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SUMMARY

This study was conducted to develop an automatic nutrient- solution
control system and its application technology. Temperature, electronic
conductivity(EC), and pH were selected as control variables. The
nutrient- solution mixing system consisted of a low-cost and precise
metering device, A/DC and microcomputer with a F8680A. The overflow
type metering device was composed of three parts those were supply
pumps, metering cylinders and venturi tube. The usefulness of overflow
type metering device was certified by regression between A and B
device and comparing the amount of discharge. Nutrient- solution system
uses metering device instead of high price metering pumps.

The system controlled electric conductivity(EC) and pH of
nutrient- solution based on the fuzzy logic controller by fuzzy control
algorithm in control and supply routine. Fuzzy controller was certified by
simulation and experiment. Also an experimental cultivation of tomato

was conducted to verify and to improve the developed system.

The major results of the study are summarized as follows.

1. By Measuring of the nutrient- solution state sensors were selected.
Selected sensors were temperature sensor, electronic conductivity sensor,
pH sensor and environmental sensor which were solar radiation sensor,
temperature and humidity sensor.

2. Low-cost and precise metering device which reduced supply error



between A and B liquid was developed. And controller which determine
supply amount and control actuator was developed.

3. A low-cost and precise overflow type metering device was
developed for the automatic nutrient- solution mixing system for small
hydroponic growers. The accuracy of the overflow type metering device
in terms of the FS error was 0.2% by using solenoid valve and flow
control valve together. But two type commercial pump was + 245% and
+ 1.38% FS error respectively.

4. The developed nutrient-solution control system showed = 0.05
mS/cm of deviation from the setting EC value over the experimental
cultivation period. And the deviation from the average values of Ca and
Mg mass content in the several nutrient-solution were 0.5% and 1.8%
respectively.

5. By developing a controller considering EC, pH and environmental
factors, It was possible to wuse fuzzy prediction algorithm in
nutrient- solution system. Fuzzy Inference makes us prediction of EC and
supply amount with better rule-base. and This information can be used
to the automatic nutrient- solution mixing system.

6. Fuzzy Inference makes us control EC. and showed a satisfactory
control performance with the max overshooting of 0.035mS/cm and max

settling time of 15minute within 0.7mS/cm EC error range.
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R

< 3-19>

< 3- 20> . < 3- 21>
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3.4.3.6.

Denviation (%)

3.4.3.6.1.
10
. 10 5 10
< 3-22> 10
1% , 3 2.29%
5T
q I
: * * * * "‘
1 — : _ f'___=
) — = __'_ e SEEEESE——N———N—NN...
=== ———
- |
P ___‘_'_,—n—'t"_ —_—
£ _,_,.___:ﬁ:ﬂ—— .——_'_—_.— =
=t
' Haphoalions
< 3-22>
3.4.3.6.2.
< 3- 23> 2
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Dredatiom (5]

Digcharge ([

AN

)

L]

aan

200

1an

0.2%

Haplication

3- 23>
g 1u 15 20 25
Time (sac)
< 3- 24>
< 3- 24> ,
3- 6>

(R  0.999999

Discharge(g)= 18.59x Time( sec)
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3-6>



3.5.

< 3-8>

3-8>

HANNA | Blue White
(taly) (USA)
9.11% 8.46% 0.48% 0.2%

11
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4.1.
PC
1 10
4.2.
4.2.1.
PC
A/D input/output board AXIOM AX5411 12
16 A/D converter 24 DIO . <
4- 1> AX5411 < 4- 1> PC
< 4- 2>
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4- 1> AX5411

Contents Specification
M anufacturer AXIOM
M odel AX5411
A/D 12 bit, 16 channel, 60kHz
D/A 0 5,5 10V output, 2channel
DIO 24 channel, TTL/DTL compatible
CLOCK 4MHz

a;id al_kali_ lig. A_ lig. B

Yoo o o B o B
» pump| pump | pump | pump

bed
[
*rrYYyY |
water » cylinder filter
: Gk i .
¥ F TYYY :
T mixin e 1 Jisi] ] main 1
valve —» 9 b filter —» sensor—» venturi—» = valve
i tank | | ! 1 pum i
i i
{ valve «
sl
L

main computer

< 4-1> PC
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_ AZolened | & o
Vakel ﬂ, g —0Th 1
!‘J'l ——————o" 0—4&
[ -
MO = o o
»- nod g._"_—
iy
: i - il G 11
et
P —F 7 [ — < DIO
= g
| Belenmd J AD
‘— ~
— T I | I
Solenme 5 i
Wiakvell d— = |—‘ \—‘
Solenad 3 Temp || EC || pH
WalweT ‘ﬁ *
f—_j‘*-. )
\C
< 4- 2>
4.2.2.
< 4-3> , Borland
C/C++
0.1 9.9 mS/cm
+ 0.05 mS/cm
50%
(feedback)
< 4- 4>
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9.9pH

+ 0.2pH
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0.1

10



A=ZEXN: soES

0

Start

@ No»

Watering

Yes «

Metering

) No»
device level

Condensed
nutrient-solution

supply

Yes
A 4

Stirring

>
h 4

EC control

A 4
pH control

Yes

v
Supply

<a¥ 4-3> 49 AF 2d IF

- 69 -
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Start

¥

Measuring EC

J

Supply 50%
of set point

E

Stirring

Y

Measuring EC

¥

Calculate
supply quantity

)

Supply Cond.
nutrient-solution

v

Stirring

EC error < DB

Yes
\ 4
pH control

<29 4-4> Ao} T2aYP9 SN

-70 -
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4.3.

4.3.1.

4.3.2.

4- 6>

4-7>
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4- 5>



4- 6>

- 72 -



4.3.3.

4.3.3.1.
<
24 + 0.05mS/cm
mS/cm 1.4 mS/cm
1.5
1.2
'E"l:_
ﬁrf_l
0.3
0
] 1.2
< 4- 8>
1 500
1.4mS/cm 5000

4- 8>

Time (hri

- 73 -

, 08

(settling time) 15

n.a 1

NETAFIM
<4-9>
2 500
22

1.29 mS/cm



1.6
1.4 |
‘ =
= 121
5
& | - e
Eons | —+—Series 2
0.4 |
=3 > [} [ [} [} [ [ 2 (=]
T £ [T5] (] (¥ (o] L ] Tl =]
— — i i Lo o ] = =T i
Qi)
< 4- 9> NETAFIM
4.3.3.2.
< 4- 10>
24 + 0.2 pH , 6.4pH 6.0 pH
(settling time) 15
NETAFIM < 4- 11>
1 500 2 50
) . 22 6.0 pH
5008 6.1 pH
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o=

5.4

o
=

a1}

h
s}

n
3]

n
=

n
Mo

o

4- 10>

’ ’ o
0.3 0.6
Time (hr)
——
£ - o - ] ]
L ul ] L) o] LCy
— — o o) (5] o

2 (litar]

4-11> NETAFIM
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< 4- 12>

< 4- 12>
4.3.4.
2 < 4- 2>
2.4 % + 0.05mS/cm
< 4-2> 2

Date 10/21 10/28 11/4 11/11 11/18 11/25

EC (mS/cm) 1.385 1.401 1.366 1.391 1.421 1.391
Error (%) 14 0.07 24 0.6 15 0.6
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4- 3> 1 1 12 15 5
9 < 4- 4>
< 4-5 < 4-6> Ca Mg
Ca Mg 05%, 1.8%
0.48 %
< 43>
Leaf | Leaf length, | Leaf width, Stem diameter
Date o L/W
position| (L) (mm) (W) (mm) (mm)
3 54.5 48.2 1.13
1721 4 51.9 46.1 1.13 16.r7
3 55.6 50.1 111
10728 4 52.5 46.3 1.13 17.33
3 56.2 50.7 111
1174 4 53.2 475 1.12 17.73
3 56.6 60.0 1.13
11711 4 53.5 47.7 1.12 17.83
3 56.8 51.1 111
11/18 4 53.7 48.2 111 17.90
3 57.0 51.8 1.10
1125 4 54.0 48.5 111 17.91
< 4- 4>
11/1 | 11/6 | 11/11| 11/16 | 11/21 | 11/26| 12/1 | 12/6 | 12/11
Period
11/5 | 11/10 | 11/15 | 11/20 | 11/25 | 11/30| 12/5 | 12/10 | 12/15
Yield
053 | 0.73 | 1.04 | 114 | 3.06 | 344 | 3.70 | 396 | 4.70
(kg/day)
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< 4-5> Ca
Replication No. 1 2 3
Mass (mg/? ) 162.5 163.8 162.7
Deviation (%) 0.3 0.5 0.2
< 46> Mg
Replication No. 1 2 3
Mass (mg/? ) 50.3 52.0 51.5
Deviation (%) 18 14 0.5

4._4.

PC

100

- 78 -

PC




5.1.
Benoit(1992)
, (1995) EC pH
1996). ,
(1995)
1.1mS/cm ,
1.7mS/cm
2.3mS/cm )
30% EC, pH
T aikichi(1988) EC 1ImS/cm 2mS/cm

EC

- 79 -

EC



(1995)

EC

. EC

2.7mS/cm 2.8mS/cm EC

EC

Boertje(1986)

Sonneveld (1980)

EC 2.5mS/cm

EC 0.2mS/cm 1.5mS/cm

EC 2.5mS/cm

1.7mS/cm 2.2mS/cm

3.0mS/cm

- 80 -

EC

EC



(1984)

(1997)

1

Gieling(1988)

EC

5.2.

5.2.1.

40k Lux

10 15

70kL ux

- 81 -

20

10

70kL ux

EC, pH

EC

18



EC

5.2.2.
W ent(1994)
266 ,
28
, 3 5
5.2.3.
, Bakker(1990)
65%, 60%
5.2.4.

- 82 -

EC

17

20

23

17

16

23



5.2.5.

20%
5.2.6. pH

pH
Schwarz(1995)

55 6.5
5.2.7.

EC
, 1.8 2.0mS/cm,
1.5 2.0mS/cm

2.0mS/cm, 2.0 3.0mS/cm

- 83 -

pH

, COz ,

pH

1.7mS/cm

2.5mS/cm

15



5.3.

5.3.1.

4 20mA 2
, 16 2 A/D
5.3.2.
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5.3.2.1.

(Pt- 100)
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4 .4
2
KH- 2110
0.1 + 0.1
4 20mA (< 51> ).
5 1>
Specifications T emperature
M anufacturer KONICS Co.
Range - 200 600
Resolution 0.1
A ccuracy + 0.1
Sensoring type Resistance detector
Output 4 20

5.3.2.2.

- 86 -




HANNA

H1943500

(< 52> ). 0 19.99 mS/cm
0.01 mS/cm, 4 20mA
< 52
Specifications EC
M anufacturer HANNA Inst.
Range 0 19.99 mS/cm
Resolution 0.02 mS/cm
A ccuracy + 2% FS
Sensoring type Impedance type
Output 4 20

5-1>




5.3.2.3.

pH H H
(reference electrode) (glass electrode)
< 5- 2>
Reference File H
< 5- 2>
HANNA H18710
14 pH 0.01 pH, + 0.02 pH
20mA (< 53 ).

- 88 -



5-3>

Specifications pH
M anufacturer HANNA Inst.
Range 0 14 pH
Resolution 0.01 pH
A ccuracy + 0.02 pH
Sensoring type Combination electrode type
Output 4 20
5.3.2.4.
(level)
(< 54 )
5-4>
(float),




stainless

<

5-3>

probe
tantalum hastelloy
oo
| : :
: !
Wit g
H
g
5- 3>

- 90 -

probe



5.3.3.

5.3.3.1.
5.3.3.1.1.
( ) (Photoconductive) , (Photovoltaic)
, (Photoemissive) ,
5.3.3.1.2.
NPN (epitaxial) P
, (emitter), (collector)
1 ( ) 1
< 5-4>
< 55> , 4 20mA
CRN- 96R

- 0] -



5- 6>

-M'l q.'l 2= ol o] B
] Al
lg] Si0;
s off ) i} 4 &
n-i-
e
l S
= ) ¥
< 5- 4>
5- 5>
Type Photovoltaic detector
Range 280 2,800 nm
T emperature -15 +50
Wire Length 15m
5- 6>
Ampere 4 20mA DC
Output
Solar Energy 0 1500 W/m2
Dimension 96(W)x 96(H)x 146(D)
Source AC 110/220V
5.3.3.2. -

PT 100 RTD

Pt- 100 ,

- 92 -



(kg/kg'),

(g/my),

(%RH)
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5.4.

5.4.1.

- 94 -



5.4.1.1.

FAX ,

25

- 05 -

IF-THEN

30

production

crisp

rule



5.4.1.2.

(label)

5-9> < 5- 10>

< 5-7>

5-7>

5-6> < 5-8>

Low Medium High

Low Medium High

Low Medium High

Seed Culture Harvest

EC

VLow Low Medium High VHigh

Low Medium High
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Solar Radiation (Wh/m

4

o
50

Relative Humidity (%)

5-7>

5- 5>
\K\ //\\'\N /"f
\\. ; M
\._\ //'K \'*\ f/
X X,
// \\‘ i x\
/j \\'\ /Z/ X LY
/r" l"'&/ Y
12 26 38
Temperature (1T}
5- 6>
f,.—"’ //
—
R 5,
P X
.f”f P /
S, i s
.
65 100



R
X ?ﬁ//
\> 4
A By
i~ S
0 70 112 175
Growth Period { day )
< 5-8>
'y
-
112 13 14 2.0 2.8
E.C. {mSfcm)
< 5-9>

600 1000 1200 1500
Supply Amount ( mil )

< 5- 10>
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5.4.1.3.

[IF ( , antecedent) THEN
( , consequent)]  production rule
3, 4,
2 9
9 production form < 5- 8>
1LIF [ “High"] THEN [Supply- amount "High"]
2. 1F [ “High"] THEN [EC "VLow”

& Supply-amount "High"]

3. 1F [ “Low"] THEN [Supply-amount "High"]

4. 1IF [ “Medium”] THEN [Supply- amount "Medium"]
5 1F [ “High"] THEN [Supply- amount "Low"]

6. IF [ “Medium"] THEN [EC "Medium"

& Supply-amount "Medium"]

7.1F [ “Seed"] THEN [EC "Medium"]
8. IF [ “Culture”] THEN [EC "VHigh"]
9. IF [ “Harvest"] THEN [EC "High"]
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<

5- 8>

Temperature

Radiation

Solar

Relative

Humidity

Growth
Period

EC

Supply

amount

L

M

H

L

M| H

S| C|H|JVL| L | M

VH

L

M

R 1]

L M H

R 2|

R 3]

R 4]

R 5]

-

R 6]

R 7]

R 8]

R 9]

F-

H

5.4.2.

5.4.2.1.

5.4.2.2.

9

(trial and error)
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singleton . < 5-11> < 5- 12>

, < 5- 13>
'
1
0 =
0 0.5
e (mS/cm)
< 5-11>
A
1
0 -
0 0.3 0.5 0.8 1.0
2 e (mS/em)
< 5-12>

- 101 -



0 -
2 b 16 16 18
Time
5- 13>
5.4.2.3.
9 <
5- 9>
< 509>
e e supply time
EL | EM | EH |EEL |[EEM|EEH| t1 t2 t3 t4 t5

-

A0V |A0\0| 00|00
OO N 0D WN|E
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5.4.3.

3 L
< 5- 14>
Cri=mp In::lJti:D&lezzlflclatI-n-n
+ Crasim
Firag
Irmpuat +
Nlerm bherrsdibua=s=siTic ot oorr prormm—a
Furmncticomn=s: st st
Tt vakues li— W= ke
l Furmaciki
Fhd 1
Fuz=y Injshits i
Ceowvriee Migsy
cwdpuds for amch
czenmgues] el
ol = —p o I

l

Cri=mp Output=

i =T1N]

(fuzzy set)

(fuzzy distribution)

(defuzzification)

(center of

gravity, COG)
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MOM (mean of maxima)

COG

COG

< 5-1>

‘\Lgu (x- f(x))dx
X = — L
% f (x)dx
) xeu <
‘i.lexl i A
= n
, X; = recommended value
X', = [Pi.; Pi] COG
A = [Pi.1 Pyl
U = universe of discourse
n =
< 5- 15> COG

- 104 -
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o

Membership

¥3 xd
2,333 3m7 5.500 6333

w1 X

< 5-15> COG

Al A<

1.0, 16, 0.6, 0.3 < 52

X' = 2.333x 1.0+ 3.917x 1.6+ 5.5x 0.6+ 6.333x 0.3
1.0+ 1.6+ 0.6+ 0.3

= 3.943

< 5-2>
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5.4.4.

< 5- 16>
|/.- ; ..'h
| Start )
Initialize contraller
___-r-"ﬁi.h""---______autnrnsfic = Acoumulate
e T i solution
Count ++ -i—l"h—.-::l:,.:‘hgljnt = ?i_:'ﬁ:-‘

manual

T

EC sansor input

T

Determine set point

—EC

'

o

- supply amaount

by fuzzy inference

Mo

e ~
f,.xC’urrent EC =
. SetEC -

L
-

yes

Waiting supply time

<

= ey

I

Determine supply
condense
nutrient—solution by

fuzzy inference

'

1]
Supply condense
rutrient—-solution

Mo

'

_.-"'"- - z
_.-"'"- L"‘-\_
es _~Current EC =™~

~._ SetEC -
L -

= I

i
e

5- 16>
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5.5.

5.5.1.

5.5.1.1.

5.5.1.2.
Embedded Controller, Keymatrix, ADC
transmitter

(Embedded controller)

PC 486, Pentium 8bit CPU
, 32bit CPU
AlS, , Application

- 107 -

PC
, LCD, Sensor
Single Board



V40, V25 CPU IBM-PC

100%
PC86- single board PC
< 510>
< 510>
M anufacturer TURSystem (KOREA)
CPU F8680A- 3MIPS (Chips&T echnology, USA)
Operating System ROM-DOS 6.22
Graphic CGA Graphic Controller
COM RS- 232, RS- 422, RS- 485
RAM 640 Main Memory
Standard XT keyboard Interface + 64key
Keyboard Interface
matrix
SIZE 189(H)x 120(V)

8x 8 keymatrix XT keyboard QWERTY
A Z 26 alphabet key F1 F8 8 function key,
, , , 4 direction key, 0 9 10 numeric key
enter, back space, space bar, shift control key
keymatrix
, ROM-DOS

< 5-17>  keymatrix

- 108 -



| © | @ ® | ® | ®|® |0 |0®
@ |2 |8 |e 0|e|@=o|a
2 |EB|@ |6 0|0 (0|0 |8
0|0 |[0[® ® @j==mn @]
) | Bl ol mn B O[] | &)
©10| @9 8 @ 8B|0)] |8
@ | & [ 8 B ] @] =
0D 8 B 0[8 = |9)|
B |06 | @ @B 8|6 =) <
< 5-17> 8x 8 keymatrix
AD
L L 4
2 6 AD
: 1 DI . 8
DO 8 AD
5-11>
< 511> AD
M anufacturer ADLink Technology Inc.,
M odel ACLS8111
Type successive approximation
Resolution 12- bit
+ 5V .+ 25V, £ 1.25V,
Input Range
A/D + 0.625V ,+ 0.3125V
Conversion
25U sec
Time
Accuracy 0.015% of reading = 1 Bit LSB
DIO 16T TL compatible inputs & outputs
640x 200 LCD

LCD
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14pin  CGA

monitor connector CPU PC86

AD PC86 ISA 4 BUS-Slot AD PC86

DATA, CONTROL, ADDRESSING

< 5-18>  FB8680A, LCD, Sensor, ADC, Relay, SSR

< 5- 19>
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SENSOR

Sofar Radiaban

ACLET11 A/DC

(e}

5-18>

AD

ACLE

oo Reard

CACL 318

Lis

=]

O/1 Eoao RE 757

m T R

<

5- 19>

& gf=lan=ag

% “valve 1

e
._E_‘.IHI !
P v

I n_Tl_"“T_E solancil

% Yalve 3

- Eﬂ'].tl'l.'\.l.
WValuwe 3

Hvarve o
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5.5.2.

5.5.2.1.

< 5- 21>

< 5- 20>
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5.5.2.2.

PVC

, < 5- 22> )

gttt | Cerhoot w 0%
T Saltling lime = 19 men

4.. ...............................

o

D & 10 15 20 25 30 85 40 45 50
Time (min)

< 5- 22>

< 5- 23>
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PR CCCEFRRDICET OO OOO
CE-X-R-E-E-E-X-H. 0020 F-E-F- L R B N R L L h ko
BRSO OOORROOO000BSE0BBODD
R T T R TR LR R
LER R R R L Ll
GEEFOSSRFFEFHFOHDORED ORI R O OO
EEFERT-E-E-T-E-EEEX-E-E-X-E-EN-NNEEELEL R
(FXE R R R RS R R R R0 R-R- k-
BB EEE00000000000BO0ERDODEED

o

SHU—apal

EU!M

.U.I""-'-.-.." TeooSoEoo

To Hest
[IIIILIT]
51 5B ANALOG SIG

5- 23>

5.5.2.3.

LCD

keymatrix

5- 25>

5- 24>, <

<
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< 5- 25>
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5.5.2.4.

1 ’ 1 A
, B , A , B , ON- OFF
< 5-26>, < 5- 27> 640% 200
LCD ,
< 5- 26> , < 5- 27>
[ AR EANES ey F)
Mafalzb ¢ 1445084k S5 IF01F £ IEAC] EC: 1.40 Als]Hg]: [+--10.05
S EEAZF - 1aR(FZ AT 430 WAEC:1 SOmSeom | 12:30:17815:16:15016:10: 180
F%9 =] F5417: 0.00sec o] TEC:1.50n5on
ajz| o2 BC: 1.50 BZEF :1701liter
P == PRI me
; = M [ | +E 21 T
_— T (e AR
L n_n i s sl PN
e e R

< 5- 26>
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oql'-nn'l_‘{} ijﬂ*lﬁ.ﬂl
R} 144150 BAO

Bl AR EC c1.50

g
g

ERS ki

D (F01E R IESC] EC: 1.40 Aﬂo}“‘ : [+-10.05
Edg.

bzl 7ok M8 17:30:12015: 18 15016 10 100

L —J odape 2 N/n"2
g — |_| Dr D ' | P
— +E 21 "
— 7 T e TR
p— HHFFA [FE_17 =
it o o e e s R PR
< 5- 27>
5.5.3.
5.5.3.1.
5.5.3.1.1.
< 5- 28> 3Wh/mz, 70
, 28 50 , 30% 100%
y X y y
: (50 )
(30%) 1405 , (28 )
(100%) 1179
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<

Sy amount (mil)

<

226

5- 28>

5.56.3.1.2.

5- 30>

5- 29>

humidity [ %)

- 118 -

100 23

temparature ('G)

5- 29>




solar {Whi/m2)

< 5- 29>

solar {Wh/m2)

< 5- 30>

5

0

growth pariod (day}

growth period {day)

119 -

E.C. im&/cm

E.Z. fmSfem



5.5.3.2.

5 , 02 mS/cm

15 , 1.0 mS/cm

< 5- 31>
0.7 mS/cm

mS/cm

EC {m3/cm)
T :

1 IR

0.0
0.8
a.7
0.6
0.5

0.4 |
0.3 J
o

5- 31>

0.7 mS/cm

10 , 0.3 mS/cm

20 , 1.3 mS/cm

(1.0 mS/cm)

15 ,

GO0 i
tme [s=c)

0.7mS/cm
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0.1ImS/cm

0.7 mS/cm

25

(0.3 mS/cm)

fime [==c)
VSRR

e

16

0.015



<

5- 32>

Faring Tima fmin)

, 0.ImS/cm 0.7mS/cm
15 , 0.035mS/cm
an
28
i /
in /
i

< 5- 32>
< 5- 33>
5- 34>

a8 0.2
EC difterarcs {m3fom]

. < 5- 34>
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o% Wi
{1Dt‘.- ] : 1(:7:55?1I
* i """"'lq.-a Qo0

Hurmichty
20 800
il 00
&0 a0
) 50
40 7 400
Solar radiation
X 30
Temperature h
2 [EVAY, ;\;(_\w X0
Q ! ! ‘ ‘ 0
11:0000 12000 130000 14:.00:00 150000 16.00:00
< 5- 33> , ,
ggen i
VN
1 1040
1.5
1 1080
1.0
1 1020
05 Px
1 10
00 ; : : 1000
11:00:00 12000000 1300000 1400000 150000 e
< 5-34> 3
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5.6.
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+ 0.06 , + 0.08mS/cm, * 0.08pH
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9.11%, 8.46%

, (R2  0.9999
0.48%
: (R9)
0.9999
0.2%
2
+1 + 0.05 mS/cm, + 0.2pH
15 . ,
2 1
1.4mS/cm 500¢ 1.29mS/cm,
6.0pH 5008 6.1pH

+ 0.05mS/cm
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0.035mS/cm 15
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11.

12.

13

. 1997.
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, . 1991.
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. 1997.
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. 1995.

. 1988.
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. 1992
. 1991. ().
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. A. Araya, H. Oritz, E Van der Meer and A. Torres. 1991. Automation
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