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Detection of maize seeds based on multi-scale feature fusion

and extreme learning machine

Ke Xiao'*, Du Mingzhi'*
1. College of Mathematics and Computer Science, Fuzhou University, Fuzhou 350116, China;
2. Fujian Provincial Key Laboratory of Networking Computing and Intelligent Information Processing, Fuzhou University, Fuzhou 350116, China

Abstract: Objective The detectionof maize seeds and other crops is a key problem in the field of agricultural informatiza-
tion. In this paper, to enhance detection and improve accuracy rate, we present a detection algorithm for maize seed on the
basis of extreme learning machine (ELM) and multi-scale feature fusion. Method In the first part of this paper, the feature
of maize seed is described as the combination of local features and global features. Local features can be described as a
multi-scale histogram of oriented gradient, and global features can be described as the color feature of HSV. In the second
part, ELM will be used as the detection algorithm against long training period and slow detection speed, which are the char-
acteristics of traditional BP neural network and SVM. Furthermore, the detection model uses the parallel algorithm to signif-
icantly decrease the time used in the training of each classifier. Furthermore, the high resolution of the original image can

cause long detection periods and consume a large amount of memory. To address this problem, we propose a local means of
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an image compression algorithm. Finally, considering that the sliding windows of centralized scanning can produce a prob-

lem in creating multiple overlapping windows capturing the same object, we propose a local window fusion algorithm based

on fuzzy clustering to address this problem. Result The simulation results show that the method proposed is able to accu-

rately detect maize seeds. The accuracy of detection of maize seeds can reach 97. 66% with an error of less than 0. 1% .

Conclusion Compared with traditional methods, the no damage method proposed in this paper can improve the speed and

accuracy of detection and has no strict hardware requirements.

Key words: exireme learning machine; feature fusion; object detection; windows fusion; fuzzy clustering
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Table 2 The final data of experiments

M E 1S B} ) TH AR/ s INTFIH#E/MB HERIZE p/ % H W R/ % LEE R F/%
B 311(1 000 %) 43 3360 98.83 97.24 98.02
B 311(1 500 %) 45 3365 97. 62 96. 19 96. 89
¥ K 986/(1 000 %) 42 3369 96.77 97.88 97.32
¥ 986.(1 500 i) 47 3 366 96. 74 97.22 96. 48
£ 35(1 000 i) 42 3 366 98. 88 97.92 98. 09
£ 35(1 500 i) 48 3367 96.23 95.90 96. 06
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Fig. 22 The image of maize seed of xinyu35
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Fig. 23  The identification results of maize seed of xinyu35
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Fig. 24 The identification results of maize seed of huayu986

Pt T — MR TAR R I L 2 )RR IR R
FORMFRNANE , JF B AR Al B4R T 3 — 20
A VR R A R R RS Lk, B T HLAR
R RN SR AT . LA RR WA SO
WEHA — 3 BB SEE SCRBS A SN A . FEALER Y
1] G LA B PN A7 RS A b BRI B 5 -9
TE—> R A4 R R AT

Rl 7 3], AR SO b A i R Btk Z Ak

R IMBCRAAAAE A R, A7 e T & B R R 1 0L, X
L HATHL RS > LA I ARSI b 3k A7 7 Y [ L
Unfar e & BEAYTH AL TR N BE— AR b TR I Y
HER A LS AR IS TE RN A7 BT FE R — 2T
FERITT T o

£ 2% 30k ( References)

[1] Wang L, Liu D, Pu H, et al. Use of hyperspectral imaging to
discriminate the variety and quality of rice[ J]. Food Analytical
Methods, 2015, 8 (2): 515-523. [ DOI: 10.1007/s12161-
014-9916-5 |

37



38

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.21,No. 1,Jan. 2016

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

Zhang X L, Liu F, He Y, et al. Application of hyperspectral im-
aging and chemometric calibrations for variety discrimination of
maize seeds[ J]. Sensors, 2012, 12(12) : 17234-17246. [ DOI .
10. 3390/5121217234 ]

Jia S Q, An D, Liu Z, et al. Variety identification method of
coated maize seeds based on near-infrared spectroscopy and che-
mometrics[ J]. Journal of Cereal Science, 2015 (63): 21-26.
[DOI: 10.1016/j. jes. 2014. 07. 003 ]

Sun K Q, Chen Z, Jiang S F. Local morphology fitting active
contour for automatic vascular segmentation[ J]. IEEE Transac-
tions on Biomedical Engineering, 2012, 59 (2). 464473.
[DOI; 10. 1109/TBME. 2011. 2174362 ]

Yan X M, Liu S X, Zhang C Q, et al. Purity identification of
maize seed based on color characteristics [ J]. Transactions of the
CASE, 2010, 26(S1): 46-50. [ El/MMf, XIWE, kFIK,
. BETBOAER FORF AR [T]. fol TR A,
2010, 26 ( S1 ). 46-50 ] [ DOI. 10.3969/j. issn. 1002-
6819.2010. z1. 011 |

Yang S Q, Ning J F, He D J. Identification of corn breeds by BP
netural network [ J]. Journal of Northwest Sci-Tech University of
Agriculture and Forestry: Natural Science Edition, 2004, 32.
162-164. [#p%)%, T8, R . BP A LML)
FRMFIDIFE[T]. PEACRMBIEI R 2 B AR IR,
2004, 32. 162-164. ]

Wang HY, Hou H F, Liu S H. Maize seed recognition based on
genetic algorithm and multi-class SVM[ J]. Computer Engineer-
ing and Applications, 2008, 44(18) . 221-223. [ £ 5H , f#H
J5, XIFRAR  Ts A B R SRR [ ALY TR S AR R G
[J]. BN TSGR A, 2008, 44(18); 221-223. ] [ DOI:
10. 3778/j. issn. 1002-8331. 2008. 18. 069 ]

Huang M, Zhu X, Zhu Q B, et al. Morphological characteristics
of maize seed extraction and identification based on the hyper-
spectral image [ J]. Acta Photonica Sinica, 2012, 41(7) : 868-
873. [Bif, R, KA1, 5. BT ROGIE RGN TKF
THRAERBCSIRAI[T]. SeT240, 2012, 41(7) - 868-873. ]
[ DOI: 10. 3788/ gzxh20124107. 0868 ]

Dalal N, Triggs B. Histograms of oriented gradient for human de-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tection[ C] // Proceedings of IEEE Conference on Computer Vi-
sion and Pattern Recognition. Washington DC;IEEE, 2005,1;
886-893.

Chen P 'Y, Huang C C, Lien C Y, et al. An efficient hardware
implementation of HOG feature extraction for human detection
[J]. IEEE Transactions on Intelligent Transportation Systems,
2014, 15(2) : 656-662. [ DOI: 10. 1109/TITS. 2013. 2284666 ]
Wang H F. HOG-NPE: a novel local description operator for face
image recognition [ J]. Journal of Fiber Bioengineering and
Informatics, 2014, 7(3) : 419-427. [ DOI. 10. 3993/j{hi09201
411]

Huang G B,Zhu Q Y,Siew C K. Extreme learning machine theo-
ry and applications[ J]. Neurocomputing, 2006, 70(1/3) : 489-
501. [ DOI;10. 1016/j. neucom. 2005. 12. 126 |

LiL, Liu Y, Ma Z, et al. Image retrieval method on image fea-
tures of fuzzy clustering [ J]. Journal of Tsinghua University:
Science and Technology, 2014, 54 (7): 929-934. [ Z=2% X
T, iR, 4. FUHEGREE B R G REIE ]
THAERZEAR  HARPIERR, 2014, 54(7) : 929-934. ]
Haridas K, Thanamani A S. An efficient image clustering and
content based image retrieval using fuzzy K Means clustering algo-
rithm [ J].
2014, 9(1) ; 147-153.

International Review on Computers and Software,

Liu XN, Lu YN, Lei L, et al. A multi-objective image segmen-
tation method based on FCM and discrete regularization [ J] .
Journal of Computer-Aided Design & Computer Graphics, 2015,
27(1): 142-146. [XIBele, FEm, W¥, 5. FET FCM Al
BHOENE R Z BAs G #I L], AU B ST 5 EDE
sl 2015, 27 (1) 142-146. 7 [ DOI. 10.3969/].
issn. 1003-9775. 2015. 01. 018 ]

Dalal N. Finding people in images and videos [ D]. Grenoble,
France: The French National Institute for Research in Computer
Science and Control, 2006.

Schneiderman H and Kanade T. Object detection using the statis-
tics of parts [ J] .
2004, 57(2).137-154. [ DOI. 10. 1023/B:VISIL. 00000112
02. 85607. 00 ]

International Journal of Computer Vision,





