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Positioning Method for Picking Robot in Plastic Tunnels
Based on IMU and UWB

HONG Zhichao' LI Jing'? ZHAO Yang'® FU Jieyu' JIANG Gaofeng' XUE Long'?
(1. College of Engineering, Jiangxi Agricultural University, Nanchang 330045, China
2. Jiangxi Provincial Key Laboratory of Modern Agricultural Equipment, Nanchang 330045, China)

Abstract; In agricultural plastic tunnel environments, the positioning accuracy of ultra-wideband
(UWB) positioning systems is compromised due to variations in terrain elevation and ground surface
irregularities, thereby affecting the navigation of picking robots and precise picking operations. A real-
time correction and positioning method was proposed based on inertial measurement unit (IMU) and
UWB. Firstly, the grid map was corrected by using Rodrigues’ rotation matrix and affine transformation.
Subsequently, the UWB positioning data was preprocessed. By utilizing the rotation matrix obtained from
the IMU that transformed the picking robot platform from its current attitude to the horizontal reference
attitude, the lateral and longitudinal deviations from the UWB tag installation position to the actual
position of the picking robot platform were calculated, thereby enabling real-time correction of UWB
positioning errors caused by ground environmental conditions. Finally, autonomous navigation of the
picking robot platform was achieved. The experimental results indicated that the maximum absolute error,
maximum relative error, and root mean square error of the transformation-corrected grid map were
0. 150 m, 2.27% , and 0. 067 m, respectively. The real-time correction and positioning method based on
IMU and UWB achieved lateral and longitudinal positioning deviations of less than or equal to 0. 065 m
and 0. 069 m, respectively. Compared with the original UWB positioning data, the lateral positioning
accuracy was improved by 26. 1% and the longitudinal positioning accuracy was improved by 13. 8%.
When the picking robot platform employing the aforementioned positioning method operated at autonomous

navigation speeds of 0. 15 m/s, 0.30 m/s, and 0.45 m/s, the mean values of the lateral navigation
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deviation, longitudinal navigation deviation, and heading deviation were less than or equal to 0. 057 m,
0.079 m, and 8. 211°, respectively, with standard deviations less than or equal to 0. 039 m, 0. 069 m,

and 4. 307°, respectively.

Key words; plastic tunnel; autonomous navigation; ultra-wideband positioning; simultaneous localization

and mapping; real-time correction and positioning

0 355

TGO m B B REAL A 5 F R
5 B SO T B R b B B AR
SR SEIURAHHLAS N B E S UEE
(1 G SEEAE T RS BE v T SRR S AR
BEAMY 8 it 28 R — e 73 S /BRI SRR
FOGIR . AR % 55 P DR A (R B 15
fare, H2y 63% 7 BRI, RS0 SRR 8
RARALER NP6 B HE S MUBE R E A A
TIBAS R REA RARTHA PR AR T

UL E A7 A 2B M TAE R 48 (Global
navigation satellite system, GNSS) %& 3 | {Ji v #E 58 &
B BO6 R 8 E AL, a8 AL, B 9 ( Ulra-
wideband, UWB) fE %1% 7EESMFIAIREL T,
GNSS W] $& {45y m] 5 (78 A A5 B 7100, SR 9k
MR B GRS AR 2 X GNSS {5577 4 5%
WS Z AT T B R B TR S Tk
FEE o MUALHESE A o 78 L T I T | SR BB
BIAEE T, 50 R AR T T I A s i S BUR RO 5 5L
PROIRS A —3, 7oA BALR 221 OB IR A AE
M TRTAFAE S LM I 5 23 DERC SR 5 7 AL iR e T 5
VEMDAT 1] 45 ¥ 1 B ARBL RS, 485 AiF DT Jc AS B R 2 388
It RS SE N 5y 32 M P9 ' B AR AL AT ) FE 4
e E S PR R AE A S I R I T 2R ECRARRAE R
RIS UWB F AR GBI K 9 RS
SRR ) AR R A5 B E L S B4FHY 2 i85
PEBES B2 N T P R B P G AT
ST AR ML A TESR 552 BRI T S 7
BT S

TESRLIMI SEBR B 3 5 b, UWB JE AR
PERESZ B 2 42 %00 AT HE AL FE (Non line of sight,
NLOS ) S5 B FFE I 22724 BEANAE 2 e sr T
FEAEIEACRL Sl YRR R M AR Al G UWB 5
IMU %o, 425 1 I = A AR Pl & A NLOS 3l 5 €
R BE 5 K- BA A8 207 SR IS - 2% 2 Bl S v il 45 B
B 5 UWB EN R, 2 1 & fiRE %31
£ I8 DA 5 LONG 25617706 UWB R Fifot &
KBNS A R G5 & R TR KRR &
DN [ 18 N 52 R B S Rl G 2 AR AR B, $1

B T IR AL S OO ; Tk IR A5 4R 3 ik
HEFE R R R 2 08 5k 0 UWB & v 5 R 3l ad
PRI I0 0 A O G, 48 50 %2 (V0 RG B 5 NTU 2610 42
W — b TR B 2 ) B DN R 1R 22 4 1 vk
U -1 1) 7 A R M B 1 22 | S 2 kN T A R
22 LL S B T — R LT UWB I 5% 22 43 Fi 1Y)
XU GE A5 RS 548 1F 753, 38 38 43 B 00 B i
ZE RN T A IER Y | SR I AGHE TE I R IR = U I
BB IE NLOS 22 fém ViR E N ENKE, A
TP 9 22 B0k 1 1 S 2H B BEACUIR 3%, 7 25 F 1k B 2
GERACIABE Bk i SR B, AE TR R IR T
UWB E 0 22 A, BUA A& ik 2 TE 5
RS AT IR, B = SRR UWB bR 7
B G PR N IE I 2 S PR ] ) L] e 25 A M2

FRAfE SR TR AR B SR e 15
BB AR T 100, I Z KA F#AE 2 30N
T b TR [T AN S B SR R 5 v A7 7 T S 7 v
AL SRR, RIS 5 R RIS AW LA
b, 18 8 UWB AR B Am s . UWB 2E {37 £ 4t
B AR 8 AR ML A SEPRA & iX
— i 25 2 BB R RR T A R I R LR 2 K]
B A BTR AN GE AR

FT UWB 5 IMU I RE B A A SCHe i —
FRIET IMU F1 UWB 19 S5 M 55 B 24 o2 57 7
B2 IMU SR AEHLAS AL 3 2 Y i 2K
FEE LS B AR AR A B ST UWB B2 A A5 2 R A AL
ROV SE R B AR 1 S S R Sh B IE A7
2%, UWB L R GEHE AL X7 B 290, IMU 1 4t
JEHIZE B AR AR A R0 A R il T B % 5 | /S 1)
PLARES , Sy S 0B A A1 P b 7 PRI 1) v A
ENS H BB AR S
1 FEfLFHZE
1.1 REHBFAFEESIRIGEER KM
1L.1.1 REEHLER A5

AW ETE 1 PR R HLEE AN F 5 T,
A EH5% Ubuntu 18. 04 BRE R G0, LT HLAS A HR
YERG I K, BEESE 2 1 s, Hdb 2D 306
TIAE B LT RIS N G107, 5 G
Ii] (4 2 LA A 35 em, T 2 B 240 SRy 58 i A R v



%5

M AR BT IMU AL UWB BB RAIR A AL a5 A E 3 T7 AT 107

(9 172, T34 52 a AR R AR T 07 1 B S
W REIRYIME B IMU 223 T 2D JOL I T 7, 58
IARBCRAR LA AF- 5 5285, UWB @ L R Gl =
HEERLTT I, FVFRE AR A S 2Rl T A7 A e T 22
T RBCR LR AP 5 7 DRI R I 22 SR
B, UWB N 23 TR NF S AR T,
B2 e JEE ARG VR ) o E R 1Y 5 i, S AR AR S
SF-E3 JE T[] 9 3 LB B RO 70 em, HR R T
S50 AT A 5% AR R i B 5 L AL FEL L el
TEFE G 80 1) B 8 i AT D i 5 38 45 ) o 10 ok
ToDesk #\FZEHE B RAMHLAT N 5 42 il FH 1

4 5 6 7

B 1 RIEHLES AT & S A i
Fig. 1  Overall composition of picking robot
LLIMU 2.2D #0ok&Eis 3.4 HML 4. Jetson Xavier FFZAR
5. UWB Efibr%s 6.7 BByl 8. B hng 9. @
At

R1 RENBATEEHSH
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Fig.2 Plastic tunnel interior scene schematic
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Fig.3 Experiment equipment and experiment site
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Fig. 10 Raster map after transformation correction
2.2 BESMEASKEMBERT

RAFHLA AT B RSB b e b B S0
1138, T E I AR BORE i 2 R s AR B, 1EK 2
HLX = Y bR R A O BN Y 0 A R AR bR AR
W EH ARG AN B 305 0], b A 75
AR (0 AR kS B U I i, T R K
R EVEE HEOC KA BB A S A
MBS E AR (o, y ), 3 2o 388 4 T 4 ) SR AR AL
B BIRIZIN R AR AL A 5 AL
fafrfCo b TN B AR IE B, 32 UWB 2 AL R S
BRI AL E AR (x, Ly, ) PUSET IMU F1 UWB
R SEARL R S e 20 Al 5 7 ¥R T AL B AR AR (o,
¥,) o KRAHHLER NG AE X J7 ] 14 58 Ml 25 2 A )
TENLN2E TR Y T 1] B4 7 i 22 24 D 16] 7 57 fid 22 ,



112 B A1 R = 4

2026 4F

YRR R A ML g N6 8 DK B A PE M 38 4w, 76 X
Jria b, UWB %27 5 5t B3k 007 B 50 m 22 d,
DI T IMU FT UWB (14 5808 I S B 24 i o 57 7
AR BRI W2 4 Tk
d,=x, —x (39)
d =x,—x (40)
FE Y J5 )b UWB 5207 Z2 40 B Rz 1Y 5 v 5K
Pit2s d, LhJCHE T IMU 1 UWB ) 580E R 52 e
et 72 A7 TR LR R 22 d) RO R
d =y, -y (41)
dy =y, -y (42)
2.3 BESMESSMFBEERRE
W 5 AN FEE R Hh 1 S (A B T R R A
R R b 1 T H AR SR HLES AT 5 A B
JAYBILAE BE 0. 15.0. 30 ,0. 45 m/s 4% B8 Tl % I
WK KA 12 AT 00 B bR & S8 H AT 55
W RAT LA A 55 2 SR P AR 5] 3 B AN R 37
B PR ) A 2 L A I AU O 2 AT 1o Al 25 450k
T R B
SRAFALEE AT 5 F 0 B I R 2 R A 1
JiR . LA H bR 5 R S, SR LR A CF 5 F it
Dk X I D ] A 1 A2k Y A e
ST ELA AR RS Z 1 RO AR B RO H b a5R S
PRENA SR ES T SR 2R IMU 2R UL ) fi
ZEHAE . DR AT B JUAT Hu AR Ryl i R
AT BB R AR LA AT 5 S 00 H A5 50 s ARl
(xy,5,) , RAFALEF AV 15 500 2135 52 By o5 AR A5 Oy

(2,57, VR [0] AT O 25 X o PPN ) 5 O S 22
Y peiation TN H
Xpviation = 12, =, 1 (43)
Y joiaion =173 =%, (44)

YA

R
BT SRS B s

Fig. 11 Navigation accuracy measurement diagram
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Tab.2 Mapping accuracy experiment results

FEE G SCPREERS/m B EFRR/m X IR2E/m X R2E/ %

DI 5.000 5.050 0. 050 1. 00
D2 5. 600 5. 650 0. 050 0. 89
D3 5.000 5. 100 0. 100 2.00
D4 5. 600 5.550 0.050 0.89
D5 5. 000 5. 100 0. 100 2.00
D6 5. 600 5.650 0. 050 0. 89
D7 2.200 2.250 0. 050 2.27
D8 2.250 2.250 <0.001 <0.01
D9 2.200 2.250 0. 050 2.27
D10 2.250 2.250 <0.001 <0.01
D11 2.200 2.250 0.050 2.27
D12 2.250 2.250 <0.001 <0.01
D13 10. 600 10. 750 0. 150 1.42
D14 4. 450 4. 500 0. 050 1.12
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PR 10 5 K B R 5526, 1% , N0 5 RS B 3R
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Tab.3 Different positioning method deviation m

FLF IMU Fil UWB

I;zﬁ et B8 lm;g” et
2 i 7 57 7
T ER 22 0. 043 0.033
ISoN( 0. 088 0. 065
X rmifmzE  f/IME 0. 004 0.010
ol 0. 042 0. 035
FrifE 2 0.023 0.016
S ER 22 0. 044 0. 035
IPN(E] 0. 080 0. 069
Y BME 0. 006 0. 006
ol 0. 045 0.029
brifE 2 0.024 0. 021
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Tab.4 Different speed navigation accuracy

experiment data

S GiFeK B/ (s
0.15 0.30 0.45
SEEIMRZ 0,040 0.035 0. 057
5PN 0.083 0. 082 0. 149
B SRS /m B/ME 0.013 0. 003 0. 001
P E 0.035 0.034 0. 053
FrifE2E 0. 024 0. 022 0. 039
FHIR2ZE 0.058 0.070 0.079
R 0. 106 0.259 0.135
Wi/ m  f/ME 0. 005 <0. 001 0.016
RN 0. 060 0. 062 0. 092
brifEzE 0.033 0. 069 0.042
F¥mZE 7.659 8.211 5.750
PN 10.657  17.779  12.433
MLm=/ () I/ MH 0.745 1. 662 2. 063
Pl 8. 480 7.586 4. 452
FrifE 2 3.155 4.307 3. 606
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