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a. Tian pai-hua shiitake
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b. Pai-hua shiitake
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d. Smooth cap shiitake
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c. Tsa-hua shiitake
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Fig.1 Different kinds of shiitake
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1.Sorting system controller 2.LCD screen 3.Communication bus 4.PC 5.Feeder 6.Image acquisition system 7.Sensor 8.Cross vane mechanism
9.Photoelectric sensor  10.Photoelectric signal reflecting plate 11.Conveyor 12.Nozzle 13.Solenoid valve 14.Solenoid valve control bus 15.Pneumatic
system duct  16.Air filtration system 17.Compressor 18.Vibration motor
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Fig.2 Automatic line of grading system
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a. Origin image
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b. Preprocessing and  c. Interception of texture
removing background region
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Fig.3 Interception of texture analysis region
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Table 1  Shiitake feature parameters
BT KL BT B SR AE S BT IR B E R P SRR IE S 4
) Texture parameters based on gray histogram Texuture parametes based on GLCM
Types of shiitake

N S~ f3 Ja

S5 J6 1 /8 /o f1o

KEdess  HfH Mean
Tian pai-hua 5%

149.112 54.924 0.0450 1.0617

0.0067 0.0161 10.7916 7.4422 0.4840 0.0056

Shiitake Variance 23.227 9.121 0.0142 1.2421 0.0012 0.0050 3.2420 0.1602 0.1171 0.0071

Hfet: 91 Mean  99.574 48.462 0.0363 1.0423 0.0084 0.0261 9.2642 7.2120 0.4353 0.0038

Pai-hua Vit

Shiitake Variance 19.083 10.493 0.0145 0.9581 0.0022 0.0151 3.3118 0.2673 0.1222 0.0083

Z4EE YI{H Mean  88.486 29.979 0.0142 0.1968 0.0108 0.0382 4.0926 6.7821 0.3657 0.0059

Tsa-hua T

Shiitake Variance 13.356 6.396 0.0059 0.2432 0.0024 0.0159 1.4939 0.2771 0.1101 0.0063

Seifins Y Mean 51952 15.773 0.0041 0.0958 0.2200 0.1303 1.2941 5.8314 0.3192 0.0063
Smooth Cap Jj

Shiitake Varialﬁce 7.1356 4.496 0.0023 0.1679 0.0061 0.0477 0.5784 0.3496 0.1152 0.0089
e ACUMHE), AEFHERZE), ACEIED), (SR, fBUk), ffem), AOTELRD), fOM), AOBZER), AoHIRTE)

Note: fi(Mean), f»(Variance), f3(Smoothness), fi(Third Moment), fs(Consistency), f;(Energy), fz(Contrast), fy(Entropy), fo(Inverse difference moment),

fio(Correlation)
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Table 2 Selection of optical features

DU RS i
parameters Best feature combination Accuracy rate/%
2 h S 61.25
3 N 69.40
4 h foo s 81.45
5 h o fo o fs S 91.80
6 h fo s S S S 93.25
7 fofe s S fu fo i 92.95

e 3200 N EUEREA .
Note: 200 shiitake samples.
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Table 3 Classification result by shiitake type model

T 1t 43 145 R
. v Sorintg result of shiitake
RREEAEA TS - - -
BHH  HYREA HRIINIEER PRI S
orting result of test samples orting result of train samples
Types\of - Test Sorti It of 1 Sorti It of trai 1
shitake  samplesitrain  NUERpppae e OIS gpg KPR pppae e BEEE g
sampl Tian . Smooth Tian . Smooth
ples pai-hua Pai-hua Tsa-hua Cap Accuray pai-hua Pai-hua Tsa-hua Cap Accuray
.. . o . . o
Shiitake Shiitake Shiitake Shiitake rate/% Shiitake Shiitake Shiitake Shiitake rate/%
PNERIF A
Tian pai-hua 70/80 66 3 1 0 94.29 75 5 0 0 93.75
Shiitake
[SRia e
Pai-hua 70/80 1 65 4 0 92.86 2 73 5 0 91.25
Shiitake
AAL L
Tsa-hua 70/80 0 5 63 2 90.00 0 5 74 1 92.50
Shiitake
DG THI %
Smooth Cap 70/80 0 0 2 68 97.14 0 0 3 77 96.25
Shiitake

&:Nkﬁﬁ%%ﬁﬁfﬂﬁ%,Zg4%§mmzm%,kﬂm,Ewﬁwwﬁ%M@T,ﬁ%%%ﬁ#amﬁﬁﬁfﬁm

Note: Analysis of the result above by Chi-square test. ;> _4.85< Hlosy =14.06 > P>0.05. The difference of recognition rates is caused by sampling errors in the

standard of ¢=0.05.
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SHONIET 73 AR 1 MFIESH. R T
NG i 1) 48 R SR IR L U SRR S e,
TEHL 6 MBI ARFIESHL, L THRAES HZ )
A GTE, ARG AT K JE AR 73 A RIX L ] £ R 1k
SHAAT R RN TS, &P KIE
ffiR Al ik 93.57%.
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Quality grading method of shiitake based on texture analysis

Chen Hong?, Xia Qing®, Zuo Ting*, Tan Hequn®, Bian Yinbing?
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. College of Plant Science & Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: To achieve the design of an automatic shiitake grading system, the images of four varieties such as
Tian pai-hua Shiitake, Pai-hua Shiitake, Tsa-hua Shiitake, and Smooth Cap Shiitake were taken as research
objects. Shiitake texture is a vital indicator of shiitake quality. The more white texture of the shiitake pileus, the
higher its price. Shiitake grading was mainly processed by a manual operation for a long time. The grading
operation was heavy workload, inefficient, and not conducive to automatic production. So the shiitake market was
eager for shiitake grading equipment. This study designed an automatic shiitake grading system based on machine
vision. The grading system was divided into three subsystems, including a mechanical system, a single chip
microcomputer system and a machine vision system. The mechanical system played an important role in the
shiitake feeding and grading process. The single chip microcomputer system was responsible for the entire system
control and coordination. The machine vision system performed the operation of image acquisition and processing.
Texture was a significant image feature. Many experts researched texture across the world, and various texture
models had been developed in recent years. This study selected three models to describe pileus texture. The first
texture model was derived from a gray histogram and grey level co-occurrence matrix. The second model was
called a Gauss Makov Random Field. The third model was defined by fractal dimention. The shiitake grading
process was described as follows. First, the texture analysis region was intercepted from shiitake pileus by an
appropriate rectangle. Five texture feature parameters were extracted from the texture analysis region according to
the gray histogram; another five texture feature parameters were extracted according to grey level co-occurrence
matrix; twelve texture feature parameters were extracted according to a Gauss Makov Random Field; the fractal
dimension extracted from the fractal model was the last of the texture feature parameters. Three texture models
could describe texture information from different perspectives. Each texture feature expressed specific physical
meanings. However, it was relevant among texture features in most cases. This study chose a sequential feature
selection algorithm to eliminate the defect. An sequential features selection algorithm could remove the
correlation among features, and six effective features were selected after the correlation-removal operation.
Finally, the K-nearest neighbor’s classifier was constructed as the shiitake species classifier, and then the test
shiitake samples could be classified with the six effective features mentioned above by the K-nearest neighbor’s
classifier. Experimental results showed that the final accuracy reached to 93.57%, which could meet the
requirements of production.

Key words: computer vision; textures; grading; shiitake
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