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Abstract

In this work, we studies trajectory control algorithms for mobile robots under state constraints and input
saturation. The proposed method uses Barrier Lyapunov Functions (BLF) combined with backstepping
and Dynamic Surface Control (DSC) to enforce state constraints while avoiding the differential
explosion problem. The BLF-based controller ensures that robot states remain within safe bounds, and
the DSC structure reduces the complexity of the operation. To address nonlinear disturbances introduced
by output saturation in the robot drive motor, an auxiliary system is introduced for compensation. In
addition, a passive nonlinear controller provides extra velocity regulation, activating only when velocity
approaches the limits to ensure safety and preserve tracking objectives. This method is tested in
MATLAB/Simulink for both omnidirectional and differential drive robot. Simulation results
demonstrate stable and accurate trajectory tracking while satisfying state constraints and input saturation,
showing that the proposed approach is effective and applicable to multiple mobile robot platforms.
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AHHOTAIIUSA

B nanHO#1 paboTe paccMaTpUBAarOTCS aJIrOPUTMBI YIPaBJICHHUs TPACKTOPUEH MOOMIIBHBIX pPOOOTOB IpU
HAJIMYMU OTPAaHMYEHUH Ha COCTOSHHE U HACBILICHHUS YIPABIAIOUINX CUTHAJIOB. [IpenioxkenHbIil MeToq
ucnojn3yet oapbepubie Gyukiuu Jisnynosa (BLF) B coueranuu ¢ MeTo10M 00paTHOM MOACTAHOBKY U
yIpaBJieHHEeM ¢ JUHaMHueckor moBepxHocThio (DSC) mist cobmoieHnst orpaHUYeHuil Ha COCTOSIHUE
npu nzberanuu npodaemsl audpepeHnuansHoro B3peiBa. Korrpomnnep Ha ocHoBe BLF obGecnieunBaer
HAXOXJICHUE COCTOSHUI poOoTa B mpejenax Oe3omacHbIx rpaHuil, a crpykrypa DSC chHmxaer
CJI0KHOCTH IPOEKTUPOBAHUSL. [[71s1 KoMIIeHCaIny HeMTMHEWHBIX BO3MYIIIEHUH, BEI3BAHHBIX HACHIIIIEHUEM
BBIXO/IHBIX CHTHAJIOB IPUBOJHBIX MOTOPOB, BBEAEHA BcIOMoraTenpHas cucrema. Kpome Toro,
NACCUBHBIH HENMHEHHBIA KOHTPOJJIEP OOECIEUMBACT JOMOJHHUTENBHOE PETYIMPOBAHHE CKOPOCTH,
aKTUBHPYACH TOJBKO MPH MPHUOIMKEHUN CKOPOCTH K TMpeAesaM, uTo obecrednBaeT 0e30MacHOCTh H
coxpanser 3axaun ciexenus. Meroa nporectupoBaH B MATLAB/Simulink Ha BceHanpaBieHHBIX U
IuQdepeHInaNBEHBIX MOOWIBHBIX POoOOTax. Pe3yapTaTsl MoIeHpOBaHUS IEMOHCTPUPYIOT YCTOMUNBOE
M TOYHOE OTCJIeKMBAHWE TPACKTOPHUU NPHU COOIIOACHWH OTPAHMYEHHUI HAa COCTOSHHE M HACHIIICHHE
VIPaBISIONIMX CHTHAJIOB, TIOKA3bIBasi, YTO NMPEIUIOKEHHBIH 1Moaxoa d(G(GEeKTHBEH W MPUMEHHUM IS
Pa3InYHBIX MOOMIIBHBIX IIAT(OPM.

Kutouessble ci1oBa

yIpaBJIeHHEe TpaeKTopuel, MOOWIbHBIE pPOOOTHI, OrpaHWUYEHHsS Ha COCTOSHUE, HAaCHIICHHUE
YIPaBISIIOMINX CUTHANOB, OaphepHast GyHkuus JlsmyHoBa


mailto:sillyle@outlook.com
mailto:aykrasnov@itmo.ru
mailto:sillyle@outlook.com
mailto:aykrasnov@itmo.ru

Trajectory control is a critical task in mobile robot applications. In real-world
environments, mobile robots are subject to physical limitations, including state constraints and
input saturation. Barrier Lyapunov Function (BLF)[1, 4, 5] have proven effective for the
trajectory tracking under state constraints. However, most existing methods assume ideal
actuation or are platform-specific, lacking a unified solution for trajectory control under state
constraints and input saturation. This work proposes a trajectory control algorithm that integrate
BLF-based constraint enforcement with input saturation handling. The proposed approach
provides a general framework for trajectory control applicable to multiple mobile robot
platforms.

The proposed trajectory control algorithms consists of several components. The details
of the work are as follows: Barrier Lyapunov Function (BLF)-based control combing the
backstepping method enforce state constraints. Dynamic Surface Control (DSC) is applied to
avoid the differential explosion problem. Inspired by [2], to compensate for the nonlinear
disturbance generated by input saturation an auxiliary system is introduced. Additionally, a
passive nonlinear controller[3] provides an extra layer of velocity regulation, enhancing safety
during aggressive maneuvers while remaining inactive under nonmail operation, thereby
ensuring that the primary tracking objectives are unaffected. The algorithms are implemented
using MATLAB/Simulink on omnidirectional mobile robot (OMR) and differential drive
mobile robot (DDMR).

This work presents trajectory control algorithms for mobile robots that integrate Barrier
Lyapunov Function-based constraint enforcement with input saturation handling. Simulations
on omnidirectional and differential drive robots demonstrate stable and accurate trajectory
tracking under state and actuator limits. The results indicate the practical applicability and
structural adaptability of the proposed algorithms.
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