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A Fuzzy Thresholding Segmentation for Plant Root CT Images
Based on Genetic Algorithm
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Abstract The CT images segmentation is one of key technologies for the 3D reconstruction and quantitative analysis of
plant root system in situ. In order to improve the precision and efficiency of images segmentation, in accordance with the
inherent indistinction of CT images, a fuzzy thresholding algorithm was implemented with the criterion of maximum fuzzy
entropy and genetic algorithm. The initial thresholds were obtained with histogram analysis. The CT images were divided
into several different regions fuzzily through designing a simple fuzzy neighborhood function. And according to the criterion
of maximum fuzzy entropy, a genetic algorithm was used to find out the best thresholds of CT images segmentation. The
result of programming test shows that the algorithm is effective to improve the precision and efficiency of root CT images
segmentation.

Keywords genetic algorithm, fuzzy segmentation, CT images,root in situ
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Fig.2 The comparison of segmentation with the algorithm described in the paper and reference[ 9] for the

slice 160 of root CT images ( the segmented regions labeled by reticulate hatching)
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Fig.3 The comparison with 3D reconstruction effect between the algorithm described in

the paper and the one used in reference[ 9] (from the same viewpoint)
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Tab.1 Quantitative comparison with segmenting effect of the two algorithms
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29 526. 03 23 769. 31
438 484 3 30.47 174
it 254.26 1327

A (% ) * 9. 60 10.78 13.29 10. 14




54 Jo 2 A < T B AR SR O RO AR B CT PR B9 AR 1 1 5 1) 687

5 & it

ASSCEP XS RO AR 2R CT Jy 37 [ 5 1 A ) 0 1
REAE BT T 20 A1 R AR AR A PG, ST
TR B T AR X O ] o3 ) SR R e
B, BR T R B R A A o ), ) P 38 1 Bk I A
TE T I8 T R AR AR A R X 0 ) A A A 3 )
{8, PS8 T 5 TR Sk M UL AR & CT 7 41 &
BB 22 B {5 73 1

3 X 3 IS W R G 3 Y E R AR
ELWURTE &5 B, IR S T T e AR B 1k i RO 2 1
(B3 #1505 B8 TN m AT Rt 4w I AL AR & CT
Jy 5 [ B 23 RS I o

2 2% 3Lk ( References)

1 . Yan Xiao-long, Liao Hong, Ge Zhen-yang, ¢ al. Root architectural
characteristics and phosphorus acquisition efficiency in plants [ J].
Chinese Bulletin of Botany, 2000, 17 (6): 511-519. [ /N Jg, B
20, KPR 5 . R AU B A S B [T ], R Al A,
2000, 17(6) : 511-519. ]

2 Hu Bao-gang, Zhao Xing,fYan Hong-ping, et al. Plant growth
modeling and visualization—review and perspective [ J] . Acta
Automatica Sinica, 2001, 27(6) :816-835. [ #fu4, X & , /2L
L YK ERS TS RE(T]. Ak,
2001 ,27(6) : 816-835. |

3 Guo Yan, Li Bao-guo. New advancesin\ virtual plant ‘research[J].
Chinese Science Bulletin, 2001 , 46 (4) :273-280. [ 25 #%, Z5 {1
FERE S R RT S RE [ T]. BhatidE R, 2001, 46(4) : 273-280. ]

4 Luo Xi-wen Zhou Xue-cheng, Yan Xiao-long. Advances in research
on observation and measurement methods for plant root 3D
architecture [ A]. In: Proceedings of CSAE Annual Meeting[ C],
Guangzhou, China, 2005 421-425. [ B8} 3¢, 820, /N e . 18
YRR = YA B AL AR Rk [ A ], WLk T AR R

A5 d#iE 2 20005 2 ARAE 2
SCEELCT, T :&@Zﬂkﬁ#,zoos; 421-425. ]

Luo Xi-wen, Zhou Xue-cheng, Yan Xiao-long, et al. Visualization of

plant root morphology in situ based on X-ray CT imaging technology
[J]. Transactions of the Chinese Society of Agricultural Machinery,
2004, 35(2) :104-106. [ % 8 3C, H 220, ™ /Mg 4% . FE T XCT
BARMMY R R AL ST R[] Rk DU 2
2004, 35(2): 104-106. ]

Zhang Min-jin. Image Segmentation [ M ]. Beijing: Science Press,
2001 [#AE . BG4 #E [M]. dbat: dbat Bl A,
2001. ]

Cheng H D, Chen Y H, Sun Y. A novel fuzzy entropy approach to
image enhancement and thresholding [ J]. Signal Processing, 1999,
75(3) :277-301.

Zhao Man-suo, Alan M N Fu, Yan Hong. A technique of three-level
thresholding based on probability partition and fuzzy 3-partition [ J].
IEEE Transactions on Fuzzy Systems, 2001, 9(3) : 469-479.

Zhou Xue-cheng, Luo Xi-wen, Yan Xiao-long. Research on
segmenting algorithm for MSCT images of plant root system based on
its morphological feature [ A]. In: Proceedings of ASAE ( American
Society of Agricultural Engineers ) /CSAE ( Canadian Society of
Agricultural Engineers) Annual International Meeting[ C ], Ottawa,
Canada, 2004 ;. 4141-4148.

Murphy C A, Pal S K. Fuzzy thresholding: mathematical
framework , bound functions and weighted moving average technique
[J]. Pattern Recognition Letter, 1990, 11(2) :197-206.

Zhou Ming, Sun Shu-dong. Genetic Algorithms Theory and
Applications [ M]. Beijing: National Defense Industry Press, 1999.
I\ v/ O = R 9 E B | P == 5 e
fiR AL, 1999. ]

Tian Jie, Bao Shang-lian, Zhou Ming-quan. Medical Image Process
and Analysis [ M ] . Beijing: Publishing House of Electronics
Industry, 2003. [ HHE, e, FW4 fmE . BEEgguais
AT IM]. dbat: T Tk i ki, 2003. ]



