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Reinforcement learning-driven parameter tuning for mobile robot’s
predictive control

LIU Yuesheng', XU Zhongxian®, HE Ning', HE Lile'

(1. School of Mechanical and Electrical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;

2. School of Automation, Xi’an University of Posts and Telecommunications, Xi’an 710121, China)

Abstract; To enhance the performance and adaptability of trajectory tracking predictive control for omnidirectional
mobile robots in dynamic environments and address the limitations of existing machine learning-based parameter
tuning methods, such as strong data dependency and the difficulty in balancing short-term control accuracy with
long-term system performance, this paper proposed an online self-tuning method for model predictive control
(MPC) parameters. This method integrated reinforcement learning theory with an event-triggered mechanism.
First, the kinematic model of the omnidirectional mobile robot was established, and a corresponding trajectory
tracking MPC framework was constructed. Second, a dynamic parameter optimization framework incorporating the
Actor-Critic reinforcement learning was introduced. By designing a reward function that combines state errors and
dynamic performance metrics, the controller was driven to optimize control parameters in real time. Furthermore,
the event-triggered mechanism was seamlessly integrated into the parameter optimization framework to develop an
adaptive controller. This integration reduced the frequency of parameter updates, thereby lowering computational
load and enabling efficient control. Finally, a physical experimental platform for omnidirectional mobile robots was
developed, and comparative experiments were conducted across multiple scenarios, including step trajectory
tracking, Lemniscate curve tracking, and dynamic obstacle avoidance. Experimental results demonstrate that
compared to traditional MPC methods using static parameters, the proposed approach reduces overshoot and
adjustment time by approximately 70% in step trajectory tracking, decreases state deviation by approximately 65%
in Lemniscate trajectory tracking, and reduces state deviation by approximately 30% in dynamic obstacle avoidance
scenarios. These results validate the effectiveness and environmental adaptability of the proposed method in
enhancing trajectory tracking performance in complex dynamic environments. This research provides novel insights

and approaches for addressing the challenges of high-performance trajectory tracking control of mobile robots in
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dynamic and uncertain conditions.

Keywords: omnidirectional mobile robot; model predictive control; parameter tuning; reinforcement learning;

Actor-Critic network ; event triggering
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Fig.1 Kinematic model of omnidirectional mobile robot

R T S AR KT B s AR g e 4
JMARFR XOY RS @S LA AR AR &R X,0,Y,, TR
0, SHRS N IUT L ES, X, T HLEs A
Y, WO HLES AR, HLES AAE XOY T
LI (2, y, @) T, Ho (w,y) A R0 B4
W, AOLEA . 2 v, FRPLEE NI M LB v,
P [ 2R | 0 o R ML N EE AR A7
BARRFIR N

X

cose -—-sing 0
y|=|sing cose O0]v, (1)

A 1, FoRYmECIAIEE 1 FRRE AR,
%%ﬂ“ﬂéﬁé,eﬁéwv@%m%ﬁﬁD{wa—zﬁﬁi i

M cos @ +sin @

_r sin ¢ —cos ¢ cos @ +sin @
Y4 -1 1
@ l, +l) [, +l},

L oq=[x,y,0]" BRIBARGEIRE u =
[w,,0,,0,,0,]" FREESEA RS2 0I5 7 H
HH

9 =9, +9,=f(q,,u,) (8)
1.2 B ERER T o 255 1

PO ERER R AL NI BUE S H 9k ¢ 55,
AP SEHIL ¢ BRI B LA L, RS
BIHRAEN % ¢ 55 % AR ¢ Z R 2E T
AR R LA S BORG B BR R

TR PR i v, 322 H AR de/ M IR 25 D
I ORFRERIRRE . NI — B R, MPC ¥ &%
W FEL IS A w RIKPLE NI E S F

cos @ —sin @

T BB o, , W TTHR Y 2 B2 n] LAY i 9
[V, ARV, o X T A Mecanum 2,
/N TTRR ARS8 E T L3 DR T A 7 A FR VR Bl ik 2
V, FUFEEAE ™ HE R EE V, A0, RIS

V., =V,sin 0, +V, cos 0,

Vi, =V,cos 6, =V, sin 6,
RBRFE A Z T 10 ot 3 (v, =0) , &5 T

F 38 B2 5 L A A A 2 SCHBG , BD
Vi,=v, —ol,

(2)

V, =v, +ol,
V, =v, + a)lj, ,

Vi, =v, —wl,

Vy =v, +wl,

Vi =v, —wl,

Vyp=v, +ol, V, =v -wl
BARET I A ] RR R

=%(chos 0, +v,sin 0, +o(Lsin 6, ~Lcos 6,)) (4)

XFFHREIUFE Mecanum HlES A (10,1 = +7/4 rad)
B R

o, 1 -1 -1 -1
11 L+l ||™
w L+
Pl=L 4 PR
w, ri|l 1 —lx —l) ’
w
w, 1 -1 lx +l),
R A TN
1 1 1 1 e

1})(
rl -1 1 1 -1 || @
v, = 6
{] 41 -1 1 -1 1 | o ©)
L+l Lo+l L+l L+ o,

e Bear (1) M (6) 15 B HLAE AR5
Hebr 28R BYiz Bl Ly

cos @ —sin @ cos @ +sin @] ¥1
cos @ +sin ¢ sin @ —cos @ || @2
(7)

-1 1 W,

T ly Ty w,

Bk q i R AL A F AR R g ATRR

N
J(q,,U,) = Z [qA+ q/m'uf]l Wq[q::fi = Q] +
\1

ZA”k+MWA”A+|k (9)

N T Bﬁnjz k+ilk HRET k2N ko4
20 T S ASE R Ay =y -0 B
T BRBBCEL 5 W A B B, AR A 1R 22 U e B
ARG SN Z A 1R 2, BRS A g ik i 5%
R LR TS B0 B B | OASCER SR S W 42 o A 50
WU TARTHE R w BRI ZLAS AL B DR 4 T SR
PR HACHEA W,
FIENLEE NTERELIH 15 Bk )



XA, A siAbss ] WKEh B9 sl as AT i 2 808 e - 215 -

U, = ar,?gllin J(q,,U,)
ék+i+1|k =f( ‘}k+i|k Uppiin)
s. L. éklk =q,, 0wy, =uy,, —u,_, (10)
geQ.uel,Aucld,
X, QUL U 535 X AR B ARG
KA O Ak 0] A 3 R L 4R R 9 U) =
Ca s Uy ) o TE RS R 2k,
MPC Bt 045 Hi 7 ) i 265 1 >4 i A v
TGN u, = w0 FJS, R L PRINAT 45
SRR, R ER T H b ek K, Ak 20 A 45 il
Ao I FRRREL AT , BT 55 58 A B TUE 15
1R
12 MPC il s I PERERG E 252 3 K2
O . 1) H)\#&ﬂﬁ%ﬂﬁ%ﬁﬁim = diag(w, ,w, ,w,)
HH S B U A TR S A 1) IR B R 22 AT 5
JE 3 R AT 4 g i R A BRI B | B e iR Ak
LG IURIERR ARG o 2) $5 1l g AL A H R
W, =diag(wy,, ,0,,,,0s,, ,Ws,,) A SN 4300 2
4 > Mecanum 46 7 B2 A3 AT, HAUE 5 &
ST PR IEAHOC O AR, i AN 41 i 8 {EL 7T B S
KR a], 3) P Sk V A Ry TR S Ak Y T
AF ek, e P A AR M SRR B N T
M 7 2 AEL 220 W 5 2 SR AR, Bk N e =z, 3X
LS S R THERE RO . AT
[ 5 S AR RN, S SHCRE e LR B EH R
TSR RAL SN A2 A i SR

2 # T Actor-Critic & 1. % 3 #y MPC
x e

fE MPC #&Hilg i F il 1k g 5 45 il S 50% VI
KA Z Al 0 AT OGRS S50 e TR
M, A SO —F RS Actor-Critic 38 4k 27 ) #E 28
(1) MPC 808 A8 808 7k A T4 4 i 31 g 56
WS PO 4% 40 A ST IR S - R S0 SR R R 2 T
KA REA NS TS A EUuf, SEEaE Gl e
()42 Ry e e 5 52 2 AR 1) 1 A0
2.1 Actor-Critic P £&#)

Actor-Critic 4% 38 i3 58 W& W 2% ( Actor) A= 1l =
BARALSE WS, M (8 9 2% ( Critic ) P4l 55 W& 19 4 2 i
5, Al A RIS OC AR B 315 pR BT R Pk
SCELEHAME T MPC 28U s AU E 5 2 Rtk g
A A A 2 iR,

2.1.1 Actor %%
ViM% | Actor W28 fRA% .0 B 2 3 5

IR R GOIR S S ST MPC 52 1Pk 2880,
MPC R SehY H bR R A S8 5L ML O RN
S,W,N—>mi11;1] (11)
FUH BT O R | S RAF SR SR AR ) ZR ST W AR
B W RBIERLLAY MPC H b5 pRBON 7] &

/ML

CriticM %%

i

& 2 Actor-Critic P& %244
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B Lipschitz 22 FIHLAF Az 8 RE 24 o [ iR
il T LSRR

AW, <L, [ S, =S8 [ <L,-AS,.. (31)

o L, A Actor W25 Lipschitz %8,

R 2% B IR 2 BB A BAR & AV,
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S
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(34)
SRR PE AP B
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(35)
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OB | e, | <e, BURSREEH.
2.4.2  RGEWSEST

TEM I RETERE | e, | <e, HONTHL T, RYE
WS T it — TR
5 | e, || Se, I, SRR LA RIRAR S,
B 1(k) =0, REAFEW, = W, FOSHOEE . 1
A 2R S A4 7 SR 22 MPC i 28, 3l
Qb AL
lim [ ¢, || 0 (36)
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Fig.4 Mobile robot system
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Tab.1 Experimental parameter configuration

MR R R
WM, ER IRgEN T
a B W& WE
N 7 ¥ Ay Ay, e
10 0.001 0.95 1 0.03 0.05

3.2 MELEHIERMIRE

HBAIE Actor 28 251 (256-128-64 ) LR G
PR BT T IE RS X LU R 28 S5 K 58 P
AR FH AR ) 08 01 SR 50000 RN 422 ) SR 3
T FEALAE LAY 5 A% FE B8 1 24 TR0 1 SR I A T
W, PHEFEPR IR SRS 2 (e, e, e, ) BT 21y
J7 R 7% (average mean squared error, AMSE ) Fl Actor
PO 24 BT ) HFE BRAE I, SEH A5 R 5 Wiz ATy
i, CEFFER2,

R2 Actor MEEHIHMIHER

Tab.2  Actor network structure ablation experiment results

S yyse/m Saee/rad  TEFRFERT/
IW%?*’AJ AMSE AMSE
ms
e, e, e,
256-128-64 1.77 x107% 1.06 x1073 6.46 x1073 0.08

512-256-128 1.68x107% 1.16 x107% 5.83 x1073 0.25
1286432 1.95x1073 1.01 x10™3 6.62x10 3 0.05

64-32-16  4.42x107% 3.23x107% 9.71x107? 0.02

I3 HTEE 2 ZEH AT .512-256-128 W 2% il 4 B AE
A e T A R 2 HO A RCR 18 o & ki el
B g A AR T T R R RS 5 64-32-16 19 45 1) ¢
REIA 02 A 2%, 6B 3 /N A9 25 i TE VR A AR F



55 4 ]

XA, A siAbss ] WKEh B9 sl as AT i 2 808 e - 219 -

2] P 4R A 2 (1] 3 2 A8 s il S 80X — & 43R4
PEBL C R

25 LTI, SE 45 R SRR HE 256-128-64 4514
G BRI ISR S T 5 R R S S i 1 A
(P4
3.3 HrERPUBREREIN

SRy I T4 5 VR AR AN T SRR I 2R G
SAERRES] A SCBOT T — 1B BRI BRER S8
SIS FH S 8 9 155 90 S T A 4 o 1 R ) B
WrdE s ; RS HOE 78 -39 FH BRI SR fif 1 2
B Ry S PE P FR B

FEB BRI SR R S5 v B AL A BRI LR 7
%q,=10,0,0]1", S 51E X fill b 07 B BE A [E]
RPN (1) = ¢ M ATEE R o™ (1) =0,Y il
R EAERTE] £ < 10 s BFARERE y' (1 <10) =0,
t=10 s BFRAEN 4™ (1=10) =2,

KI5 s 7 1 Razse b 3 Aoy sk iy R ER L
X FE, B JTVETE ¢ <10 s (Bt RERE IR 2 %
B (H Y BR AR 5 — BTl N (1 e [10,15] s) 3%
MBS HARZEWE (1 >15 s) EHRE,
TR RS A R A=A Y S, HT A 5 ik i 3 4 i
[E#/NT 5 s, L, SCR 2 56 1€ [10,15] s B
[T P9 & A e Y Bl b 0 sl 2 e 07 AR 3 o 9
i P BRI PR AR I ZE A AR A o + A, PEAR
FEHIPERE

5 WELIGEE R E ShrifE 2 W3 3, ASCHt
) RL-MPC (5 B (8]S4 0 1. 48 s, eIk T H:
2 ASXF AL, IF HAR A = A BB % . S8
SEFEHTAH L F 3R A A Ak [ R B o5 LR 2 1%, 3iF
TN S 80 S B ILT X R ROR A
A

®3 MERPGRELBITLLER

Tab. 3 Comparison results of step trajectory tracking
experiments
et © Wit/ o BME o BRE BRORE T HRIRE
PHGTES
m s /s YIRERS/ms  IFERT/ms
F-MPC 0 5.14 0.10 0 34.98
A-MPC 0.031 3.55 0.18 0.02 37.74
RL-MPC 0 1.93 0.06 0.08 35.31
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Fig.5 Step trajectory tracking comparison

3.4 Lemniscate &if ER BR SCI6
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S HAV-I JOvk B UL ) 15t 55 8 s ] R ok
it A 3 M5 AR I 2212 37 5T WIRAS e 22 PPA
HEEHrERe . L AV % g, =[0,0,0]", =
ZHGE RSN 3.0 m JE55H 1.5 m AY Lemniscate 42
HHIES

ref _ 3cos(1)
(1) 1 +sin® (1)

ref _3cos(t)sin(#)
yo () = 1 +sin®(¢) (37)
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Fig.6 Lemniscate tracking trajectory
£
=
10 20 30 40
t/s
(b) Yl E
0.15
0.10
w!
9 g 0.05 P J P’%’- 7
= N ! [’ /
s Y0 ﬁ,‘},‘,ar, i
| ‘% W
-0.05 F r-v
s
0105 10 20 30 40
t/s t/s
() M ff (d) X R A& 2=
0.15¢
0.10}
0.05}
4 /\'& :
g 0 /’.’.%@ /”‘i‘h\:‘\ A 02y
& : W 2 !
¥ 005l o AW o o4l
i :
-0.10 f/
-0.15y 06
-0.205 10 20 30 40 08, 10 20 30 40
t/s t/s
() YiIRA W2 () i i) £ 22
7 Lemniscate ¥R IR LIGHI 23T EE
Fig.7 Component comparison of Lemniscate trajectory tracking experiments
%4 Lemniscate ¥iFREZTNITER
Tab.4 Lemniscate trajectory tracking experiment results
. - o - . SHOEET LRAET
AL TS bR e, YIE/m e, 2/ m e, PIE/m e, PRifEZE/m e, Y8/ rad e, PRifEZ/rad ke /ms HIRET /s
F-MPC  1.0027x1072  4.3144x10"2  1.3553x1072  5.1872x1072  2.8404x10™>  9.607 6 x10~2 0 46.12
A-MPC -8.051 1 x107%  1.9327x1072 -8.3802x1073  2.7108x1072 5423 1x10°>  7.051 5x1072 0.02 41.06
RL-MPC  2.2252x1072  2.2184x1072 1.1608x107%  2.2720x1072  5.1862x107°  4.370 0 x 102 0.08 43.22
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Fig.8 Comparison of dynamic obstacle avoidance trajectory tracking experiments
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Tab.5 Dynamic obstacle avoidance trajectory tracking experiment results

SRR ST R

PHGERE e, YHE/m e, FafEZE/m e, HjfH/m e, brfE2e/m e, YH/rad e, BRUEZE/rad
. IEIEE/m N /ms  YIEERT/ms
F-MPC -1.054 5 1.236 9 —2.2914x1072 5.7389x1072 —1.7104x10™* 3.9348x1072 9.70 x10~2 0 27.42
A-MPC  -9.1054x10"" 1.1380 —2.1220x1072 5.761 6x1072 —1.693 4 x10™* 4.168 4x1072 1.21 x10"! 0.02 24.11

RL-MPC

2.6659%x107" 4.1094x107" 1.018 6x1072 4.427 6 x10~2

4.1405x107* 7.3316x1072 1.03x10"! 0.08 25.56
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