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Design of Path Tracking Control Strategies Based on Transformer-LSTM

ZHAQO Jun'?
(1. School of Information Engineering, Xi'an Eurasia University, Xi’an 710065, China;
2. School of Computer Science, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Aiming at issues such as low efficiency, poor accuracy and path deviation in existing path tracking control algo-
rithms for mobile robots, a tracking algorithm based on the transformer attention mechanism network ( ACN) is designed.
Firstly, a binocular vision system is deployed at the front end of the mobile robot to collect images in real time, a transformer
training model based on a self-attention mechanism is constructed, and a long short-term memory (LSTM) structure is intro-
duced into the model’ s encoder and decoder to improve its two-dimensional image data training ability. The weight allocation
of computing resources in the transformer network will determine the complexity of the model. Therefore. the CS group in-
telligent optimization algorithm is combined with the transformer to find the best weight allocation parameters in the global
scope, and constantly modify the learning rate by adjusting the adaptive step size, enabling more accurate path tracking for
mobile robots. Experimental results from 10 groups show that the proposed algorithm only requires an average time of 9. 2 s
for the path tracking, with a path deviation variance of 0. 015 at the sampling point, which is better than the existing robot
path tracking algorithm.

Keywords: transformer; attention mechanism; encoder; decoder; adaptive step size
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Avs Ay ey Ay FORBEAR SR F AU AR ST
TFRHE R TR F

PCA WA, e  Ay) = JH P(A) = JP(AJM (23)

HR A B /R BE e B B AT, B AR 43 0 A B i D
0] 5 J B AR T UG SIOME 5 gl R, AR CS BRIE 8 R A L
ALK 2, FHBEMNAE S, Pl AR ERZ 3
o R A AR Y B R AR B S O B AR 58
FHR BN B A A

AR SCHR H B A ] R w2 B T Transformer 13 J) Bl
T PO 285 11 it A LR A o o 2% SR W S ek R AL R 4 S
REN G Nz s A2 -G 5 B . R Transformer ¥
2 vy [ T R 7 AL R LSTM L B % [ % i#E 47 45 4F 42
WSS, B AR RIS 4. 154t PID £
1l 45 A AL g AT L TR A R, DA /M SR B AR
SR BAR R R 25 . WEE. Bl CSERRSE L S B
B SIS Transformer 457 4 A 43 PiE 7127 ~
R, BETHRERIG PR A S M P SR A 9 PR
4 ZWERSHWH
4.1 IR FEESHEXMIET

ARSI AT B S AL A A B AR IR BRI R L e = A
RGO BB T #EAT . LA AN A B H L8 12 B g (L
B SC233HGS (2.3 MP) By CMOS) . nl B sh ¥l 4
AHIAMER SR 0.3 m*0.3mx 1.2 m, @Kk 55 kg,
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B . ET Transformer-LSTM [ 45 B2 i 2 ) 5% W 1% 31 . 105 -

57 W
XH Y || transformer- PID
BRE LSTMAk 2 B hilfR 4
BLAEA
AT
LI B2 1 Cstipb 5 B
= %si] il 5 R &M K

IO g il SR mg
A RS S AL AR A AT RS B ) HLN T STM32F103C8T6 Bl

L HLFN 256 GB BIG B2 4 . T RS shAllas N SE i &
S 36 03X 3 AR B B EL R AN &) 10 BFOR

[ 10 F transformer 1 55 7 L WY 45 45 0 v] &% sh Al 4 A

Al RS ShHLAE AT R B K ) 20 m, HARk 4
FEEB . S EAMEEREY (0.3X0.3X0.3 [IE ik, [
Py F HLas AAT F 8% A2 v dm 22D 5 43 BRI AR S
11T transformer 3 & J7 ML P25 B R, FAE 55 (1) 42 )
B 45 B . CNIN X 45 B i i . SLAM B33
T S A T A B L. U I A% A ik B A R R 0 K
R SHRENCES T NE PR,

F1 KFRENSHRE

transformer V& J7 B il P9 45 45 2 1) AR 5 4% Kk 2% e & A
[F. DA PR e g M i P, WHM W RERE T
L ooOmiEIf&, M & Hib. i KRRy YR, i
A3 BT AR SCTE T AY B IR R R R 3 R AR G B s AR
PRERSEVE . AR 5250 3 5 R SR AT R 2R, DLER
UE 45 B30 T AL a8 I A% R 1 8 i BE . H Ry s
R e bR RE . D AT RS S ML N S8 U A AR Y FE
B 2) U B4 0 i 2% .
4.2 RERIFEMEL3NEEG A NHK

MR LMK 20 m, [P35 T AL KRG, THEKE
HALES ANATHERE AR FR A B g, ol B s AL AR B
il T B2 R AT B M B TS AT B N AL I B T ok A T 0
7 E RS . AT T 10 4SE . WL A5 B R BRI
L SERFER . IR 2 FTR

2 AR 58 BN R AR I A B ST

K5 E i SHH
1 LEAEE NI/ 200
2 fa 2 80 5
3 2 5] 2 [l 0.005~0. 025
4 o) R [E E(E 0.01
o P PR AR ReLU
6 CS B Al 19 3 i 100
7 KA R 2
8 R4 RITHFK 5
9 % Sk TR WL L 10
10 A6 A 1 U 0.53

1% ) HL N 45k AR CNIN ) 4% 45 s A 700 i ot 2%
W 25 2505 B 5 transformer 33 & J7 ML 79 45 5 B i 2
BOhc B AR [, SLAM B 3k 85 R B W0 58 15 5% 2% 1 & M

PR B BRI/ s
3
AEE | BN | CNN % |[SLAM &
1 9.5 11.2 10.7 12.2
2 9.0 12.1 10.5 12.1
3 9.2 12.0 12.0 13.2
4 10.1 11.4 12.0 11.8
5 9.1 10.8 10.7 11.9
6 8.8 11.8 10. 6 12.5
7 8.9 11.4 11.5 12.4
8 9.1 12.3 11.4 11.9
9 9.2 10.8 11.8 12.0
10 9.3 10.7 12.5 12.2
¥y 9.2 11.5 11.4 12.2
PAXT S B () 303 25 SR 43 A AT 40, AR SCHE T Trans-

former {4 3% J1 ML P 2% 45 7Y (1 10 vk I 3K 24 {E FE B S
9.2 s, BT 3MEGEEM 11.5s, 11.4 s fil 12.2 s,
BRI e A IR P A O A i S
XPHD . R 3 B .

F3 KIS R I B AR O 3 4R

. AR IR s

Wi ALY R LM 4% | CNN W %% | SLAM % 3:
G 8 75 ik 3R (. 0.15 0.52 0. 64 0.55
HME AR BE | 0.16 0.93 1.02 0.89

F 3 PR AR TR . AR SCHE R AR A R IR iR
PIME R 0. 15 so AN A W A )5 JE GR 5 R B ik 35 4
Koo RWIASCESAR IR ER L DT T ILRE T B . O Bk
TEAR IR BE 25 1F R A B AR B AR 15 O - 5 & A IR A9 LUX
{ELAN 100 AR 2 10, LI 25 5535 58 B i % 42 1) F- 24
SEIREBL. W 4 PR .

fE 10 LUX AR BB AF T, A SCRE R BB
BAYIEIR . T A A ST SR B T R BB Y AR AR IR
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- 106 - A HLI RS 45 5 34 %
15 0L . F5 CRHAKTEMESI
4 ARBREE A AFE 25 B o B G A T 2 S R BRI R s
BRI s ASrEY: | B | CNN W% | SLAM &3k
W A R B 2% | CNN W4 | SLAM & = g 0.015 0. 256 0.247 0.297
Jo kA GESR (| 0. 15 0.75 0.83 0.77 Sig. 0. 000 0.105 0.125 0.133
A LR M| 0.17 1.15 1.34 1.21

oI T SLAM B9 R R T AL 58 J5 58 T 2R 1 176 %
or BB ARBRER T 1. BOLBAR BRERCR e i, kb
A T R W) B Bl R R, SR S R

K5 ARG Y B RE R R

P {HGEIT4E 0.000, B EALT 3 Fifeg ik, WEM TA
SC AR IR R SR VA TR AT BE B AR T R T EIR AR
4.3 HBEICIS

T 2 7 il S 5 58 UE AR SC transformer VE & 7 HL ] B
26 BT I A E M I 2 IR B R A AR A B, AR SRR Y
43 538 33 X} transformer 58 Y 50, CS ALE L
B LR AR K, T T 3 itk S —wiiik)E
FESCNBLRL AL S R e O B, 5 =kl fk
FE SRR C CRERY C Ay 45 4 He 52 56 v 52 o 7 A A 3C
BYERIRD , LI 2 A RE I SR g SEal . B i B

i BRAR IR s
ASrHEY: | BmEEM4% | CNN W% | SLAM 23
1 0 0 0 0
2 0 0 0 1
3 0 0 0 0
4 0 1 0 0
5 0 0 0 0
6 0 0 0 0
7 0 0 1 0
8 0 0 0 1
9 0 0 0 0
10 0 0 0 0

BRI 45 R BR . transformer 1 2 7 HL I W 4%
AR T . Hlds AJER SRS Y) & AL b . o3 Fh ik
G RER R E A BN 1R, LR 2 IR, AR L
iy 22 48 W] B8 S L& A AT 0 Hh i B 1 S B Y B B
B SRR 22 2 KO ARG N T R A ) A Y XU
B2 3G AL g8 A58 U d AT 55 I REI . TEAT HE R AR bR
BLREE T 10 ARAE AL, WX 10 A RAE 5 IR E
i 22, GiTE R 11 s

0. 04

fi % /m

-0.02 <

-0.04 1 L 1 1 1 L 1 1 L L
1 2 3 4 5 6 7 8 9 10

GV IRB/ IR
B 11 450 R A5 S S (E Y e 22
B 10 s AR SCRE L T 45 SR AR 2 i 22 de /N f
Hofth 3 Fpig AR BRER A T —E R 2, TR
FVETR 10 A RAE Sy 225 P H. W3k 5 FioR,
Mo ZE MR G5 R AT 8, A 3 transformer 1 &
AL ) £ BT T 1) % SR A UMl 2 19 7 22 fH AN A 0. 015,

Gt R mE 6 iR,
26 I Al S50 I3 P AR R FE I SR 3
it A AR IR B/ s
JE A AN A AL 95 R A KR B LR C
1 10.3 10.2 9.8 9.5
2 10. 4 10.0 9.7 9.0
3 9.8 9.5 9.3 9.2
4 11.5 11.1 10.7 10.1
5 9.7 9.4 9.2 9.1
6 9.9 9.5 8.9 8.8
7 10. 2 10. 1 9.6 8.9
8 11.4 1.1 10.6 9.1
9 10.3 10.0 9.4 9.2
10 10.5 9.7 9.5 9.3
gt 10. 4 10.1 9.7 9.2

JEUa A AT AL 1 transformer T [ 58 J % 4% 1 #E
Bf A 10,4 s, Zead R A, FERL BRI AL C i = k1
5E U AR FERT 22 A T ORI B sk 2, Gl B Rk
b transformer [ 45 155 %0 [ P 68 2 4 BT 10 ik, LA U (1Y
etttk Z AR, 233 2R A L A 1
PR B B TR BB 8 38 B — S A B A RS . UG R A1k
BRI B RERY A, IR B AR C, BRI 5 1k  FE I 43 1
MR T 2.9% . 4.0%F1 5.2%, i@ CSE ML A
m AR, BTk ES R T 9. 2%, Em
i i 2 R Ak BE % B 25 B T R A s A SR . e R AR
A, B BRI C (i =R AR X T 22 {8 5% ) 245 5
TR

T OWEELE T EEEIT

it B AR BRER LI /s
) R | A A | BRI B R C
Jr 248 0.153 0.095 0.032 0.015
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B B T Transformer-LSTM [ 5 4% R i 4 o) 06 w53 . 107

MIRAE KA BRI B AL C, R Ty 2243 B FEAK T
0. 058, 0.063 F10.017, Hm] 1 = A Ak 1) o7 8k B2 HE
JF R CS A EAMALTE L . HIE W A KA transformer 2514
PR T il . it S B 2RI RAE
17 22 (A8 A A ] A A 3. R L 4L trans-
former [ 2% 155 7Y /) % 440 R B 45 I ROR R 47, 0k T 3R
AR B BT
5 #HXRIE

WA N TRRE. PLEs42T . A biEml S8 AR A
Wik 2. AT R sh AL A N & SR i &2, 4540
P XA % s Al N ) TAERCR IR e M2 sk [ 20 48
Fho BUA AT AS S AL A I A B B 4 o R vk 22 SR L 9
B R 4 T B sl AL B s v %8 b T v S B R AR 3 1Y
PR AT )RR AE B2 30, (F A 5000 4 1) A 30 4 3 %
e X T B el 2 T 4% 155 TR 1) AR )N 5 e O R B e KR
{EYINZRATE R {0 B di SE i AL BERE RS LB . A 7 S ELER
N B B AR BRI L B 22 B A ) R A iR . R AR S
P& —Fp B F transformer 25 #4 1 T B W) 2% 55075 A5 T
ARSI B S FE S MBI, AR PSIAT
LSTM &4, fioke TR (0 16 B2 R 80, 5] A CS 53k A
3G W AP KX transformer B 17 Z2 046, DL 4F
i 4R THASE TR BOHE I 2 BE . AR AE B BCRE T Ik TR
A T B A 2 B3 I o B BE R AR B B . SRR A U
G5 R B fF transformer {5 7 WL P 45 SR AR,
AR S LA N 58 AT 55 RO RE I e, ELOR R H B S B g
YIRS B 4 . transformer VE & AL 9 4% BE 2 —
T A AT 2 J T 5% 1) TR il 8 T 4 AL R, ] )l
AT KR #%0 T B B transformer {3 & J1 #L ] 9
2% R fif 5L T 0 08 S BE AT AT S Sl AL N ARG B 4 ) A i A
PREE . {H transformer 1 & J7 ML W 28 MK SR A7 42 52 22 1
B AR A, B ROk FTE T i — P gl A2 HiE &K
FE R R BRI s R et 25 T 4 1 [ A E (] AR
B A 480 A3 R Y T
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