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Multi-sensor data fusion and navigation line extraction method
based on discrete factor

SUN Ke', ZHANG Yanfei’, GONG Jinliang'
(1 School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China; 2 School of
Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: [Objective] In view of the fuzzy and irregular shape of the path boundary in the comn field, the
common field navigation line extraction algorithm will have the problem of excessive deviation in practical
application of agricultural robot. In this paper, a navigation line extraction algorithm based on discrete factor
fusion of camera and 3D LiDAR is proposed for the field of corn at 3rd—5th leaf stage. [ Method] First, three-
dimensional lidar was used to obtain corn plant point cloud data. At the same time, the green feature binary
images were obtained from the images taken by the camera using the super-green algorithm and the maximum
between-cluster variance method, and then the point cloud data after cluster analysis were projected onto the
target bounding box in the image. A multi-sensor data fusion support model was constructed for feature
recognition. Finally the acquired feature center point was fitted as the navigation baseline. [Result] The

algorithm could adapt well to complex environments and had strong anti-interference ability. The average
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processing time of a single frame was only 95.62 ms, and the accuracy rate was as high as 95.33%.

[ Conclusion] The algorithm solves the problems of shifting in finding feature centroid and unreliable

recognition results in traditional algorithms, and provides a reliable and real-time navigation path for the robot to

walk in corn field.

Key words: Multi-sensor; Discrete factor; Agricultural robot; Navigation; Laser point cloud; Data fusion
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Fig.1 Original image of corn plants
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Fig. 2 Image of corn plants after binary processing
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Fig. 3 Preprocessing of point cloud data of corn plants
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Fig. 5 Flow chart of corn plant feature recognition
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Table 1 Random variables, standard deviations and means of maize plant characteristics
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Table 3 Performance evaluation index of different sensors

RIS S S5 40 SR IR 18] /ms b FE TR NRTLUE ERZR % TR ZE AR
Sensor Average processing time  No. of processing frames No. of correct frames Correct rate  Mean error angle
FHHL Camera 49.76 300 272 90.67 3.457
=HEROLEHIL 58.15 300 278 92.67 2.670
3D LiDAR
ek asat & 95.62 300 286 95.33 1.595

Sensor fusion




98 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

43 %

TS AR TEA, RZEFIT SOIT, M SRR .

H13R 3 WRI, 0 FEARIAL. =400 & ik A%
SRR BRI U7 i, R AR BN 8] SR AT G A0, 1E
B A B 0, PR AR HLANEOE & A L, oF
P A0 BRI 18] ANUR 72 A B2 P46 A2 5K o R IZ SR 5 1
A E AL AR FN R Sk BT R SR AT XL,
AR SR PP ) AR BRI (8] D 95.62 ms, LT £h 52
A U ) B ) R T 24 A BRI ] 200 ms™
AN ASIE RS SR BT 2 A RN 8] 97.56 ms™?,
HA s S P ASRIE# A0y 95.33%, LT
(BN 78 LR IR A T IE R R 90%” 3T
M BLER LR 95% ™, AL HUR AL 5 5152
(NECIE PN

5 #ZEig

AT AR PP T IR T BRI B S
Hedang 2%, FIH DBSCAN Sy HET i 2= 8t 5 2%,
S R AR IE AR G, SR O B A R
HUE B R A 17 AT AT B AT XS P2 L, 75 R 3L
PR ION B B RO AR S, BRI T IR
X ST I FE I o

AR 2 B 8] B 22 2% [A] IX el B2 R AL 1 H A
RHIE AT RGBT, HARIEIRTF 1 H FRARAE
B2 1) ) 25 5 R 7 2 A IR B IR 3, AR AL
BN 2 AL A B AR R B 1S A — BohE R 4L
PAFEA TURME I BRI SRR . H 24X
S-S5 M TR IS R]AY N 95.62 ms, IEFIZEEIA 95.33%,
PTG R f e ME R HERA P, RO LR A
FEAR IR B AR AR i T v S ) SRS A2

SE MK

[11 YANG K, ZHANG Z, CHENG H, et al. Domain central-
ization and cross-modal reinforcement learning for vis-
ion-based robotic manipulation[J]. International Journal
of Precision Agricultural Aviation, 2018, 1(1): 48-55.

[2] kB, TKICE, BENAE, & RIS FTOCEH AR K
&SI, ARHUALIEIE, 2016, 38(6): 10-15.

[31 SOGAARD H T, OLSEN H J. Determination of crop
rows by image analysis without segmentation[J]. Com-
puters and Electronics in Agriculture, 2003, 38(2): 141-
158.

[4] HUT, BRipes, SREERR, &6 BT HOL T A AAENE BRt
A B AR K BRER[T]. Y6 TAE, 2019, 46(7): 91-101.

[51 SAFHPE, BROOR. BE T HLER A0 1 TR WL 2R A AR 1R
ST, AHUEHTFFT, 2017, 39(12): 190-194.

[6] MARCHANT J A, BRIVOT R. Real-time tracking of
plant rows using a hough transform[J]. Real-Time Ima-
ging, 1995, 1(5): 363-371.

(71 R2%T, BRI, 2R, & 2T BB 1) F oK

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

FTIHL T 0 2R 2R A W 5 R 3], A0l TR SR, 2016,
32(22): 43-49.

ATHEE, BT EE . BTN S R RO IR A ARG,
FMIfCIR S e AL[I]. B 3k EEdR, 2019, 45(9): 1791-1798.
KT, XK, X8, . R THLEAE 0 KRR 230
FEMEL SR VA[]. AL MU, 2017, 48(2): 38-44.
AR, XN, 7K e, S SR R b T A v 2R AR R
] AU, 2012, 43(7): 185-189.
WOEBBECKE D M. MEYER G E, BARGEN K V, et
al. Color indices for weed identification under various
soil, residue, and lighting conditions[J]. Transactions of
the ASAE, 1995, 38(1): 259-269.

KASHYAP Y, KHARE A, LIPTON M. An improved
SOBEL algorithm for palm image edge detection using
OTSU method[J]. Biometrics and Bioinformatics, 2012,
4(7): 312-317.

YANG H, ZHAO J, LAN Y, et al. Fraction vegetation
cover extraction of winter wheat based on RGB image
obtained by UAV[J]. International Journal of Precision
Agricultural Aviation, 2018, 1(1): 54-61.

UG, BRI R ) 4 Otsu i 25 B9 {8 73 1
R[] HLT2E3R, 2007, 35(4): 751-755.

DENG X L, THOMASSON A J, PUGH A N, et al. Es-
timating the severity of sugarcane aphids infestation on
sorghum with machine vision[J]. International Journal of
Precision Agricultural Aviation, 2018, 1(1): 89-96.
B, oA, BRI SO ) AR R SR A R 2
Mg o (R R [T, B2 G2, 2011, 32(4): 678-682.
DIWAKAR M, KUMAR M. A review on CT image
noise and its denoising[J]. Biomedical Signal Processing
and Control, 2018, 42: 73-88.

BEHARA K N S, BHASKAR A, CHUNG E. A DB-
SCAN-based framework to mine travel patterns from ori-
gin-destination matrices: Proof-of-concept on proxy stat-
ic OD from Brisbane[J]. Transportation Research Part C:
Emerging Technologies, 2021, 131: 103370.

GIRI K, BISWAS T K, SARKAR P. ECR-DBSCAN: An
DBSCAN
geometry[J]. Machine Learning with Applications, 2021,
6:100148.

TRAERE, H TR0, 6 OCRE. FETHOEE L SR RS
I HNE PR [T]. RO, 2021, 41(3): 619-628.
OO, W AR, FER, S R T E M AR E IR IEOL 5
WG AR E A SHUE LS IR, 2021, 8(3): 27-33.
FUFIRE, TRIEAE. RAAEE T 2 AL B AR U i £t
LA T, PO TR A2 A R, 2020, 47(4): 31-38.
KASPI O, YOSIPOF A, SENDEROWITZ H. RANdom
SAmple Consensus (RANSAC) algorithm for material-
informatics: Application to photovoltaic solar cells[J].
Journal of Cheminformatics, 2017, 9(1): 1-15.

Wk, kAL, AR, &L EOKAT AT TR S 2
I[J]. Ak TFE 223, 2020, 36(12): 162-171.

improved based on  computational

[(RfEmiE £ #¢]


http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.3969/j.issn.1003-188X.2016.06.002
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.22.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2017.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.07.034
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.3321/j.issn:0372-2112.2007.04.029
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.3969/j.issn.1002-2082.2011.04.017
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.mlwa.2021.100148
http://dx.doi.org/10.1186/s13321-016-0187-6
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.12.020
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.3969/j.issn.1003-188X.2016.06.002
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.22.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2017.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.07.034
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.3321/j.issn:0372-2112.2007.04.029
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.3969/j.issn.1002-2082.2011.04.017
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.mlwa.2021.100148
http://dx.doi.org/10.1186/s13321-016-0187-6
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.12.020
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.3969/j.issn.1003-188X.2016.06.002
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.22.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2017.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.07.034
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.3321/j.issn:0372-2112.2007.04.029
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.3969/j.issn.1002-2082.2011.04.017
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.mlwa.2021.100148
http://dx.doi.org/10.1186/s13321-016-0187-6
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.12.020
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.3969/j.issn.1003-188X.2016.06.002
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.33440/j.ijpaa.20200302.77
http://dx.doi.org/10.3969/j.issn.1003-188X.2016.06.002
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1016/S0168-1699(02)00140-0
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.1006/rtim.1995.1036
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.22.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2017.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.07.034
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.3321/j.issn:0372-2112.2007.04.029
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.3969/j.issn.1002-2082.2011.04.017
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.mlwa.2021.100148
http://dx.doi.org/10.1186/s13321-016-0187-6
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.12.020
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.22.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2017.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.07.034
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.13031/2013.27838
http://dx.doi.org/10.3321/j.issn:0372-2112.2007.04.029
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.33440/j.ijpaa.20200302.89
http://dx.doi.org/10.3969/j.issn.1002-2082.2011.04.017
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.bspc.2018.01.010
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.trc.2021.103370
http://dx.doi.org/10.1016/j.mlwa.2021.100148
http://dx.doi.org/10.1186/s13321-016-0187-6
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.12.020

	1 数据采集和预处理
	1.1 图像采集与特征提取
	1.2 点云数据采集与聚类分析

	2 多传感器数据融合
	2.1 相机与激光雷达联合标定
	2.2 数据融合模型

	3 导航线提取
	4 试验及可靠性分析
	5 结论

