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Development of the Processor Head for Attachment of
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SUMMARY

In Korea, forest land represents 65% of the total land area.
Nevertheless the large amount of forest land, most forest area consists of
premature forest stands, which need intensive forest management

activities like thinning to be undertaken.

The wage level for forest operations became as high as other
industrial wage level and moreover there are not enough labor forces for
forest in rural areas. Most of the labor forces available in agricultural
divisions are women and aged, and affording the qualified agriculture

labor forces are also difficult.

Thinning operation in Korea is one of the labor intensive works
among various forest operations. Due to it’s difficult terrain conditions,
all of the felling operations are executed with small to medium sized
chainsaws. This motor-manual operations are known as labor consuming
and exposed to fatal accidents with chainsaws, and its working intensities
are categorized to heavy works over 40% VO:zmax level of permissible

work load for work safety

The productivity in forest operations in Korea is less than 20% of
that in Germany or Sweden, where most of the timber harvesting
operations are carried out with fully mechanized systems such as
harvesters and processors. The most actual problems in the forest
management are the shortage of labor force as well as high wage rates.
Currently in Korea, 70% of the total expenses for the forest management
is the labor cost, due to the well known fact that the forest operation

system is still highly dependent on manual labor force.

To overcome these difficulties in forest management such as the
shortage of labor force and high wage rates, introduction of appropriate
equipment for forest harvesting operations is indispensible in order to

convert the manual operation systems to highly mechanized systems.

In this project, the main objectives for the development of prototype



processor head as attachment of the hydraulic excavator are focused to
improvement of the working environments and also enhancement the
work productivities through mechanization of the present motor-manual

operations with chainsaw in thinning operations.

Small sized track excavator of 7 ton class was chosen as the carrier
vehicle to attach the processor head for agile operations on narrow forest
road with its compactness. This category of excavators are wide spread

in Korea and engaging in thinning operations as grapple loaders.

Some parts of the hydraulic systems of the excavator are modified for
rearrangement the hydraulic components to attach the processor head on
the end of the arm instead of bucket. To get the design factors of the
processor for delimbing performance with Korean tree species, several
stem and branch characteristics of the major conifer species in Korea
were analyzed such as stem curve, diameter, center of mass of the felled
full trees, number of the branch whirls, diameter of twigs and etc. And
also shearing forces with three different knife configurations for different
tree species are measured with load cells and analysed to obtain most

suitable edge angles for delimbing knives.

With reference data from foreign processor and harvester products in
the market, the measured results from branch characteristics and stem
dimensions of the major felled trees in thinning operations, the
development targets were set up for full coverage of the application
ranges in ordinary thinning operations. The target specifications of the
prototype processor were 30cm of maximum delimbing diameter, 3bcm of
maximum cutting diameter with hydraulic chain saw and applying the
steel feed rollers. The delimbing knives are consist of one fixed and four

movable knives attached on grapples.

To control the functions of the processor, a separate control box with
micro processor was installed in the cabin of the excavator, in which
there are I/O board, relay board, memories and interfaces are equiped to

store the software and operational information. To allocate the electric



signals for actuating the solenoid valves of each functional parts of the
processor, two separate joystick levers with 9 switch contacts

respectively are attached on the existing control levers of excavators.

After assembling the prototype processor on the excavator, the
stability for over turn of the carrier vehicle was analysed with measured
center of gravity and positional change of the processor head from center
line. The performance and evaluations of each functional assembly parts
are executed with monitoring of hydraulic pressures and flows in each

actuators.

To apply the processor in existing manual work system, full tree
systems with tower yarder and skidder for skidding phases should be
introduced to maximal utilization of the capabilities of the processor. This
full tree harvesting system with processor could enhance the overall
efficiency of the system and also offer the opportunity to utilize the
residue which are produced on the forest road side as by products of
processor operations. The current productivity per worker in thinning
operations is only 1.5m’/man-day and, it could be estimated that introduction of
the developed processor could enhance the labor productivity and reduce the

operation cost.

_10_
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A 2A xA79 AL} 75 B4

1. 24719 748
7l &

Z 2 Al A (Processor, &M #)2] o7kl Do} 9] Process@ 9 FAHE o] A
A - 7hE S AASE RS Jduidtn Qow, T2 ANE FAEY A -
7VE2IAE AAGdE Dot ddol AN Z2AME ZANCHAE, T
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|
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4. =2AX 9 535 53

ZeAdE BUTAZ/E A8 BGaw)H ZAE olfate B (Feed
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S A eRFe AR e AEE AT,
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M gESA] dod o drh AEe) Fdolrt 15me UF YW 90mE 3
A g, =28 3EFAPe HAeEe] £ 24EL dHoR 7] HE
of ¥ AAAHL 2dA L& WL olyn,

Hsol Z2AA 72HA 75 HE/FAX Za e sHzEHY

o

A ZRAME 9459 HAFH F£FS J4F ASFANE HLHFH =g
e -7t &7 - 3UFAZ27] - (9 5 449 YL dPste Z2AA
Al=dl& ~9 " Stina Mickelsson °l2te Aol Hx=z sdstAdrt. 1973
del OSA 710 ®Bdol Hzxz AExden, 299 JgrAE
Cut-to-Length A|2®o 2 du2g L E¢ 2711 7|AZ JSEA @t

. ZzAAe EF

ZzANE 5D T2, NEAS 2 FARA, AHEYFA27])EA

_307



ol whel GEFsA AL HaHe Be 77 Ao dA sul2E b gl
BEH e Y ErdAes F2 duag7 Z2AA9 28 sn
lorm, 2 10999 AREH 2485 dA7IAE E2FH02 = B4
Yx dEAME A2 A FAFAR FAAA AY, FIA 2D
49 27, 24719 BFH} 0% 5 Y sHH FRAAN T2AAY By
of o}F EolM IAHT LAVNA FAA 2FAIE o) &F ZZAAY AL
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ol RAY 144 T §54 Bde dd NeEee FAEE % FA)
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7t ARL 4~50m FEOIW, AAEFY AU YAEEE AgA 420 A
sl g8 zZAMAE A& FAF}Y] st 23 30m oA, FEIHASL

7,000rpm o= & 3 4%}
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o
o
i
i)

21 & (Telescopic, Straight)® Walo =z vyw #HE wAS AN 32
=

Hel g Mol @AW ¢

oz
AQVE WA} O2AF Yoz FrAT Z2d49 594 9
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o 4B S FANERE B 49 AFH TH B2y gEel AA
B 8o B ZAHGE ZAV] AL VEAZS Hew 4 H
Atk o1& A3 7NA oz iy Egg daz dAY FAdEY
%

FE FEY A Aol A} ALV . LR AFS 1.88mE

Qr Nt 53 48P Asel QWAL AEL A3 FuAE $F
Aee BRI 4744 71FE AwHel Qo AA AEsl Al o
AAE AP Wl HERS BEs] FAF nIHAY FYEAE
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A4 s EAT) FHE 5o AN AAREs} Fastc W
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W AEATHAGADNNE TeANY W B Be A5
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12 A® TdHT Ao

- 9d 9 ¥ (Delimber buncher) : 7FX &7 EopE7(FH) 715 7t

- £ A 9 A (Slasher buncher) : EUF 279 Rop%7(JF) 712
HA = 71A.

- 281 &M (Delimber slasher) : 7}A &719 FUF A=27] 715E 7}
A= 717,
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HNE e Aol

a9 2-3. YEE 4y T2 A4 a8 2-4. 2EFo|ER WA 2 A A

F2171 8 o] % Y Z 8 (Knuckle boom, A2 F)irA el u
43 drA AN AR YL FUF, B, 44
& 59 FAY 550 RRrFolw A} RFE FAAAIRE B kY
59 AMGNE o4 FARYel Wo| oFoiAmE ZeAq Bay
B} EeHel o}F Fohd Uw EXgoz Wol HFHo Yk FTAVE o
g8 T2 AN Bol A mFHel Yo

29 2-4% ool 22y olgdtd AEA 2EdER WA
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P Eol FFH Ut o] FAHL aPER HEES F wolan il
FEH 9l
ZAZFS st 23)d HA 4E5S FHE 5SS A o
(2) APFFUER] Fa7x9 7%

4d FUERE 4858 $4Fos 3%08 BUe A, 7HXE7E 9
& uRAY EE MFEAAN) ZY, FUFAEY] 2 ASFIFA2 FAH
AT

hH 5 o$3A
HEEA4 1249 9 22HAd e 2~349 2golarz dAE=9 27

Z2AY FUHEY &713 g HEESE FUECNAH FJx

iy

o nFehole] EE AAL Fe nTEolol o A B B A
¢ 959 Faol YANA nEoE HAAA 9%S ME FEZ oF

Ngezx 4¢z AAE 2o Bolmd TF AFH BEANAE B
44 WgosA ¥ Bel RHY AAES ddel WelH AAA FAUTh

) SU¥R=5) F4
AL 27198 dREY AF0 AAFo ALHYAT AFL P2aF

AsE J1FE 2ERL AY T2ANY FE FURAsw dmz

L84

tjo
ofN

_37_



UEe UEY wo o] JRY Fyo| §diel del: 35 1A =
Wk ey TzAMe graFe AdedWAY taaEH 2o FAR
EET Ao WD $e fxraFo A§Hn Utk 2HY Feo 53
EE obF madh AAEY 9T AdvAAel ABe] #dol 47A @
A a7l A E deSEst mex gow JeAWw, dAAFA HaA

2
]

_ll-)t

A7 ol 26emAllME 256% AX, 507t W & 112714 d@Hx7 Zojx
€ Aol B¥o|r,
(H) A=A

EZZAMAMY AZe F2 2ARLE AT 459 o9 AHS 4F
71 A% A5 #A3E ZFAIY. AZFANE 93 L oFANE 4%
AR AAFE AZshe FA9 489 Fuol YE3e slol4 et d
Y2 FZe FA7 ded IdnYoz Fae FAE @wol AH§HC)
EF A=Y AL $ASAY 1S PA Pl JEE FEZHAA
& gHate] 959 A4 ¥HEao
() A& ZA

Z2AAe A% HoEE 482 $AEHE 1 YPoE 1o
2 gHoN Yz AAE F% dojmalr A9} Do ¥AE B
Yoz WoH AAE BE X7 dBAA Ao, ool = W
ol 44 ol Axst Be 4%L AY ¥ FYsn Yuste] Bol g

22 HAANPozA Helgol ®

AL
7b it 95 & doj=e HFojdu AYsmz FAAAL A9 2m oW
2 olFdtHA 2ol Jhed AL ofyr)

EF 7HAE ?lﬁ]i*i AL = ez EeAe A= AUk o] AL
Aol HEH AN Hodd v moke FAN=2A a2 Hole o7 A9
AAel €9 de FHIAAZH AL TFIE Aoz F4H U,
Al =olvt Authol Al @ol o] &5 1 gt

_38_



v 22 A ez

ZEAME 2RHos AE fE s BAFE, BazF o FH
Aoede] 7bA 2do] REHA oW (AT, ZRAA 2 AA dief A
E Y A0 Sl Agsier @ 2 b Ho] o
(1) =2AX9 4

2AF%Y WAz ste BAQAS 9B A FS A4 42 27
o Mt dEHozs AAHA & Aol HFolvl waA Aade] BA=
A7), Aeq WelA 98 7tx 9 d& 7|Fol AEH R Y.
(2) Wjo]2=m A

EZAA ] wol ML J) AN & #HAA HEIFEE o83 Ao
b5 EAHCIR. dE YW ESE 47 19 B Ex ¥83 EY
o ARA 58 o83 W& wolava wasA JAAN AAE AR

=

8
A F S Uk W, ERE9 2AYES wWelaWdoR @ A9E 29

o HWelamd F8o] ThedtAu, Ade Lol A wF3A 6EEYS T
3 AT FE deolanie F43rt WA Hoejor & Aol
3) d=27e #A

T deAgE AAdY wFo] 3~4m At F Bomz
ol YEE FIY F A& ZEAAMV 2FHY, JtEdd 28 LA
A7t Badcn & 5 Ut
(4) == A9 20

= EF F o= F2dAAM Agstdx Hel g8 ZAhre =gy
T 2eF fddd. AFA Be da JAdEe] Eork AT E FAW

oA o}F Fuh,

_39..



e A7t

AFE A= FA
T4 3~6amAEY A/FE AT A

5) FRA=
A5 Aol 2hdel =FA WA
gou HA4EE ¥ Best A 3
4¢ AQRAT T4 FA = ALY AZ2AT YolAE AT
Ze Ause
UEEE dUgE QA6 450 A d3 I Y=

2
FEW SE2 W dudo B

X\-;]_\__
(D) 459 &3
299 QAR 4ol 43 o= HE %o Folx HFY & ojo
ae SEol ofd Bdel Feist WY WaHE gojor Bri

o9 Z2AAY Js &4
(1) =9 AN 7=
A

Z2AA H=9o HA

o e,

(ARAZ)

ag 2-7. T2AA AA =9 E

_40_
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@ ZaAq A= A

A ARAM AW wFHe Y= xzgxe Fa A4S APuE
2-1, 2-29} Zrv},

X 2-19 o] FX ZaAAME AHEE, 72 (m)e 1,300~ 1,515%x900 ~
1,225%1,250~1,390¢] Z7)o)w, $ARAL 28402 Ao 420 2080
ksol 2 A4 %7 A Aol AR S dsenol oh.

484aFAE 4% AQE $AL Adan gon A V27 55

[¢]
AA 7bedtth 2 HFXE VI d BAaNENoln FHE HU 1,060kg 2

facs

24 A 3 83FLS 1,500kgo] o2t ZHolE MIZtrE 3608 A

7t Asan 22e o Fadeld 29x 2R ANsv, 4gHe

250kg/crt o] 3L fr F-2 100~230 ¢ /& o| t},

¥ 2-1. T2 A9 A9 g4 1

8 ) GP-25 GP-30A GP-45
F A (m) 1,300x900x1,250 | 1,410x945x1.340 | 1515x1225x1,390
PN I PR PEERY PR
A
FARA | 44 1500 ke 1650 ke 2,080 kg
b U I B - B 30 ol F 7 3u] o] T 3uf ol FZAY
= =] 7—‘1 7 30~4 cm 35~4 cm 45~4 cm
aggn | B A AAEA AAEA AAE A
z A 40 cm 40 cm 55 cm
23043 | 3 4| A4sd 92y | o Bad | sojsd "l
= % (ke) 600 900 1,050
Hu 8 831% (ke) 800 1,000 1,500
HgA= 360% 7413]
ANy g 4 ¢
z Z oy EH 2 Zudlold 29X 27
- & 3 (kg/cn) 250
T & F (2/3) 100~120 160~180 180~230
g 2] (m) 0.25~0.35 0.35~0.45 0.45~0.7
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24 . )
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A A F 20”7}l = v} 23" 7)) = n}
VOLVO F11-10cc EE VOLVO F11-10cc 2 H
i 2 (um) 1,320x840%880 1,597x960%950
= Z (kg) 680 820
g F 210 (ke/cr), 140 (£ /%) 210 (kg/cr), 200 (£/%)
2 H o] H GV 104(A 33 ZX] F4)
a A=Zo] AA : 3% (d : 2.15m)
° AARA AR FAX=HAXNZE A
A AddE 5% AFAE LEDA=Z
A AR 0 A7) 3RS Ho 9.99m
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X 2-8. 3l ALY F47] 3 v=
R o s D A} D A} v A H A
% - ? eX
S7T0-M | S55-VGP | ECS5B | ohobex,
FulF ton 7.2 5.55 5.1 5.4
A | CECE m 0.25 0.15 - 0.15
£% | PCSA m 0.28 0.173 0.176 0.18
o | BAEY ps/rpm 57/2,000 | 54/2200 | 51/2,100 | 54/2,300
" |AYELS | ke-m/rpm | 20/1,800 | 185/1,400 | 20.4/1,400 | 19.4/1,600
T
sy i ke/crt 280 210/210 | 210/190 220
A3 &= m 13.3 9 95 99
FPin kn/h 5.0/3.5 3.7/2.1 2.2/4.1 2.3/4.3
=359 = 35 35 35 35
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4 A 3 ke/cuf 0.35 0.31 0.32 0.31

x et A ton 5.13 37 37 42

=44 23 ton 36 2.6 27 2.8
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HoZAo] m 4,100 3,820 3,820 3,820

S M E RV m 7,190 5,760 5,770 5,652

o |Hugzizo) mm 5,170 4,030 4,105 4,010
T3 uA mm 1,750 1,650
A3 mm 1,720 2.375

A F mm 6,275 5,850 5,900 6,004

4 = m 2,250 1.885 1,900 1.865

A EE m 2,565 2575 2,548 2,543

FERERRRE mm 370 350 380 325
EdZo] m 2,750 1,990

E gz Aq) - 1,750 1,480 1,950 1,445

=AE ol = 2950x370 | 1,880x350 | 1920x350 | 1.865x350
(Zxgol) o ’ : : ’
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9oy FEe BEW 5S4 BAste A 292 A% 4 9FW 44
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ag 2-34. s

1. Upper limbing knife cylinder 7. Feedroller motor

2. Tiltting cylinder . 8. Saw driving motor

3. Clamp cylinder 9. Hydrolic control block
4. Cylinder for length measuring wheel 10. "

5. Tiltting cylinder 11. Relief valve

6. Cylinder for saw guide bar
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2. J=£2 (Feed roller)
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#* 2-9. Y =E§ 44 A4

Tubed 7 ® 60 mn
R o d9 #H ® 30 mn
2 E 2 A 125 mm
AL & ¢ E 230 kg/cnt
Test &3 340 kg/cwt
A 2= -30C~100C
Extention Force 6,503 kgf
Retraction Force 4877 kgf
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F11 with built-in  Saw bar supported
make-up valve directly on the
motor flange

Feed
cylinder

Chain spur gear mounted Saw Protective Saw
directly on the shaft chain cover bar
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# 2-10. 2% 299 A E

Tube W # 40 mn

Rod W 7 920 mm

Stroke 113 mm
AHE o™ 230 kg/cm’
Test %3 340 kg/cm’
AL 2% -30C~100°C
Extension Force 2,890 kgf
Retraction Force 2,168 kgf
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B Ao 28 SAYel Wad AEE wEol Uo] ZARE B
Qe 2y
S xR AN g AR NEE mAF) ool Alojuy

A2 &3 9 Aol AA=I(PSC 30004)

1. 7] &
Z A7) (PROCESSOR)el Z@=o] 2429 Zolog} AAL 24, disld
ZJANFLE 2E, 2980, 7 Syrols WH AZE Y ZAIE

A o] 3= CONTROL SYSTEMo]t}.

2. A9 A
7}. 9% A 2% (CPU BOARD)
- CPU -ATMEGE 128
- CLOCK -14.7456 MHZ
- A9 -DC 5V +10%

- RTC CLOCK -32.768 KHZ
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. o]~ B = (BASE BOARD, I/0%)

- PLD -EPM7128 LC84-15

- RTC -DS 1644
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19 3-5. HHotx =2ojn s} ol

- 101 -



#. gasgol/mygnc

- DISPLAY : OPTREX 5010 240x64
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4. dlolg AF 2 FA
- % : 32 KB
- W22 : DS-1644 RTC
- Hlolg F44l 1 RS-232
- dloj8 ¥4 : ASCII CODE
-'DS’ 'Cnnnn’ 'YYYYMMDD/HHMMSS’ 'Lnnnn’ 'Dnnnn’ "Wnn' 'DE
*'DS’ 1 DATA START.
*'DE’ : DATA END.
*'Cnnnn’ : COUNT gk (R7]) 'C0012’ ; 12984 24,
* "YYYYMMDD/HHMMSS' @ JdddA &%
(K.7]) 20030511133510 ; 2003 05€¥€ 11¥ 134 3b5& 102
* 'Lnnnn @ Y5 Zo] (X7]) 'L0450" : Ao] 450 AH.
* 'Dnnnn : W 27

* 'Wnn : 22 CODE
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- Y&EHl(LCD AH ®A§ 34 LEDs) 2 d48 7|d=
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29 3-13. LED 4
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h FA £ A
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F11 cross section
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3% 4-5. SOLAR 70-M F¢A 9

Boom Type 3,660 mm
Arm Type 1,630 mm
Bucket Type 0.25 m'
Max. Loading Height 5170 mm
Min. Loading Height 2,395 mm
Min. Swing Radius 1,720 mm
Bucket Angle 183°

Z2AA FAFe] AlLEH Z47]E SOLAR 70-M(HS F3H)=E
of e FAUAE AAHA}.

=

4-5

2P 4-30. TR A A &Y nF

Ed 2244 39S A% A 492 ASHAE AFAAAN AT
Eoegd 2o 4% dolHE Bad 49 ¥dE 452 5+ Ak
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¥ 4-6. 247 S70-M9 AYA S dHolH

(m) 2m 3m 4m 5m Maximum Reach
A9 | 29 | A9 | 27 | AW | 39 | AW | &9 | A9 | &9
A | A9 | A | A | A | BAY | FAA | A | A | FS Alm)
B(m)
8m
7m
6m 1,590 | 1,590 | 3,300
5m 2,030 | 2,030 1,360 | 1,050 1 4,940
4m 2,050 | 2,050 | 1,760 | 1,340 1,070| 810 5,570
3m 2,380 | 2,170 | 1,720 | 1,310 920 | 690 |5,940
2m 2,700 | 2,010 1,650 | 1,250 | 1,110 | 820 | 860 | 640 |6,080
1m 2,590 | 1,910 1,590 | 1,180 | 1,080 | 790 | 850 | 630 |6,040
Om | 3,360 | 3,360 | 2,520 | 1,840 | 1,550 | 1,150 900 | 660 |5810
-1m | 2,460 | 2,460 | 2,490 { 1,820 | 1,530 | 1,130 1,030| 760 |5,320
-2m 1,880 | 1,850 990 | 990 |4,500

2. AAF AAAN] AR

AE AHQL PAA

Lo

mE BYEAL nd@ AAAGAN 74 22

o #Fe AAWE FHOE x y BFOR BYE UE & gon, o8
23 AEHE FHOR FANNG 2 WHoE BUE PN L T3
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Py AAE AEE 7F 5 Ao

W-cosB-L -W - sinB - S1-W1 - sinf - S2-W1 - cos8 - L1-W2 - cos - L2-W2

+ sin@ -S3-W3-sinb -S4-W3-cosb-L3-0 (1)
()2 ol A,
W - cosB - L=W - sinB - S1+W1 - sinf - S2+W1 - cos0 - L1+W2 - cos0 - L2+W2
- sinf - S3+W3 - sin® - S4+W3-¢cos0-L3 =0 @z ————— 2)

24 WS cosbE YFyd,

W -L=W - tan0 - S1+W1 - tan0 - S2+W1 - L1+W2 - L2+W2 - tanf - S3+W3 - ta
n0 - S4+W3-1L3 3)

(3)4 & tanBol o3 A eH,
(W - S1+W1 - S2+W2 - S3+W3 - S4)tan8=WL-W1 - L1-W2 - L2-W3 - L3

comtan{ (W L=V L1 W [2— T [3)
N (W-SIl+W - 2+ W2 - S3+W3 - S4)

3. FAFA=EAM)Y 24

BANA AN FA FHAA R AU I FAEAY 2
2 A9 gy Aol Waw A=A 19 4-329 o] el AYWAR
8 7 & o
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Lo ! 13 |

29 4-32 FAZHHAD) 24 AT =AM A AFHE

29 4-3200 4% 2ol AAY FHe W, B FFL WI, 49 FFS
W2, ZEAA dHe FFS L ol hx, 47 P9 FgHYo2R

L
RAES Z2AH O 71AY AHE 474 L, L1, L2, 13 &3 g o, FAFAZU

(L) thedt gol g9 & 5 Uk

Woly+ Waly— WL+ R Ly
L= W

AAe RAFY 4 R S 2 AFAAE 1Y 4-33 4% 2ol

1l

)=

224719 §3% el AZ BAAAE HASS F3} e AAE nBT F
A FHAAAE FAsA

- 139 -



a9 4-33. X2 AN B3 e FA FHHA AL A AAAN MR

§Y

B9 otel AAE 243y A% As8 AAAAE 27 30, 2609
&

A& 7H1 Rew B AFUAL 2ot 49 A4F WAde o F

N
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219 434, FAFAN A4e 93 TeANe 5% 23

2E4E ogdd 24 AFY 2Z2d AR % PE ABE &
st AA A AN BeF BAY Fyw FA FH AN g a3
o},

%% A%, ¥ 3% 8280k, UUHE LTS A B T 513ke, ¢
A 245ke, 13 2AY) fFUES] FFL T60ke Ak

AEe B TH BAY %, A FA S, AA¥H ¢ T ¥
AEH AA 59 ARE o g3t A B3 g9 AN WE TN B
3Ye ARGk AYR PR GAE B AFARD FA FAo| e
Mol +HW} ol 2E 742 B9 AN Agsgon Y gE A 2L Yoz
49 o) A% 9P FAFHES A@he A% £ olFE A AY 4
A5z Aosgith B¢ AFAYS FPAYL TEekel B4 AAsAC WA
WolxmAom Beatm e AVE BAe A AR A=FH0]
WHOE WA A9 2HAYY ARt o B Q7] Gl Qg
A4 o s B AFdE TeAd d=e Fde AT B3 o B
A WAE B AL 30~90° el A% 0 ~-90°2 ARAT 47 2 W9 Rl
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A AYe @ we) g ke AAsg
29 4-32004 9 gol FES W Rol 0o HE w7to] TAAI O

1e FHoR ANNE £00ng FE9 WAL /1Fo2 PSS FEFA

£ 4-7. Z2AA 2AY A% AN £8 B (2] : ke
Boom
angle| g | 5o 1g00 | 75° | 70° | 65° | 60° | 55° | 50° | 457 | 40° | 35° | 307

Arm
angle

0 1482(1347[1217[1094| 979 | 872 | 774 | 686 | 608 | 542 | 48
-5° 1473]1338]1209/1086| 970 | 863 | 765 | 677 | 599 | 533 |
-10° 1470(1336(1206/1083| 968 | 861 | 763 | 675 | 597 | 531
-15° 1475(134011210/1088| 972 | 865 | 767 | 679 | 601 | 535
-20° 1485[1350(1221/1098| 983 [ 876 | 778 | 689 | 612 | 545 | -
-25° 1502[1367]1238/1115/1000] 893 | 795 | 706 | 629 | 562 ,
-30° 1525[1390(12611138[1023] 916 | 818 | 730 | 652 | 586 | 531 | 488
-35° 1555[1420(1290/1167[1052] 945 | 847 | 759 | 681 | 615 | 560 | 517 | 487
—40° 1590{1455[1325/1203]|1087] 980 | 882 | 794 | 716 | 650 | 595 | 552 | 522
-45° 1630(1495]1366/1243(1128/1021] 923 | 834 | 757 | 690 | 636 | 593 | 562
-50° 1676]1541]1412]1289(1174]1066| 968 | 830 | 803 | 736 | 682 | 639 | 608
-55° 1727]1592]1463]1340{12241117]1019] 931 | 854 | 787 | 732 | 690 | 659
-60° 1782]1647(1518(1395/1280[1173]1075| 986 | 909 | 842 | 788 | 745 | 714
-65° 1842|1707|15771454]1339/1232]1134]1046| 968 | 902 | 847 | 804 | 774
-70° 1905/1770]1640|1518]1402/1295]1197]1109]1031] 965 | 910 | 867 | 837
~75° 1971(1836]1707|1584|1468]1361{1263[1175]1097{1031] 976 | 933 | 903
-80° 2040/1905|1775/1653[1537/1430]1332]1244]1166|1100|1045] 1002{ 972
-85° 2111]1976|1846|1724]1608| 1501 [1403[1315]1237] 1171 [1116]1073|1043
-90° 2183]2048|1919/1796|1681 | 1574]1476|1387[1310] 1243]1189] 11461115

472 A% AN ZEAH FES wde B3 g9 9K w4
A A%zA o AAsh g AN Faglel WP 3o Aol AFH
ee ¢ & Ak 53 Be) ZE 9 ~ 0 ANE ¥ FE} W@ A
H7b HolE HAelE g BA gom, B - 65, ¢ - 25 o3 o
WE WA FF 8200kge] 109 FEwo] FEo| AgaT lo] UA YA A
¢ melshE Aol BAZ gt Aoz B A6l el Folg 7]

ArkE A AQE 2 FI7t gle Aow wvEn 1AW B FE 0

2

o



el 7w 200 A WRHE WA L suwo] Fael Aol AdN AP P
gol we AN E=F 44 4% zARAe] ¢ A% A HFAAE 09
Fo A4 A WA 4L Aew B H4 59 dFor B3 g9 9
A g AT, ANY HANEE 5 neldud AAe AAuNET A u
e ged Aoz wuEn,

T 48 AN FEY HHL B3 do) X @ AN 2
Az AR Aeuo AAFF @ FE wHE} 10% o5
Aol WA © WEE & 4 9w, oA el W] M ehygHol B
AAE AL & & Atk B ZAE 900 ~80° e Fe) ZEA olw @ e}
Holx 2AgA) R4 EA glom Bo ZE 75 ojahd w, ke ZErt 30°
Q wWRE QA FF9 10% AETo] FHol Fgata Utk

E 4-8 T2AA BAY % AN FE 0 (®9) : keb)
Boom
angle| gne o

Arm 90° | 85

angle

65° | 60° | 55" | B0° | 45° | 40" | 35" | 30°

0 13071142 569 | 43
-5 |1297]1131 549 | 4
-10° |1294]1128 546 |
-15°  |1299]1134 551
-20°_ |1312]1147 564 |

—25° 1333}1167 585 | 46
-30° 1361|1196 613 | 49
-35° 1397(1232/1073| 922 | 781 | 649
-40° 1440(1275/1116| 965 | 824 | 692
~45° 1490]1325|1166|1015] 873 | 742
-50° 154613811222]1071| 930 | 798
-55° 1609 1443|1284 |1134| 992 | 861
-60° 1676/1511]1352/1201{1060| 928 | 808 404

-65° 1749[1584]1425|1274]1133]1001| 881 | 773 | 678 | 596 | 529 | 476 | 400
-70° 182711661|1502|1352{1210[1079| 958 | 850 | 755 | 673 | 606 | 554 | 516
-75° 19081742[1584[1433]1291|1160]1040] 931 | 836 | 755 | 687 | 635 | 598
-80° 1992[1827|1668|1517|1376(1244|1124|1016| 921 | 839 | 772 | 719 | 632
-85° 207911914]1755{1604|1463[1331{1211|1103|1008| 926 | 859 | 807 | 769
-90° 2168/2003|1844 1694|1552 (1420|1300 |1192{1097|1015| 948 | 896 | 858
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2AEe) ddoz R Bush e A FHYAAN AYE Avsan.
239 2T Ev2 ANE A} AACZYH 084m A FA F

Aol g Aoz AU,

5. ZAA A9 AR AE

AR ke 2P gol &Y B A7 ARt AL
W mesgch Welx wiuos Agam g AL AR @9
FALY AAFF 10%T ol A% Aol A7 AAHL BT A
9 2ol Al BAY FIAA FAA FS AARA FA FHHL
A7 QeHos F3A Hu 445 BAFHol F5A B wekA

283 2L AAE e BEMg AA g

Y 4-37 AAAAA LA A AFAE

Y 4-377 Zo] AAANA WEA WA A9 08 FHoE DAV Gt
A AE Aol 0 Fe /1Fox e WY2AL THse] AEPL FHoE B

el el mek Awsh WS FAE e 2e HoE 4E T Utk
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WL—WIL1— W2L2— WBLB]

_ -1
0=tan [ =TT W2+ Wek3 + Wit

B
Adde A4 53 4o dx=d o Hog 2617 A4 H2 1479 4
A 2 F F odon HAA EAZ FrbE B 2 FAY AAe
o Fo 307 #odtt EE FAFdE AA R FY T3 49 #A
o] AT Aoz AA FAY 7t HFAE B 4-7 2 4-84A Add 4
HJEG ¢ £0] AR dGHY.

E 4-9 AAANA A AE xzANe A

Boom

Arm angle | o5 | g5 | 80 | 75 | 70 | 65 | 60 | 55 | 50 | 45 | 40 | 35 | 30

angle
0 229(21.7]205119.4]183|17.3]16.4[15.7|15.0 [ 14.5|14.2 | 14.0 | 14.0
-5 22.6121.3(20.1]19.0[18.0[17.0|16.1|153[14.7[14.2|13.8|13.6 | 13.6
-10 223 121.1[19.9(18.7[17.7]16.7 159 15.1 | 14.4 [13.9|13.5 | 13.4 | 13.4
-15 22.1(209]19.7]18.6[17.5[16.6]157]|14.9|143|13.8|13.4|13.2| 13.2
-20 22.0[20.7119.618.5]17.4]16.5/15.6|14.9|14.2|13.7|13.3|13.2| 13.2
-25 21.9[20.7[19.5|18.4 174 165|156 | 149|142 [13.7]|13.4 | 13.2| 13.2
-30 21.9120.719.6|18.5]17.5|16.5|15.7|15.0 | 14.3 [ 13.9{13.5 | 13.3 | 13.4
-35 22.0[20819.7]18.6|17.6|16.71159|15.1[14.5[14.1|13.7|13.6 | 13.6
-40 22.11209(19.8|18.8|17.8[16.9|16.1[15.4|14.8(14.3|14.0 139 13.9
-45 223211200 19.0]|18.1]17.2|16.4[15.7{15.1 | 14.7 | 14.4 | 14.2 | 14.3
-50 22.5(21.41203]19.3]18.4]17.5[16.7|16.1|155|15.1|14.8|14.7 | 14.8
-55 22.821.7]207]19.7]18.7]17.9[17.2]16.5|16.0 | 156 | 153 | 15.2] 15.3
-60 232221211201 192]18.4|17.6 | 17.0 | 16.5|16.1 | 159 | 158 15.9
-65 23.6(22.5(21.5]205]19.7]18.9]18.1[17.5[17.0|16.7 | 16.5 | 16.4 | 16.5
-70 24.0123.0(22.0(21.0[202]19.4}18.7|18.1[17.7{17.3 | 17.1 | 17.1 | 172
-75 24.523.5(22.5|21.6[20.7|20.0|19.3[18.7]18.3(18.0 | 17.8 | 17.8 | 18.0
-80 25.024.0]23.0{22.1{21.3{20.619.9(19.4|19.0 | 18.7 | 18.6 | 18.6 | 18.8
-85 25.624.623.622.721.9]21.2[20.620.1[19.7}19.4[19.3|19.4| 19.6
-90 26.11252]24.2]23.4]22.6]21.9|21.3|20.8|20.420.2]20.1{20.2|20.4
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2 EwRYe A FARD G 947 FRAN wop FYel 9
AL A B2 GEl FRA) Pl e 4Y B 49 ARG

2 Aolg nelxw YUtk & WFE FA FHoE A8 FPA AS

H1

s
i
N
Lo

233 Yok E 4-1034 4-11914 AARW 9% 24y By o8
el dFYANMNE AWE A2 Yz Aok

4

i

E 4-10 AN 2% 4 A% =zgMe Ax

Boom
Arm N 90 | 85 | 80 | 75 | 70 | 65 | 60 | 55 | 50 | 45 | 40 | 35 | 30
angle
0 19.618.3 [17.0 | 15.7 | 14.5 [ 13.4 | 12.4 | 11.5[10.7| 10.0| 9.4 | 9.1 | 8.9
-5 19.3[17.9(16.7[154 [142|13.1]12.1]11.2[10.4] 9.7 | 9.2 | 8.8 | 86
-10 19.0[17.7[16.4 152 14.0 [ 12.9]11.9]11.0[10.2] 9.5 | 9.0 | 8.6 | 8.4
-15 18.9(17.5 16.3 [15.0 | 13.9|12.8]11.8]10.9]10.1] 9.4 [ 89 [ 8.5 [ 83
-20 18.817.416.2 150 |13.8[12.8]11.8]10.9]10.1] 9.4 [ 8.9 | 8.5 | 83
-25 18.717.416.2 [15.0 | 13.9]12.8 [ 11.8]11.0{10.2[ 9.5 [ 9.0 [ 8.7 [ 8.5
-30 18.8 117.5 163 |15.1|14.0]12.9][12.0[ 11.1{10.4] 9.7 [ 92 [ 8.9 | 87
-35 18.9(17.6[16.4 [15.2 | 14.1[13.1[12.2]11.3[10.6 10.0] 9.5 | 9.2 | 9.0
-40 19.0[17.8 [16.6 [ 15.5 [ 14.4|13.4 | 125|116 10.9]103[ 9.8 [ 9.5 | 9.4
-45 19.3]18.0116.9|15.7 [ 14.7|13.7| 12.8 | 12.0 | 11.3[ 10.7] 10.3[ 10.0] 9.9
-50 19.6 [18.3 [ 17.2 | 16.1|15.1]14.1[13.2 | 12.4 | 11.7| 11.2] 10.8 ] 10.5 | 10.4
-55 19.918.7[17.6 | 16.5 155 14.5[13.7| 129|123 | 11.7 [ 11.3 [ 11.1] 11.0
60 20.3119.1118.0 1691159150 14.2]13.4]12.8[ 123 [ 11.9[11.7[11.7
~65 20.719.6 | 18.5 174|165 15.6 ] 14.7] 14.0[ 13.4] 12.9 [ 12.6 | 12.4 [ 12.4
~70 21.2120.1/19.0[18.0117.0[16.1]15.3]14.7[ 14.1]13.6 ] 13.3 [ 13.1] 13.]
~75 21.7]20.6 |19.5|18.5|17.6 | 16.8 | 16.0| 15.3 | 14.8 [ 14.3 ] 14.0 [ 13.9]13.9
-80 22.31212(20.1[19.1[18.2[17.4{16.716.0 | 15.5]15.1]14.8 [ 14.7]14.8
-85 22812181207 |19.8]18.9]18.1[17.4[16.7]16.2[15.9|15.6 | 15.5 | 15.6
-90 23.4122.4121.4(20.4[19.6]18.8]18.1[17.5][17.0] 16.7 [ 16.5 [ 16.4 [ 16.5

=Y A AdId vuA B 49 AA 2E BE 9F ALY
AEAYET A Aoz 29U 9F 33399 AS B3 49
ZEd mekA HAd 293° 7R Y HANHNE ¢GAFE Aoz
AAe Fa ke APENE neIddd dF 200 WY HAAME A
°] 7tsd Aoz #AREY FAXGMY AYGAE 2E8Fo2 AR E
7bedtd f9F o AAL & £ UARE ALF] LAANA = Za7t Yt
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E 4-11 AAANN 9% 3AAF T2 AN AxZ

Boom
Arm angle | g4 | g5 | 80 | 75 | 70 | 65 | 60 | 55 | 50 | 45 | 40 | 35 | 30
angle
0 26.8125.7(24.623.622.7]21.9(21.2(20.6{20.1[19.8|19.7|19.820.1
-5 26.4253(24.2(23.2122.3]21.5/20.8/202|19.7]19.4/193]19.3|19.6
-10 26.125.0(23.9(22.9[22.0[21.2(20.5/19.9(19.4[19.1|18.9{19.0|19.2
-15 25.924.8(23.7(22.7]21.8[21.0/20.3]19.7]19.2}18.9|18.7]18.8|19.0
-20 25.724.6(23.5(22.621.7(20.8|20.119.5(19.1|18.8|18.6|18.6|18.8
-25 25.6(24.5(23.4122.5(21.6|20.8(20.1{19.5|19.0(18.7(18.6|18.6|18.8
-30 25.5124.5]23.4122.5(21.620.8[20.1{19.5/19.1]18.8(18.6|18.6|18.8
-35 25.624.5(23.5(22.5[21.7120.9(20.2(19.6|19.2|18.9|18.7|18.8|19.0
-40 25.7124.6(23.6(22.7121.8/21.0/20.4]19.8[19.4(19.1[19.0|19.0|19.2
-45 25.824.8(23.8(22.9(22.0(21.320.6(20.1{19.7(19.4|19.2|19.3|19.5
-50 26.025.0]24.0(23.1]22.3(21.620.9(20.4(20.0(19.7)19.6(19.7|19.9
-55 2631253 24.3(23.4(22.6[21.9(21.3(20.8(20.4{20.1]20.020.1{20.4
-60 26.6 |25.6 [24.6 | 23.8]23.0[22.3]21.7(21.2]20.8{20.6|20.5|20.6|20.9
-65 26.926.0125.0(24.2(23.4(22.7|22.121.7|21.3[21.1{21.0{21.1{21.4
-70 2731264 (255(24.6[239(23.2]22.7{22.2{21.9]21.7|21.6|21.8|22.1
-75 27.8(26.8(25.9(25.1(24.4|23.8|23.2{22.8(22.5(22.3(22.3|22.4|22.7
-80 283(27.3]26.5(25.7(24.9|24.3(23.8(23.4|23.1(22.9]22.9/23.1|23.4
-85 28.8127.8(27.0(26.2125.5(24.9|24.4(24.0[23.7(23.6|23.6|23.8|24.2
-90 29.3(28.4(27.6]26.826.1|25.5[25.1|24.7|24.4[24.3]24.4|24.6|25.0

- 149 -




H 5 & AL o

A14d A 2

Tz g% 2ALGe 429 ASHA FFo] AvAdy SEE
& Aujolt, WrdA 2A, Ao ol2/AA ZeAMY AdFL Fu
dn APAR A WS BA e Aol FYN2PeEAY Fa
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2. ZEZ42 PSC 3000 /M == 13

#include <iom128v.h>
#include <stdio.h>
#include <stdlib.h>
#include <stdarg.h>
#include <string.h>
#include <macros.h>
#include <mathx.h>
#include "ascii.h"
#include "8eng.h"
#include "han.h"

struct job {

int cnt; /]2

char cod; /1

unsigned char sc; /1
unsigned char mn; /1
unsigned char hr; /1
unsigned char date; /] 1
unsigned char month; /1
unsigned char year; // 1

char worker; // 1

int length; /2
int dia; /2
int volume; /]2

)
typedef unsigned char BYTE;

typedef struct
{BYTE hana; BYTE dule;

union Htype
{Hbyte b; unsigned int i; };

struct {unsigned Bjn :1;, unsigned Mit :1;

const table[3]1[32]= {

} Hbyte

} attr;

{0,0,1,2 3,45,6,7, 8,9, 10, 11, 12, 13, 14,

_268;



15, 16, 17, 18, 19, 0,0, 0, 0, 0, 0, 0, 0, 0, O, O },
{0,001, 2,8 4,5,0,0,6,7, 8,9, 10, 11,
0,0, 12, 13, 14, 15, 16, 17, O, O, 18, 19, 20, 21, 0, O },

{0,0, 1,2 3,4,5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 0, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 0, O }
b

const BYTE firtbl[2][22]={
{ 0,0,0,0,0,0,0,0,0,1,3,3,3,1,2,4,4,4,2,1,3,0},
{1,5,5,5,5,5,5,5,5,6,7,7,7,6,6,7,7,7,6,6,7,5} };

const BYTE midtbi[2]1[20]={
{o001,1,1,1,1,1,1,1,1,1,1,1,1,1,0,1,1,1},
{2,2,3,3,3,3,3,3,3,3,3,3,3,3,3,3,2,3,3,3} };

const BYTE lastbl[22] =
{0,0,2,0,2,1,2,1,2,3,0,2,1,3,3,1,2,1,3,3,1,1};

unsigned char ja_bitmap[32];

const int johab_cd_jal]={0,2,4,5,7, 8, 9,11,13,14,16,17,18,19,20, 3,6,10,12,15}
const int
johab_cd_mo[1=43,5,7,11,13,19,20,26,27,29,28,4,6,10,12,14,15,18,21,22,23,};
const int johab_cd_jo[1=1{0,2,5,8,9,17,19,21,23,24,25,26,27,28,29, 3,6,7,10,22};

const int

jo_to_ch[1={0,0,2,3,0,4,0,0,5,7,0,0,0,0,0,0,0,8,0,9,0,11,12,13,14,16,17,18,19,20}

const char keyv[]={ 0, 7, 8, 9, 10,
4,5, 6, 11,
1, 2, 3, 15,
12,0,14, 13 };

union b_w { char hi[2]; inti; };

#define e_rdl (* (volatile unsigned char *)0x2008) //u6 74hc245
#define e_rd2 (* (volatile unsigned char *)0x200c) //u7 74hc245
#define e_rd3 (* (volatile unsigned char *)0x2010) //u8 74hc245
#define e_rd4 (* (volatile unsigned char *)0x2014) //u9 74hc245

#define e_wrl (* (volatile unsigned char *)0x2014) //u3 74hc574

#define e_wr2 (* (volatile unsigned char *)0x2018) //u4 74hc574
#define e_wr3 (* (volatile unsigned char *)0x201C) //u5 74hc574
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#define
DATA
#define
DATA
#define
DATA
#define
DATA

#define
#define
#define

#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

#define

#define
#define
#define
#define
#define
#define
#define

e_enlh
e_enll
e_enzh
e_en2l
e_dal

e_dah
e_dareg

(* (volatile unsigned char

(* (volatile unsigned char

(* (volatile unsigned char

(* (volatile unsigned char

*)0x2000)
*)0x2001)
*)0x2002)

*)0x2003)

//ENCODER1 HIGH
//ENCODER1 LOW
//ENCODERZ HIGH

//ENCODERZ LOW

(* (volatile unsigned char *)0x2000) //data low 7128
(* (volatile unsigned char *)0x2004) //data high 7128
(* (volatile unsigned char *)0x2008) //control reg

lcd_data (* (volatile unsigned char *)0x4000) //lcd selector O
led_stts (* (volatile unsigned char *)0x4003) //lcd selector 1
led_comd (* (volatile unsigned char *)0x4003) //lcd selector 1

works

d_cnt

leds

ledsO
ledsl
leds2
leds3
leds4
ledsb

ot0

otl

ot2

ot3

ot4

otb

otb

ot7
W_open
W_close
P_in
P_out
W_cew_x

W_ccw_on;

W_cw_x
W_cw_on

N OO W~ O

(out2 |=0x01)
(out2 &=0xfe)
(outl |=0x20)
(outl &=0xdf)
(outl &=0x{7)

(outl |=0x08)

(outl &=0xef)
(outl |=0x10)

( (struct job *) 0x8000)

(*(int *) Oxfe00)

( (unsigned char #) OxfelQ)

(*(unsigned char
(*(unsigned char
(*(unsigned char
(*(unsigned char
(*(unsigned char
(*(unsigned char

*) Oxfel0)
*) Oxfell)
*) Oxfel2)
*) Oxfel3)
*) Oxfeld)
*) Oxfelb)
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#define
#define
#define

#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

#define
#define

#define

#define
#define
#define
#define
#define
#define
#define

#define

leds6  (x(unsigned char *) Oxfel6)
leds7  (x(unsigned char *) Oxfel?)
leds8  (x(unsigned char *) Oxfel8)

I_sel (*(unsigned char *) Oxfel9)
w_sel  (x(unsigned char *) Oxfela)
saw_w  (*(unsigned char *) Oxfelb)
saw_s (*(unsigned char *) Oxfelc)
rollf (*(unsigned char *) Oxfeld)
rolls  (*(unsigned char *) Oxfele)

workr  (*(unsigned char *) Oxfelf)
wlens  ( ( int *) Oxfe20)

wlen0  (( int *) Oxfe20)

wlenl  (x( int *) Oxfe22)

wlen2  (*( int *) Oxfe24)

wlen3  (x( int *) Oxfe26)

wlend  (%( int *) Oxfe28)

wlen5  (*( int *) Oxfe2a)

wlen6  (x( int *) Oxfe2c)

wlen7  (x( int *) OxfeZe)

wlen8  (x( int *) Oxfe30)

wlen9  (x( int *) 0xfe32)

wlena  (( int *) Oxfe34)

wlenb  (*( int *) Oxfe36)

wlenc  (x( int *) Oxfe38)

wlend  (*( int *) Oxfe3a)

wlene  (x( int *) Oxfe3c)

wlenf  (x( int *) Oxfe3e)

l_scale (%( double *) Oxff00)
d_scale (( double *) Oxff04)
fst_pwr (*( int *) Oxffe8)
rtc_com (*(unsigned char *) Oxfff8)

rtc_sec (*(unsigned char *) Oxfff9)
rtc_min (*(unsigned char #*) Oxfffa)
rtc_hou (x(unsigned char *) Oxfffb)
rtc_day (*(unsigned char *) Oxfffd)
rtc_mon (*(unsigned char *) Oxfffe)
rtc_yer (x(unsigned char *) Oxffff)

num_x_pixel 240

- 27 -



#define num_y_pixel 64

#define XMAX 239
#define XMIN O
#define YMAX 63
#define YMIN O

#define T_BASE 0x1000
#define G_BASE 0x0000 // BASE ADDRESS OF GRAPHICS MEMORY
#define BYTES_PER_ROW 30

int cur_x, cur_y;
char keyi;
char Imti;

char uart_r[256];
char uart_t[2561;
char uartlr[256];
char uart1t[256];

unsigned char i1[32], i2(32], i3[32];

char t_Os, t_3s;

unsigned char sdat, edat, sdatl, edatl;

unsigned char txed;

unsigned char dats, datg, datsl, datgl;

unsigned char txedl;

unsigned char inpl, inp2, inp3, inp4;

unsigned char outQO, outl, out2;

unsigned char dath, datl, datc;

char hilo, rapid,

char msg_[1[16]=

{
{'0",'',0x90, 0x61, Oxa2, 0x81, Oxb9, Oxb7, Ox9f, 0x41, O },
{'1',):",0xb9, Oxal, O0xb9, 0x41, Oxac, Oxe5, Oxc8, 0x82, 0x8b, 0xa9

Oxb7, Oxal, O },
{'2',""' O0xc1, 0x41, Oxb7, Oxab, Oxc9, 0xb3, Oxab, Oxal, Oxdl, Oxal, O }
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{'3',""",0xc9, 0xb3, 0xb9, Oxal, 0xb9, Ox41, Oxad, 0x77, Oxaf, Oxa2, O },
{'4',":',0x8b, 0xa9, 0xb7, Oxal, Oxb7, Oxal, Oxad, Oxb7, Oxa4, 0x77, Oxaf

Oxa2, 0 },

{'6",":",0xb8, 0x62, Oxb4, 0xf3, 0xb8, 0x61, O },

{ " 'Oxad, Ox45, Oxac, Oxel, Oxc3, 0x62, 0xb8, 0xf7, Ox8b, Oxa9
0xb7, Oxal, O },

{ '(, 0xc3, Oxbl, Oxb5, 0x73, Oxae, Ox81,' ' '' "' 0},

{ ', 0xdl, 0xc9, Oxb5, 0x73, Oxae, Ox81, "', '' "' 0},

{ '1', 0x90, 0x62, 0xb5, 0x7c, Oxad, Oxb7,' "', '' '' 0},

{ '2', 0xb8, 0x75, 0x90, Ox61, Oxa2, Ox81, '"', "' '' 0},

{ '3, Oxad, Oxal, 0x90, Ox61, Oxa2, Ox81,'", '' '' 0},

{ '4', 0x9f, Oxal, Ox8b, Oxal, 0x94, 0x61, Oxad, Oxb7, ' "', O },

{ '5', 0xc0, 0x71, 0x90, 0x61, Oxa2, Ox81, "', "', "', 0},

{ ' 0x8b, 0xa9, 0xb7, Oxal, 0 },

{ ', Oxcd, Ox77, Ox8b, 0x45, Oxbb, 0xa2, 0x89, 0x77, O },

{ ', Oxae, 0x81, 0x9c, 0xb7, 0 },

{ "', Oxb7, Oxa9, Oxb8, 0x61, O },

{ "', Oxb8, 0x62, Oxb4, 0xf3, Oxaf, Oxal, Ox88, 0x65, 0 },

{ ', Oxb8, 0x62, Oxb4, 0xf3, Oxb8, 0x61, O },

{ "', 0xb8, Oxel, Oxb4, 0x73, 0x89, Oxal, Oxb4, 0x73, O },

{ ', 0xb8, Oxel, Oxad, Oxa2, 0x89, Oxal, Oxad, Oxa2, O },

{ ', Oxb6, Oxab, Oxal, Oxa2, Oxbb, Oxa2, 0x89, 0x77, O },

{ ', Oxc9, 0xb3, '', 0xb9, Oxal, Oxb9, 0x41, Oxad, 0x77, Oxaf, Oxa2
0},

{ "', 0xb7, Oxal, Oxad, Oxa9, 0x9d, 0xa9, 0x9c, Oxel, Ox8b, Oxal
0x93, 0x77, 0 },

{ "', Oxb7, Oxal, Oxad, Oxb7, 0x9d, Oxa9, 0x9c, Oxel, Oxad, Oxa2
0x95, 0xal,0 }
b
void Reverse_Img(BYTE =dest, int cnt)
{

register char i,

for (i = 0; i < cnt; i++) *(dest+1) =~x(dest+1);
}

void Under_Img(BYTE #dest,int bytes)
{
if (bytes == 16)
dest[bytes-1] = 0xff;
else {
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dest[bytes-2] = Oxff;
dest[bytes-1]1 = Ox{f;

void cpyfnt(BYTE #des, BYTE =*src, int cnt)
{

register char c;

for(c=0; c<cnt; c++) *des++=*src++;

void or_img(BYTE =*des, BYTE *src, int cnt)
{

register char c;

for(c=0; c<cnt; c++) *des++ |=*src++;

}

void port_init(void)
{

PORTA = OxFF,
DDRA = 0x00;
PORTB = 0x{0;
DDRB = 0OxO0f;

PORTC = OxFF;
DDRC = 0x00;

PORTD = OxFF;

DDRD = 0x00;
PORTE = OxFF;
DDRE = 0x00;
PORTF = OxFF;
DDRF = 0x00;

PORTG = Ox1F;
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DDRG = 0x00; }

//Watchdog initialisation

// prescale: 16K cycles

void watchdog_init(void)

{ WDROQ:; //this prevents a timout on enabling

WDTCR = 0x08; //WATCHDOG ENABLED - dont forget to issue WDRs }

//TIMERO initialisation - prescale:32
// WGM: Normal

// desired value: 10KHz

// actual value: 10.017KHz (0.2%)
void timerQO_init(void)

{ TCCRO = 0x00; //stop

ASSR = 0x00; //set async mode
TCNTO = 0xD2; //set count

OCRO = OxZ2E;

TCCRO = 0x03; //start timer }

#pragma interrupt_handler timerO_ovf_isr:17
void timerQ_ovf_isr(void)

{ TCNTO = 0xD2; //reload counter value
t_0s=1; }

//TIMERS3 initialisation — prescale:8
// WGM: 0) Normal, TOP=0xFFFF
// desired value: 20KHz

// actual value: 20.035KHz (0.2%)
void timer3_init(void)

{ TCCR3B = 0x00; //stop
TCNT3H = 0OxFF; //setup
TCNT3L = OxA4;

OCR3AH = 0x00;

OCR3AL = 0x5C;

OCR3BH = 0x00;

OCR3BL = 0x5C;

OCR3CH = 0x00;

OCR3CL = 0x5C;

ICR3H = 0x00;

ICR3L = 0x5C;

TCCR3A = 0x00;

TCCR3B = 0x02; //start Timer }

#pragma interrupt_handler timer3_ovi_isr:30
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void timer3_ovf_isr(void)

{ //TIMER3 has overflowed

TCNT3H = OxFF; //reload counter high value
TCNT3L = 0xA4; //reload counter low value
t_3s=1; }

//UARTO initialisation
// desired baud rate: 9600
// actual: baud rate:9600 (0.0%)
// char size: 8 bit
// parity: Disabled
void uartO_init(void)
{ UCSROB = 0x00; //disable while setting baud rate
UCSROA = 0x00;
UCSROC = 0x06;
UBRROL = 0x5F; //set baud rate lo
UBRROH = 0x00; //set baud rate hi
//UCSROB = OxF8;
UCSROB=(1<<RXCIEQ)| (1<<TXCIEQ)| (1<<RXENO)| (1<<TXENO); }

#pragma interrupt_handler uvartO_rx_isr:19

void uartO_rx_isr(void)

{ //uart has received a character in UDR

uart_r[dats++ 1 = UDRO; /* read byte for UART data buffer */ }

#pragma interrupt_handler uartO_udre_isr:20
void uartO_udre_isr(void)
{ //character transferred to shift register so UDR is now empty
CLIO;
if(sdat>edat) {
UDRO =uart_t[edat++ 1; }
else { UCSROB=(1<<RXCIE0)| (O<KKUDREQ®)| (1<<RXENO)| (1<<TXENO);
txed=0; }
SEIO; }

#pragma interrupt_handler uartO_tx_isr:21
void uvartO_tx_isr(void)
{ CLIO;
if(sdat-edat) {
UDRO=uart_t[edat++1; /% write byte to data buffer */ }
else { UCSROB =(1<<RXCIEQ)| (0<<TXCIE0)| (1<<RXENO)| (1<<KTXENO)
txed=0; }
SEIO; }
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//UART1 initialisation

// desired baud rate:9600

// actual baud rate:9600 (0.0%)

// char size: 8 bit

// parity: Disabled

void uartl_init(void)

{ UCSR1B = 0x00; //disable while setting baud rate
UCSRI1A = 0x00;

UCSR1C = 0x06;

UBRRI1L = 0x5F; //set baud rate lo
UBRR1H = 0x00; //set baud rate hi
UCSRI1B = 0xF8; }

#pragma interrupt_handler uartl_rx_isr:31
void uartl_rx_isr(void)
{ //uart has received a character in UDR
vartlr[datsl++ ] = UDR1; /* read byte for UART data buffer */ }

#pragma interrupt_handler uartl_udre_isr:32
void uartl_udre_isr{void)
{ //character transferred to shift register so UDR is now empty }

#pragma interrupt_handler uartl_tx_isr:33
void uartl_tx_isr(void)
{ //character has been transmitted
CLIO:;
if(sdatl-edatl) {
UDRl1=uartltledatl++ |;
edatl &=0x7f;, }
else { UCSRIB=(1<<RXCIE1){ (OKKTXCIE1)| (1<<RXEND | (1<<TXEN1)
txed1=0; }
SEIO; }

//call this routine to initialise all peripherals

void init_devices{void)

{ //stop errant interrupts until set up

CLIQ); //disable all interrupts

XDIV = 0x00; //xtal divider

XMCRA = 0x0a; //external memory -->> 2 wait states.

port_init();

//watchdog_init();
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timerQ_initQ;
timer3_init();

vart0_init();
uartl_initQ;

MCUCR = 0x80;
EICRA = 0x00; //extended ext ints
EICRB = 0x38; //extended ext ints
EIMSK = 0x60;

TIMSK = 0x01; //timer interrupt sources
ETIMSK= 0x04; //extended timer interrupt sources
SEI(); //re—enable interrupts

//all peripherals are now initialised }

unsigned char rcv(void)
{ return uvart_rldatg++1; }

unsigned char rcvl(void)
{ return uartlr[datgl++1]: }

void putch(unsigned char pch)
{ unsigned char ch;
WDRO);
do { ch=UCSROA; } while(!{(ch&0x20));
UDRO=pch; }

void putchl(unsigned char pch)
{ unsigned char ch;
WDR();
do { ch=UCSRI1A; } while(!(ch&0x20));
UDR1=pch; }

void iputch(unsigned char pch)
{
if(ftxed) {
txed =1;
UCSROB=(1<<RXCIEQ)| (1<<TXCIEQ) | (1<<RXENQ)| (1<<TXENO)
UDRO =pch;
}
else {
uart_t[sdat+ + ]=pch;
}
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}

void iputchl(unsigned char pch)
{
if(ltxedl) {
UDR1 =pch;
txedl =1;

UCSR1B=(1<<RXCIE1)| (1<<TXCIE1)| (1<<RXEN1)| (1<<TXEN1)
}

else {
uartlt{sdatl+ + J=pch;
¥
WDRO;
}
void put_bin(unsigned char pb)
{
char ch;
for(ch=0; ch<8; ch++) {
if((pb>>(7-ch)&1) iputch('1");
else iputch('0);
}
}

void mputs(char *mstr)
{ while(*mstr) iputch(*mstr++); }

void putss(char *mstr)
{ while(*mstr) putch(*mstr++); }

char chk_rcv{void)
{ return dats—datg; }

char chklrcv(void)
{ return datsl-datgl; }

void put_byte(unsigned char by)
{ unsigned char ch, cl;

ch=by>>4,
cl=by &0x0f;

if(ch<10) putch('0'+ ch);
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else putch('A'+ ch-10);

if(ci<10) putch('0'+ cl);
else putch('A'+cl-10);
}

char sskey{(char pp)

{
char ch=0;

switch(pp) {

case 1! ch=1; break;
case 2: ch=2; break;
case 4: ch=3; break;
case 8! ch=4; break;

}

return ch;

}

#pragma interrupt_handler intb_isr:7
void int5_isr{void)

{ //external interupt on INTS
Imti=1; }

#pragma interrupt_handler int6_isr:8
void int6_isr(void)

{ //external interupt on INT6
keyi=1; }

void S4094(void)
{ unsigned char ch, cl;

int cn;

leds[0]=leds[1]=leds[2]=leds[3]1=0x00;
leds[4]1=leds[5]=leds[6]1=leds[7 ]=leds[8]1=0x00;

iflout0 & 0x01) leds{0]1]=0x01; //1r
else leds[0]1=0x02; //1g

if(lout0 & 0x02) leds[0]1=0x04; //2r roller go frd
else leds[0]]=0x08; //2g

if(out0 & 0x04) leds[0]1=0x10; //3r roller go back
else leds[0]]=0x20; //3g
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if(out0 & 0x08) leds[0]|=0x40; //4r

else leds[011=0x80; //4g
iflout0 & 0x10) leds[111=0x01; //5r roller catch
else leds[1]11=0x02; //5g
if(outd & 0x20) leds[1]]|=0x04; //6r
else leds[1]1]1=0x08; //6g
iflout0) & 0x40) leds(1]}=0x10; //7r
else leds[11]]=0x20; //7¢g
ifloutd & 0x80) leds[1]]=0x40; //8g
else leds[1]]=0x80; //8r
//:::: ————— e vt e e e il ———

if(loutl & 0x01) leds[2]]=0x01; //9g
else leds{2]1=0x02; //9r

ifloutl & 0x02) leds[2]1]=0x04; //10g
else leds[2]]=0x08; //10r

ifloutl & 0x04) leds{2]1}=0x20; //11g
else leds[2]1]=0x40; //11r

if(outl & 0x08) leds[2]]=0x80; //12¢g
else leds[3]]1=0x01; //12r

ifloutl & 0x10) leds[311=0x02; //13g

else leds[3]1=0x04; //13r
if(hilo== ) leds{3]]=0x08; //14g
else leds{3]11=0x10; //14r

if(rapid==1 ) leds[3]1=0x20; //15g
else leds[3]1=0x40; //15r

if(out2 & 0x01) leds{3]]=0x80; //16g
else leds{4]11=0x01; //16r roller open

ch=PINE & 0x20; // limit switch check.

if(!ch) leds{4]]=0x02; //17r
else leds[4]]=0x04; //17¢g
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if(inp4
else

if(inpl
else

if(inp1
else

if(inpl
else

if(inpl
else

if(inpl
else

if(inpl
else

if(inpl
else

if(inp2
else

if(inp3
else

if(inp3
else

if(inp3

else

if(inp3
else

if(inp3
else

if(inp3
else

0x01) leds[5]1=0x01; //18g
leds[5]1=0x02; //18r

0x02) leds[5]1=0x04; //19g
leds[5]1=0x08; //19r

0x04) leds[5]i=0x10; //20g
leds[511=0x20; //20r

0x08) leds[5]11=0x40; //21g
leds[5]1] =0x80; //21r

0x10) leds[6]1=0x01; //22g
leds{611=0x02; //22r

0x20) leds[6]]1=0x04; //23g
leds[6]1=0x08; //23r

0x40) leds[6]]=0x10; //24g
leds[6]1] =0x20; //24r

0x80) leds[6]1=0x40; //25¢g
leds[6]11=0x80; //25r

0x01) 1eds[711=0x01; //26r
leds[7]]=0x02; //26g

0x02) leds[711=0x04; //27r
leds[7]11=0x08; //27g

0x04) leds[711=0x20; //28r
leds{7]1=0x40; //28¢g

0x08) leds{7]11=0x80; //29r
leds[8]11=0x01; //29g

0x10) leds[8]11=0x02; //30r
leds[8]1=0x04; //30g

& 0x20) leds[8]]=0x08; //31r

leds[81]=0x10; //31g

& 0x40) ledsi8]1=0x20; //32r

leds{8]1=0x40; //32g

roller open.

roller catch.

cal catch input.

cal open input.

roller frd input
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ifinp3 & 0x80) leds[81]!=0x80; //33r
else leds[4]1=0x10; //33g

if(outl &=0x20) leds[4]]|=0x60; //340
if(inp3 & 0x01) leds[4]]=0x20; //34r
if(inpl & 0x01) leds[41]=0x40; //34g

DDRB =0x0f;
PORTB=0x00;

for(cl=0; cl<9; cl++) {
WDR(;
for(ch=0; ch<8; ch++){

PORTB &=0xf{d; //clk low
for(cn=0; cn<5; cn++);

if(leds{8-cl]>>(7-ch)&1) {
PORTB |=0x01;//DATA }

else { PORTB &=0xfe; //DATA }
PORTB |=2; //CLK high
for(cn=0; cn<5; cn++);
PORTB &=0xfd; //clk low

for(cn=0; cn<5; cn++); }
for(cn=0; cn<10; cn++); }

e_dareg=0x80;
e_dareg=0x80;
e_dareg=0;
PORTB =0x0f; }

char keypad(void)
{

char ch, ci;
EIMSK =0,

PORTB =1;
for(ci=0; ¢i<100; ci++) WDRQ;

ch =sskey(PINB>>4); // 7 8 9 RES
if(ch) {

EIMSK = 0x60;

return ch;
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}

PORTB =2;
for(ci=0; ci<100; ci++) WDR();

ch =sskey(PINB>>4); // 45 6 ESC
if(ch) {

EIMSK = 0x60;

return ch+4;

}

PORTB =4,
for(ci=0; ci<100; ci++) WDRO;

ch =sskey(PINB>>4); //123.
if(ch) { EIMSK = 0x60;
return ch+8; }

PORTB =8;
for(ci=0; ci<100; ci+ +) WDRO;
ch | =sskey(PINB>>4); // <0 > ENT
if(ch) { EIMSK = 0x60;
return ch+12; }

EIMSK = 0x60;
return O;
}
void lcd_com(unsigned char cmd)
{
unsigned char ch;
WDRO);
do {
ch=lcd_stts:; // read lcd status.
} while((ch&03)!=03);
lecd_comd=cmd;
}

void lcd_dat(unsigned char dat)
{

unsigned char ch;

WDRO);
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do {
ch=lcd_stts; // read lcd status.
} while({(ch&03)!=03);

led_data=dat;
}
void lcd_aat(unsigned char dat)
{
unsigned char ch;
WDRO;
do {
ch=lcd_stts; // read lcd status.
} while{((ch&8)!=8);
lcd_data=dat;
}
unsigned char led_read(void)
{
char ch;
led_com(Oxcl);
WDRO);
do {
ch=lcd_stts; // read lcd status.
} while((ch&03)!=03);
ch=lcd_data;
return ch;
}

void lcd_set(unsigned char d1, unsigned char d2, unsigned char cmd)
{ lcd_dat(dl);

lcd_dat(d2);

lcd_com(cmd); }

void lcdsetl(unsigned char dl, unsigned char cmd)
{ led_dat(d1);

lcd_com(cmd); }

void led_init(void)
{
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int addr;

led_com(0x80);
lcd_com(0xab);

addr=G_BASE;
led_set(addr%256, addr>>8, 0x42);
lcd_set(BYTES_PER_ROW, 0, 0x43);

addr=T_BASE,
led_set(addr%256, addr>>8, 0x40);
lcd_set(BYTES_PER_ROW, 0, 0x41);// text area 240 * 64 ; 1e=30

cur_x=0;
cur_y=0;
led_set(cur_x,cur_y,0x21); // cursor at 0,0
led_com(0x94); // TEXT ON.
}
void led_clr_graph(void)
{
int i,addr;
addr=G_BASE;
lcd_set(addr%256, addr>>8, 0x24);
for(i=0; i1<8192; i++){
lcd_dat(0);
led_com(0xc0);
}
}
void led_clr_text(void)
{
int 1,addr;
addr=T_BASE;

led_set(addr%256, addr>>8, 0x24);
for(i=0; i<320; i++) {

lcd_dat(0);
led_com(0xc0);
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}

void led_xy(int x, int y, char ch)
{

char ¢;

int addr;

addr=T_BASE + (y* BYTES_PER_ROW) + x;
lcd_set(addr%256, addr>>8, 0x24);

c=ch-0x20;
if(c<0) c=0;

lcd_dat(c);
led_com(0xcQ);
}

void led_put(char ch)
{

char c;

int addr;

addr=T_BASE + (cur_y* BYTES_PER_ROW) + cur_x++
led_set(addr%256, addr>>8, 0x24);

if(cur_x==30) {
cur_x=0;
cur_yt+;

¥

c=ch-0x20;
if(c<0) c=0;

lcd_dat(c);
led_com(0xc0);
}

void led_print(char *string)
{ while(+string) lcd_put(*string+ +); }

void lcd_setpix(int col, int row)

{
int addr;
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addr=G_BASE + (row*BYTES_PER_ROW) + col/8;
lcd_dat(addr%256);

led_dat(addr>>8);

led_com(0x24);

led_com(0x£8 | (7-(col%8))); }

void led_resetpix(int col, int row)
{ int addr;
addr=G_BASE + (row*BYTES_PER_ROW) + col/8;
lcd_dat(addr9256);
lcd_dat(addr>>8);
led_com(0x24);
led_com(0xf0 | (7-(col%8))); }

void vput{unsigned char cd)

{
unsigned char ch;
int i,addr;
addr=G_BASE + (cur_y*BYTES_PER_ROW) + cur_x/8
if(cd>=0x20) {
ch=cd-0x20;
for(i=0; i<8; i++) {
led_dat(addr%256);
lcd_dat(addr>>8);
led_com(0x24);
addr+ =BYTES_PER_ROW;
led_dat(ffont[ch][i]<<1);
led_com(0xc0);
}
}
cur_x+ =8;
}

void lputch(unsigned char asc)

{
int i,addr;
addr=G_BASE + (cur_y*BYTES_PER_ROW) + cur_x/8
for(i=0; i<16; i++) {

led_dat(addr%256);
led_dat(addr>>8);
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led_com(0x24);
addr+=BYTES_PER_ROW,

lcd_dat(asciilasc][i]);
led_com(0xc0);

cur_x+ =8;

}

void lputs(char *string)
{ while(*string) lputch(*string+ +); }

void v6put(unsigned char cd)
{
unsigned char ch, cc;
int 1,n;

if(cd<0x20) {}
else {
cc=cd-0x20:
for(i=0; i<8; i+ +) {
ch=ffont[cc][i]1<<2;
for(n=0; n<6; n++) {
if(ch>>(7-n))&1)
led_setpix(cur_x+n, cur_y+i);
else
led_resetpix(cur_x+n, cur_y+1)

}

cur_x+ =6;

}

void vbSput{unsigned char cc)
{
unsigned char ch;
int i,n;

for(i=0; i<8; i+ +) {
ch=ffont[cc][i]<<2;
for(n=0; n<6; n++) {
if((ch>>(7-n)H&1)
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led_setpix(cur_x+n, cur_y+1);

else
led_resetpix(cur_x+n, cur_y+1)
}

}

cur_x+ =6;
}
void v_puts(char #*str)
{ while(*str) vput(xstr++); }
void v6puts(char #*str)
{ while(*str) v6put(*str++);}
void vSputs(char *str)
{ while(*str) vbput(*str++); }

void lcd_clr_window(void)

{
int 1,n,addr;
addr=G_BASE + 22*BYTES_PER_ROW;
for(i=0; i<30; i++) {
lcd_dat(addr%256);
lcd_dat(addr>>8);
led_com(0x24);
addr+ =30;
for(n=0; n<30; n++) {
lcd_dat(0x00);
lcd_com(0xc0);
}
}
}
void hline(int x,int y,int dx)
{
int i,
for(i=0; i<(dx-x); i++) lcd_setpix(i+ x,y);
}

void rhline(int x,int y,int dx)
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int i,

for(i=0; i<(dx-x); i++) led_resetpix(i+ x,v);

}

void vline(int x,int y,int dy)
{ int i;
for(i=0; i<(dy-y); i++) lcd_setpix(x,i+y); }

void rvline(int x,int y,int dy)
{ int i;
for(i=0; i<(dy-y); i++) lcd_resetpix(x,i+y); }

void set_han(unsigned int hed)
{

union Htype _code;
char cb, jb, job;
unsigned char tmpl, tmp2;

int k1, k2, k3, cho, jun, jon, i;
_code.i=hcd;

tmpl=_code.b.hana;
tmp2=_code.b.dule;

kl1=(tmpl& 0x7c)>>2;
k2=(tmpl& 0x03)<<3 | (tmp2>>5)& 7;
k3=(tmp2& 0x1f);

kl=table[0][k1];
k2=table[1]1[k2];
k3=table[2][k3];

if(k3) {
cb =firtbl[11[k2];
jb =midtbl[1][k1];
job=lastbl  [k2];
}
else {
cb =firtbl[0][k2];
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jb =midtbl[O][k1];

}
cho= cb*20+ 0O+kl;
jun= jbx*22+ 160+ k2;
jon=job*28+ 248+ k3;
for(i=0; i<32; i++) {
il[i]=hfontlcho]lil;
i2[i]l=hfontljunllil;
13[i]=hfont[jon][i];
}
if(k1) {
cpyint(ja_bitmap, 11,32);
if(k2)
or_img(ja_bitmap, 12,32);
if(k3)
or_img(ja_bitmap, 13,32);
}
else
if(k2) {
cpyfnt(ja_bitmap, i2,32);
if(k3)
or_img(ja_bitmap, 13,32);
}
else
if(k3)

cpyfnt(a_bitmap,i3,32);

if(attr.Bjn)
Reverse_Img(ja_bitmap,32);
else
if(attr.Mit)
Under_Img(Ga_bitmap,32);
}

void hput(unsigned int hcd)
{
int i,addr;

set_han(hcd);

addr=G_BASE + (cur_y*BYTES_PER_ROW) + cur_x/8
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for(i=0; i<16; i++) {
lcd_dat(addr%256);
lcd_dat(addr>>8);
led_com(0x24);
addr+ =BYTES_PER_ROW;

lcd_dat(ja_bitmap[i*2+ 01);
led_com(0xcO);
lcd_dat(ja_bitmap[i*2+ 11);
led_com(0xc0);

}

cur_x+=16;

}

void hputs(unsigned char #*string)
{

union Htype han;

while(*string) {
han.b.hana=*(string+ + );

if(han.b.hana<128) {
Iputch(han.b.hana);
}
else {
han.b.dule=*(string+ + );
hput(han.i);

}

void reverse_In(int in)
{

char ch;

int ix, iy, addr;

for(iy=0; 1y<16; iy++) {
for(ix=0; ix<30; ix++) {
addr=G_BASE + (iy+in*16)*BYTES_PER_ROW + ix
lcd_dat(addr%256);
lcd_dat(addr>>8);
led_com(0x24);

ch=led_read();
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addr=G_BASE + (iy+in*16)*BYTES_PER_ROW + ix
lcd_dat(addr%256);

lcd_dat(addr>>8);

lcd_com(0x24);

led_dat(~ch);

lcd_com(0xc0);

}

unsigned char to_bcd(char *dt)
{

unsigned char ch, cl;

ch=dt[0]&15;
cl=dt[1]1&15;

iputch('/");
iputch(dt{0O]);
iputch{dt[11]);

return {(ch*16 + cl);

}

void tide_set(void)
{

char tmode=1,bfc,cc;

char tmm[24], ch, ctfl=1,cv="y";

int 1,

strepy(tmm," YYMMDD - HHMMSS...");
led_init();

led_com(0x9c);

led_clr_graph();
led_clr_text();

while(1) {
if(keyi) {
if(ch=keypad()) {

if(ch!=bfc) {
cc=keyvlch]+'0"
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iputch(cc);

ct=cc;

tmm{tmode+ + ]=ct;
if(tmode==7) tmode=10;
if(tmode>20) tmode=20;

fl=1;

bfc=ch;
keyi=0;
if(cc=='=") break;

if(t_0s) {
t_0s=0;
WDRO:;

if(i+ +>2000) {
S40940);

cur_x =85;
cur_y =55;

if(fD) {
fI=0;

cv=tmm/[tmode];

—1 1.

tmm/(tmodel="";
}
else {

flI=1;

tmm/[tmode ]=cv;
}
v_puts{tmm);

}
¥

if(tmode>=15) {
rte_yer=to_bcd(&tmmI[11);
rtc_mon=to_bcd(&tmm[3]);
rtc_day=to_bcd(&tmm[5]);
rtc_hou=to_bcd(&tmm[10]);
rtc_min=to_bcd(&tmm[12]);

//" YYMMDD - HHMMSS
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rtc_sec=to_bcd(&tmm[141);

rtc_com=0x80;
rtc_com=0x80;

rtc_com=0,
}
}
void menu(void)
{ tide_set(); }
char to_hex(char ch,char cl)
{
if(ch>='0" && ch<='9")
ch-="0"
else
ch =ch-'A'+ 10;
if(cl>="0" && cl<='9")
cl-="'0%
else
cl =cl-'A'+ 10;
return cl+ ch*16;
}

void out_Ist()

{
char str[64];
int 1;

mputs("WnWn working list......Wn");
for(i=0; i<d_cnt; i++) {sprintf(str,
"Wn(%04d/%02x) B02x:%02x:%02x
%02d:%06d,%06d",

workslil.cnt,
works[il.cod,
workslil.sc,
works[i].mn,
works[i].hr,
works|[i].date,
works{i].month,
worksli].year,
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works[il.worker,

works[i].length,

works[i].dia);
mputs(str);

void main(void)

char mstr[32],mmI[&], bc, cs, saw_sw=0,codee=0;
char Imt_sw=0, outcnt=0, outmd=0;

char left_a=0, left_e=0, left_i=0, left_h=0;

char right_a=0, right_e=0, right_f=0, right_d=0;
char roll_run=0, roll_back=0, saw_run=0, roll_mar=0

char ch, cl,cc, tO_c=0, str[64], bfc=0, scnt=0;
char press=0, bwsel=0, blsel=0;

unsigned char bsec,bmin;

int i, tn0s=0, di=0, slen=0, len=0, ilen=0, dia, idia;
int bdia=0, diasec=0;
int ktime=0, saw_tm=0, Imt_p=0, saw_cnt=0;

double length, diameter, volume;
init_devices(;
for(i=0; i<100; i++) {

leds[0]=0;
leds[1]=0;
leds[2]=0;
leds[3]1=0;
leds[4]1=0;
leds[5]=0;
leds[6]=0;
leds[71=0;
leds[8]=0;
hilo =0;
rapid=0;
outO =0;
outl =0;
out2 =0;
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e_wrl=~out0;
e_wr2=~outl;
e_wr3=~out2;
S40940);

iputch(0xff);

sdat=0;
edat=0;
dats=0;
datg=0;
txed=0;
sdat1=0;
edatl1=0;
dats1=0;
datg1=0;
txed1=0;

t_0s=0;
t_3s=0;

key1=0;
Imti=0;

dath=0;
datl=0;
datc=0;

e_dareg=2;
e_dareg=0;

e_dareg=4,
e_dareg=0;

}

if(fst_pwr!=0xaaaa) {
fst_pwr =0xaaaa;

|_scale= 0.4480;
d_scale= 1.5730;

d_cnt=0;
}

I_sel=1;// 0 ~ 9
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w_sel=1; //0~5
saw_w=0; /)0~ 2
saw_s=0;

rollf=0; // 0 ~ 1
rolls=0; // 0 ~ 1
workr=0;

wlenO= 45#1;
wlenl= 45%2;
wlen2= 45*3;
wlen3= 45%4;
wlend= 45%5;
wlenb= 45%6;
wlen6= 45x7;
wlen7= 45%8;
wlen8= 45%9;
wlen9= 45x%10;
wlena= 45%11;
wlenb= 45%12;
wlenc= 45%13;
wlend= 45%14;
wlene= 45%15;
wlenf= 45%16;

slen=wlenl;

rtc_com=0x80;
rtc_com=0x80;
rtc_com=0;

led_init();
led_com(0x9c);
led_clr_text();
led_clr_graph();

for(i=0; i<255; i++) {

}

do {

putch('*");

WDRO;

while(chk_rcv() {
ch=rcv();
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if(ch=='1") outmd=1;

else
if(ch=='0") outmd=0;
else
if(ch=="A") {
out_lst();
outmd=2;
}
else
if(ch=="C") d_cnt=0;
}
while(chklrev() {
WDR();
ce=rcv1(;

if(cc=='s" && bc=='d") {
scnt=0; }

else

if(ce=='e' && bc=='d") {
mstr{scnt~1]="W0";

ch=mstr[0];
cl=mstr[1];
mm[0]=to_hex(ch,cl);
cs =mm([0];

ch=mstr[2];
cl=mstr(3];
mm/1]=to_hex(ch,cl);
cs+=mml1];

ch=mstr[4];
cl=mstr[5];
mm/[2]=to_hex(ch,cl);
cs+=mml2];

ch=mstr{6];
cl=mstr[7];
mm([3]=to_hex(ch,cl);
cs+=mml(3];

ch=mstr{8];
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cl=mstr[9];
mm/[4]=to_hex(ch,cl);
cs+=mm[4];
if(cs==0) {
len=mm[0]*256+ mm[1];
dia=mm[2]%256+ mm[3];
}
}

else { mstrlscnt+ + l=cc;
scnt%=32; }
bc=cc;
if(mti) {

Imti=0;
}

if(keyi) {
keyi=0;
if(cc=keypad()) {
ktime=>5;

cc=keyvlcc]+'0%

if(cc!=bfc) {
if(cc=='=") codee=0x99

else

if(cc=="") {
menu();
bwsel=0;
led_init();
lcd_com(0x9c);
led_clr_text(Q;
led_clr_graph()

}

else

if(cc=="<") {
saw_s=1;

}

else

if(cc==">" {
saw_s=0;
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)

else
if(cc=="7") press=1;
else
if(cc=='9") press=0;
else
if(ce=='4") rolls=1;
else
if(cc=="6") rolls=0;
else
if(cc=="'1") rollf=1;
else
if(cc=='3") rollf=0;
else
if(ce=="0" {
w_sel+ +;
w_sel%=5;
}
+
bfc=cc;
}
}
if(t_0s) {
t_0s=0;
WDRO;

ch=PINE & 0x20; // limit switch check.
if(lmt_sw && ! ch) saw_cnt++;
lmt_sw=ch;

if(bmin!=rtc_min) {
led_initQ);
led_com(0x9c¢);
bsec—-;

}

if(bsec!=rtc_sec) {
sprintf(str,"%02x/%02x.%02x:%02x:%02x",
rtc_hou, rtc_min, rtc_sec, rtc_mon, rtc_day)
outcnt=0;
cur_x =14;
cur_y =0;
led_print(str);
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}

bsec=rtc_sec;
bmin=rtc_min;

}

if(t_3s) {
t_3s=0;
WDR();

length =(double)(len-ilen)*|_scale; // mm

if(I_sel!=blsel) {
slen =wlens[l_sell;

}

diameter=(double)(dia-idia)*d_scale+ 385.46-bdia; // mm
volume =length*3.14*diameter*diameter/4;

cur_x =0; cur_y =0;
sprintf(str,"S/L:%4d.0Cm ",slen);
led_print(str);

sprintf(str,"M/L:%05d Cm ",(int)(ength));
str[9]=str[8];
str[8]=""
cur_x =0;
cur_y =2;
led_print(str);

sprintf(str,"D/L:%05d Cm ",(int)(diameter));
str(9]=str[8];
str(8]=""
led_print(str);
// 0123456789abcde

sprintf(str,"Sawing—~*##x/xxx");

if(saw_s) {
str(1]="A";
str(2]="W';
}

if(saw_w==0) {
str(12]="M"str[13]="a";str[14]="n";
}
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else

if(saw_w==1) {
str[ 7)="Astr] 8)='U"str[ 91="T"str[10]='0
str{12]="M"str[131="A";str[14]='N";

}

else

if(saw_w==2) {
str[ 7]='A%str[ 81='U"str{ 9)="T"str[10]="0"

}

cur_x =0; cur_y =4;

lcd_print(str);

sprintf(str,"” Worker:%02d (%d)", workr, saw_cnt%10)
led_print(str);
sprintf(str,"Roller—s#***/**x");
if(rollf==0) {
str[12]='M";str[13]1="A";str[141='N";
}
else
if(rollf==1) {
strl 7)="A'sstr{ 8)="U"str[ 91="T"str[10]='0'
}
cur_x =0; cur_y =5;
led_print(str);

sprintf(str,"Roller—ss##/xxx");

if(rolls==0) {
str{11]='S"str[12]="L";str[13]1="0"str [ 14]="W'

}

else

if(rolls==1) {
str 7]="H'istr[ 8]1="T;str[ 9]='G"str[10]="H";

}

cur_x =0; cur_y =6;

led_print(str);

sprintf(str,"Pressr—#s#*/+xx");
if(press==0) {
str[12]="L";str[13]="0"str[14]="W";
}
else
if(press==1) {
strl 71="H'istrl 81="T;str[ 91="G";str[10]='H"
}
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cur_x =0; cur_y =7;
led_print(str);

inpl = ~e_rdl; // ub 74hc245 read
inp2 = ~e_rd2; // u7 74hc245 read
inp3 = ~e_rd3; // u8 74hc245 read
inp4 = ~e_rd4; // u9 74hc245 read
out0=0;
out1=0;
out2=0;

length =(double)(len-ilen)*l_scale;
diameter=(double)(dia-idia)*d_scale+ 385.46~bdia; // mm
volume =length*3.14*diameter*diameter/4;

if(press) {
outl |=0x01;
¥

if(inpl & 0x01) { //RIGHT-A
if(fright_a) {

right_a=1;
I_sel++;
I_sel%=10;
slen=wlens[l_sell;
}
}
else
right_a=0;

if(inpl & 0x02) { // RIGHT-B e_wr3.0
out2 |=0x01; // feed roller open.
} // 16r

if(inpl & 0x04) { // RIGHT-C e_wrl.4
outO [=0x10; // cutter open.
idia=dia;
diasec=10;
} // 5r roller catch

if(inpl & 0x08) { // RIGHT-D

if(fright_d) {
right_d=1;
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w_sel+ +;
w_sel%=5;

else
right_d=0;

if(inpl & 0x10) { //RIGHT-E
if(right_e) {

right_e=1;
slen+ +;
}
}
else
right_e=0;

ifinpl & 0x20) { //RIGHT-G
outO | =0x08;
}

ifinpl & 0x40) { //RIGHT-F
if(right_) {
right_f=1;
if(slen) slen--;

else
right_{=0;

if(inpl & 0x80) { //RIGHT-H 25r calnal close
outO | =0x08;
out0 |=0x01;

}

ifinp2 & 0x01) { //RIGHT-I 26r calnal open
out0 |=0x10;
out2 |=0x01; //
idia=dia;
diasec=10;

}

if(diasec) {
idia=dia;
diasec--;

_306_



}

if(inp3 & 0x02) { //LEFT-A FEED ROLLER GO AHEAD
/] 27r
if(rollf==0) {
outO [=0x02; //2r roller go frd

if(rolls)
outl |=0x04;
roll_run=0;
}
else
if(rollf==1) {
e_dareg=4,
e_dareg=0;
if(lleft_a) {
left_a=1;
roll_run=1;
}
}
}
else
left_a=0;

if(inp3 & 0x04) { //LEFT-B FEED ROLLER GO BACK.
out0 |=0x04; //28r
if(rolls) outl |=0x04;

}

if(inp3 & 0x10) { //LEFT-C
W_ccw_on; //(outl |=0x08)
outl &=0xFE; //low pressure
outl &=0xFB; //LOW SPEED

}

if(inp3 & 0x40) { //LEFT-D
W_cw_on; //(outl |=0x10)
outl &=0xFE; //low pressure
outl &=0xFB; //LOW SPEED

}

if(inp3 & 0x01) { //LEFT-E
if(left_e) {
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left_e=1;
rollf+ +;
rollf%=2; // 01

else
left_e=0;

if(inp3 & 0x08) { //LEFT-F encoders clear
ilen=len;
idia=dia;

}

if(inp3 & 0x20) { //LEFT-G
out0| =0x40;
}

if(inp4 & 0x01) { //LEFT-I
if(teft_i) {

left_i=1;
saw_w+ +;
saw_w%h=3;
}
}
else
left_i=0;

if(roll_run==1) {
Imt_p=0;

e_dareg=4,
e_dareg=0;

P_in;
outO |=0x02;
S40940);

do {
inp3 = ~e_rd3;

if(inp3 & 0x02) {
if(left_a) {
left_a=1;
roll_run=0;
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}
else
left_a=0;
WDRO;
/*
if(t_O0s) {
t_0s=0;
WDROQ);
if(Imt_p++ >200) {
if(enc0.i<10)
roll_run=0;
}
}
*/

length =(double)(en-ilen)*l_scale;

sprintf(str,"MsL:%05d Cm. ",(int)(length))
str[9]=str(81;
str[8]="";
cur_x =0;
cur_y =2;
led_print(str);

if(rolls) outl |=0x04;

if((slen-3)>(int)length) {

out0 |=0x02;
outO &=0xfb;
}
else
if((sten+ 3)<(int)length) {
out0 |=0x04;
out0 &=0xfd;
}
else
roll_run=0;
P_in;

e_wrl =~out0;
e_wr2 =~outl;

,309_



if(t_3s) {
t_3s=0;
WDRQ);
}
} while(roll_run);
outO &=0xfd;
P_out;
e_wrl =~out0;

roll_run=0;

if(saw_w==2) saw_run=1;

}

/%

struct {
int count; /2
char cod; /] 1
char sec; /1
char min; // 1
char hour; /1
char date; /1
char month; // 1
char year; /1
char worker; // 1
int length; /]2
int dia; /2
int volume; /]2

} job;

if(inp3 & 0x80 && (saw_w==0)) { //LEFT-H
out0 | =0x80; //SAWING.
saw_tm=25;
left_h=0;
if(saw_sw==0) {

works[d_cntl.cnt =d_cnt;
works[d_cnt]l.cod =codee;

works[d_cnt].year =rtc_yer;
works[d_cnt].month=rtc_mon;
works[d_cnt].date =rtc_day;
works[d_cntl.hr  =rtc_hou;
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works[d_cnt].mn  =rtc_min;
worksld_cnt].sc  =rtc_sec;

works[d_cnt}. worker=workr;
works[d_cnt].length =(int)length;
works[d_cnt].dia =(int)diameter
works{d_cnt].volume =(nt)volume;

d_cnt+ +;

if(d_cnt>=1500) d_cnt=1500;
if(codee==0x99) codee=0;
saw_sw=1;

}

ilen=len;
}
else
if(inp3 & 0x80 && (saw_w==1)) {

saw_sw=0;
if(Neft_h) {
left_h=1;
if(!saw_run)
saw_run=1;
else
saw_run=0;
}
}
else {
saw_sw=0;
left_h=0;
}

if(saw_run) {

outQ |=0x80; //SAWING.
saw_tm=25;

if{saw_s) {
if(saw_cnt>=3) {
roll_back=2;
roll_mar=10;
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saw_run=0;

}
}
else
if(length>150) {if(saw_cnt>=3) {saw_run=0;}
}
else {

if(saw_cnt>=2) {

saw_run=0;

}

}

}
if(roll_mar) {roll_mar--;}

if(roll_back) {roll_back--;
outO |=0x04; //back
outO |=0x80; //SAWING.
len =ilen;}

if(out0 & 0x80) {//8r
outO &=0xff; //00000000
outQ &=0xfd;
outO &=0xfe;
outl &=0x1f; //xxoO0O000O
out2 &=0x00; //xxxxxxxO
outl |=0x04;}

out0 &=0xff; //O0000000
outl &=0x1f; //xxoO0000
out2 &=0x01; //xxxxxxxO

iffout0 | outl | out? || saw_tm) {P_in:}
else {P_out;}

e_wrl =~out0;
e_wrZ2 =~outl;

e_wr3 =~out2;

e_dareg= datc;

e_dal = datl;
e_dah = dath;
datc = 0,
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if(outent==0 && outmd) {
sprintf(str,"Wn%02x/%02x/%02x:%02x:%02x",

rtc_hou, rtc_min, rtc_sec,
rtc_mon, rtc_day);
//mputs(str);
}

if(M(outent+ + %6) && outmd!=2) {
sprintf(str,"Wn%02d /%02x %02x %02x %02x/ %02x
%02x %02x L=%04d A=%04d",outcnt/3, inpl, inp2, inp3, inp4, out0, outl,
out2, len, dia);

mputs(str);
}
S40940);
if(ktime)
ktime—-;
else
bfc="";
if(saw_tm)
saw_tm—-;
else
saw_cnt=0;
if(bwsel '= w_sel) {
cur_x=150;
cur_y= 48;
hputs(msg_[9+ w_sel]);
switch(w_sel) {
case 0: press=0; rolls=0;break;
case 1: press=0; rolls=0;break;
case 2: press=0; rolls=0;break;
case 3: press=0; rolls=0;break;
case 4: press=1; rolls=1;break;
}
}
}
bwsel=w_sel;
blsel=]_sel;
} while(1);
}

- 313 -



2AAAS L A% FAAA

AR A EAY (F3) ﬂzl’-ﬂ-g-*l‘ﬂ (F9)

- 314 -



“i*l«’ﬂ 'ﬁ#*l’ﬁ 339)

A Z2AA AG (F9) ks “i*ﬂﬂ A7 (33)

IJ‘i"ﬂl”‘l ’5}"::133‘%' 33) “iﬂ’-l 40374 (33)

=318 =



	굴삭기를 이용한 조재기 개발

	요약문

	목차

	제 1 장 서 론
	제 2 장 조재기 개발

	제 1 절 조재기 개발 내용
	제 2 절 조재기의 개요와 가능 분석
	1. 조재기의 개요
	2. 프로세서의 구조와 기능

	3. 주요 프로세서의 제원과 성능 분석
	4. 프로세서의  개발 목표


	제 3 절 수종별 임목형질 조사
	1. 조사지 개요
	2. 수종별 엄목 특성
	3. 수종별 조사내역

	4. 가지 전단력 시험


	제 4 절 기본차량 선정 및 유압라인 변경제작

	제 5 절 조재기 설계 제작

	1. 조재기 메인 프레임 설계 제작 및 각 기능품 조립

	2. 피드롤러

	3. 쏘우체인부 설계제
작
	4. 절단부 설계제작
	5. 로테이터 설계 제작

	6. 측정장치 설계제작
	7. 기능품 조립


	제 6 절 유압작동

	1. 개요

	2. 작업장치 작동회로

	3. 자업장치 순차작동

	4. 유압회로도


	제 3 장 콘트롤러 설계 및 제작 
	제 1 절 개 요
	제 2 절 측정 및 제어 시스템 (PSC 3α)()A)
	제 3 절 조 작

	제 4 장 장비 성능 및 현지 적용성 시험 
	제 1 절 기능품별 성능시험
	1. 조재기 유압 변화 (무부하시 )
	2 작업중 쏘우 모터의 유량과 유압 변화
	3. 프로세서 작업동안 쏘우 실린더의 유압과 유량 변화
	4. 피드롤러의 유압 및
유량변화
	5. 작업중 피드롤러 실린더의 압축력

	제 2 절 기본차량의 안정성 시험

	1. 평지에서 작용 하중에 따른 전복

	2. 경사 지점에서의 전복
	3. 무게중심 라인의 결정
	4. 무게중심 위치의 높이 결정

	5. 경사지에서의 안정성 검토



	제 5 장 작업 시스템 개발
	제 1 절 개 요 
	제 2 절 프로세서 작업 방법
	1. 프로세서 작업 요령
	2. 프로세서 작업 방법

	제 3 절 프로세서를 이용한 작업시스템
	1. 일반적인 작업시스템

	2. 효율적인 작업시스템


	제 4 절 우리 나라의 프로세서 작업 시스템 구축

	1. 임목수확작업시스템의 현황

	2. 인력 조재작업의 개선

	3. 프로세서를 중심으로 한 임목수확 작업사스템 구축

	제 5 절 작업 능률 및 경제성 분석 

	제 6 장 유지 관리 및 작업 안전
	제 1 절 프로세서의 유지관리
	제 2 절 작업 안전
	1. 일반사항
	2. 작업시 주의 사항



	제 7 장 결론 및 고찰
	참 고 문 현
	부 록

