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Abstract

This paper addresses the trajectory tracking control problem for wheeled mobile robots (WMRs) subject to
unknown longitudinal slip and unmeasurable orientation angle. Conventional control strategies typically
rely on idea nonholonomic constraints and require either known slip parameters or real-time sensory
measurements, which are often impractical in real-world applications due to cost constraints and
environmental uncertainties. To overcome these limitations, a novel observer-based adaptive control
framework is proposed that reconstructs both unknown system states and parameters using only position
feedback. A kinematic model incorporating longitudinal slip effects is first established. A reduced-order
observer is then designed to estimate the unmeasurable orientation angle from available position
coordinates via nonlinear estimation techniques. Subsequently, an adaptive backstepping controller
integrated with Lyapunov-based parameter adaptation laws compensates for slip-induced tracking
deviations. The closed-loop system is implemented in Simulink. The results show that the proposed scheme
achieves effective trajectory tracking without the need for heading or velocity sensors.
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AHHOTAIIMA
B pa60Te pemacTeCda 3aaa4a yIpaBJICHUA TPACKTOPHBIM OTCIICKMBAHUCM KOJICCHBIX MOOMJIBHBIX pO6OTOB
Ipyu HECU3BCCTHOM IPOAOJJBHOM CKOJIBXXCHHU U HECTIOACUUTHIBACMOM YIJIC OPUCHTALIWU. KOHBGHLII/IOHHBIC
METOAbI, OCHOBAHHBLIC Ha HACAIBHBIX HCTOJIOHOMHBIX OIPAaHHUYCHUAX W CCHCOPHBIX HW3MCPCHUSX,
Heuenecoo6pa3HLI B IMPAKTUKE U3-3a CTOUMOCTHBIX OFpaHI/I‘IeHI/Iﬁ 1 3KOJIOIrHYC€CKUX HeOHpeHCHeHHOCTeﬁ.
HpeﬂﬂaraeTca aJlaliTUBHasA YIIpaBJAdOllasd CTPYKTypa Ha OCHOBC Ha6J'II-O,Z[aTeJ1$[, PCKOHCTPpYHPYIOIIAasa
HCU3BCCTHBLIC COCTOAHHUA CUCTCMBI 110 O6paTHOﬁ CBA3H 110 ITOJIOKCHHIO. Pa3pa60TaHa KHHEMAaTHYCCKas
MOJACIb C YUYCTOM CKOJIbXKXCHUA, peZ[yLII/IpOBaHHHﬁ Ha6J'IIOI[aTeJ'IB yriia OpUCHTAIWUU U a,[[aHTHBHLIfI
PETYASATOP MO METOMy OOpaTHOTrO miara ¢ 3aKOHaMu ajnantanuu 1o JlsmyHoBy. Peamusarus B Simulink
noATBepxaaeT 3PpPEeKTUBHOE OTCICKUBAHIE TPACKTOPUH O€3 CEHCOPOB Kypca U CKOPOCTH.
KuaroueBblie cioBa
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KOJIECHOW MOOWJIBHBIA POOOT, TPOMOIFHOE CKONBKEHHE, aJallTUBHOE YIIpaBleHHE, HaOIonaTens yria
OpHEHTAIIHN.

Over the past two decades, Wheeled Mobile Robots (WMRs) have seen widely applied in
industry, agriculture, and national defense. Motion control under nonholonomic constraints has
been a key research focus, yet most strategies rely on the ideal ‘pure rolling without slipping’
assumption [1]. In practical, wheel slip on slippery or rough terrain violates these constrains and
degrades tracking performance. Existing solutions often require known slip parameters or real-
time sensor measurements, which are impractical and costly [2,3]. This work proposes an
observer-aided adaptive control architecture for Wheeled Mobile Robots (WMRs) that eliminates
dependency on high-cost external sensors by algorithmically reconstructing unmeasurable states
and unknown parameters.

To solve the trajectory tracking control problem of wheeled mobile robot under unknown
longitudinal slip parameters and orientation angle, this work proposes a comprehensive solution
structured as follow. First, a WMR kinematic model is established that includes longitudinal slip
effects and violates nonholonomic constraints. Subsequently, a reduced order observer is designed
to solve the problem of unmeasurable orientation angles, which only uses position coordinate
information to reconstruct orientation angle through nonlinear estimate technology. An adaptive
nonlinear feedback controller is then developed using the backstepping method and Lyapunov
direct method, which estimates the unknown slip parameters and adjusts the control input to
compensate for slip-induced trajectory deviations. Finally, the proposed control system is
implemented in Simulink, and its performance is verified under conditions of abrupt parameter
variations for both straight-line and circular reference trajectories.

This work employs the backstepping technique and Lyapunov direct method to synthesize
an adaptive tracking controller with a parameter adaptation law for WMRs experiencing unknown
longitudinal slip. An observer is designed to estimate the unmeasurable orientation angle from
available coordinate information. Finally, simulation experiments validate the system's tracking
control performance and robustness.
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