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Fig.1 Shooting platform of bud image
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a. Intact sugar cane bud image of
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b. Renderings of bud area cutting
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Fig.2 Bud sample image
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Fig.3 Feature comparison chart of intact and damaged buds
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Table 1 Feature data of bud region image of Taitang 22, Guitang 42 and Yuetang 60
B Fp SEUFAIZE Intact bud W5 2 Damaged bud

Sugarcane Number  mAMH B/MA SFREIME BAITA bl 2= FEPN: | B/MA SEHME EAEDA bRt 2=
varieties Max Min Mean Std Median Max Min Mean Std Median
1 0.6431 0.1922 0.3194 0.0721 0.3098 0.4039 0.0627 0.1543 0.0608 0.1451
2 0.7176 0.2078 0.313 0.0677 0.302 0.4431 0.0627 0.1818 0.0810 0.1647
3 0.3725 0.1255 0.2222 0.0475 0.2196 0.3922 0.0588 0.1571 0.0645 0.1451

@ﬁzz%’
Taitang 22 97 0.4902 0.2196 0.3602 0.0482 0.3647 0.6863 0.1765 0.4060 0.0717 0.3961
98 1.0000 0.2039 0.4627 0.1285 0.4627 0.7098 0.1137 0.3031 0.1074 0.2863
99 0.8392 0.3098 0.5077 0.0850 0.4980 0.4706 0.1686 0.2946 0.0569 0.2863
100 1.0000 0.0902 0.4831 0.1280 0.4588 0.6157 0.2392 0.4270 0.0690 0.4353
1 0.7686 0.1216 0.3674 0.1345 0.3490 0.7216 0.1059 0.3308 0.0759 0.3490
2 0.7255 0.0863 0.2988 0.1008 0.2724 0.5255 0.1098 0.2799 0.0639 0.2824
3 1.0000 0.1412 0.4494 0.1427 0.4314 0.3647 0.1373 0.2226 0.0391 0.2196
Guitang 42 97 1.0000 0.3882 0.6113 0.1312 0.6000 0.4039 0.1059 0.1903 0.0459 0.1882
98 1.0000 0.3373 0.5695 0.1371 0.5686 0.4863 0.1255 0.2587 0.0498 0.2510
99 1.0000 0.3412 0.5584 0.1621 0.5235 1.0000 0.0863 0.2120 0.1148 0.1882
100 1.0000 0.1333 0.4354 0.1746 0.3961 0.5020 0.0863 0.2287 0.0960 0.2087
1 1.0000 0.2392 0.4354 0.1231 0.4196 0.5882 0.1137 0.2721 0.0885 0.2588
2 1.0000 0.1059 0.4209 0.2282 0.3373 0.3451 0.1137 0.2199 0.0361 0.2235
3 1.0000 0.1373 0.3896 0.1690 0.3569 0.4510 0.0784 0.1715 0.0774 0.1471

'Z',Hl:.’60":7"
Yuetang 60 97 1.0000 0.1020 0.3477 0.1285 0.3294 0.2235 0.0627 0.1067 0.0254 0.1020
98 1.0000 0.0980 0.2909 0.1543 0.2333 0.3137 0.0627 0.1743 0.0496 0.1725
99 0.8078 0.0980 0.3479 0.1315 0.3490 0.4902 0.0863 0.2090 0.0514 0.2000
100 1.0000 0.0980 0.3230 0.1270 0.3098 0.5608 0.0667 0.2092 0.0905 0.1882
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Table 2 Distribution range of bud image features for Taitang 22

HIFRIE PN BoME SEEE R E FREE
Bud species Max. Min. Mean Std. Median

SEUFFIZE Intact bud [0.3725,1.0000] [0.0667,0.4078] [0.1559,0.6088] [0.0390,0.2331] [0.1490,0.5666]

WA 28 Damaged bud [0.2316,0.7843] [0.0549,0.3059] [0.0995,0.4456] [0.0175,0.1765] [0.0824,0.4706]
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Table 3 Distribution statistics of intact bud image gray scale of

1«a<x<b)=jjf03=1«by—Fugo (5)
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ERFIE > A X 15 8 B2 (R Bt AHRR, 1381 5 AMRFIERN
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ZFAN T > BRI 22, 4R WK 4 P
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Taitang 22
IS MK R N I MK
Eigenvalue  Number | Eigenvalue = Number | Eigenvalue = Number

0.3725 2 0.6863 2 0.7725 1
0.8588 1 0.9373 3 0.4196 4
0.6902 1 0.7922 2 0.8745 2
0.9451 1 0.4863 1 0.7059 1
0.8000 2 0.8824 1 0.9490 2
0.4902 1 0.7176 2 0.8196 1
0.8863 1 0.9686 1 0.5216 1
0.7255 1 0.8235 2 0.9020 2
0.9765 1 0.5725 1 0.7373 2
0.8353 1 0.9084 1 0.9922 1
0.6157 1 0.7451 2 0.8392 2
0.9176 1 1.0000 35 0.6275 1
0.7529 1 0.8431 1 0.9216 1
0.6431 1 0.7569 1 0.8510 1
0.9255 1 0.6824 1 0.7608 1
0.8549 1 0.9294 3

Table 4 Bud image features’ uniform distribution of Taitang 22

TE: FHEERR G0 22 558 ir 28 KRB ORI BUE, A BONFR R IZEHE
fE7ER 1P H B REL.

Note: Eigenvalue indicates the numerical value of maximum gray value of
Taitang 22, and number indicates the time of this eigenvalue in Table 1.

.5 6 53
24 35
g/ g LI
ﬁ] \ 1 }‘},““JL ﬁ \,“\_ H \‘ C““‘u‘j\v\\/‘\i ;}ié
< < g
03 05 07 09 01 02 03 04 010203040506
F¥{iF{AEigenvalue F§{iF{AEigenvalue F¥{iF{AEigenvalue

a. KB KA

a. Maximum gray scale

b. R B MA
b. Minimum gray scale

. RIET-HMHE

c. Mean gray scale

3 7
2 g6 \
21 2 |
ZqL L Z3 il
?’5 %2 It ‘ ‘\ ‘ '
<_ \/_] H Vv IV
0 0.050.10 0.150.20 025 8.I 0203 0405 06

FFF{EEigenvalue

d. JRIEF AR
d. Standard deviation
of gray scale

FFF{EEigenvalue

o I ALAL
e. Gray scale median

B 4 IAEF B AR A T oLt B

Fig.4 Distribution curve of intact bud image features
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Table 5 Accuracy of bud integrity classification

FELFRNZF TR 25 YR e e
mh i Intact bud Damaged bud $§faﬁfﬁe?
Varictios  WIRFFAR  MEWIAKH T A RIEFEAT T K A aooumae%
Test number Exact number  Classification accuracy/%  Test number  Exact number Classification accuracy/%
25 =)
r‘fﬁ 225 115 100 86.96 100 98 98.00 92.09
Taitang 22
Wi 4n 2
HEf 42 5 115 104 90.43 100 97 97.00 93.49
Guitang 42
144 =
Bk 60 %5 115 104 90.43 100 96 96.00 93.02
Yuetang 60
el 115 102.67 89.27 100 97 97.00 92.87

Average value

3.2 RWERNT
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YER L3 98% 97%H1 96%, “THIUENTH N 97%.
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Detection and experiment of sugarcane buds integrity
based on Bayes decision

Huang Yiqi, Yin Kai, Huang Meizhang, Wang Xiaobo, Luo Zhaoyu
(College of Mechanical Engineering, Guangxi University, Nanning 530004, China)

Abstract: Guangxi, a province in China, contributes more than 60% of China’s sugarcane production per year. The sprouting
rate of newly planted sugarcane is directly affected by viability of sugarcane buds. In sugarcane mechanized production, the
detection of sugarcane bud viability for planting is still an issue and there is no a good classification method for differentiating
viable sugarcane buds from the poor ones. To solve the problem, we proposed a classification method based on the minimum
error rate of Bayes decision to detect the damaged buds as accurate as possible. Sugarcane cultivars of Taitang 22, Guitang 42
and Yuetang 60 were chosen for this study because they were representative cultivars of sugarcane in the area. We obtained
sample images of sugarcane via image acquisition equipment, cut out the effective bud region images with computer vision
technology, and extracted five features and eigenvalues including maximum gray scale. Then, a sample database was
established, in which the image eigenvalues of the three sugarcane breeds was contained. Based on the data, prior probabilities
of intact buds and damaged ones were calculated, from which eigenvalues’ statistics of bud region images were obtained, and
curve distribution diagrams of eigenvalues were described. By analyzing these statistics and diagrams, we found that all the
distribution curves were connected end to end by horizontal lines and inclinable lines like zigzags. So these curves could not be
fitted by normal distribution function, quadratic function, cubic function or exponential functions etc. Piecewise function could
fit the distribution curve perfectly, but it would make the process of calculation and judgment more complicated when setting
classification rules because of the excessive number of segments. Further observation showed that portions of small-proportion
inclined lines and the saw tooth peak whose probability was zero could both be neglected. Then, the corresponding eigenvalues
of the rest horizontal lines could be simplified to a uniform distribution. Calculating the even-distributed interval width and the
entire interval width of the eigenvalues based on the database, the percentage between the two interval widths and the
differences of percentage of the corresponding eigenvalues between the intact buds and damaged ones could be obtained.
Using the percentage and the difference, even-distributed features could be confirmed. At the meantime, the conditional
probability density was calculated by the probability density function of uniform distribution. Three features, including
maximum gray scale, average gray scale and standard deviation of gray scale, which were the same even-distributed features
of the three sugarcane cultivars, were chosen as the final classification features to simplify the classification rules. According
to the full probability and Bayes formula, the prior probability and the conditional probability density of the final classification
features were transformed to posterior probability, and then it could be classified by comparing the value of posterior
probability. Matlab 2012b could be used to distinguish whether the bud was intact or not. The result of experiments showed
that bud integrity classification accuracy of the three sugarcane cultivars were 92.09%, 93.49% and 93.02%, respectively. And
the classification accuracy rate of damaged species had reached 98%, 97% and 96%, respectively. It proved that this
classification method was feasible, which meant that it could detect damaged buds basically and provided a signal for
eliminating the damaged buds automatically.

Keywords: nondestructive examination; sugar cane; decision making; bud; integrity
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