H43% 21 1
20244F 31

S PN

Journal of Huazhong Agricultural University

Vol.43 No.2
Mar. 2024 ,234~246

W2kt RN, B R, A R T ILSE A FE K AEB R 2 A s 25 B LR [T ] AR AL 2441, 2024, 43(2) : 234-246.

DOI:10.13300/j.cnki.hnlkxb.2024.02.026

ETHRATERNKEHERVNSERFHGEMHAR
W2, R0, B ek, TH %

BFRRLEKRFILFR, &R 210031

mE

R T GNSS/INS 2145 5E (57 F K R B L7 18 P | vl 100 A% TRl 2 S8 55 17 D P ) 0

R FE A GNSS/INS 2 A 5 o7 1Y it -, £ H — R ot 50t R 4t (vision navigation system, VNS) £ 727K
TR 2 B R P2 & 0 v o 1 SRtk (19 Ortsu 1 FTRICHE 19 Hough 758468 vk FH 1 W36 58 37 435 S8 BB,
FEA AR AL AR AL AR 5 56 3R R LI SR A 5 SR 5 SR FH EAG 245 D RE I IR IR S 08 W 570 VNS Hie
H A8 V45 S8R GNSS VINS it 128 7 5 B IEF Tl 5 Jo a4 BIFE K D s Ak R EF IR0 . 25 R B, 25K
P 5T, GNSS/INS/VNS 20 4 5E £ Fl GNSS/INS 20 4 5E 745 BE AT , 1 78 B 4 /K Je #1375 F , GNSS/
INS/VNS 21478 (o i 58 0 07 B 15 22 AL [ 158 22 1 -3 (B 23500 1.77 em 10997, #HAL T GNSS/INS 4l A5
7714 I R 46.8 0 11 61.5 %0 5 7K FHIR I, Zead W5 40 70 J5 T T 22 8 AR 1) i 2 0T 1) i 2 7 X {890 501 K
IR 45.7% F167.9%% , K [l 22 F- BB A 1.97 em, L AR 25 -39 (H 4 0.49°, R4 LR, T kb 7y 214
TR A 52 N 7 1 R A AR AT 2R G0 0 52 7 15 2 B B i 22 , W6 R R RRAIL 1 3 28 BVl A 0K
EBIA IHRAL; BRI FERLS s SRUENL; RRS IR BRI ; 25451

RESES S232.3 TEKERIRED A

B 12 B AR HOR F S H R TELO A 7 |
N, AR 2245 1 3% 45 1) A sh Ak R RR AL T 1) &
R OKREVE IR BN EY 2z —, e
IKAFAANL Y 2072 B 5 VR, % B & KRR R A AR
FERCR LA I B X X XA AL A 5 RE 6 B
G 7K

WA BARRAIL A 22 B H R BUR F 2 T2k
SR R G (GNSS) VB S0 2 48 (INS) #2144t
) AR AL A7 BRI {5 B8 3l B 38 At e (5
Ko GNSS ZLIURG R AF ML 7y STy, 724 T 424
H A IO AR R 4R T T AR A PR ROR T A
FR T —FE AL B SR SRR, I GNSS 4R B
FHRHLE D15 B, 52 T XK AR BL A el &
SR BT . LIS A A ST AR T, GNSS F
INS (4 41 i A R 8 i, I HLAE AR U8 FH T
IO I BT O INS R GE AR
AT BN AR BB, BEAS LU AH X A w5 1 SR B A %
ABAT T DAAS S0 1R A R A R A )
SR H 38 N F R 2R 2 8 I S 6 GNSS FTINS 1Y

Wik H 4. 2023-02-09

XEHS  1000-2421(2024)02-0234-13

FENLE BT RS R GNSS XF INS i 5 1 37 2%
5 BT IE A U 7 INS 38 17 2 P i 15 22
R, (AR EE Rk M, TR E
125 5y 32 B P ol TP s B S B R T 2 B
RIS, 3 GNSS/INS H & E M R G E
PORE BE N . BSE S R 58 (VNS) BRI A (5
T A Bz T Al A, R AR
FHPLBR B SE SR T M SRR A R T —
Foft 35 T W05 B4 B AL T AT 26 BB 0, % TR AR
AT ED R T AR BAL A RS 8. M
T VNS AR T A A% 8% 25 |, RBAE M 37 2R AR R
BiA5 BT SRR B AY X 745 8

PRI, R 2 3% 5 T GNSS/INS 414 28 7 7k 75
THBLAE 8 2R L TP AL B R R S L st
() SRR , AR5 78 )5 A GNSS/INS 414 22 A3 1)
SERl b T R T S8 T8 1 K R R AL 22 A% A
2B 2 O R R BL I T 2R 40 7 £ B4R
T B N RGNS BE RIS A RE , B AE ik —
I RHBWL A B SRR 2%

FEATHH T AR LA SRR R 5 H (NJ2021-38) ; VSR FAC AR 72 M 45 A fdk 2 i i 4 35 (JATS[ 2021 1483)

2%, E-mail: Y _shengyu@126.com
WAEVEE  BE 4K, E-mail : xuejinlin@njau.edu.cn



o5 2 1A

W2t % BTN SE KRR B2 AL R 415 2 AL WS 235

1 #MRIERE
1.1 BEFRET

AHFGE LA K RE IR R A 204, 76 A 1) GNSS/
INS 41 & S5 i S5 Atk 358 i 9058 S B4R BRAIL IR 45
SE A, DAY A B AL Y 5 T R e 1Y g
ARG ZE 1R, 8 INS 5T  # 4

i A HE R I A AV R i ad GNSS R HL
ALY 2506 67 B AT ) 45 8, 38 o AR BL AR BUK A5
P R, 15 B 46 B AR X TR AT 00 815 B
TE2 3 i 4 [A) 25 5, GNSS FT VNS 7 BE SR /R 2
W A% v ) B vk 5 INS ot S 8ok 25 7 £k
B AR B AR AG T, U IE INS A [a] SRR 22
i RV E AR R

! =
5 15 S HE i £
Inertial navigation — I P .
mechanics arrangement | | E = 8
—————————————————— - R g o= w
------------------ R AN
= c R S 4
bR B T INEE (] 3
! Coordinate —> E{:% ol .L4;§4 —» e
4 3 S < - — z
. |_wmomation [ 121723 B Slew= 0
T 2:l =t
! i ® g =3 VT
VNS | —> I3 [
1 1 ~essi —_
AL Camera b | E
1 BHAERTFEE
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A:JFEZ Original image; B: L 43 L componen;C:a 43 a component; D:6 43 b component.
2 LabZE&5EREE
Fig.2 Gray scale image of each component in Lab space
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Fig.3 Gray level histogram of each component in Lab space
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Fig.5 Image segmentation effect under different illumination conditions
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Fig.12 Clock synchronization diagram
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Table I Navigation system default route  (°)

IR AAR R SO AR J5 1)
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coordinates coordinates Direction
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Fig.13 Test scene of cement ground
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Fig.14 Positioning effect in two scenes and two positioning methods of cement ground
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Table 2 Positioning deviation of two positioning methods in open scene of cement ground

37 #i% 22 /cm Position error

M2 /(%) Course error

T ERTIE

) A FHRE ToNT TS FrifE2E TR RoRiRE brifEZE
Test scenario Positioning Hxt Hxh (i Standard %t H R Standard
Average Maximum deviation Average Maximum deviation
25 Empty GNSS/INS 0.57 1.42 0.65 0.61 1.65 1.28
W5 Empty GNSS/INS/VNS 0.51 1.40 0.60 0.56 1.48 1.25
PS5 Ocelusion GNSS/INS 3.33 13.48 4.00 2.60 10.65 3.16
BRI Occlusion GNSS/INS/VNS 1.77 5.77 2.05 0.99 5.51 1.84
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Fig.16 Seedling image processing results
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Fig.17 Positioning effect in two scenes and two positioning methods
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Multi-sensor integrated positioning of rice transplanter
based on visual supplementation

YANG Shengyu, SONG Yue, XUE Jinlin, WANG Peixiao

College of Engineering, Nanjing Agricultural University, Nanjing 210031, China

Abstract A multi-sensor integrated positioning method for a rice transplanter supplemented with vi-
sion navigation system based on the GNSS/INS integrated positioning was proposed to improve the naviga-
tion effect of rice transplanter based on GNSS/INS integrated positioning when encountering the conditions
of ambient occlusion, electromagnetic interference and sensor failure. Firstly, the improved Otsu method
and the improved Hough transform algorithm were designed to extract the visual positioning information,
and the relationship equation between the coordinate system of rice transplanter and camera was constructed
to solve the position and pose values. Then, the federal Kalman filter algorithm with fault-tolerant function
was used to fuse the visual positioning information with the positioning information output by GNSS and
INS. Finally, tests were conducted in cement field and paddy field. Results showed that the accuracy of
GNSS/INS/VNS combined positioning was similar to that of GNSS/INS integrated positioning in the
open cement ground scene, but the average values of position error and heading error calculated by GNSS/
INS/VNS combined positioning were 1.77 cm and 0.99°, respectively, which are 46.8% and 61.5% high-
er than those by GNSS/INS integrated positioning method. In paddy field experiment, the average values
of lateral deviation and heading deviation of navigation system decreased by 45.7% and 67.9% , respective-
ly after visual supplement, with the average values of lateral deviation of 1.97 cm and heading deviation of
0.49°. Tt is indicated that the multi-sensor integrated positioning method based on visual supplement can ef-
fectively reduce the positioning error and tracking deviation of navigation system, meeting the performance
requirements of automatic driving operation of transplanter.

Keywords rice transplanter; vision navigation ; information fusion ; navigation and positioning ; Kalman

filter ; image processing ; fault tolerance
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