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ABSTRACT

The effectiveness of many greenhouse environment control methodologies depends on the growth information of
crops. Acquisition of the growth information of crops requires a non-invasive and continuous monitoring method.
Corp growth monitoring system using digital imaging technique was developed to conduct non-destructive and
intact plant growth analyses. The monitoring system automatically measures crop growth information and sends an
appropriate control signal to the nutrient solution supplying system. To develop the monitoring system, a linear
model that explains the relationship between the fresh weight and the top projected leaf area of a lettuce plant was
developed from an experiment. The monitoring system was evaluated by successive lettuce growing experiments.
Results of the experiments showed that the developed system could estimate the fresh weight of lettuce from a
lettuce image by using the linear model and generate an EC control signal according to the lettuce growth stage.

Z @ g-0](Key Words): %4+ 2(Image processing), 2+ 4§ 3(Crop growth), 23 2+ 7+ Al (Growth monitoring)

1. M g 2E setalm o]g 24 §7 Aold] WP} &
A @73 AoE FE Ao %A 2ot 2&He
REAY AAY FAEL 2HFY Q0 Wt B 2ITF AT
AGHoz JAT F At LAAFTH A2 # g0 A% A4S e AW 84 AoE
& A7} Bol AT Yok ol F A AFF  olFV] ANAE ANFTA FE FELS Bo=
NAHME 9% 8749 A%g 20D ZFEA Y A P Yoz e A3 FF ART HF
% AR 8BRS AFE7) Hako] Ao FAE o) stoiok Bk 2AF Al Wt 5 %A vAE,
g3 o] RABBAY BE, &5, FF, gAY ¢ vngAoz A2 WL A= W T &
3 55 55 2& #7 2258 Aoz 2d8 vz A A Ves 5 A
3 9Tt FAAY 712 2P AFAEC g3t HE F
ZEL Zo9 §AS VA B33y i, A9 53, AE FEY FE 53, ¥ 2N
&4 87 Aol FAS olgst] &4 §3e =2 Tl 4F¥H2=2 o] 8Ho] Stk Meyers} Davison
2 o) o Ao ZEo) A Aele] ¥ (198N AFFA A AT e F HEA YR

N

ol =22 19974 #ZEAFAT FRAA A7 o) Jsto ATH AE (1997-001-G0000S).
*ALUSEL ASHAZRR BANNALT

—25—



AZER71AGHA 24P A1z 1999 29

786}71 HAste] A FAE ol &R
£ olgdle] 3% FU WA} AL °
717)(LiCor 3000)Z &3¢ U9 @3 Alo]
23 AR = 0997 A& Ro= Ve
Storlie 5-(1989)9) AT AFANME F4A
N E o] &3t FHE S5 4 HAF Y
A &3 7] 7}(LiCor 3000)i 23% o d3 A}
AEEA éiﬂﬂ} Roz zAHAL, 4
A2 & o “‘*‘3} BAF 2 AFF Aol
= A% —.°J &7417} Ae Aoz FAHEIH
Lings} Ruzhitsky(1992)= LA oA 9 EvtE AuliA]
AFAZ1S AR E 53 #EY 2&4E 0171 4
ato] YA 71g ol &3t A& At v
EnE 2FE A¥de dT7E FRAUR.
A7 Ao =W EntE 2FY 83 A%
BHE EA e BELE ARFY 49y A
59 4E8 Hojzt A7 Fo8 A5 ez 1}
E}wkth 3 Hatou 5-(1995)2 ¥ A uiA] HAY st
EvtE] ¥ E F4AEg AENMNLEE ol &
ato] @i ste S A

olg} Zo] AES G4 FHE 0|83t JE &
E9 A E motaty] 9 AT 5o +8H A
A ol 7kA] FE TR DAL E2 A%
deol B3 FRE A4A R SRt 24 37
Aoje] o] g% AT ol B FEH. F4AH
71eg vEeR 3 AE AL SHZA G o2
HE 2 FE 4o B RE Fndte] 24
B73E Aojste 24ER AFAE e &4
Aol o] geittd Bk A & FES 5830
A2 ezt gddn

&2 dFoA e ZEY A A mat 4
o #74E ALAHOE Ao F v FEHL 2
A AAAN AR ALY d#oE, FAHE o) &3
o ugnHoz E AFE FFET F AE FA
¢} o] FANZRE Poiz FAE AF ARE o) &3
o ¥ FTEE A & F UE
FAE MEsAct. A9 Ads st AP A
T3, 1998)cll A A E 43 4 FFUE BS
LHAA, 4F Y BF dHACE A5 A
AFE d5st:s 292 F38 F ol AF3HA
ok K3 o 7HA gE AW 2dsteA Y FE9

oo g

1o Hir
i Q rlo %

H“

__g,oz._%opﬂ_u&ﬂ.zmlo
o 2

¥ 24 FF

e AEHOE PNT 5 YES 4 YA
9 ol % AR E Frheo0, 95Y I
A0 BAHe) 259 el Het FAY BE
g A502 2AY & UST Sgch A7 7A
H 2L 43 22 4% YU 94 A
olgato] sk H o2 £Yshm o] FRE ol
o 2% Ta 4% Ul e ALY TR F
Ag B B 5 UL I 2A TF INE AL

e Ao
2. B U

2 ATANE HE T 94 YU —s—@,s}oa
Age 3%E ABsE 48 454 5
of FAZRE FYY A 47 B 731—
olgatel A% Fe 43 Al Het 7] e
2 FAe FFE 4 U FY 2A FAE A
Ssgc e 48 A5 533N 4%
Brhe Ad7 Folshn A8710) e WAT A
FEENE FAALE Ao SR

7t &2 Y e SZ A

g AAE 33 A€ Jtdet ol 2 A

B, Q4R U BN, 4T 2FE oW,

stelet olF A& A4S 5T FE TH A=
CCD 7tua&b(JVC, TK-1270U)E o] FA 7= AT
s oz go) Im A FEE AMREAL
o, ¢FuE &2 AANRE o] &3l HE Auz
ZHEH 1.5m g% XBx3tgct. CCD gt 2 ¥
FEE Y g FE FEY oldra IS
FAAE 94 BEHEE T F FFHBM
Compatible PC, Pentium 133MHz)o] A4 X €. F44* &
HIE(Matrox, Meteor)ol] &]3le] 7F2 640 3 M=
480 329 SAr=el 256 @A ¥l ARE A=
0x F4oz gdd OAd gz Agd
B ety a2 34 e 4 24 A4S AA A
F EAFAN FE AF B JRE FEeHE
o] g€t 19 14 E QR FAZAY 74
ZE vE stk

—26—



AAARE o4& A5 2AAMY FE AT Fe et 2 AT

Camera
— 1 -
D — Transfer Unit
=
CCD Camera
[F)| Transter
“| Control Unit

-

O i

Imaging Board Personal Computer
Image Automatic
Processing and Growth
Analysis Measurement

Fig. 1 Schematic diagram of the growth
measuring system.
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Fig. 2 Flow chart of automatic measurement
of crop growth by image processing.
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Step 1. Calculate the mean grey level (T,) of
an image g with m rows and n columns
gi,j)fori=1,m j=1,n
T, =T, + g )
T=T,/(m X n)
Set the initial threshold (T)
T=Tm
Calculate the average grey level of
both the background (T,) and the
objects (T,)
gi,jJfori=1L,m j=1n
iflgi,j) > =T)
T,= T, + gl j)
N,=N, +1

Step 2.

Step 3.

else
T,=T, + g, )
N, =N, +1
T,=T,/N, T, =T,/N,
Step 4. Recompute the threshold
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T,=(T, +T)/2
Step 5. Compare the recomputed threshold
with the previous threshold

if (T,=T)
SetT=T,
Stop

else

Repeat step 3 —5
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Fig. 3 Schematic diagram of the nutrient-
solution control system.
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Fig. 4 Relationship between average leaf
area and fresh weight of lettuce.
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Fig. 5 Relationship between estimated fresh
weight (g) and measured fresh weight
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Fig. 6 Performance of the nutrient-solution
control system.
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