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1.Ultra wideband anchor 2.Vehicle 3.Electric push rod 4.Front wheel
5.Electronic gyroscope 6.Mobile tag 7.Differential mechanism 8. DC motor
9.Rear wheel 10.Lithium battery
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Fig.1 Research prototype and test site
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Note: (x, ) is coordinates of mobile tag; 0 is heading deviation, (°); PWM means
pulse width modulation; Uy is control voltage of electric push rod, V; U, is
control voltage of DC motor, V; PCM means pulse code modulation; a is
steering angle of front wheel, (°); v is rear wheel speed, m's”. The same as below.
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Fig.2 Block diagram of path tracking control system
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Fig.3 Layout of test site
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Note: PP, is the desired path; 4 is the center of the rear axle; B is the center of
the front axle; / is the wheelbase, m; 4B is vehicle direction; C is the preview
point; AC is the lookahead straight line; O is the steering center of the vehicle; L
is the lookahead distance, m; d is the lateral deviation, m. The same as below.
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Fig.4 Traditional pure pursuit model
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Note: AF is lookahead straight line of improved model; A® is the angle between
vehicle direction 4B and lookahead straight line AF, (°); O’ is the steering center
of the vehicle of improved model.
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Fig.5 Improved pure pursuit model
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Note: AH is lookahead straight line; 4B, means the minimum deviation state of
vehicle; AB; means the maximum deviation state of vehicle; AB, means the
instantaneous state of vehicle; KH is the optimal fixed lookahead distance, m;
KM is the minimum lookahead distance, m; KN is the maximum lookahead
distance, m.

A6 ZHAMIERITER
Fig.6 Analysis diagram of dynamic lookahead distance

3.3 BhASAIEEES

HR AR 5 8 1) 75 A i 22 R FE 0T 30 45 1 o A A0 B
B B il I A A I [ BT AR B Lpea WIIETHRE 2 H,
WME 6 fim. MHERLET ABy RSN, M 25K,
AE 45 /NETALEE B (RO 6 R s el | AR D
DU KRR R, TR R 8 IE Ao & ik
[ 7R AT AB IRFSIS, &K TR 5 H A5 R8T 2
RSP . 2 BT, R B KA BRI R
ZEMRSN FIRTAREE 2 0 AN 0.5L¢xea A1 1.5Lgyeq> BT
ROYRIE M AN . B3R R R HAGITE
[0, 180° T AE I BN HTALIE B Laynamico

L ;ﬁ.S_A@aj—05)

ynamic 180°

S B 25 A PR B A B AR A R R AR A A [ E R
WREE B Ligea MIBERT b, MR 41T ZEAK 1 2272 FE | A O FF
BNASHEIN Lea> SN TRGAH (1) B AT PR ERIE ] o
3.4 HERREHE

R AIE A S i B AGE BRRE A U, A
TERRAR Z FIRTAEIRZS (d, 0) SN(1 m,120°) i #E1T B 2R ER
B ERLE, EfSE 5 (60 —%. HHEREE
MATLAB R2016b #8558 &%, 4/ FUB ZE Akl 5 FL %R —
o PiHEEN 05 m/s, RFEEFMIANO0Ss. 7 ERT
FEGE [ EAEE Lo ZHIE BRAE RN A S S0 5 B0
PE L gynamic 2138 BRI (10477 LT HE

DLFES TR PR mE. RS RZE. ek
BRIV BN A SR FR AR R ST E IR AR IR R ) T . T S8
72 52 AR BT 46 B 45 0BG 1 1) e 22 IR 3848 FRe PR S
RGN EARMNHIIRE S 1 RSB AW 2N 0 1)
R BT E AT R B, RS A & 8 MR IR & AT
B SRR 8 T IR TR s RS I 22 2 HE AR E A5 1) )5 1
B R 22 MM s B I 22 A 48 AN 5 B0 2 b B R I A
w2 o P38 25 5 AR A 22 2 I W B A2 R B RS 52 1 2
BEFR bR . e B R 1R R ) U fz Bk B AR R B 1 AL S
o XA 7 BRI TSR 1.

1Ls o D

[

I

“fixed

=22m

“ dynamic
2R

End point \

a9 1 19
ZEARTT 4T B 25 F orward distance of vehicle/m
a. FEARRE BN
a. Platform moving trajectory
180 LARYIHIRE (1m,120°)
/ Tnitial state of vehicle (1 m,120°)

1201 s st 8

Final state of vehicle

o 1) i 2
Lateral deviation d/m

o
\E— 60
EF

Heading deviation 6/(°)

F 171 i %% Lateral deviation d/m

b. i ZE ISR
b. Effect diagram of deviation convergence
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Note: The optimum fixed lookahead distance in traditional pure pursuit model is
2.2 m, which is obtained by repeated computer simulation; The lateral deviation
d is positive when the vehicle is on the left side of the tracking path, otherwise, it
is negative; The heading deviation 6 is positive when the vehicle heading is
counter clockwise, otherwise, it is negative. The same as below.

B 7 B ALEAe 3 SANFEILAZIRIZAT AR at b
Fig.7 Comparison of path tracking simulation test between fixed
and dynamic lookahead distance
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Table 1 Simulation results statistics
ROALEERS Pz ARAMZE RREIESS BRI R
Lookahead  Average  Steady-state Stable  Adjustment Maximum
distance deviation/cm deviation /cm distance /cm  time/s  deviation/cm
Lfixea=2.2 m 147.5 4.6 960.5 27.5 419.9
Laynamic 1233 2.1 803.6 24.5 404.9

H& 1 TEH, RAZIEIE Loy B8 TR
2N 2.1 em, 10 EEEE Laea BRAN 4.6 cm, FIE 1)
FREFFE T s T e . TR T T, SR sl AL RE A
AU RS e R 2 AT TR HE B 1) 23531 9 803.6 cm A1 24.5's, T[]
SEMRBRAL Y IX 2 NEFR 738 960.5 cm 1 27.5's, UiAH
KH SRR SOR . B 7o o 2 ISR
(d-0) B, ZEReiE M B 22 2P IS A5 %6
ST e 22 DRI R N TR MR ZE AR K B e e 2
VRN ) w22 38 K B fa B B A ) v 22 AR AT [ fhv 22 (1]
I/ B S B S S BRI . AEIXURSIGERE R, A2 AR AL
WREEMIFNSVEAITIR, R ) AL I 25 A8 AT BE R k2>, (H
BARMmZRS A AR IR —FEIED W] R sl
CREE T AR 1 aTEN, SRAHBIESIE Lignamic BRALPERETRFR
AT 5 IR L BEALIT L BOR -

4 RWSERSH

4.1 RIE3izE

RSB A SCEEA MM, EHREITLRMR KA E
TR E ekt (- D, it E R 3 B,
RIGIS A4 2018 4 5—7 H, i 20~32 C. 5%
FENLATEIE L S 07 L FE R 9 0.5 m/s, SREEAZR
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¢.(-0.3m, -30°) d. (0.8 m, 0°)
B8 AR MEERET ALRRIZHIT
Fig.8 Linear tracking trajectory in different initial states
*2 HERERRBERSIT
Table 2  Statistics of linear tracking test results
HIIRIRES Al3E EEAR Y R 2liPA Fad FesE B RS T EE I (1) R K72
Initial states Pure pursuit model  Average deviation/cm _Steady-state deviation/cm _ Stable distance /cm Adjustment time/s Maximum deviation /cm
Lixea =1.5m 49.9 142 410.9 21.2 185.5
(0.4 m,-120°)
Laynamic 31.6 5.6 229.4 135 124.6
Lfixea =2.3 m 54.8 8.1 86.0 123 81.5
(1 m,-60°)
Laynamic 35.0 54 80.3 6.6 39.0
Lfixea =19 m 31.1 4.4 504.0 12.0 86.7
(-0.3 m,-30°)
Laynamic 233 8.4 283.0 10.1 72.5
Lfixea =2.5m 349 4.5 426.1 8.7 79.6
(-0.8 m,0°)
Laynamic 30.5 59 221.7 7.7 78.9

IR 2: AR IR LA AR Bt P 5 L R R T %
REREEIIBE S, it T 16 mx11 m MIAE TR 2. WA 9,
FEWLI R IMTUAHA BN (10,13) , HIUAHH S 24 il PRI
TIN5, RIYIIRIRE N (0,00 « SiHENRE
P8, ABRI ] E AR Lixed B 1.8 mo Z55 75 IE 224K
AT PR IERRE AN e/ NG 1) AR R R RCSE FE IR Y
THREEESAL | m B EHRYATREEL. R
PRGBS 1 R A ERZe DL ] 9, BREREE e it4h 3 W&
3 e

15¢
l i 5t Start point (10,13)
padasy * e
10}
E
=
5 -
1 1 1 1
0 5 10 15 20
x/m

B9 JEMHRIZHIE
Fig.9 Rectangle tracking trajectory

%3 EERERESERSAT
Table 3  Statistics of rectangle tracking test results
T ¥ 22 EIN B

HIERES A Mo BRI )
Initial states verage aximum Tracking time/s
deviation/cm deviation/cm
Lixea=1.8 m 30.5 117.7 76.3
Laynamic 20.6 85.5 80.8
4.2 REHERNF
4.2.1 FRARRIZHE

TEIRES 1 97, 4 FPWIAEIRES T 37 v AR 0L EE 4fi1E R
R ARIE B P Ym 224 50N 31,64 35.0. 23.3. 30.5cm,
PR ZESAME N 30.1 em, AL S [ e AR 438 R
PImZE 5 49.9. 54.8. 31.1. 34.9 cm, H1H N 42.7 cm.
YEFERBRERSE, ] 28 WA A i RS2 i 22
AN 5.64 5.4, 8.4, 59cm, FEEMEWMEN 6.3 cm,
AL GE R [ e AR AR Uy 14.20 8.1. 4.4, 4.5 cm, 3
4 7.8 cmo (ERIE 2 1, Bhas w28 A0 EE AL 45 [ E A0
FRIX 2 FpAsE A 1135 0 22 43 924 20.6 F1130.5 em. Fik 73
AT 2 BH SR FH 31 25 1) AR W B 408 B TR e B T B AR BRI 1
KR
4.2.2 BRARITFRZM

F ST 22 RS, b 22 e e IR A 50 4 1 25
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Path tracking of mobile platform in agricultural facilities based on
ultra wideband wireless positioning

Yao Lijian', Santosh K Pitla?, Yang Zidong®, Xia Popo®, Zhao Chenyan®
(1. College of Engineering, Zhejiang A&F University, Hangzhou, 311300, China;
2. Department of Biological Systems Engineering, University of Nebraska-Lincoln, Lincoln, Nebraska, 68583, USA)

Abstract: In order to realize automatic vehicle navigation in agricultural facilities without GPS (global position system) signal,
a path tracking method based on UWB (ultra wideband) positioning was proposed in this study. The test prototype uses a pure
electric and four wheels mechanism with 2SW-2DW (2 steering wheels and 2 drive wheels) structure. The closed-loop system
with the controller, driver, motor and encoder ensures the accuracy of the control. The indoor UWB wirelesspositioning system
based on the TOA (time of arrival) principle was built by using 4 anchor nodes, and a WLS (weighted least squares) method
was used to solve the statically indeterminate equations, which improved the positioning accuracy of mobile tags. The
positioning error of the UWB positioning system in the 16 mx11 m rectangular center area is within 7 cm, and the positioning
error of the rectangular edge is less than 12 cm, which meets the positioning requirements of path tracking test in agricultural
facilities. In view of the limitation that the lookahead distance must be greater than the lateral deviation in the traditional pure
pursuit model, the lookahead distance was redefined in this paper. So the scope of application of the pure pursuit model had
been widened. The deviation degree of vehicle was defined quantitatively according to the angle between the heading of the
vehicle and the lookahead line. The traditional pure pursuit model was improved, and a new pure pursuit model algorithm
based on dynamic lookahead distance was proposed to further improve the quality of path tracking. The algorithm of path
tracking was simulated and verified using MATLAB 2016a. The results showed that the average error, the maximum deviation
and the stability distance of the improved algorithm with dynamic lookahead distance were better than those of the traditional
pure pursuit algorithm with fixed lookahead distance, indicating that the proposed improved algorithm is effective theoretically.
The real vehicle test results showed that in the guidance of UWB positioning system, the vehicle could converge to the desired
path in different initial states. Linear tracking were carried out in 4 initial states. When the test prototype speed is 0.5 m/s and
the signal sampling period is 10 Hz, the average deviation, maximum deviation, stable distance and adjustment time are
23.3-35.0 cm, 39.0-124.6 cm, 80.3-283.0 cm, and 6.6-13.5 s, respectively. It was also observed that the above corresponding
index increased with the initial deviation of the prototype. When the prototype reaches a stable state, the steady-state deviation
is 5.4-8.4 cm, and its average steady-state deviation is 6.3 cm. In the rectangular path tracking, the overall mean deviation is
20.6 cm when the initial lateral deviation and heading deviation are 0. The lateral deviation mainly occurs at 90° turning, and
the maximum deviation is 85.5 cm. The path tracking quality of the improved pure tracking algorithm with dynamic lookahead
distance is better than the traditional pure tracking model with fixed lookahead distance, and it can meet the requirements of
mobile platforms in frequent steering for automatic navigation in the agricultural facilities. This method could provide a new
idea for vehicle navigation in agricultural facilities.

Keywords: agricultural machinery; control; models; ultra wideband; pure pursuit; dynamic lookahead distance; path tracking



