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Rice canopy image segmentation based on statistical histogram k-means
clustering

CHEN Ke-yin"?, WU Chong-you’, GUAN Zhuo-huai®, LI Hai-tong”, WANG Gang’
(1.School of Physics and Electronic Engineering, Jiaying University, Meizhou 514015, China; 2.Nanjing Institute of Agricultural Mechanization , Ministry
of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: A rice canopy image segmentation method based on statistical histogram k-means clustering was proposed to
solve the problems of existing k-means methods, such as sensitivity to the initial cluster center, error prone segmentation and
low operation efficiency. Firstly, according to the image histogram, the pixel value with large difference in the number of pix-
els was selected as the initial cluster center of the rice canopy image. Secondly, the prior correspondence between the pixel
value in the image histogram and the number of pixels in the image was used to weight the clustering objective function. Final-
ly, the k-means clustering framework was used to cluster and segment the rice canopy image. In order to verify the effective-
ness of the proposed method, comparative experiments were carried out with the feature pixel extraction methods of rice cano-

py images based on k-means, k-means++, k-mc2 and afk-mc2. The results showed that the canopy images of Lindao 20,

YR B 820210507 Wuyunjing 32 and Zhongjing 798 were clustered and
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The results of the method used in this study are better than the above four traditional clustering methods.
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Fig.2 The mid-term mid-term canopy image of rice under dif-

ferent light conditions
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Fig.3 The clustering segmentation of three kinds of rice canopy
images based on k-means algorithm under different light

conditions
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Fig.4 The clustering segmentation of three kinds of rice canopy

images based on k-means++ algorithm under different

light conditions
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Fig.5 The clustering segmentation of three kinds of rice canopy
images based on k-mc2 algorithm under different light

conditions
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Fig.6 The clustering segmentation of three kinds of rice canopy
images based on afk-mc2 algorithm under different light

conditions
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Fig.7 The clustering segmentation of three kinds of rice canopy

images based on this paper algorithm under different

light conditions
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Table 1 The performance evaluation of different clustering segmentation methods for mid-term canopy image of Lindao 20
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[P 1 19.2 19.1 19.1 19.2 19.0 19.1 19.2 19.1 19.1 19.2 19.0 19.1 19.2 0.4
Sy 17.5 17.6 17.6 17.6 17.5 17.5 17.6 17.5 17.6 17.5 17.5 17.5 17.6 0.3

t 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 .10
ot sy 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 12 0
55 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 0
' 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0
afk-mc2 WL s 925 91.1 913 91.7 919 91.8 91.2 91.5 921 91.5 913 91.8 919 1.8
s, 8.1 867 86.6 8.5 866 8.8 8.7 863 8.8 864 865 866 869 1.6
t 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15 0

(S0 KN 21.2 220 215 21.0 21.2 21.1 22.1 21.0 210 217 212 212 212 0.4
Sy 20.5 20.6  20.5 20.5 20.5 20.5 20.6  20.5 20.5 20.4 206  20.5 20.6 0.4

t 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 0

ot Sy 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 0

Sy 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0

t 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0
ATy Ht S 36.3 36.4  36.5 37.3 36.4 364 363 36.5 36.5 374 364  36.5 36.6 0.7
Sy 67.4 67.0 67.5 674 670 67.0 67.0 669 669 673 67.0 674  67.5 1.6

t 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0

(S ) 15.2 15.1 15.1 15.3 15.1 15.2 15.2 15.4 15.1 15.1 15.1 15.6 15.2 0.4
Sy 30.8 30.7 30.8 31.8 307 306 30.6 309 30.7 30.7 308 31.6 309 0.7

¢ 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0
EEPR 5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0
Sy 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0
t 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0

s RN RN T 28,5, RN T7 22 1 FoRBIF BT (5) o
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Table 2 The performance evaluation of differnt clustering segmentation methods for mid-term canopy image of Wuyunjing 32

T R EHRIT 5
- S ;tff = P bt
ROLIEIR 2 3 4 5 6 7 8 9 10 11 12

k-means HOl Sy 28.5 28.8 28.6  28.6 28.7 28.6 285 28.9 285 28.7 28.6 28.6  28.7 0.7
Sy 48.2  48.7 490 483 485 48.8 48.2 482 482 48.8 484 484 485 1.1

t 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 0.1

(o S 10.6 10.5 10.6 10.5 10.5 10.5 10.6 10.5 10.5 10.6 10.6 10.5 10.6 0.2

Sy 9.1 9.0 9.1 9.0 9.1 9.1 9.1 9.0 9.0 9.0 9.0 9.0 9.1 0.2

t 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 27 0
ot sy 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 0
55 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 18 0
! 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 09 0

k-means++ H G KN 39.9  40.1 39.9 399  40.1 41.0 40.2 403 405 39.9 400 399 402 0.8
Sy 40.2 403 403  40.0 40.3 40.2 40.0 40.3  40.1 40.1 40.2  40.2 403 0.5

‘ 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 0
15 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 53 0.1

55 9.7 9.8 9.8 9.8 9.8 9.7 9.8 9.8 9.8 9.7 9.8 9.7 9.8 0.2

¢ 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 18 0

EED Y 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 19 0

55 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 0

t 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 09 0

k-mc2 WO sy 453 452 454 453 455 455 457 454 455 453 457 455 457 1.1

Sy 41.4 41.8 41.6 414 414 416 414 415 415 417 418 416 418 1.0

W s 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 47 0.1
5s 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 45 0.1
t 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 .10
ot sy 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 0
55 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0
' 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0

afk-mc2 Ot S 30.7 309 308 308 307 30.7 30.8 308 309 307 30.7 30.8 309 0.6
Sy 39.8 398 397 398 398 397 398 395 398 39.6 398 395 399 0.8

t 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 0
(S0 Sy 7.0 7.0 7.0 7.0 6.9 6.9 6.9 7.0 7.0 7.0 7.0 7.0 7.0 0.1
S 8.9 8.8 8.8 8.9 8.9 8.9 8.9 8.8 8.8 8.9 8.9 8.8 8.9 0.2

t 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 0

ot Sy 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0

Sy 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 0

t 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 0
EINy RS ot 1 29.3 29.7 295 294 294 294 298 293 29.6 295 29.3 29.3 29.5 0.6
Sy 51.8 51.7 51.7 516 519 514 516 517 51.6 523 51.4 51.7 518 1.0

t 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0

RO S 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 0
Sy 9.6 9.4 9.5 9.7 9.4 9.7 9.5 9.3 9.6 9.4 9.4 9.4 9.5 0.2

t 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0

5596 K 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 0

Sy 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 0

t 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0

s RN RN T 28,5, RN T7 22 1 FoRBIF BT (5) o
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Table 3 The performance evaluation of different clustering segmentation methods for mid-term canopy image of Zhongjing 798

. e PEH 2 G F "
Ik yond g EEME bRuEE
sl fEbs 2 3 4 5 6 7 8 9 011 12

k-means HO 1 546 537 537 538 536 534 539 547 535 53.6 535 53.5 53.9 1.1
Sy 51.6 51.7 51.5 51.7 526 515 51.8 524 516 51.8 519 51.8 519 1.0
t 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 0
[P Sy 20.7 20.5 21.6 206 20.6 20.5 206 208 206 206 206 20.6 20.7 0.4
Sy 20.3 20.1 202 202 202 203 20.2  20.1 20.3 20.1 20.2  20.1 20.3 0.4

t 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 0
56 5 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 0

Sy 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 0.1

t 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 0

k-means++ HG S 60.0 59.9 60.0  59.8 59.6 59.6 59.5 59.9 62.0 59.6 59.9 59.6  60.1 1.1
Sy 52.1 52.2 51.8 52.0 52.1 52.0 51.7 52.0 520 520 521 51.8 52.2 1.0
t 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 0
(S0 S 18.7 18.5 18.6 19.1 18.5 18.8 18.9 18.6 18.7 18.6 18.6 18.5 18.7 0.4
Sy 19.7 19.8 19.9 19.9 19.8 19.9 19.8 19.7 19.7 19.8 19.7 19.9 19.9 0.4

t 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 0
555t 1 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 0
Sy 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0
t 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0
k-me2 Ol 1 38.8 38.9 39.8 38.9 38.8 38.7 39.0 38.7 39.8 38.7 38.8 39.7 39.0 0.8

$ 41.8 40.0 396 40.0 398 40.0 39.7 399 398 39.7 397 398 40.0 0.7

t 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 0
SR 5 16.5 16.5 16.7 16.6 17.6 16.6 16.5 16.5 16.5 16.5 16.6 16.6 16.6 0.3

Sy 19.3 19.2 19.3 19.1 19.3 19.2 19.2 19.1 19.2 19.3 19.3 19.1 19.3 0.4

t 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 0
EED 1 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0
Sy 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0
t 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0

atk-mc2 HOl Sy 30.9 30.8 31.8 30.7 30.7 30.8 30.7 30.8 30.6 31.6 30.7 31.0  30.8 0.6
Sy 33.8 34.1 33.8 340 340 340 338 33.9 33.8 33.9 33.9 33.9 34.1 0.5

t 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 0
[P/ 5 252 262 253 25.3 254 255 254 252 253 25.3 252 257 254 0.5
Sy 22.1 219 220 220 220 220 219 219 219 220 220 219 221 0.5
t 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 0
55t $ 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0
Sy 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0
t 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0
ENIR7S ot S 29.5 29.6 304 294 294 294 294 292 295 302 294 294 295 0.4

Sy 51.6 515 51.5 52.3 51.5 51.5 51.5 51.7  51.3 51.3 51.3 53.5 51.8 1.3
t 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0

CH 5 Y 122 120 126 121 120 121 121 120 124 120 12,0 121 121 0.3
s, 21.1 210 220 211 211 211 210 21.0 21.1 211 213 211 212 05
' 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 03 0

ot sy 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 20 0
55 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 51 0
! 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 03 0

51 RANENFTT 22,5, RN T5 2% 1 FoRFEFFIBATIH (s) .
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afk-me2 J7 FIA T35, 43008 30..8 Fi 29. 5, 1 H
PO 2S5 (s, ) FIERER, 4050 0 34,1 F
51. 8, T LAaX 2 F s ik i 43 B ROCR BCHA 7 s 3R
EATTIERZEN 7 22 (s,) FHMH HE atk-me2 J7 1%
/N 2RIEE T 22 (s, ) SERBE HE afk-me2 JriE TR,
T LA BRS04, B 3538 4TI ] (o) B HA 7%
B, MOETENT RN 2 (s,) FIER/INA R
KO EITEA k-me2 AR B, 054 16. 6 il
12,1, 1M H W 2R 22 (s, ) “FEEREKR, 439
19,3 FI21. 2, BT AKX 2 Fl a2 (1943 #0505 S A HoAh
D R BAR AR TR0 22 (s,)) P IIME L k-
me2 FIEH /N, KA 22 (s,) A L k-me2 J5
PR BT L EROR B b, HAF 3438 47 a] (1) F
HAMh ks, AXT b E 3 2|7 ol A, 5506
PR &R RSB I 3 Rl ARG e 2 5 1) 43
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T A IE IR R A E R R A A 4 AR AT
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4 BRI AR s f T A] (¢) AT im
T AR RIS ik IR B) T SL PR ER
4 45
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