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Extraction of Crop Height and Cut-edge Information Based on Binocular Vision

WEI Xinhua ZHANG Min LIU Qingshan LI Lin

( Jiangsu Provincial Key Laboratory of Agricultural Equipment and Intelligent High Technology Research
Jiangsu University, Zhenjiang 212013, China)

Abstract; Crop height and cut-edge are important factors to be considered in unmanned rice wheat
combine harvester, because the height of sowing wheel is adjusted according to the crop height and cut-
edge provides navigation information. Therefore, field crop height and cut-edge information were
extracted based on binocular vision. The 3D data and RGB image were acquired by binocular camera.
The 3D data on the flat ground were filtered by voxels and through filters, and the filtered data was fitted
to the initial plane by RANSAC algorithm. The real-time plane of harvesting operation was calculated with
posture changes of harvester reflected by IMU data, and the 3D data was transformed into the actual
height according to the distance from point to plane. An improved method combining density peak
clustering and K-means clustering was proposed to classify the height data. At the same time, the RGB
image was normalized and then segmented by Otsu algorithm to extract the upper region of crop. The
common region of the cluster with the largest cluster center value and the upper crop region were
obtained, and the mean value of the height data belonging to the common region was calculated to obtain
the crop height. Based on the cross-correlation between the height data series and the model function, the
cut-edge points were extracted. The cut-edge points were fitted to the cut-edge line by the least square
method. According to the current boundary line, the candidate range of the next frame data cut-edge
points was predicted. The heading deviation and lateral deviation were calculated by the cut-edge line.
Experiments showed that this method could effectively extract the crop height and cut-edge information,
and the mean absolute error of height was 0.043 m and the correct rate of boundary recognition was
93.30% wunder the complex harvest scenes including sparse, missed cutting and rutting. The average
angle error of heading deviation was 1.04°, and the average absolute error of lateral deviation was 0. 084 m.
Therefore, the method had application value to unmanned self-adaptive control of combine harvester.
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X AR SCARE I TSR A AL 1) i 22 RIS 1o O 22 47 56
iE. NTARCH R LA 2% 0 Rk, iR A
B E SR Z A W A, 3% 0 A 0 i 6] D 22
i 22 o A RO WOSR ML & A o 21 H S 0T 19 300 S
SRR M O S B R 1) i 25 o 2 3 AT 1) i 22 A

& 3 Al A5, it m i 22 - 2R 25 1. 04°, 52
Brofn TF B0 R 1) e 25 2 R OF X 4 xR 22 N
0.084 m, A F RGN AR, BALE
TR DX IV T 58 A5 R S B 1) 5 A 0 g ) i B
HWEAAAE— 2 M2, DR T 5 22 S 48 &
TR I 25 T R 2% . E i B ®l S
A v AR T ), O R 1) i 25 /0 T 0, )2 R T
0, A 2] & 14b 14c K1) i 22/ T 0, 1
KA E B 14e B ) i 22 55K, & W IR [l 4%
AN X EEAS wE BE O T A AT A OF 2 R AR
Af 0. 802 s, Tl i 3k X 35k S , 1 ¥4 4 it 3 47 s [1) o
0.124 s #1147 M, & T a5
S RORARM 600 Wi ¥ 4 2F 17 3 F 48 B0 i
TR E B R R 93. 30% , 32 WA S ) i 4 R
SRR A R v R TR

4 g

(1) M BUH B 5E 552 BEAT 49y v 3 Rl 0 1 5
SIS A PR HC Y i AR P 2R 220 0. 043 m,
W1 AU E B R Gk 93.30% , i 1) i 22 7 B 25
1. 04° 488 1] fi 2 ~F- 249 46 oF 12 22 04 0. 084 m, A LA Ay Bk
F RIS Y A 3 9 B A

(2) 5 A 30 iR 50 o e B s 20 2, T A
HIg e POl HiEm Tis T, 4iak
OGS E T 1R B e

(3) 530 e Bl e 37) MRS TR e 5 14 T A G &
BOR AR IBOSCEN T 5 8 AR AT — 1R 10t R 4 R R
Je — BB S et DX, P v 1 as AT K o

2 £ x

[1] ki, 528, Ml , 5. RAHUSFABRBIF#ERIT]. R L= ,2020,51(4) : 1 - 18.
ZHANG Man, JI Yuhan, LI Shichao, et al. Research progress of agricultural machinery navigation technology[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2020,51(4): 1 —18. (in Chinese)

[2] HAN Shufeng, HE Yong, FANG Hui. Recent development in automatic guidance and autonomous vehicle for agriculture: a
review[ J]. Journal of Zhejiang University ( Agriculture and Life Sciences) , 2018,44(4) . 381 -391,515.

[3] ROBATIJ, NAVID H, REZAEI M, et al. Automatic guidance of an agricultural tractor along with the side shift control of the



53 W BB A T XU LA A T T A9 A e RE AR i A R R I 233

[4]

(5]

(6]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

attached row crop cultivator[ J]. Journal of Agricultural Science and Technology B, 2012,2(1): 151 - 158.
ORTIZ B V, BALKCOM K B, DUZY L, et al. Evaluation of agronomic and economic benefits of using RTK — GPS-based auto-
steer guidance systems for peanut digging operations[ J]. Precision Agriculture, 2013,14(4) . 357 -375.
SRITARAPIPAT T, RAKWATIN P, KASETKASEM T. Automatic rice crop height measurement using a field server and digital
image processing[ J]. Sensors, 2014 ,14(1) . 900 —926.
Pk, W e, ZE 598,55, JET RGB — D ARHLI BBk KBRS I 77 vk [ J]. R PUARE 4R 2017 48 (35 T1)) <211 -219.
QIU Ruicheng, MIAO Yanlong, JT Yuhan, et al. Measurement of individual maize height based on RGB — D camera[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48 (Supp. ) : 211 =219. (in Chinese)
VRSB R . BTN E R R S ER O RN L] RO HLE A Rk ,2015,46 (35 T1)) 150 - 56.
ZONG Ze, GUO Cailing, ZHANG Xue, et al. Maize plant type parameters extraction based on depth camera[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2015,46 ( Supp. ) :50 —56. (in Chinese)
JIANG Y, LI C Y, PATERSON A H. High throughput phenotyping of cotton plant height using depth images under field
conditions[ J]. Computers and Electronics in Agriculture, 2016,130(3 -4) . 57 - 68.
KIM W S, LEE D H, KIM Y J, et al. Stereo-vision-based crop height estimation for agricultural robots[ J]. Computers and
Electronics in Agriculture, 2021,181; 105937.
S MCHIBUEI G 076 5 (MR v IR SE (D). e s A A2 2019,
ZHANG Cong. Research on header profiling and crop height measurement method[ D]. Nanjing: Southeast University,2019.
(in Chinese)
YUAN W A, LI J T, BHATTA M, et al. Wheat height estimation using LIDAR in comparison to ultrasonic sensor and UAS
[J]. Sensors, 2018 ,18(11): 3731.
P& BEARVL,NING Wang, 5. BT 3 10 0O 3 3K 08 F R AR5 2 m BE D s Rl [T ). &k T %% 41, 2019,35
(1).:180 -187.
CHENG Man, CAI Zhenjiang, NING Wang, et al. System design for peanut canopy height information acquisition based on
LiDAR[J]. Transactions of the CSAE, 2019,35(1): 180 - 187. (in Chinese)
IIDA M, IKEMURA Y, SUGURI M, et al. Cut-edge and stubble detection for auto-steering system of combine harvester using
machine vision[ J]. IFAC Proceedings Volumes, 2010,43(26) : 145 —150.
DING Y C, CHEN D, WANG S. The mature wheat cut and uncut edge detection method based on wavelet image rotation and
projection[ J ]. African Journal of Agricultural Research, 2011,6(11) : 2609 —2616.
ZHANG Z Q, CAO R Y, PENG C, et al. Cut-edge detection method for rice harvesting based on machine vision [ J].
Agronomy, 2020,10(4) : 590.
W A R S (XY L FE AP T B A R HL LR B 1 (1. Il TR 2020,36.(4) £ 18 - 25
ZENG Hongwei, LEI Junbo, TAO Jianfeng, et al. Navigation line extraction method for combine harvester under low contrast
conditions[ J]. Transactions of the CSAE, 2020,36(4) :18 —=25. (in Chinese)
ZHAO T, NOGUCHI N, YANG L L, et al. Development of uncut crop edge detection system based on laser rangefinder for
combine harvesters[ J|. International Journal of Agricultural & Biologicalz Engineering, 2016,9(2) . 21 —28.
R, 5k TE UK, 55 B0 IR PLAR 22 WOl OB EZOR M R it SR [ 1], Rl TH 24 ,2017,33 (1
) .30 - 35.
WEI Liguo, ZHANG Xiaochao, WANG Fengzhu, et al. Design and experiment of harvest boundary online recognition system
for rice and wheat combine harvester based on laser detection[ J]. Transactions of the CSAE, 2017 ,33 (Supp. ) : 30 —=35. (in
Chinese)
MR, R, EW,F N EaR =fas TG gl ST REEHM(ARRFIR), 2020,
43(12) :1684 - 1688.
TONG Ziliang, YU Xuexiang, WANG Tao, et al. A new robust 3D point cloud plane fitting method [ J]. Journal of Hefei
University of Technology ( Natural Science) , 2020,43(12): 1684 - 1688. (in Chinese)
ERE L RE , R A ST AL B RS Yk B H G AR T]. BLER AN ,2020,42(5) 1595 - 605.
GONG Zhaohui, ZHANG Xiaoli, PENG Xiafu, et al. Semi-direct monocular visual odometry based on visual-inertial fusion
[J]. Robot, 2020,42(5) : 595 -605. (in Chinese)
RODRIGUEZ A, LAIO A. Clustering by fast search and find of density peaks[ J]. Science, 2014,344(6191) . 1493 - 1496.
CHOT J, YIN X, NOGUCHI N. Development of a laser scanner-based navigation system for a combine harvester[ J]. TFAC
Proceedings Volumes, 2013,46(18): 103 — 108.
X HY AR B st a8, S SR T AL U 19 /N Z2 ORI e PR E AR IO 1 [T ] A0l MUBE =4, 2016 ,47 (11) 232 - 37.
ZHAO Teng, YEKOU Shen, YANG Liangliang, et al. Fast edge detection method for wheat field based on visual recognition
[J]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (11) :32 —=37. (in Chinese)



