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Tomato Growth Rate Measurement System
Using Image Processing

Kangsub Kim®, Youngki Hong®, Hyunjong Kim", Gookhwan Kim",
Kyoungchul Kim®, Meonghun Lee’

el el HjE FAL Folis RIS Fasih AvhEge AWEA|ES o8 BabEel A% 3
HAHo2 G5k o) setERE olgslel AN F7ish FAS] A5 ol AL w5
29 5 glck B EReldE oael W gl mrhes] A%eke 4, o olgal Aol
uhesl Aok ol Behe Ao she AsHE TEUT: Erhe A% 54 Asue] AZE HSV 4
4 BAE olgal A Wl Ageka, o] WS Al BelUsh A% AAE Fa Y ANE A,
B AASE 39 2 Al AL, 22 42 2 1 e et 4% she g Agsl]

[e]

mlo o

FIYE  AMXZ|, EOIE, M2t &Axod
Key Words : Image Processing, Tomato, Growth Rate, Reference Model

ABSTRACT

It is important to improve the quality of agriculturally produced crops. Smart Farm is an agricultural system
that optimally maintains the growth environment of crops using information and communication technology (ICT).
Using smart farms, time and labor can be reduced by increasing production and increasing quality. In this paper,
we use a Image processing technique to measure the growth rate of tomato, and use this to build a system that
automatically determines whether crops are growing correctly. The step of Tomato Growth Measurement System
are using HSV color model to specify a color range, detecting the object through blurring and noise reduction,
and the growth length is calculated from the detected objects. In addition, a number of experiments are
conducted to find the optimum reference, which plays an important role in calculating the growth length. In the
future, if the measurement system is further developed based on data acquired in various environments and crops,

it will be a more robust measurement system in agricultural environments.
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Fig. 1 Existing growth rate measurement system
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Fig. 4. Original, red extraction, gray conversion image
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B 4. 9 AF At el e e
Table 4. Increase and decrease rates according
to the method of calculating the diameter of the circle

AEs | AEE A | e 247
1-1 10.83% 5.11% 4.99%
1-2 7.04% 5.36% 5.36%
10-1 5.02% 6.05% 6.05%
102 4.42% 3.44% 3.44%
11-1 5.04% 4.63% 4.63%
g : J 112 2.19% 2.36% 2.36%
- ¢ " 12-1 23.04% 5.70% 5.70%
T8 15, Aol w2 Agel digk A (A ) 12-2 - - -
Fig. 15. Experimental image according to color (red 13-1 0.65% 1.42% 1.42%
sphere)
132 - - -
o2 AEEr 7o ou|E 7xic) 1229} 132 F 14-1 14.38% 9.75% 9.75%
53 dlojel= 9lont =8-S kA o gl 142 4.47% 1.29% 1.29%
S27} 1} dlo|ejol). bl 7 sy} wrbd 7 15-1 11.50% 10.50% 10.50%
H-S vlwshd Ao ks ro) ik P 152 2.61% 1.25% 1.25%
o] v Frh At Wk 5 AE ek &R 2-1 6.81% 6.29% 6.29%
HAEE QL 7o g 3= AXPEES AlQg £21A 22 3.70% 5.95% 5.95%
glo} AxdAe] HHF & Ao]E Holx| ¢donmz 3-1 9.09% 6.89% 5.65%
vEhAe- Hxe Algshes Zlo] Z&Hol) 32 9.88% 8.89% 8.89%
4-1 15.41% 7.24% 6.77%
3. A= A e AAA= 24 % 42 3.81% 3.28% 3.28%
Table 3. Measurements of straight and actual distances by crop 51 6.44% A6T% 4.04%
2HEH S 241 712] (mm) AlA)712] (mm) 5-2 2.17% 2.71% 2.71%
1 135 155 6-1 7.64% 7.43% 7.43%
2 75 105 6-2 3.00% 3.39% 3.39%
3 90 115 7-1 6.39% 4.64% 4.53%
4 105 160 72 7.50% 2.95% 2.95%
5 140 155 8-1 431% 1.84% 1.84%
6 157 180 8-2 2.43% 3.88% 3.88%
7 160 192 9-1 4.32% 2.33% 2.33%
8 122 125 9-2 4.33% 0.68% 0.68%
9 135 138 gt Hat 8.72% 5.57% 5.46%
10 133 137 w7y Gt 4.43% 3.49% 3.49%
11 152 163
12 173 178 4.2 EIFZ0l| Cist AF Znt
13 98 115 o]x19] 3D ZIEZ 7lgsl T ZHS AR
14 145 145 AVER Z7REEI7] il wlaze] o AHAEe] o5
15 108 111 Axkshs Wl wet 2fo]7} e o]l 2 A ellA
= 40mme] AES 7 3 Egs xR
ARSI F 10539 s 7R AES #13E)
o, 19 162 Agel A8E 98 <dd= AY
ZA3} oJato|r).
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53} 3 6k o1 3 sk

Az AAA=] A g
Table 5. Measured values of straight and actual distance
by crop

AEHls AAAR mm) | AR (mm)
1 113 116
2 87 84
3 93 98
4 72 74
5 162 165
6 233 238
7 192 189
8 167 167
9 136 141
10 218 227
11 228 238
12 105 107
13 251 258
14 223 234
15 232 235

E 6. 42 A% A ol BE S0
Table 6. Increase and decrease rates according
to the method of calculating the diameter of the circle

ZHEs | AEE A TAA 24A
1 11.52% 8.63% 8.44%
2 11.86% 591% 5.83%
3 10.64% 6.18% 6.06%
4 11.41% 6.07% 5.91%
5 5.30% 5.33% 5.29%
6 4.23% 4.53% 4.40%
7 621% 3.49% 3.45%
8 17.42% 4.10% 3.99%
9 6.75% 5.11% 491%
10 8.92% 7.72% 7.69%
11 8.20% 7.63% 7.67%
12 6.95% 6.73% 6.66%
13 8.91% 6.71% 6.64%
14 4.17% 6.59% 6.42%
15 8.99% 6.65% 6.57%

At 8.77% 6.09% 6.00%

() PR AP 1
(a) Original & result image 1

(b) 3=} A3z 2
(b) Original & result image 2
T3 16, Bzl gk 1 s A A9

Fig. 16. Original image and experiment results for table

tennis balls

V.24 B

Aol UL Al H2) U Y 2l A
AR HSV AR ol gl A4 9l
of Wk AAE Az, T A5 AAE Ea

4o 2AlE Ak ol WSS F3 Al
T AT olilF A aela A S 3
F0] Aol 7Hker F A% Aol ALkt o
2] xo] Fi Foll o] vjaeld o] 7H
g orn], Aoms WA = el ¢S

H_@ll

ﬁri
F-‘a_@'
2 dF 4=

e SASE s o] Sl T 2AR
27 Aol 837wl
ifolc, wgt o] zlE

e AEE %91 HAARE A&

4;
1

wpge] 7bg A AR e - o°ﬂ rqar
20 1%, WA 269 AE 5 LRk derte
& ¥ 5 Qlglek ol Bk 2, B3 7k o
4 HE T, o B Ak TR 48e Ea) o
e P B Agolek
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