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Table 1 Grade standard of fresh jujube of Ningxia
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FRAESEL Y Longitudinal Transverse
Standard grade Grade diameter diameter

range/mm range/mm
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Fig.1 Diagram of electromagnetic grading actuator

7.STM32F103 coprocessor
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Note: F for dialing plate striking force, N; G for jujube gravity , N.
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Fig.2 Diagram of dialing plate unit and force analysis of jujubes
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AR TR 2 RIS G . A, MRS
PP BRAAT AT, Wl 4, ARAEFLA G — o R K
SRR NE, AR R ATE S SR R R 1 LA e R A
BRI 0 B A b A S R IR A TR AR

D EHE G EiE s fREG MR A, 44 RGB
R N () L7 B 43 AT, GO o 2 S LK, TR AR
SCEIEME ) G I 43 5 EAE B o 9 3 AR

2) Sobel 5FUEN, AHLEAFR LS, S BRI
GHREER, ZMETRMA/]N, ASCRER 3%3 g 112,

3) AEM, EERPERIAIE MG, A
%, AR BE BN, WBOLIEEm —Ek, K
WA SO PR I S (e, AT R T —(E Ak
BN HARR,

4 FFEBE, SRR SRR, AR SCR
I EEAR D G I AT A . CEMERPL S 20T,
SEEEXT AR AT R BRI, ZE 0 BB AT FIZ B K14
(B P RAE 5 J3R ) e R PO,

a i b, G4t o ik d. B o
a. Original image  b. G component c. Binary image  d. Ellipse fitting

B4 aRBBAELE
Fig.4 Image processing of jujube
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Fig.5 Physical map of high-speed electromagnetic grading
actuator system with machine vision for jujube
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TAEA  Five-star 140 134
Z{4 Green jujube 80 75

TR

) 780 780

Nondestructive jujube

ATk Total 780 780

i Ry

4 én 1«%

1D ARSI I T X R PATH L [ 28
SR, ARI L RN PRACEE R P 2254 0.413 mm, HLJT
WM S 2,57 N, /N T20 R 7 W W) A& 32 B K
12.69 N, FEMGALBEE A 50 ms/il, $ATHUIBEITE &N
B IF) R 40 ms, ARACHIEIEE N 320 mm/s, 2085 g0H %
1520 AN/s, SEBUEEA 5 ASK/NEGAN 1 AR ESERI 5
B, DREREH 93.7%, LHEN 100%, K477 e
713k 1 400 kg/ho

2) g ARE BATHURE R ik, A o R A
PR T PORRE o P TR 4T ) N TR
SRPE, IAF| T PG, R HERIA G E . (HERBR T
SERAINT S A%, PR T RS, i — A& vt o
EHG AR BTV AR SR I8 STM32F407 - BE4%
1 STM32F103 PipbEEZS (IR AZNR S, LI P K5
A ERTR I ) AR o pl T 2 AR X sl RN SR W B ) AR
[F], M AT PR A A 2 S R 6 DX B K, PR 5 A B
TORANAT A, DR PR 5 A B R 40 0 B 38 A () IR0 AL
KT, A d DA

(& % x #

(11 Jafr, 38k, A5, SR TINS5 E B3

JHED]. RN TRE R, 2012, 28(7): 178—183.
Zhou Zhu, Huang Yi, Li Xiaoyu, et al. Automatic detecting
and grading method of potatoes based on machine vision[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(7): 178 —
183. (in Chinese with English abstract)

(2] KR, BRodiE, TRAR, A ETHRREGIE AR AL
TG T ¥ 46 BETH[T]. Ak TRE2EH, 2016, 32(18):
255—262.

Zhang Haihui, Chen Ketao, Su Dong, et al. Design of
nondestructive detection device for moldy core in apples
based on characteristic spectrum[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of



RET A AT K RS AT AL ) B2 03 L e T ke

259

[10]

[11]

[13]

the CSAE), 2016, 32(18): 255 —262. (in Chinese with
English abstract)

Anderson Rocha, Daniel C Hauaggeb, Jacques Wainera, et al.
Automatic fruit and vegetable classification from images[J].
Computers and Electronics in Agriculture, 2010, 70(1): 96—
104.

LT, mRH, 24038, A& SETHLES L 8
WATIRE VL], R TREAR, 2012, 28(17): 143—
148.

Kong Yanlong, Gao Xiaoyang, Li Hongling, et al. Potato
grading method of mass and shapes based on machine
vision[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(17):
143 —148. (in Chinese with English abstract)

Pholpho T, Pathaveerat S, Sirisomboon P. Classification of
longan fruit bruising using visible spectroscopy[J]. Journal of
for Engineering, 2011, 104(1): 169—172.

IR, PR, M L R 2 9 R
GEWFIT[I]. ARMEHIMZER, 2013, 44(8F)): 194—199.
Du Yongzhong, Ping Xueliang, He Jiawei. Surface defect
detection and classification system for cherry tomatoes[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2013, 44(Supp.): 194—199. (in Chinese with
English abstract)

TALFE, R, BARAL, & T HLEN BB IES
K 8% TR NURAR 7 7 k0], ARk TR A AR
2016, 32(8): 272—277.

Wang Hongjun, Xiong Juntao, Li Zouzou, et al. Potato
grading method of weight and shape based on imaging
characteristics parameters in machine vision system[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2016, 32(8): 272—
277. (in Chinese with English abstract)

B, BEm, S, SF R T USRI LLE AN 2> 4
D). A TSR, 2013, 29(24): 196—203.

Li Kai, Yang Yanli, Gu Song, et al. Determination and
grading of Anthurium based on machine vision[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(24): 196—
203. (in Chinese with English abstract)

Jean A T Pennington, Rachel A Fisher. Classification of
fruits and vegetable[J]. Journal of Food Composition and
Analysis, 2009, 22(Supp.): 23—31

Akira Mizushima, Lu Renfu. A low-cost color vision system
for automatic estimation of apple fruit orientation and
maximum equatorial diameter[J]. Transactions of the ASABE,
2013, 56(3): 813—827.

REMRVE, A%, XU, A5 BETHLAAILIEI 7 BRI R A
I ity SBR[, AOLHUREAIR, 2014, 45(7): 54—60.
Xiong Juntao, Zou Xianliang, Liu Nian, et al. Fruit quality
detection based on machine vision technology when picking
litchi[J]. Transactions of the Chinese Society for Aricultural
Machinery, 2014, 45(7): 54—60. (in Chinese with English
abstract)

ARGk, Al TRESH, A NRURTT R ENL BT S IR
ISTI]. AN AR, 2015, 46(9): 245—250.

Deng Jizhong, Li Shan, Zhang Jianling, et al. Design and test
of small-scale sorting machine for agricultural products[J].
Transactions of the Chinese Society for Aricultural Machinery,
2015, 46(9): 245—250. (in Chinese with English abstract)
NSO, RFFED, BKAK, A KR g SN o LR
FIRZ]. RWHURR, 2004, 35(5): 117—121.
Ying Yibin, Rao Xiuqin, Huang Yonglin, et al. Controller for
real-time sorting mechanism of fruits[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2004, 35(5):
117—121. (in Chinese with English abstract)

[14]

[20]

[24]

POCHE, BB, BAE, S KRGS MR R
FIBTH S SEERI]. Al TRE2AR, 2009, 25(2): 96— 100.
Li Guangmei, Wei Xinhua, Li Fade, et al. Design and
implementation of weighing module for fruit integrative
grader[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2009, 25(2): 96—
100. (in Chinese with English abstract)

TRAGE, T, BB, 55 BRI HIAT
R[] TE LFEHEAR, 2009, 8(3): 229—232.
Wang Sunlei, He Jianguo, He Xiaoguang. Developed on
grading actuator system of jujube automatic classifier[J].
Ningxia Engineering Technology, 2009, 8(3): 229—232. (in
Chinese with English abstract)

Hor. KRBBWEE A r LR R RGOS IFK[D].
B WK, 2011

Cai Wen. Research and Development of the control sgstem
for Fruit Dynamic Weighing and Automatic Sorting Lines[D].
Hangzhou: Zhejiang University, 2011. (in Chinese with
English abstract)

Tao Y. Method and apparatus for sorting objects including
stable color transformation[J]. United State Patent, 1996(5):
533—567.

WSO, SRIERR, DfRAE, 4. HLastla BORIETHERIR
~J R T R B RS e S [T]. ARk TR AEAR, 1999,
15(3): 197—200.

Ying Yibin, Jing Hansong, Ma Junfu, et al. Application of
machine vision to detecting size and surface defect of
huanghua pear[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 1999,
15(3): 197—200. (in Chinese with English abstract)

e, MG, 4kiE, S AT UK R S 2 E R
PEMRABTH[I]. ARHUREEAR, 2007, 38(10): 120—
125.

Wei Xinhua, Zhou Xingpeng, Li Fade, et al. Optimal design
of the lever-styled high-speed fruits discharging assembly[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2007, 38(10): 120—125. (in Chinese with English
abstract)

FEEE L. T £ AL A0 5 70 4 7 b 2 B LB AR 8 1A 8L
PF[D]. AWF: AT R, 2013

Tian Xushun. Design of Mechanical Systems of Red Jujube
Grader Based on Machine Vision[D]. Shihezi: Shihezi
University, 2013. (in Chinese with English abstract)

ALK, TR, XA, A BET RS RN 1S SR R A
PRFFAESRIN[I]. RAAHLIRA=HR, 2009, 40(8): 161—165.
Si Yongsheng,Qian Jun, Liu Gang, et al.Recognition and
shape features extraction of apples based on machine
vision[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2009, 40(8): 161 —165. (in Chinese
with English abstract)

T, KR, TR, & 208 B3 PR TG 4>
LMW RABUR AR, 2014, 45(9): 79—83.
Wang Songlei, Liu Minfa, He Jianguo, et al. Study of rapid
and automatic non-destructive testing grader for red
jujubes[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2014, 45(9): 79—83. (in Chinese
with English abstract)

M, Wi, kM, . RETIHENAN S EE
BRI RT). AR, 2009, 40(4): 166—168, 156.
Zheng Guangnan, Tan Yuzhi, Zhang Junxiong, et al.
Automatic detection and classification of potato based on
computer vision[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2009, 40(4): 166 —168, 156. (in
Chinese with English abstract)

THOE, M, . AR R Z T R BRI R



260 BNV TREZAR Chttp://www.tcsae.org) 2017 4¢

PEREL)]. #JHIER, 2011(6): 72—73. [28] xif, fEwle, MTe, &% LT Sobel &1 MBI
Chang Qingying, Li Chunyan, Jin Zhonghui.To understand of SRR T[], {%ﬁj‘ﬁ 544h, 2009, 39(1): 85—87.

the properties of ferromagnetic materials based on magnetic Yuan Chunlan Xiong Zonglong, Zhou Xuechua, et al. Study
hysteresis loop[J]. Physics Bulletin, 2011(6): 72—73. (in of infrared image edge detection based on sobel operator[J].
Chinese with Enghsh abstract) Laser & Infrarrd, 2009, 39(1) 85—87. (ll’l Chinese with

(251 MSHE. LA AR S R B 23 BT KL D). English abstract)

e ABdbE S R2E, 2012, [29] 7‘1"?77» /XB‘%T%F?@’ W BT REEM E G e Al
Deng Pin. Research on Magnetization Characteristic and Magnetic SHAD. RO R, 2005, 21(8): 76—78.

Circuit of Silicon-Iron Materials[D]. Beijing: North China Li Liaoliao, Deng Shanxi, Ding Xinghao. Binarization

Electric Power University, 2012. (in Chinese with English algorithm bas.ed on image paritiop derived from da-jing
abstract) method[J]. Microcomputer Information, 2005, 21(8): 7—78.

261 i (ERP SERMERIAYD. B L% (in Chinese with English abstract)
6] Bk IR PREAAIMASHIDIIDL Tl WA 0 g, T, 08, 8 oD TR MIL G SEAT)

K2#, 2008. e we

Gu Rentao. Study on Dynamic Behavior of Timing Roller AERMUAER K 54], 2008, ?’4(3): 295—298.

Chain Drive[D]Jinan: Shandong University, 2008. (in Yan Bei, Wang Bin, Li Yuan. Optimal ellipse fitting method

Chinese with English abstract) based on least-square principle[J]. Journal of Beijing
[27] i WESEHE, AR, S BRI kA R University of Aeronautics and Astronautics, 2008, 34(3):

I A SR ECEL R ], Ak TRR24], 2013, 29(2): 295—298. (in Chinese with English abstract)

[31] Sk, EWI, #W0s, 25 JLTHLES LA A TR MRS
PO RG] AR TREER, 2015, 31(3): 215—220.
Jia Honglei, Wang Gang, Guo Mingzhuo, et al. Methods and
experiments of obtaining corn population based on machine
vision[J]. Transactions of the Chinese Society of Agricultural

161—168.

Liu Tonghai, Teng Guanghui, Fu Weisen, et al. Extraction
algorithms and applications of pig body size measurement
points based on computer vision[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of

the CSAE), 2013, 29(2): 161—168. (in Chinese with English Engineering (Transactions of the CSAE), 2015, 31(3): 215—
abstract) 220. (in Chinese with English abstract)

Design and experiment of synchronization actuator system based on
electromagnetism for fresh jujube classifier

Kang Ningbo!, Qiang Feng?, Wu Longguo!, Wang Songlei'?, He Jianguo®**
(1. School of Construction and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China;
2. School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract: The production of the machine, which classifies small-sized fruits according to their images, depends on the speed
of the image classification and the actuator. The existing classifier for fresh jujube has the issue that the efficiency of image
processing doesn’t match the timeliness of executive mechanism. And the speed of the actuator and the accuracy of positioning
restrict the efficiency of classification. In order to improve the speed of classification of the image classifier for fresh jujube, an
image classifier for fresh jujube is designed based on electromagnetic synchronous executor in this paper. The machine is
composed of roller conveyor chain, dialing plate chain, electromagnets, synchronous drive sprocket, STM32F407 image
processor and STM32F103 co-processor. The dialing plate chain of the actuator consists of 60 unit dialing plates. Chain
transmission was adopted to ensure the synchronous precision with the roller conveyor chain. The dialing plate tension spring
was buckled by the switch of the buckle. The material of the buckle was silicon steel, of which the hysteresis loop was narrow,
which can enhance the sensitivity of electromagnetic triggering, and made the dialing action finished instantly. The location of
fresh jujube corresponding to the unit plate, which would guarantee the alignment accuracy between the head of the dialing
plates and fresh jujube. Pop-up strength of the unit dialing plate was designed according to the peel hardness, the size and the
weight of jujube. In image processing, G channel component, Sobel operator filtering, Otsu binaryzation, and eigenvalues
extracted by ellipse fitting were adopted. A threshold value was used to calculate the percentage of the color of green, extract
the size of feature value of the color and classify the image of green jujube. The algorithm was suitable for fast processing
embedded system. The theory of algorithms and the test of image classification show that the synchronization error of chain
transmission was 0.413 mm, the pop-up force of unit dial plate was 2.57 N, which was less than the damage strength (12.69 N)
of the peel of red jujube, the time of each image processing was 50 ms, the time of the actuator for acting was 40 ms, the speed
of roller conveying was 320 mm/s, the speed of classifying was 20 jujubes per second, the accuracy rate of classification was
93.7%, the intact rate was 100%, and the maximum capacity was 1 400 kg/h. Results indicated that the sensitive trigger and the
synchronous mechanism of synchronous electromagnet ensured the classification precision, and the touch force of dial plate
was less than the damage stress of the red jujube skin. Also, the hardware design of image processing was an embedded system,
which met the requirements of fast calculation through the algorithm of image processing and feature extraction. The running
effect of the prototype achieves the purpose of fast, accurate and nondestructive classification.

Keywords: computer vision; image processing ; design; electromagnetic actuator; fresh jujube; classifier
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