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Development of Computer Measurement and Control System
for Plant Growth Responses
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Summary

This study was conducted to develop the on-line monitoring system for plant growth responses. The system con-
sisted of two parts. One system was the measuring system and the other was its controlling system. The established
measuring systems were the ultrasonic wave sensor driver for height of plant, the potentiometer for diameter of
plant stem, and the weighing system with strain gage application for plant weight. Also, computer program for mea-
surement and controlling was developed, and the whole system was tested by the fabricated plant, and the actual
plant growth responses were monitored by the system. When monitoring the actual plant growth responses, even

the small amount of plant growth resposes could be measured by the system within tolerable error ranges.
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Fig. 1. Schematic and block diagram of the experimental equipment.
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Fig. 2. Arrangement of measuring system for plant growth responses.
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Table 1. Specifications of measuring system for plant growth responses

Items Specifications

Remark

Micro-computer

32bit, CPU 2MB memory
(with 100MB Hard disk)

Model 386-DX

A/D converter

16 channels, resolution 12bit
conversion time, 25 ps

PCL-712

Dynamic strain

6 channels, 2V excitation

Kyowa, CO-50ET

Amplifier

AVR 220V input, 110V output, 2kW JEA IL CHUNG MIL CO.
Digital storage 12 MHz

Os%:illoscopeg 5mV/DIV~10V/DIV FARNELL

Bridge Box - Kyowa/DB 120

Solenoid valve AC 220V, 60 Hz USEONG

Potentiometer 5kQ Kyowa

Utrasonic sensor

Frequency 40 kHz

driver

I/0 interface card 3 port(8bit/port)

Terminal board 20 channal Model PCLD-780
Pump AC 110V, 40W, 1500 I/h Gold star
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Fig. 3. Height measuring principle by ultrasonic wave.
T WEE AER FERE B BAd EE

3L, R st AAZke] A D& Helshd o=
022 5, oo} R(iEWE ¥ TAse BEE 2



Witpel LJTRE ST 13 HFE M B A g

29 g 7ol smme} 3A 5mme] AZE YA
BEEolA Tzt Aste A17H 14.7usec?t B0 B
Ko} #fko ot FEY Bbe, K RES Bt}
15°~30° L Fif o] #1t= 340.84~349.59m/s ]t
g2t REE 878m o, BEFHKS & 271 5mm
£ A3l AzH14.7psec) ol @ #EEE 0.000129
m7} 53l 60cm e Ao ¢ 0.00155m7} ©et 18
D2 PEREEST 60cm o]0l L RS MetEo) 2
Aoty Fifol WA RES BES FAAE €
Aoltt.

kA AiEHEE FE PAE e BEES AEBE
68.027kHz °| 3 EHFH7} ol WALH ] Eole=
AZEEQ S AHEEE ¢ £ 22 st 1 BEEY
FE HEESEZN A D & 78 ¢ Jh ER b
£ gl A AAM7Ae Az Dol A DE W 3ol &
k.

BERE 151K ARV 2E7% 371504
BE7H AANEZ g AEEgd e At A
oholx BapRo) FobP whEbA o7IME 40kHz4
MeEbe B 232 (MAELIR/S) & AH8-8t Tt

#AFE 9 CPUYN A 1/0 boardE %3t +5 volt 9
B EHE BERAN BYREEN T8 /1B
A 2N 40kHzS) B2E whEo] E2%(pulse
train) A EIEENA 16709 ©&3E Adlo], $44
H YL (transmit buffer AMP) ol A &8 I X8
oM BERE ZEH A0 RIA HE} 2E
FHKE ZEHE ZES A e d oy o] %5
B R4HEE F34 Z (frequency AMP) ofl A 1R 5
1 3o]s) 2B E (high pass filter) & AX FERAL
(wave modulation) ol 4] opg 21 215 & YA E B
2 sl IREH T (binary counter) & Bzt
BSREHRIAI N HAE £58 AZtoz RE dHA
uhAl g7} E Eole AIZHe Ttk o 7IA B B
S 913k Elolmie 10.233 MHz o) Kéh 23
718 AT

I dolHe EHEEE W YAHdo2 AR
ol CPUZ ¥ HolHE golEolgte BFY 0
VoltZ 1/0 interface cardE 53} AlA EHEERZ W
BUA 5% 2 dlo]E E Parallel cable® 53 AN
port2 FEH 1/0 interface card ] IC, 825549 A
port2 dlolEl7} W@ 2 A F¥ o), Data busE &3]

CPUZ fiiZS o] FfThdl Hilll Z2a 23lq
HEY £k dolgz d# Hol AFH| = A
}g E}_‘SJ,Q. 10,12,14)

C}. @ 27| EEEH

Bl ERE HRer] 18ty 2719 ek
DB & AMg3lon, AHEE AN E S K]
22 &7 HES BN BMLE AU BRA
AF7) 5t 19 4ol A9} 22 E7IBER SHUKE
£ sttt =¢ THavE)o EgEidl F3e
BEE BG5S 7teodd ol ftifEpel BEESHE
£ 37] f8td Fhe BFRES AMR3te] Xl
Bo] [Migihe (FZEo 2 Mg AA Foad 383
ERE Y & UAEE StAch 44 EdsnH
o 5|ine BEL 4 Volt(—2~+2 Volt)o]9] EEE
HEsE G T BRAS FEEE 3te
EWE Td4vE HEE 2o

oA g EE ] Wile 7 XdanEe BEXQ
BROY EHE ilE] JZE F3tY 5X100ue
H) 2 o] A/D Bifiscl M o2 (535 UA
9 E9E BHAK R, o] ghe ol v BEEFRE o3ty
et el oste] dAle goz Y ¥
AFE FEed.

1. Potentioueter

2, Electric sagnel
3. o8 for dia,sersaring
{ Nat

Fig. 4. Schematic diagram of measuring system for

plant stem diameter.

2}, el EME EA
9 59 2L fEth I ES AW ANE WEkE
£ HFsldh TPol A o o) P AES Hehe
THR Ao 2EHA AAE HEdd HEde
frpe) HHE 428 s, ARES AET e ¥



FEFA71A%EA 218 A Al 1.5 19939 3¢9

22 REE KGR TRAEE B9 T ARES B
EY T U=E ST 2EHQA AolA HEME
T RS (o] e Fo 2 FH SRR el
o 2/3 H& 39 ET@EeIch

fE¥pel £8E O 2 ote] ZEH A Aol Aol A #
Asle okd2I Fie Y=o} AD BHARE AA
Aol ANE3 FAd RUE ol e AIRE AE
Agago) 2egoz FANE 4 = 3.

—=B 35

D Strain gages
@ Plant supporting
plate

@ Growth tank

Fig. 5. Plant supporting plate with strain gage.

AREE S Sl BES BRES BRKEAX
w31 oF 20879 Fol £HES GRS HE
B Ezayde FiTHY HMERT Alh REg
B #10 Bxe] Y ol(solid state relay) 2 EHES]
o] Ay 1 29} FxE 27 FaAA Al MK
ez #)EsHA gk

2. BIAIAE RE

71 R HEHE

EWES e ve BRS BXAE 280 4
tholw 1g 19 HE 2 EFRE 1,28 HHEHR
HEs7 st HEEE 2 /0 e 2= E
mfFstgch Z2 oMo FTHA QHH= FH=g
IC 8255A9] A port® B3t X ¥ HFRM 128
sl (257 MR o] B2 H 2= 2
8l o) 5 (solid state relays) & fF#)A|A HZ 2 B2
B 128 BfF9ES SN

Y 1904 B vpehgto] Hil Al 2"l FHlE 8

Wl #44) 9YPHE Qe AUy
M2 MRS KRS BEZ 4F 0%
lghs RGOl A gt ol WApE Y
of HifkW ) £5E HIETTH HIES HHsn
@5 AZN 18 9P YU iRt ERRG
Bl 919 RS ROkl kA ALk el K
(17t Bel7 (gl 029 AREY 18 SR,
AR ot dYNHZ HES gt AR 2
£ RN KIS 98 IR RANTE o
%3 S0, £ HEiko] $5 KM (growth tank) 1 A
WAL Ae ASY Hakel A0lE 2947 (imit
switch) & FB 8ol 5T e) 99 Kbirol BEshol
S AAun 1, 28 A Bl

Ll 7] AES Ast TWAS i

B i 27l ) Tl hvE 2 B Bo] fE
o) E7 R HgEIAE < b, ol of Effo] IERE
A PIEH A EEWER Bol #tRfEpe E710)
EE S olof ), o) HAE a|H 3] $3ke 2
el BRAE AHEEIHen, o] B AES X84
Bol fiEH sl EEMESEE) 7] $¥o2
Gl Z7]o] BHHLE ste 9ES du).

Z7|EE FHEEHol {9 T2l of st i
f545E 712 CPUS 539 1/0 inteface card®] A
port%9] ¢ o Xel4vE HEEER Ry
A A, o] flEEHe Wl Beo LEAEZ (pho-
tocoupler) & EjfEA A I 110 volt7t E 29} tho]
& HaAo| ofsta] EikZ WRE 24 volt BES
BELEE 39 o) 24 volts] EBEo| EBWRES (FH
3 ok

3 EHE A HIE =20l MR

e £ RERE FEHE(real time) HH L2 &
2kl stastyt A e, A€ FHBlEko] S @
o) QA M3 BR, E/EE 3 £H8E g
EHRE s e 249 AXE i, Egstae o
O HE WEINE FE AFEH ZT2aPe] Fash

uetd & Bl E 6 A et AEBE#RE SR
o] g5 2 AZbE g SHE dolHE HFH
g, T3 #igel 3§, BENRY S1EE M



fidp el it S-S 919 A e SR R A= A

MEASURING TIME SET

/

MEASURING TIME MONITORING

DATA filename SET @

DIAMMETER —®
WEIGHT —©

DATA OUTPUT in Screen

DATA OUTPUT in Printer

M=1
DATE, TIME RESET
M=2
MEASURING TEST
M=3
» DATA VIEW
M=4
DATA PRINT
M=5
» DOS SHELL
M=6
> EXIT
4
STOP

Fig. 6. Flow chart of controlling and measuring program for plant growth reponses.
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Fig. 7. continued.
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Fig. 7. Daily average plant height by the computer

measurement system.

Table 2. The results of statistical analysis for difference between experimental and actual measurement

value
Items Hypothesis |Mean of di’s .D. ABS Comparison | Significiant
Ho D Ss/v/N | t=D/(Sp/y/N) tos2 Difference
. lln* =0 . -
Height 0.1143 0.0911 1.2548 NO
8 (H; © un0)
=0
Diameter |5 . 0.0979 0.1064 0.9205 2.4470 NO
(Hl . llu;t())
. up=0
Weight 0.2843 0.1183 2.4032 NO
g (Hl : l.ll)rﬁ())
NOTE :

* I up=w— W, M - Mean of experimental value, y; - Mean of actual measurement value

* % 5% significant level
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