if ((currenttime >= settime(1]) && !controlled(1]) {
if('irngation_status(1))
f (daily_gainB < (0.9sexpected_daily_gain)) {

Set_PBus_Relay(3,2,1),
wrrigation_mode[1] = holdtime(1):
irrigation_status{1] = 1;
wrrigation_timer(1] = 1,

else {
controlled[1] = 1,
radiation_sum = 0.0
xputfloat(xm_rad,00).
}
)
else If (imgation_status[1}) {
if (imgaton_umer{1] < holdhme[1]) {
rigation_mode(1]--:
}

f Grrigation_timer(1] >= holdume[1)) {
Set_PBus_Relay(3,2,0);
irrigation_mode[1} = 0:
irrigation_status{1] = 0;
controlledf1] = 1.
radiation_sum = 0.0

xputfloat(xm_rad,0 0);
im_needl = 0.0
}
wrigation_timer{1] ++;
}
}
if ((currentume >= settime[2]) && !controlled{2]) {
if(wrrigation_status(2]) {

if (daly_gainC < 00) {
Set_PBus_Relay(33,1).
irrigation_mode[2) = holdtime(2]):
imgation_status[2] = 1;
wrigation_timer{2} = 1;

else {
controlled[2} = L
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radiation_sum = 0.0;
xputfloat{xm_rad,0.0);
}
}
else if (irrgation_status(2]) {
if (irrigation_timer{2] < holdtime(2]) {
irrigation_mode{2}--:
}

if (rrigation_timer{2] >= holdtime(2]) {
Set_PBus_Relay(3,3,0);
irrigation_modef2] = 0;
irmigation_statusf{2} = O
controfled{2] = 1,
radiation_sum = 0.0
xputfloat(xm_rad,0.0)
) im_need? = 0.0
} irrigation_timer{2} ++;
}
if (imgauon_status(0) | trrigation_status(1) | imgation_status(2])
Set_PBus_Relay(3,0,1).
else Set_PBus_Relay(30.0).
return;

}
void record_data(}
{
auto float summation:

auto int max,
max = mywmndex;

recorded = 1,
for (u=6,u<23u++) | #/ everage value recording
summation = 0.0,
if (max!= 0) {
for{v=0;v<max;v++) { summation += (float) tempstorage{vi{u}l. }
tempstorage[0}{u] = (int) (summation/(maxs1.0));
)
else { tempstorage[0){u] = 0; }
}
surmmation = 00;
if (maxi= Q) {
for{v=0iv<max;v++) { summation += (float) tempstoragelv]l49]; }
tempstorage{0}{49] = (int) (summation/{max+1 0))
}
else { tempstorage{0]{49] = 0, }

temperature_10min = (float) tempstoragel0](6])+50.0/3146.0-12.0,
t_wetbulb_10mun = (float) tempstorage(0)(49]+50.0/3146 0-12.0.
V4 temperature_10min = 220,
/7 t_wetbulb_10min = 175
humidity_10mun = (float) (vapor_pressure(t_wetbuib_10min) /
vapor_pressure{temperature_10mun)

« 100.0),

/! hunudity_10mun = (float) tempstorage(0){7)+60 0/751 0-0.439,
radiation_10mun = (float) (0.77110769345 = tempstorage{0}{21]),
co2_10min = (float) tempstorage[0]{15]+3000.0/3146.0-749 5;

/7 co2_10mun = 4200;
for{v=0;v<B0iv++) // vecording to SRAM

xputint{storage*{record_countx100+v+2), tempstorage{0){v1%
record_count={record_count+1)%1440;
xputint{xm_record_count, {int} record_count);

// xputfloat(xm_rad, radiation_sum);
record_count = xgetint{xm_record_count);
myindex = 0;

/ printf{("record count %d\n”, record_count}:

/ for(j=0:j<50:j++) {

/7 k = xgetint{storage+{{record_count-1)+100+js2})

V4 prntf("%5d" k);

// }

/" printf("\n"),
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simulation functions
“‘..““.“..“.‘...‘..“.“C“l“l“‘.l“ﬁ“‘ﬁ..““/

float maximum(float x0, float x1) {
if (x0>x1) return x0,
else return xl1,

}
float mummum(float x0, float x1) {
if (x0<x1) return x0;
else return x1;
}
float vapor_pressure(float x)  {
float 1.
r = 61078 * exp (17.269 = x / (x+2373));
return r.
}
float vapor_pressurel(float x)
float r:
r = 610.78+exp(17 269*x/(x+237.3))+(4097.9337/(pow({x+237.30),2)))
retumn r,
}
float tables(float* y, float* x, float dummy, int n) {
int 1,
float r:
for(i=Lii<nii++) {
if (dummy > x[1]) continue:
else break,
}

if (dummy < x[1]) i = 1;

r = (yli-11+(yl}-yli-10)/(x{i}-x[i-1})*(dummy-x{i-1)));
/ printf("%6.3f \n", r);

return (r);
)

void init_vanable(void) {
int ij;
abortfruit_no = 0.0;
setfruit_no = 0.0;
fruitno = 0.0;

dwleaf_on_truss[0] = imit_dwleaf;
dwstem_on_truss[0] = init_dwstem:
dwfruits_on_truss{0] = 0.0,

leafarea_plant = imt_leafarea_plant,
leafarea_modified = leafarea_plant.
leafarea_on_truss(0) = leafarea_plant;
total_abortfruit{0] = 0.0;

// the organ age at starting date is very important for

// the final weight of first organ !!!

leafage_on_truss(0) = 03;

// here, up to 30 trusses may be simulated

for (1=1:i<30,i++) {
dwleaf_on_trussfi] = 0.0;
dwstem_on_truss(i] = 0.0;
leafage_on_trussli] = 0.0;
leafarea_on_trussi] = 00;
total_abortfruit(i} = 0.0;
fruitno_on_trusslil = 0.0;
dwfruits_on_truss(i} = 0.0:
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for (i=0:i<30ii++) {
for (3=0:;j<7:;j++) {
dwfruit_on_truss{ilil = 0.6;
: fruitage_on_truss(ilj! = 0.0;
}
// set initial conditions on a per plant basis
no_node = init_nodeno;
// cpool is supposed to start at 1036 leaf dwt
carbon_pool = 0.1 = init_dwleaf;
dwstem = init_dwstem;
dwleaf = init_dwleaf;
dwfruit = 0.0,
wnst_dwfruit_on_truss = 00,
inst_dwleaf_on_truss = init_dwleaf;
retum;
}

voud calc_temp_dep_factor({void)
{
// temperature effect on development rate
nst_tempeffect_on dev = (float) tables(tempeffect_to_vegdev, x_temp, temp_air, 6),

/Neaf aging

inst_leafdev_rate = (float) tables(leafdev_on_temp, x_leafdev, temp_air, 8%

//fruit aging

inst_fruitdev_rate = (float) tables(fruitdev_on_temp, x_frutdev, temp_air, 9),
/ printf("96d 265.3f %65.3f 965.3f \n”, currentrecord, inst_tempeffect_on_dev, inst_leafdev_rate
4 mst_fruitdev_rate)

return;

}

void cale_hourly_photosynthesis{void)
{
mt i
photon_density = 2.1479 » global_solar;

//parameters of the photosynthesis equation{Acock, 1991)
co2_compensation = 50.0 » exp(0.0295«(temp_air ~ 230},
qefficiency = 0.084 » ({(c02 - co2_compensation)/co2).
inst_photosynthesis = 00,

feffect of co2 on Pmax (from Gainesville)

taul = 0.10;

tau2 = 003;

pmax = taul « coZ:

if (c02>15000) pmax = taul+*1500.0 + tau2s{co2-1500.0}:

//reduction of Pmax at extreme temperature
pmax = pmax * tables(pmaxchange_on_temp, x_temp_pmax, temp_air, 8}

if (photon_density<0.001) return;
//reduction of Pmax by VPD
if (vpd >= limit_vpd) {

pmax = pmax * exp(cks{vpd/1000.0~limit_vpd))
}
//Acock’s model
top = (LO-xm)spmax + qefficiency » extinction_coeff * photon_density:

bot = {1.0-xmlspmax + gefficiency * extinction_coeff * photon_density *
exp(-10 » extinction_coeff * leafarea_modified *= planting_density);

mnst_photosynthesis = {pmax / extinction_coeff)* log(top/bot)
//conversion from co2 to CH20 (30/44 = 0682)
inst_photosynthesis = inst_photosynthesis * 0.682;
//conversion of inst_photosynthesis from m/m2s to g/m2.day
/f m/m2s + 0.000044g/m * 3600s/h » 24h/d

inst_photosynthesis = inst_photosynthesis « 3.8016 / planting_density:
return;

}

void cale_maint_respiration(void)



ql} 14,
leaf_mresp_coefl= 0.03: //manienance respiration rate at 25'C
stem_mresp_coeff = 0015,
fruit_mresp_coeff = 001;
inst_maint_resp = (leaf_mresp_coeff » dwleaf_modified +
stem_mresp_coeff = dwstem +
fruit_mresp_coeff * inst_dwfruit_on_truss) *
pow(ql0, (0.1*(temp_air-25.0))) ;
return,

}
void development_rate6(void)

int teigs

float xx:

//node number

nodeimt_rate = tempeffect_on_devrate * tables(maxrate_nodeinit, x_node, no_node, 8):
no_node = no_node + nodeinit_rate;

//truss number

no_truss = (int) ((no_node - firsttruss_nodeno +
((1.0 + truss_per_leaf)/truss_per_leaf)) =
(truss_per_leaf / (1.0 + truss_per_leaf));

no_truss = maximum(0 0, no_truss),

//number of trusses beanng fruit

firstfrt_trussno = (nt) ((no_node - firsttruss_nodeno - node_bet_firsttruss_fruitset +
(1.0 + truss_per_leaf)/truss_per_leaf) » truss_per_leaf/(1.0+truss_per_leaf));

firstfruit_trussno = maximum(00, firstfruit_trussno).

/Neaf number
no_leaf = (int) no_node - no_truss:

//number of fruits (diameter>20mm) on each truss
//mote:FPN 1s now the ratio of fruit initiabon on a truss per node initiation
newinit_fruitno = 0.0,
for (1=0ii<firstfruit_trussno.i++) {
xx = fruitno_on_truss{i).
//FPN 1s now replaced by FPNPT=08
fruitno_on_trussfi] = munimum(pot_fruitno_on_trussfi), fruitno_on_truss{i] + nodeimt_rate
pot_fruitno_per_node):
newfruit_on_truss(i] = fruitno_on_truss{i] - xx,
newinit_fruitno = newinit_fruitno + newfruit_on_truss(i):
//mcfli) and trenf 1s used 1n losrate
}

fruitno = fruitno + newimt_fruitno,

L T D PP

aging and sink strength(determined for leaves and stems

and for each fruit on each reproductive umt

.“..‘.“““..“".C‘l“‘..‘..‘...l.‘.““‘..'.““’../

pot_grow_leaf = 00,

pot_grow_stem = 0.0;

pot_grow_fruit = 0.0,

//leaves and stems

//new leaves start aging when a new truss appears

//(2 leaves below and 1 leaf above)

for (i=0:i<(int)no_trussii++) {

if (leafage_on_trussi]==(-1.0 » eps)) {

pot_leafexp_on_truss[i] = 0.0
pot_leafgrow(i) = 0.0;
pot_stemgrowl(i} = 0.0

else {
leafage_on_truss(i} = munimum(1.0, (leafage_on_truss{i] + daily_leafdev_rate)):
x_ageclass = (float) (100.0 * leafage_on_truss(i));

if 1==0) {
pot_leafexp_on_truss(i] = tempeffect_on_devrate *
maximum(0 0, tables(pot_leafexp_in_age, age_class, x_ageclass, 12))
* firsttruss_nodeno;
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else {
pot_leafexp_on_trussli} = tempeffect_on_devrate =
maximum(0.0, tables(pot_leafexp_in_age, age_class, x_ageclass, 12))
/ truss_per_leaf;
}
pot_leafgrowl(il = pot_leafexp_on_truss[i] = (1.0 + petiole_leaf ratio) / min_sla:
pot_stemgrow(i] = pot_leafgrow(i) ¢ stem_leaf_ratio:
}
pot_grow_leaf = pot_grow_leaf + pot_leafgrow(i).
pot_grow_stem = pot_grow_stem + pot_stemgrowl(i];

1/ printf("---9210.5f 910.5f %610.5f %10.5f %10.5f %10.5f\n", pot_grow_shoot, pot_grow_leaf, pot_grow_stem,
pot_grow_frut,
/! leafage_on_truss{i},daily_leafdev_rate );
}
// fruit
for(1=0.i<no_truss:i++) {
for(3=0,)<(int)fruitno_on_truss(i)ij++) {

fruitage_on_truss{i)j] = minimum(1 0, fruitage_on_truss(i]ij] + fruitdev_rate),
x_ageclass = 100.0 = fruitage_on_truss(il();
if (dwfruit_on_trussli){(j1<0.0)  pot_fruitgrow(i](G} = 00;

else {
pot_fruitgrow(i){j] = tempeffect_on_devrate *
maximum(0.0, tables(pot_fruitgrow_in_age, age_class, x_ageclass, 12));
pot_grow_fruit = pot_grow_fruit + pot_fruitgrow]);

}

}
}
//total sink demand
pot_grow_shoot = pot_grow_leaf + pot_grow_stem + pot_grow_fruit,
return,

}
void lossrate5(void)

float bbb:

nt 1j.

//number of “aborted” fruits

newabort_fruitno = 0.0,

if (dwfruit >= eps) {
abortfruit_ratio = mummum(1 0, (0.67-max_abort*sourcesink_ratio)),
abortfruit_ratio = maximum(0.0, abortfrut_ratio),
newabort_fruitno = abortfruit_ratio * newinit_fruitno;

}

abortfruit_no = abortfruit_no + newabort_fruitno;

setfruit_no = frutno - abortfruit_no,

/Nocation of “aborted” fruits: distal position

bbb = 0.0;

for(i=0;i<firstfruit_trussnon++) {
//if no new frt or less than 2 frt on truss 1 or no mor abortion...
if ((newfruit_on_trussli] == 0.0) | (frutno_on_truss[i] <=20) | (bbb >= newabort_fruitno))

continue;

abortfruit_on_truss{i)
abortfruit_on_trussl[i)
abortfruit_on_truss(i)

minimum(4.0, newfruit_on_trussii});

minimum({abortfruit_on_truss{i], newabort_fruitno-bbb);

minimum(abortfruit_on_trussli], fnutno_on_trussi] - 2).

abortfruit_on_truss(i] = minimum(abortfrut_on_truss(i], (~1.0 * total_abortfruiti]));

abortfruit_on_truss(1) = maximum(0.0, newfruit_on_truss(i]):

bbb = bbb + newfruit_on_truss[i);

total_abortfruit{i] = total_abortfruit(i} + newfruit_on_truss{il:

setfrut_on_truss(i} = (fruitno_on_truss(i] - total_abortfruit(il);

if (total_abortfmut{i}<1.0) continue;

for (j=setfruit_on_truss[i);j<(int)fruitno_on_truss(i)ii++) {
dwfruit_on_trusslilj} = -1 « eps:

)

wounononon

return;

)

voiud calc_drymatter_growth_rate6(void)
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int tmp;
dwshoot_growrate = 0.0;
dwileaf = 0.0
dwleaf_modified = 0.0;
inst_dwleaf_on_truss = 0.0;
inst_dwfruit_on_truss = 0.0
dwstem = 0.0

dwfruit = 0.0;
fruitno_mature = 0.0;
dwfruit_mature = 00
leafarea_plant = 0.0;
leafarea_modified = 00

/Neaf dry weight
for(t=0u<no_trussii++} {
dwshootgrow_truss = mummum{pot_leafgrowli], pot_leafgrow|i] * sourcesink_ratio):
dwshoot_growrate = dwshoot_growrate * dwshoolgrow_truss:
dwleaf_on_truss(i] = dwleaf_on_trussfi] + dwshootgrow_truss:
//dry weight of growing leaves
if (leafage_on_truss(il<1) inst_dwleaf_on_truss = inst_dwleaf_on_truss + dwleaf_on_truss(:)
//mow leaf area expansion is either potential or limited by a max SLA
/At is available for each unit
leafarea_on_trussli] = leafarea_on_truss(i} + munimum(pot_leafexp_on_trussli],
dwshootgrow_trusssmax_sla/(1.0+petiole_leaf_ratio)).
dwleaf = dwieaf + dwieaf_on_trussfi):
// total leaf area
leafarea_plant = leafarea_plant + leafarea_on_trussli):
//total minus pruned leaves(leaves pruned when truss harvested)
if (leafage_on_truss(il>00) {
leafarea_modified = leafarea_modified + leafarea_on_truss(il;
dwleaf_modified = dwleaf_modified + dwleaf_on_truss(i}
}
}
//stem dry weight
for(i=0ii<no_truss+1.i++) {
dwshootgrow_truss = munimum(pot_stemgrowli), pot_stemgrow{i}#sourcesink_ratio):
dwshoot_growrate = dwshoot_growrate + dwshootgrow_truss:
dwstem_on_truss{i] = dwstem_on_trussli} + dwshootgrow_truss;
dwstem = dwstem + dwstem_on_truss(i};

}

//fruit dry weight
dwirmt = 00;
dwshootgrow _truss = 0.0;
for(i=0.i<no_trussi++} {
dwfruits_on_trussh] = 0.0,
inst_fruitno_on_truss = (int} fruitno_on_truss(i},
for(j=0i3<inst_fruitno_on_truss:j++) {
/ffor “aborted” fruit, DWF = -eps
if {{fruitage_on_trussfil(j1<1 0) & (dwfrut_on_trussh(iI>=0.0) {
dwshootgrow_truss = mimmum(pot_fruitgrow[1}{3],
pot_fruitgrow{ilj] * sourcesink_ratio);
dwshoot_growrate = dwshoot_growrate + dwshootgrow_truss;
dwfruit_on_truss[i]j] += dwshootgrow_truss;

}
if (dwfruit_on_trussiili} > 0.0)
dwfruits_on_trussli} += dwfruit_on_truss(ilih
//mature fruit
tf {({fruitage_on_trussfil(i] == 1.0} & {(dwfruit_on_trusshil(j] >0.00) {
dwfruit_mature = dwfrut_mature + dwfruit_on_truss[il(j};
fruitno_mature ++;

}

/Neaf pruning (when the truss is harvested)

//the age of pruned leaves 1s set to ~EPS to be identified

tmp = (int) (pot_fruitno_on_truss{il~1 0):

if (fruitage_on_truss{il{tmpl>=10) leafage_on_trussfi] = -1 * eps;
dwiruit = dwfruit + dwfraits_on_trussfi);
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)

/f/carbohydrate pool
carbon_pool = maximum(0.0, (biomass_product-dwshoot_growrate)/grow_efficiency);
//when cpool is higher than a threshold value the gp is limited
carbon_pool_max = 0.06sdwlcaf/{(1.0+petiole_lcafl_ratio)*grow_efficiency)
f (carbon_poo! > carbon_pool_max) {
gross_photosynthesis = gross_photosynthesis - (carbon_poo! - carbon_pool_max):
carbon_pool = carbon_pooi_max:

return;

voud calc_transpiration(void)

{

1/
)

int maxit;

nt ki

lai = leafarea_plant » planung_density,
maxit = 30;

for(k=0.k<maxit:k++) {
temp_veg = temp_air:
tv = temp_atr.
dl = 006; //characteristic length of tomato vegetation in m
vp_atr = vapor_pressure{wetbulb_t),
vp_sat = vapor_pressure(temp_air),
vpd = (vp_sat - vp_awr)
leaf_vpd = vapor_pressure(temp_veg) - vp_air,
if (leaf_vpd <= 00) leaf_vpd = 1.0:
if ((temp_air>35.0)(temp_air<-10.0)}(temp_veg>35.0)(temp_veg <-10.0))
rlsi = 1427 + 9539 » exp(-00081 + global_solar),
else
rlst = 794 « (10 + pow((exp(0.0234s(global_solar - 76.6))), -1.0)) »
(1.0 + exp(0079 * (leaf_vpd / 100.0 - 2.832)):
ttc = temp_veg,
tta = temp_air,

calc_boundary_layer_resistance();
calc_net_radiation(),

rahv = rah;

transpiration =
((deltasrnv/gamma)+2.0#lai*rhoavcp*vpd/gamma/rahv)/
(0 93+delta/gammac+rlsi/rahv)/lambda;

ltl = ta + ((0.93«rah+risi)erm/2/1avrhoa/cp - vpd/gamma) / (093+delta/gamma+risi/rah)

delt = abs(ltl - temp_veg).
if (delt<=0.00001) {

transpwration = ({transpiration * 36000 *= 24.0 » 10000) / planting_density).

return,
}
temp_veg = ltl,
}
transpiration = ((transpiration * 3600.0 » 24.0 » 10000) / planting_density):
if (transpiration < 0.0) transpiration = 0.0
retum,

void calc_net_radiation{void)

temp_greenhouse = temp_air;
temp_mulching = temp_air;
temp_a = temp_air;

tair = temp_air;

temp_cover = temp_air;
radlong_cover = 0.0;
radlong_screen = 00;
radlong_veget = 0.0;
radshort_veget = 0.0;
radlong_greenhouse = 0.0;

ric = 0.0
rlv = 00;
rls = 0.0
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rsv = 00;

rig = 00;

tc = temp_air;

tair = temp_air:
tm = temp_air;

tg = temp_air;
epa = 09
epg = 09,
reg = 0.1,
trc = 1.0,
rec = 0.0
trlc = 0.0;
relc = 0.1;
epc = 09;
trm = 0.88;
rrem = 0.084;
trlm = 0.85;
relm = 0.12;
epm = 0.03,
trs = 1.0;
_res = 00;
epss = 0.0
trls = 1.0;
rels = 0.0
scp = 0.2
epv = 0.95;

//short wave radiation

kdf = 058;

rev = (1.0 - sqrt(1.0-scp)/(10 + sqrt(1.0-scp))
trv = exp(-1.0 + kdf * la);

abv = (1.0-revh)*(1.0-trvd).

triv = exp(-0.8 * sqrt(1.0-0.1)=lai);

relv = (1.0-sqrt(1.0-0.1))/(1.0+sqrt(1.0-0.1));

plth = 0495 + 0.439s]ai;

bbx = 0.9/1.5;

aax = plth/1.5;

bbx = 1.35/2.05.

aax = plth/15;

denn = 1.0 - 0.8¢pow(trlv,(1.18 * bbx)) - 0.2 * pow(trlv,(2.75 » bbx)):

nonn = 1.0 - 0.2spow(trlv,1.18) - 0.2 *+ pow(trlv,2 75);
fiww = (1.0 - 0.07 » (1.0 - bbx)*(4.7 - aax))*denn/nonn;
abv = abv « ffww,

trv = 1.0 - ffww + ffww « trv;

trlv = 1.0 - ffww + ffww » trlv;

rev = rev * ffww,

relv = relv s ffww,

resv = rev *+ rrem * pow(trv, 20) + reg * pow((trvetrm), 2.0}
resc = _res + recd * powl(trs, 2.0);
rsv = abv * global_solar / (1.0 - resv * resc):

qla = epa * sig * pow((tarr + 273.16), 4.0);
glc = epc * sig * powl((tc + 273.16), 4.0).
qls = epss * sig * powl((ts + 273 16), 40), //ts = temp_air
qlv = epv * sig » pow((tv + 273.16), 40):
qlm = epm = sig * pow((tm + 27316), 4.0,
= epg * sig * pow((tg + 273.16), 4.0),

/Nlong wave radiation
relvl = rels + relc » powl(trls, 2.0);

relv2 = relv + pow(trlv, 2.0) * relm + relg * pow((trlvstrim), 2.0);

rlv3l = (qla * trlc = trls + glc * tris + qls) * (1.0-trlv)/(1.0-relvlerelv2);
relvd = relv + pow(trlv, 20) #+ rels + relc * pow({(trivstrls), 2.0)

relv4 = relm + pow(trlm, 2.0) * relg:

rlv32 = (glm + qlg » trm)*(1.0-tlv)/(1.0-relv3*relvd);

rlv33 = qlv » pow((1.0-triv), 2.0) * (1.0-relv) = relvl / (1.0 - relvlsrelv2)
rlv34 = qlv = pow({1.0-trlv), 2.0) * (1.0-relv) * relvd / (10 - relv3srelvd)
riv35 = 20 » glv s (1.0-tlv);

tlv = riv3l + rlv32 + rilv33 + rlv34 - rlv35;
mvl = rsv + rlv;
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mv = - 23836 + 0.74676 * mvl,

/ m = mv,
/4 printf("%f\n”", mv),
retumn,

)

void calc_boundary_layer_resistance(void)
{
- float u;
u =02
xxp = (uc + t1ta)/2.0.
delta = vapor_pressurel(xxp).
re = u + d/nhu;
nu_forced = 066 » (pow(re, 0.5))*(pow(07, 033)),
grashof = aex * 98 = pow(dl, 3.0) * abs((ttc-tta))/nhu/nhu,  //Grashof number
nust = 0.26 » pow(grashof+0.7, 0.25),
nusb = 0.50 * pow(grashof, 0.25);
nu_mixed = {(nust + nusb) / 20 + nu_forced):
Jf ((tte-tta)<=0)
nu_mixed = (pow({pow(nu_forced, 355) + pow(nust, 3.55)), 0.28) +
pow((pow(nu_forced, 3.55) + pow(nusb, 3.55)), 0.28))/2.0;
rah = dl / (kapa * nu_mixed):
return.
}

vod read_crop_parameter(void)
{

extinction_coeff = '0.58;

xm = 0.10;
ck = -0.8;
limit_vpd = 10;

truss_per_leaf = 0.333,
eps = 0.00000000001,
grow_efficiency = 0.75;
pot_fruitno_per_node = 0.8;
max_abort = 0.73;

ql0 = 1.4,
leaf_mresp_coeff = 0015;

fruit_mresp_coeff = 0.010,
firsttruss_nodeno = 10.0;
max_sla = 0060;
min_sla = 0.022;

node_bet_firsttruss_fruitset = 9.0;
petiole_leaf_ratio = 0.43,
stem_leaf_ratio = 033,

}

void read_greenhouse_parameter(void)

{

V4 NSTART = 3.
// NDAYS = 200,
delt = 10;
/! NFAST = 24.0;
/" INTOUT = 1.0
/ TRGH = 0.65;
planting_density = 80;
init_nodeno = 23.0, //18.0

init_dwleaf = 37049, //10557;

nit_leafarea_plant = 0.518683: //01478;

init_dwstem = 17.0054; //4.8457.
}

void clear_dayvalue(void)

{
gross_photosynthesis = 0.0;
tempeffect_on_devrate = 0.0;
maint_resp= 00;
daily_leafdev_rate = 0.0;
fruitdev_rate = 0.0;
daily_transpiration = 0.0
return;
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void modify_data(void)
{

int u
for(i=0;i<30.i++) pot_fruitno_on_truss{i] = 4.0
for(i=1,i<8:i+ +) maxrate_nodeinit(i] = 0.73;

for (1=0:i<12.i++) {
pot_fruitgrow_in_age{1] = pot_fruitgrow_in_agel1) » 0.55
pot_leafexp_in_agef{i] = pot_leafexp_in_agel1} * 1.25;

}

for (1=0,i<9n++) {
if 1==5 | 1==6) fruitdev_on_templi] = 0.032,
fruitdev_on_templ1) = fruitdev_on_tempfi] * 1.35,
leafdev_on_templi] = leafdev_on_templi} « 10;

}

max_sla = max_sla * 0.65;
min_sla = min_sla » 0.6
firsttruss_nodeno = 10.0;
.node_bet_firsttruss_fruitset = 4.0,
max_abort = 055;
planting_density = 8.0,
init_nodeno = 25.670669556.
init_dwleaf = 44.740379383;
inut_leafarea_plant = 0614755273;
init_dwstem = 20.535743713;
petiole_leaf_ratio = 0.436;
stem_leaf_ratio = 0.459;
truss_per_leaf = 0.333;

retumn,

)

void continue_simulation()

{
no_iter = 240460,
dt_iter = 1.0/no_iter;
read_crop_parameter();
read_greenhouse_parameter(),
modify_data():
clear_dayvalue();
restore_xmem();
return,

)

voud 1nit_simulation()

{
no_iter = 24.0+6 0;
dt_iter = 1.0/no_iter;
read_crop_parameter();
read_greenhouse_parameter();
modify_data();
init_variable();

/* leafage_on_truss[0] = 08454,
leafage_on_truss[1] = 0.4334;
leafage_on_truss{2]) = 0.2334;
leafage_on_truss(3] = 0.075;

*/

leafage_on_truss(3) = 0156251639;

leafage_on_truss[2) = 0314651698:

leafage_on_truss(1] = 0.514651716;

leafage_on_truss[0] = 0926651478.

/ currentrecord = 0;
clear_dayvalue();

/ irri_need0 = 0.0;

/ irmi_needl = 00,

V4 irri_need2 = 0.0
return,

}

void run_daily_simulation()
{
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}

int date;

date = currentday,

development_ratef(};

ass_req jeaf = 1.39

ass_req _sterm = 1.45;

ass_req_fruit = 1.39;

grow_efficiency = pot_grow_shoot / {ass_req_ feaf s pot_grow_jeaf +
ass_req_stem * pot_grow_stem + ass_req fruit + pot_grow, fruit);

// daily production of biomass
biomass_product = grow_efficiency *» (gross_photosynthesis +
1 - maint_resp)
if (biomass_product<0} {
biomass_product = 0.0
, maint_resp = gross_photosynthesis + carbon_pool;

//printf("biomass product : %10.6f %10.6f %10.6f %10.6f %610.6f \n",
-/fbiomass_product, grow_efficiency, gross_photosynthesis, carbon_pool, maint_resp)
/fcalculate root growth :

biomass_product = biomass_product *
{1.0~-tables{proportion_root, x_nodenoc, no_node, §))

//calculate source/sink ratio
sourcesink_ratio = minimum(1.0, biomass_product/{pot_grow_shoot+eps));

//daily growth respuration

grow_resp = {(gross_photosynthesis + carbon_pool - maint_resp)
(1.0 - grow_efficiency * 1.125);

total_resp = maint_resp + grow_resp; //daily total respiration

lossrates(). //fruit setting

calc_drymatter_growth_rate6(), //dry matter partitioning

clear_dayvalue();

return;

vaid run_fast_simulation(}

/"
#
7
4

/
H

/4

temp_air = 35.0;
hurrudity = 30.0;
solarradiation = 300.0;
coZ = 1440.0;

temp_air = {float) temperature_l0min;
wetbulb_t = (float) t_wetbulb_10min;
humidity = (float) humidity_10rmn;
solarradiation = (float) radiation_1Omin;
co2 = {float) co2_10min;

if {temp_air<5.0) temp_air = 5.0:

if {temp_air>40.0) temp_air = 400

1if (humidity >100.0) humidity = 1000;

if (humidity <20.0) humdity = 200;

if (solarradiation < -100) solarradiation = -10.0;
if (solarradiation > 1000.0) solarradiation = 1000.0;
if (¢02>1500.0) co2 = 1500.0:

if (c02<50.0) c02 = 50.0;

vp.air = vapor_pressure(wetbulb_t);
vp_sat = vapor_pressure{temp_air);
global_solar = solarradiation;

printf(“start ")

printf(*%810.5f 9610.5f %610.5f 3510 5f %610.5f %10.5f\n",
inst_tempeffect_on_dev, tempeffect_on_devrate,
temp_air, humidity, solarradiation, co2):

calc_temp_dep_factor(),

calc_transpiration();
calc_hourly_photosynthesis();
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)

calc_maint_respiration();

tempeffect_on_devrate = tempeffect_on_devrate +

inst_tempeffect_on_dev * dt_iter:
maint_resp = maint_resp +
inst_maint_resp * dt_iter,
daily_leafdev_rate = daily_leafdev_rate +
inst_leafdev_rate * dt_iter;
fruitdev_rate = fruitdev_rate +
inst_fruitdev_rate * dt_iter;

gross_photosynthesis = gross_photosynthesis +

inst_photosynthesis * dt_iter:
daily_transpiration = daily_transpiration +

transpiration * dt_iter;
im_need0

irri_need0 + transpiration * dt_iter;

um_needl = irri_needl + transpiration * dt_iter;
im_need2 = irri_need2 + transpiration * dt_iter;

currentrecord++.

return;

void zero_vanable()

c02_10min = 0;
humidity_10min = 0.
temperature_lOmin = 0;
t_wetbulb_10min = 0;
radiation_10min = 0;
x_ageclass = 0.0
daily_leafdev_rate= 0.0;
inst_fruitno_on_truss = 0.0
dwstem = 0.0

dwfruit = 00:
inst_maint_resp = 0.0 :
inst_dwleaf_on_truss = 0.0
inst_dwfruit_on_truss = 0.0;
init_dwleaf = 0.0
mt_dwstem = 0.0;
photon_density = 00,
co2_compensation = 0.0;
qefficiency = 0.0,
inst_photosynthesis = 0.0
inst_tempeffect_on_dev = 00,
inst_leafdev_rate = 0.0
inst_fruitdev_rate = 00,
frut_mresp_coeff= 0.0;
leaf_mresp_coeff = 0.0;
stem_mresp_coeff = 0.0,
dwleaf = 0.0
extinction_coeff = 0.0
node_bet_firsttruss_fruitset = 0.0;
pot_fruitno_per_node = 00;
newinit_fruitno = 0.0
firstfruit_trussno = 0.0
fruitno = 00;

nodeinit_rate = 0.0,
no_node = 0.0,

imt_nodeno = 0.0
tempeffect_on_devrate = 00;
no_truss = 00,

no_leaf = 00;
leafarea_plant = 0.0;
newabort_fruitno = 0.0,
abortfruit_ratio = 0.0;
max_abort = 0.0
sourcesink_ratio = 0.0;
abortfruit_no = 0.0
setfruit_no = 0.0,
fruitdev_rate = 0.0,
petiole_leaf_ratio = 0.0;
stem_leaf_ratio = 00;
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min_sla = 0.0;
firsttruss_nodeno = 0.0;
max_sla = 0.0,
dwshoot_growrate = 0.0;
dwshootgrow_truss = 0.0,
truss_per_leaf = 0.0;
fruitno_mature = 0.0;
dwfruit_mature = 0.0
lai = 0.0;

rlsi = 0.0
daily_transpiration = 0.0,
currentday = 0,
currentrecord = 0,

ric = 00;
s = 00;
rig = 0.0

grow_efficiency = 00;
grow_resp = 00,
total_resp = 00;
carbon_pool = 0.0,
maint_resp = 0.0,
gross_photosynthesis = 0.0,
biomass_product = 0.0;

ass_req_leaf = 00;
ass_req_stem = 0.0;
ass_req_fruit = 0.0
pot_grow_shoot = 0.0,
pot_grow_leaf = 0.0;
pot_grow_stem = 0.0,
pot_grow_fruit = 0.0,

vpd = 0.0;
hmit_vpd = 0.0
leaf_vpd = 0.0
ck = 0.0;

vp_air = 0.0,
vp_sat = 0.0
temp_air = 0.0,
wetbulb_t = 0.0
t_wetbulb = 0.0,
humidity = 0.0;
co2 = 0.0;

global_solar = 0.0
solarradiation = 00;

taul = 00,
tau2 = 00;
pmax = 00;
top = 0.0;
bot = 0.0
xm = 00;
eps = 00;

carbon_pool_max = 0.0;
temp_veg = 0.0;

dl = 00

rahv = 0.0;

rah = 00;

transpiration = 0.0,
delta = 0.0

mv = 0.0,

itt = 0.0

ta = 0.0;

m = 00;

delt = 0.0;
temp_greenhouse = 0.0;
temp_mulching = 0.0;
temp_a = 0.0;
temp_cover = 00;
radlong_cover = 00;
radlong_screen = 0.0;
radlong_veget = 0.0;
radlong_greenhouse = 0.0;
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radshort_veget = 0.0

epa = 0.0;
epg = 0.0
reg = 00,
trc = 0.0,
rec = 0.0;
trlc = 0.0,
relc = 0.0
epc = 0.0
tm = 0.0;
rrem = 0.0;
trlm = 00;
relm = 00;
epm = 0.0:
trs = 0.0
_res = 0.0;
epss = 0.0,
trls = 0.0
.rels = 0.0;
scp = 0.0;
epv = 0.0;
kdf = 0.0
rev = 00;
trv = 0.0:
abv = 00,
revh = 0.0,
trvd = 0.0
alv = 00:
relv = 00:
pith = 00;
bbx = 0.0;
aax = 0.0
denn = 0.0;
nonn = 00;
ffww = 0.0
resv = 0.0,
resc = 0.0;
recd = 00;
rsv = 0.0,
qla = 00;
tair = 0.0;
glc = 0.0;
tc = 00
qls = 0.0;
ts = 00
qlv = 0.0;
tv = 0.0;
qlm = 00,
tm = 00;
qlg = 00,
tg = 00;
relvl = 0.0:
relvZ = 0.0
relg = 00;
riv3l = 0.0,
relvd = 00.
relvd = 0.0
1v32 = 00;
riv3d3 = 00;
rivd4 = 0.0,
rnv3s = 00.
rlv = 00;
mvl = 00:
xxp = 0.0,
ttc = 00;
tta = 0.0;
re = 00;
nu_forced = 0.0,
grashof = 0.0,
nust = 00;
nusm = 00;
nusb = 00,
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nu_mixed = 0.0
imi_need0 = 0.0;
uri_needl = 00;
im_need2 = 0.0;
return;

}

[oecss00inssss08s003s000006s80088000088n

soil moisture sensor library

n‘o“““.oco“‘o‘t‘o‘t‘o..t‘tttoto‘.-/

void mux16_ch_n(int n, int ch)
{
it s;
s = inport(PPIA_E);
RES(&s, 4), // chan 0
RES(&s, 5).
RES(&s, 6)
RES(&s, 7).
if (BIT(&ch, 0)) SET(&s, 4),
if (BIT(&ch, 1)) SET(&s, 5)
if (BIT(&ch, 2)) SET(&s, 6):
if (BIT(&ch, 3)) SET(&s, 7)
outport{PPIA_E, s),
return,
}

void high_pulse()

{
int s,
s = inport(PPIB),
SET(&s, 0);
SET(&s, 1)
outport{PPIB, s),
returmn;

}
vod low_pulse(}

nt s

s = nport(PPIB),
RES(&s, 0)
RES(&s, 1)
outport(PPIB, s).
return;

void store_xmem{)

{
/*» model vanables «/
xputfloat{xm_rad, radiation_sum);
xputint{xm_reset_model, reset_model);
xputfloat{xm_temperature_l0min, temperature_10min).
xputfloat{xm_t_wetbulb_10min, t_wetbulb_10min);
xputfloat{xm_humidity_10min , humdity_10min);
xputfloat(xm_rad_10min, radiation_10min);
xputfloat(xm_co2_10min, co2_10mun),
xputfloat(xm_irri_need0, irri_need0),
xputfloat(xm_irri_need}, wri_needl),
xputfloat(xm_irri_need2, irri_need2);

root2xmem(xfpn, xm_xfpn, 40);
roo2xmem(leafarea_on_truss, xm_leafarea_on_truss, 120);
root2xmem(dwleaf_on_truss, xm_dwleaf_on_truss, 120);
root2xmem(dwstem_on_truss, xm_dwstem_on_truss, 120);
root2xmem(leafage_on_truss, xm_leafage_on_truss, 120):
root2xmem{dwfruit_on_truss, xm_dwfruit_on_truss, 840)
root2xmem{fruitage_on_truss, xm_fruitage_on_truss, 840);
root2xmem(dwfruits_on_truss, xm_dwfruits_on_truss, 120);
root2xmem(pot_stemgrow, xm_pot_stemgrow, 120);
root2xmem(pot_leafgrow, xm_pot_leafgrow, 120
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//dws
//agls
//dwt
//agf
//dwer
//vgs
//pgl



root2xmem{pot._fruttgrow. xm_pot_fruitgrow, 1800%
root2xmem{abortfruit_on_truss, xm_abortfruit_on_truss, 120
root2xmem(newfruit_on_truss, xm_newfruit_on_truss, 120}
root2xmem(fruitno_on_truss, xm_fruitno_on_truss, 120);
root2xmem(x_no_on_truss, xm._x_no_on_truss, 120);
root2xmem(total_abortfruit, xm_total_abortfruit, 120);
root2xmem{pot_leafexp_on_truss, xm_pot_leafexp_on_truss, 120},
rootZxmem(setfruit_on_truss, xm_setfruit_on_truss, 120}

xputfloat(xm_inst_fruitno_on_truss, inst_fruitno_on_truss);
xputint{xm_no_iter, no_iter).

xputfloat(xm_dt_iter, dt_iter),

xputfloat{xm_x_ageclass, x_ageclass);
xputfloat{xm_daily_leafdev_rate, daily_leafdev_rate);
xputfloat(xm_dwstem, dwstem):

xputfloat{xm_dwfruit, dwfruit);
xputfloat{xm_inst_maint_resp, inst_main{_resp);
xputfloat{xm_inst_dwleaf_on_truss, inst_dwleaf_on_truss);
xputfloat(xm_inst_dwiruit_on_truss, inst_dwfruit_on_truss):
xputfloat{xm_init_dwleaf, nit_dwleaf);
xputfloat(xm_init_dwstem, init_dwstem);
xputfloat(xm_photon_density, photon_density);
xputfloat(xm_co2_compensation, co2_compensation).
xputfloat{xm_gefficiency, gefficiency).
xputfloat{xm_inst_photosynthesis, inst_photosynthesis);
xputfloat{xm_inst_tempeffect_on_dev, inst_tempeffect_on_dev),
xputfloat(xm_inst_leafdev_rate, inst_leafdev_rate):
xputfloat{xm_inst_fruitdev_rate, inst_fruitdev_rate);
xputfloat{ixm_ql0, ql0)

xputfloat{xm_fruit_mresp_coeff, frut_mresp_coeff):
xputfloat(xm_leaf_mresp_coeff, leaf_mresp_coeff).
xputfloat{xm_stem_mresp_coeff, stem_mresp_coeff).
xputfloat{xm_dwleaf, dwleaf);
xputfloat{xm_dwleaf_modified, dwleaf_modified)
xputfloat(xm_leafarea_modified, leafarea_modified);
xputfloat{xm_imt_leafarea_plant, mit_leafarea_planth
xputfloat(xm_planting_density, planting_density);
xputfloat(xm_extinction_coeff, extinction_coeff);

xputfloat{xm_node_bet_firsttruss_fruitset, node_bet_firsttruss_fruitset),

xputfloat{xm_pot_fruitno_per_node, pot_fruitno_per_node);
xputfloat{xm_newinit_fruitno, newnit_fruitno)
xputfloat(xm_firstfruit_trussno, frstfruit_trussno)
xputfloat{xm_fruitno, fruitno):
xputfloat(xm_nodeinit_rate, nodeinit_rate):
xputfloat(xm_no_node, no_node):
xputfloat(xm_init_nodeno, imt_nodeno),
xputfloat{xm_tempeffect_on_devrate, tempeffect_on_devrate);
xputfloat{xm_no_truss, no_truss),
xputfloat(xm_no_leaf, no_leaf).
xputfloat(xm_leafarea_plant, leafarea_plant);
xputfloat{xm_newabort_fruitno, newabort_fruitno);
xputfloat(xm_abortfruit_ratio, abortfruit_ratio);
xputfloat{xm_max_abort, max_abort};
xputfloat(xm_sourcesink_ratio, sourcesink_ratio),
xputfloat(xm_abortfruit_no, abortfruit_no),
xputfloat(xm_setfruit_no, setfruit_no)
xputfloat(xm_fruitdev,_rate, fruitdev_rate);
xputfloat{xm_petiole_leaf_ratio, petiole_leaf ratio)
xputfloat(xm_stem _leaf_ratio, stem_leaf_ratio);
xputfloat(xm_rnin_sla, min_sla).
xputfloat{xm_firsttruss_nodeno, firsttruss_nodeno):
xputfloat(xm_max_sla, max_sla);
xputfloat(xm_dwshoot_growrate, dwshoot_growrate),
xputfloat{xm_dwshootgrow_truss, dwshootgrow_truss),
xputfloat{(xm_truss_per_leaf, truss_per_leaf),
xputfloat{xm_fruitno_mature, fruitno_mature};
xputfloat(xm_dwiruit_mature, dwfruit_mature);
xputfloat{xm_lai, lai);

xputfloat{xm_rlsi, risi);
xputfloat(xm_daily_transpiration, daily_transpiration),
xputint(xm_currentday, currentday):
xputint{xm_currentrecord, currentrecord);
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/iogf
//abnf
/frenf
//xnft
//xnsft
//abor
//ple
//nsf

//nft

//xbox
/frdviv
//tdms
//tdmf
//rmaintf
//dmg}
/ldmgf
//wlvsi
//wstmi
//ppfd
/led
//qe quantum use efficiency
//apf
//temict
f/rdvive
f/rdvirf
/7q10
//rmrf
//rmrl
//rmrs
//tdml
//tdmi2
//plar2
//plari
//pim2
//xk
//frlg
//tpnpt
//trenf
//nbrup
//nf
//genr
#/plstn
//plstni
//temfac
//nbru
//nblv
//plar
//tabnf
/ffabor
//abormx
//sosir
//tabf
//tnsf
f/ravfr
/ot
Hfrst
//slamn
//ftrusn
f/slamx
//ascsp
//xasc
//tpl
/ftnmf
//dmmf

//dtran



xputfloat{xm_ric, ric)
xputfloat(xm_ris, ris);
xputfloat(xm_rig, rig);

xputfloat{xm_grow_efficiency, grow_efficiency);
xputfloat(xm_grow_resp, grow_resp);
xputfloat(xm_total_resp, total_resp).
xputfloat(xm_carbon_pool, carbon_pool).
xputfloat(xm_maint_resp, maint_resp).

xputfloat{xm_gross_photosynthesis, gross_photosynthesis);

xputfloat(xm_biomass_product, biomass_product);

xputfloat{xm_ass_req_leaf, ass_req_leaf);
xputfloat(xm_ass_req_stem, ass_req_stem),
xputfloat{xm_ass_req_fruit, ass_req_fruit);
xputfloat{xm_pot_grow_shoot, pot_grow_shoot);
xputfloat(xm_pot_grow_leaf, pot_grow_leaf):
xputfloat{xm_pot_grow_stem, pot_grow_stem).
xputfloat(xm_pot_grow_frut, pot_grow_fruit);
xputfloat(xm_vpd, vpd): :
xputfloat(xm_limit_vpd, limit_vpd).
xputfloat(xm_leaf_vpd, leaf_vpd);
xputfloat(xm_ck, ck):

xputfloat(xm_vp_air, vp_air);
xputfloat(xm_vp_sat, vp_sat);
xputfloat(xm_temp_air, temp_air);
xputfloat(xm_humidity, humidity):
xputfloat(xm_co2, co2);
xputfloat(xm_global_solar, global_solar);
xputfloat(xm_solarradiation, solarradiation);
xputfloat(xm_taul, taul);

xputfloat(xm_tau2, tau2):

xputfloat(xm_pmax, pmax);

xputfloat(xm_top, top)

xputfloat(xm_bot, bot);

xputfloat{xm_xm, xm).

xputfloat(xm_eps, eps):
xputfloat(xm_carbon_pool_max, carbon_pool_max);
xputfloat(xm_temp_veg, temp_veg)
xputfloat(xm_di, dl),

xputfloat(xm_rahv, rahv),

xputfloat(xm_rah, rah);
xputfloat{xm_transpiration, transpiration);
xputfloat(xm_delta, delta);

xputfloat(xm_mv, mv);

xputfloat(xm_it, 1t1);

xputfloat(xm_ta, ta);

xputfloat(xm_rn, m);

xputfloat(xm_delt, delt),
xputfloat(xm_temp_greenhouse, temp_greenhouse):
xputfloat(xm_temp_mulching, temp_mulching);
xputfloat(xm_temp_a, temp_a):
xputfloat{xm_temp_cover, temp_cover);
xputfloat(xm_radlong_cover, radlong_cover):
xputfloat(xm_radlong_screen, radlong_screen),
xputfloat{xm_radlong_veget, radlong_veget),

xputfloat(xm_radlong_greenhouse, radlong_greenhouse);

xputfloat{xm_radshort_veget, radshort_veget);
xputfloat(xm_epa, epa);
xputfloat(xm_epg, epg):
xputfloat(xm_reg, reg);
xputfloat(xm_trc, trc);
xputfloat(xm_rec, rec);
xputfloat(xm_trlc, trlc);
xputfloat(xm_relc, relc);
xputfloat(xm_epc, epc):
xputfloat(xm_trm, trm);
xputfloat(xm_rrem, rrem);
xputfloat(xm_trlm, trim);
xputfloat(xm_relm, relm):
xputfloat(xm_epm, epm);
xputfloat(xm_trs, trs);
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xputfloat{xm__res, _res);
xputfloat{xm_epss, epss),
xputfloat(xm,_tris, tls)
xputfloat(xm_rels, rels)
xputfloat(xm_scp, scp);
xputfloat(xm_epv, epv);
xputfloat(xm_kdf, kdf):
xputfloat{xm_rev, rev};
xputfloat{xm_trv, trv)
xputfloat{xm_abv, abv);
xputfloat{xm_revh, revh);
xputfloat(xm_trvd, trvd).
xputfloat{xm_triv, triv); |
xputfloat{xm_relv, relv);
xputfloatOun_pith, plth),
xputfloat{xm_bbx, bbx),
xputfloat{xm_aax, aax).
xputfloat{xm_denn, denn),
~xputfloat{xm_nonn, nonn):
xputfloat{xm_ffww, ffww);
xputfloat(xm_resv, resv);
xputfloat(xm_resc, resc):
xputfloat{xm_recd, recd);
xputfloat{xm_rsv, rsv}
xputfloat(xm_gla, gla):
xputfloat{xm_tair, tair)
xputfloat(xm_gic, glc)
xputfloat(xm_tc, tc)i
xputfloat(xm_gls, gls)
xputfloat{xm_ts, ts)
xputfloat(xm_qalv, giv),
xputfloat(xm_tv, tv);
xputfloat(xm_glm, gim)
xputfloat(xm_tm, tm);
xputfloat(xm_qlg, qlgh
xputfloat{xm_tg, tg)
xputfloat{xm_relvl, relvl},
sxputfloat(xm_relv2, relv2);
xputfloat(xm_relg, relg);
xputfloatixm_riv3l, riv3ly
xputfloat(xm_relv3, relv3),
xputfloat{xm_reivd4, relvd):
xputfloat(xm_riv32, riv32}
xputfloat{xm_rlv33, riv33)n
xputfloat{xm_riv34, rlv34),
xputfloat{xm_riv35, rivis)
xputfloat{xm_riv, riv);
xputfloat(xm_rnvl, mvl);
xputfloat{xm_xxp, xxp)
xputfloat(xm_ttc, ttch
xputfloat{xm_tta, tta),
xputfloat(xm_re, re)
xputfloat{xm_nu_forced, nu_forced)
xputfloat(xm_grashof, grashof);
xputfloat(xm_nust, nust);
xputfloat(xm_nusm, nusm)
xputfloat(xm_nusb, nusb):
xputfloat(xm_nu_mixed, nu_rmxed).
return:

}

vod restore_xmem()

/» model variables */

radiation_sum = xgetfloat{(xm_rad).

reset_model * xgetint{xm_reset_model):
temperature_10min = xgetfloat{xm_temperature_l0min)
t_wetbulb_10min = xgetfloat{xm_t_wetbulb_10min};
humidity_10min = xgetfloat(xm_humicity_10min)
radiation_10min = xgetfloat{(xm_rad_10min).
c02_10min = xgetfloat(xm_co2_10min),

irri_need0 = xgetfloat(xm_irri_need0):
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im_need] = xgetfloat(xm im need!)

uri_nced? = xgetflostixm_tm_noud2),

xmemZ2root(xm_xfpn, xfpn, 40):

xmemZ2root(xm_leafarea_on_truss, leafarea_on_truss, 120); //xla
xmem2root(xm_dwleaf_on_truss, dwleaf_on_truss, 120); //dwl
xmem?2root(xm_dwstem_on_truss, dwstem_on_truss, 120), //dws
xmemZ2root(xm_leafage _on_truss, leafage_on_truss, 120), //agls
xmem2root(xm_dwifruit_on_truss, dwfruit_on_truss, 840); //dwf
xmemZ2root(xm_fruitage_on_truss, fruitage_on_truss, 840); //agf
xmem?2root(xm_dwfruits_on_truss, dwfruits_on_truss, 120} //dwtr
xmem2root{xm_pot_stemgrow, pot_stemgrow, 120); //ogs
xmemZ2root{xm_pot_leafgrow, pot_teafgrow, 120); //vg!
xmemZroot{xm_pot_fruitgrow, pot_fruitgrow, 1800); //oaf
xmem2root{xm_abortfruit_on_truss, abortfruit_on_truss, 120); //abnf
xmemZ2root(xm_newfruit_on_truss, newfruit_on_truss, 120); //renf
xmem2root(xm_fruitno_on_truss, fruitno_on_truss, 120} //xnft
xmem?2root(xm_x_no_on_truss, x_no_on_truss, 120); //xnsft
xmemZ2root(xm_total_abortfruit, total_abortfruit, 120), //abor
xmemZ2root(xm_pot_leafexp_on_truss, pot_leafexp_on_truss, 120) //vle
xmem2root(xm_setfruit_on_truss, setfruit_on_truss, 120} //nsf
nst_fruitno_on_truss = xgetfloat(xm_inst_fruitno_on_truss); //nft

no_iter = xgetint(xm_no_iter);
dt_iter = xgetfloat(xm_dt_iter);

x_ageclass = xgetfloat(xm_x_ageclass) //xbox
daily_leafdev_rate = xgetfloat(xm_daily_leafdev_rate); //rdviv
dwstem = xgetfloat(xm_dwstem); //tdms
dwfruit = xgetfloat(xm_dwirut); //tdmf
inst_maint_resp = xgetfloat(xm_inst_maint_resp); //rmaintf
inst_dwleaf_on_truss = xgetfloat(xm_inst_dwleaf_on_truss); //dmgl
inst_dwfruit_on_truss = xgetfloat(xm_inst_dwfruit_on_truss); //dmgf
init_dwleaf = xgetfloat(xm_init_dwleaf). //wlvsi
init_dwstem = xgetfloat(xm_inmt_dwstem); //wstmi
photon_density = xgetfloat(xm_photon_density); //opid
co2_compensation = xgetfloat(xm_co2_compensation); //ed
qefficiency = xgetfloat{xm_gefficiency); //qe quantum use efficiency
inst_photosynthesis = xgetfloat(xm_inst_photosynthesis); //gpf
inst_tempeffect_on_dev = xgetfloat(xm_inst_tempeffect_on_dev); //temfcf
inst_leafdev_rate = xgetfloat(xm_inst_leafdev_rate); //rdvivi
inst_fruitdev_rate = xgetfloat{xm_inst_fruitdev_rate); //rdvfrf
ql0 = xgetfloat(xm_ql0): //q10
fruit_mresp_coeff = xgetfloat(xm_fruit_mresp_coeff); //rmarf
leaf_mresp_coeff = xgetfloat(xm_leaf_mresp_coeff): //rmrl
stem_mresp_coeff = xgetfloat(xm_stem_mresp_coeff); //rmrs
dwleaf = xgetfloat(xm_dwleaf), //tdm)
dwleaf_modified = xgetfloat(xm_dwleaf_modified): //tdmi2
leafarea_modified = xgetfloat(xm_leafarea_modified), //plar2
nit_leafarea_plant = xgetfloat(xm_init_leafarea_plant); //plani
planting_density = xgetfloat(xm_planting_density), //plm2
extinction_coeff = xgetfloat(xm_extinction_coeff); //xk
node_bet_firsttruss_fruitset = xgetfloat(xm_node_bet_firsttruss_fruitset);  //frlg
pot_fruitno_per_node = xgetfloat(xm_pot_fruitno_per_node): //fpnpt
newinit_fruitno = xgetfloat{xm_newint_fruitno); //aenf
firstfruit_trussno = xgetfloat(xm_firstfruit_trussno); //nbrup
fruitno = xgetfloat(xm_fruitno); //nf
nodeinit_rate = xgetfloat(xm_nodeinit_rate), //genr
no_node = xgetfloat(xm_no_node); //plstn
nit_nodeno = xgetfloat(xm_init_nodeno); //plstni
tempeffect_on_devrate = xgetfloat(xm_tempeffect_on_devrate); //temfac
no_truss = xgetfloat(xm_no_truss); //mbru
no_leaf = xgetfloat(xm_no_leaf); //nblv
leafarea_plant = xgetfloat(xm_leafarea_plant): //plar
newabort_fruitno = xgetfloat(xm_newabort_fruitno); //tabnf
abortfruit_ratio = xgetfloat{xm_abortfruit_ratio); //fabor
max_abort = xgetfloat(xm_max_abort); //abormx
sourcesink_ratio = xgetfloat(xm_sourcesink_ratio): //sosir
abortfruit_no = xgetfloat(xm_abortfruit_no); //tabf
setfruit_no = xgetfloat(xm_setfrut_no). //tnsf
fruitdev_rate = xgetfloat{xm_fruitdev_rate); //rdvir
petiole_leaf_ratio = xgetfloat(xm_petiole_leaf_ratio); //frpt
stem_leaf_ratio = xgetfloat{xm_stem_leaf_ratio): //frst
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min_sla = xgetfloat(xm_min_sla);

firsttruss_nodeno = xgetfloat(xm_firsttruss_nodeno);
max_sla = xgetfloat(xm_max_sla).

dwshoot_growrate = xgetfloat(xm_dwshoot_growrate);
dwshootgrow_truss = xgetfloat(xm_dwshootgrow_truss),
truss_per_leaf = xgetfloat(xm_truss_per_leaf);
fruitno_mature = xgetfloat(xm_fruitno_mature}),
dwfruit_mature = xgetfloat(xm_dwfruit_mature);

lai = xgetfloat(xm_lai);

rlsi = xgetfloat(xm_rlsi);

daily_transpiration = xgetfloat(xm_daily_transpiration)
currentday = xgetint(xm_currentday);

currentrecord = xgetint(xm_currentrecord);

rlc = xgetfloat(xm_rlc),

rls = xgetfloat(xm_rls),

rlg = xgetfloat(xm_rlg)

grow_efficiency = xgetfloat(xm_grow_efficiency);
grow_resp = xgetfloat(xm_grow_resp);

total_resp = xgetfloat(xm_total_resp);

carbon_pool = xgetfloat(xm_carbon_pool);

maint_resp = xgetfloat(xm_maint_resp),
gross_photosynthesis = xgetfloat(xm_gross_photosynthesis):
biomass_product = xgetfloat(xm_biomass_product);

ass_req_Jeaf = xgétfloat(xm_ass_req leaf),
ass_req_stem = xgetfloat(xm_ass_req_stem),
ass_req_fruit = xgetfloat(xm_ass_req_fruit);
pot_grow_shoot = xgetfloat(xm_pot_grow_shoot);
pot_grow_leaf = xgetfloat(xm_pot_grow_leaf),
pot_grow_stem = xgetfloat(xm_pot_grow_stem);
pot_grow_fruit = xgetfloat(xm_pot_grow_fruit);
vpd = xgetfloat(xm_vpd):

limut_vpd = xgetfloat(xm_limut_vpd);

leaf_vpd = xgetfloat(xm_leaf_vpd);

ck = xgetfloat(xm_ck);

vp_air = xgetfloat(xm_vp_air);

vp_sat = xgetfloat(xm_vp_sat);

temp_air = xgetfloat(xm_temp_air).

wetbulb_t = xgetfloat(xm_wetbulb_t);
humidity = xgetfloat(xm_humidity);

co2 = xgetfloat(xm_co2);

global_solar = xgetfloat(xm_global_solar),
solarradiation = xgetfloat(xm_solarradiation),
taul = xgetfloat(xm_taul),

tau2 = xgetfloat{(xm_tau2).

pmax = xgetfloat(xm_pmax).

top = xgetfloat(xm_top);

bot = xgetfloat(xm_bot):

xm = xgetfloat(xm_xm),

eps = xgetfloat(xm_eps):

carbon_pool_max = xgetfloat(xm_carbon_pool_max);
temp_veg = xgetfloat(xm_temp_veg):

dl = xgetfloat(xm_dl);

rahv = xgetfloat(xm_rahv),

rah = xgetfloat(xm_rah):

transpiration = xgetfloat(xm_transpiration);
delta = xgetfloat(xm_delta);

mv = xgetfloat(xm_mv);

1tl = xgetfloat(xm_ltl):

ta = xgetfloat(xm_ta),
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m = xgetfloat{(xm_rn);

delt = xgetfloat{xm_delt);

temp_greenhouse = xgetfloat(xm_temp_greenhouse):
temp_mulching = xgetfloat(xm_temp_muiching);
temp_a = xgetfloat(xm_temp_a).

temp_cover = xgetfloat{xm_temp_cover);
radlong_cover = xgetfloat(xm_radlong_cover),
radlong_screen = xgetfloat(xm_radlong_screen).
radlong_veget = xgetfloat(xm_radlong_veget);
radlong_greenhouse = xgetfloat(xm_radlong_greenhouse)
radshort_veget = xgetfloat(xm_radshort_veget);
epa = xgetfloat(xm_epa);

epg = xgetfloat(xm_epg):

reg = xgetfléat(xm_reg);

trc = xgetfloat(xm_trc);

rec = xgetfloat(xm_rec),

trle = xgetfloat(xm_trlc).

relc = xgetfloat(xm_relc),

epc = xgetfloat(xm_epc):

trm = xgetfloat(xm_trm);

rrem = xgetfloat(xm_rrem).

trim = xgetfloat{xm_trlm);

relm = xgetfloat(xm_relm);

epm = xgetfloat(xm_epm).

trs = xgetfloat(xm_trs).

_res = xgetfloat(xm__res);

epss = xgetfloat(xm_epss).

trls = xgetfloat(xm_trls).

rels = xgetfloat(xm_rels);

scp = xgetfloat(xm_scp)

epv = xgetfloat(xm_epv):

kdf = xgetfloat(xm_kdf),

rev = xgetfloat(xm_rev),

trv = xgetfloat(xm_trv);

abv = xgetfloat{xm_abv).

revh = xgetfloat(xm_revh);

trvd = xgetfloat(xm_trvd):

triv = xgetfloat{xm_trlv),

relv = xgetfloat(xm_relv):

plth = xgetfloat(xm_plth);

bbx = xgetfloat{xm_bbx);

aax = xgetfloat(xm_aax),

denn = xgetfloat(xm_denn);

nonn = xgetfloat(xm_nonn);

ffww = xgetfloat(xm_ffww),

resv = xgetfloat(xm_resv),

resc = xgetfloat(xm_resc)

recd = xgetfloat(xm_recd):

rsv = xgetfloat(xm_rsv);

qla = xgetfloat(xm_gla);

tair = xgetfloat(xm_tair);

qlc = xgetfloat(xm_qlc),

tc = xgetfloat(xm_tc);

qls = xgetfloat(xm_qls);

ts = xgetfloat(xm_ts);

qlv = xgetfloat(xm_qiv);

tv = xgetfloat(xm_tv),

qlm = xgetfloat(xm_gim);
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tm  xgetfloat{xm tm);

alg - xgetfloat(xm_qlg)

tg = xgetfloat(xm_tg)

relvl = xgetfloat(xm_relvl)
reiv2 = xgetfloat(xm_relv2),

relg = xgetfloat(xm_relg);

rlv3l = xgetfloat(xm_rlv31),
relv3 = xgetfloat(xm_relv3);
relvd = xgetfloat(xm_relv4);
riv32 = xgetfloat(xm_rlv32);
riv33 = xgetfloat(xm_rlv33),
riv34 = xgetfloat(xm_rlv34),
riv35 = xgetfloat(xm_riv35)

rlv = xgetfloat(xm_rlv);

Javl = xgetfloat(xm_rmvl);

xxp = xgetfloat(xm_xxp);

ttc = xgetfloat(xm_ttc);

tta = xgetfloat(xm_tta),

re = xgetfloat(xm_re):

nu_forced = xgetfloat(xm_nu_forced),
grashof = xgetfloat(xm_grashof),
nust = xgetfloat(xm_nust);
nusm = xgetfloat(xm_nusm).
nusb = xgetfloat{xm_nusb):
nu_rmuxed = xgetfloat(xm_nu_mixed).
return,
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