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Image Segmentation for Tomato Plants at Night Based on Improved PCNN

XIANG Rong ZHANG Jielan
(College of Quality and Safety Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract; In order to realize the image segmentation for tomato plants at night, an improved pulse
coupled neural network ( PCNN) image segmentation algorithm was designed based on the maximum
inter-group variance method. The algorithm weighted the link input in the traditional PCNN model.
Before the image segmentation, the threshold was obtained based on the maximum inter-class variance
(Otsu) algorithm, and then the threshold was assigned to the weight of the link input, the synaptic link
coefficient , the link weight amplification factor and the threshold iterative decay time constant in the
improved PCNN model. The results of 849 images of tomato plants at night showed that the average
segmentation accuracy was 90.43% and the average segmentation time of one image was 0. 994 4 s. The
weighted processing of the link input could reduce the number of the iterations of improved PCNN and
improve the real-time performance of the algorithm. Based on the Otsu algorithm, the network parameters
can be set adaptively in the improved PCNN model. The comparative analysis based on the visual
evaluation, the maximum entropy and the segmentation accuracy rate showed that the segmentation effect
of improved PCNN model was better than those of the Otsu algorithm and the traditional PCNN model,
and its real-time performance was also better than that of the traditional PCNN model.

Key words: tomato plants; image at night; pulse coupled neural network ; image segmentation
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Tab.1 Image acquisition conditions and quantity
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Fig.2 Improved PCNN model
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Fig.3 Comparison of segmentation effects before and after weighting of link input
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Tab.2 Test results of weight selection
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Fig.4 Maximum entropy acquired based on parameters set

adaptively and parameters set to the same values manually
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Fig.5 Maximum entropy acquired based on parameters

set adaptively and parameter combination set manually
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Fig. 6 Examples of iterative segmentation progress for tomato plants at night based on improved PCNN
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Fig.7 Segmentation effect of black background algorithm based on fixed threshold compared with that of improved PCNN model
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Fig. 8 Qualitative comparison of image segmentation performance

x4 ETHRREOEGSEIMEEEX L

(d) B FPCNNAELRY

Tab.4 Comparison of image segmentation performance based on maximum entropy
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Otsu 0.7151 0.7570

FE% 1 f& 4t PCNN 0.8539 6 8.2305

LED(2W) . %4 f i 5 itk PCNN 0.9449 2 1.126 0
Otsu 0.7228 0.470 1

&l 1% 2 f£ 45 PCNN 0.8482 8.1678

ik PCNN 0.9639 1.1520

Otsu 0.7919 0.526 4

1% 3 1& 48 PCNN 0.8920 7 8.1462

AT (28W) L T AR 2 PCNN 0.9999 2 1.1123
Otsu 0.828 8 0.7816

&% 4 f£4¢ PCNN 0.842 1 6 8.2534

Bk PCNN 0.9451 1.1530




136 & A Hl

W 2020 4

RO FERME o M T 48 PONN 2 8L, 2hift PCNN
PRI R R 4 e ds B )
2.2 ETHIEHBRHNEGRSZEEREEITN

] Bt PCNN P 573 B8 Y 1) A 35 1 R AT
PP, BT FIE A R B AR B AR B A AR
G R BT VAN, IF 5 Otsu 5935 A2 48 PCNN A2 71
PEFT XS EE AT o X ARG IR 25 40 T R4 1Y 849 8
i R AR R 1) P 0 A ) Lk, i 2 SR sk S B
o Horf (B O R S H R R R R EUON SRR
AL BB A 17 5 R R 2 R 8 AR H AR AR
KM i TABETE IS N e S 25 AR A E o 32
PR A5 23 51 BE Al S 38 E A SC T i 3500k o 9 0k A AR
EFFEUS A EN W IE 1, 38 5 Ok 75 0n A bk 145 43 50 45
v ZE T 18 23 1 4

x5 ETEMOINEBENEGS S ERESLL

Tab.5 Comparison of image segmentation performance

based on segmentation accuracy rates for stems

ik EfR/ % BIFAR/ % RAR/ % 5FIEE/ s
Otsu 453 70. 42 29.58 23.98 0.6427
f&45 PCNN #5%  88.65 11.35 30. 30 10. 461 0
et PCNN B 90. 43 9.57 32.33 0.994 4

1 5 AT DL, ot PCNN AR Y 114 1E 5 3 e i, M1
FlR Fefike 2T Otsu 513519 PCNN K28 2 40 B iE
DL PR IR B T BB S BT TR R,

EDIOW | 4T | E4RA
S 15Wt £ [15W F

LED2W | LEDS5
ET | XA

H#fk 17 B AR 0 B IE 86 % . Otsu 5395 70 I IE 8
R I AR A2 phy 8] 78 A R P 15008 L F) €8 22 K RE P AR
2 AEL PR U0 73 A1 T A o

73 b, e Bk PCNN #5884 8 BH R @& F 1% 4¢
PCNN HETYFN Otsu 55.3% , Al BEJ2& i T 2e it PCNN 45
TSR HI A, 3 BT R R R K o

N i — A W AR SO X 6 RIS Al B9 3 D E
J1 5 Bt PCNN TR 05 849 g P 15 114 14 46 245 2R
JEIRAFREATIAZE, A 9 Fron . wl L, et PCNN
BRI X ' IR A Ak B B i 3E N BE . Ak, i
K9 uf UL, it PCNN AR [ GOR A 25 1y 28 W
KR AT B AR BRI ES Dy 45 em I, RS
IR B AR AR e, X O IR R 48 0 B e A B R Y
i 5 S At TR A
2.3 Efo 8 ZrETSH

M2 4.5 n AL, N it PCNN B R XS 849 ik
BB BEAT o050, A 5 2 Uk AR 3R A5 e A R o
FIROR , BRIE R 7 2 20 B ] D 0.994 4 s, 1E
B 148 PONN 5 RL A 31 5 £ [ 1 03 I ROR 19 35
PRI Ty 6, F- 1 Bk Wt 14145 70 F S 1] 2 10. 461 0 s,
P, 548 PCNN SRR B, Bleifk PONN 7Y ) 52
WPERE 2 T E SR TE. 5 Otsu WL, it
PCNN #4587 fy 52 if Pk A 22, 8 22 50 [ 02 oo it
PCNN # B iz FRRT Otsu 503k, Hoil #E47 PTIR

P9 FEA A R A5 T 2 T BcdE PONN A RY 14 13 (8] 28 it Rk P 1 20 1 1 o 22

Fig.9 Accuracy rates of image segmentation for tomato plant images captured under various lighting conditions at night
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