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Abstract

This work suggests a control method for trajectory tracking tasks to be used with car-like mobile robot
applications. The suggested strategy depends on disturbances rejection technique and dynamic model
compensation and retention to reduce estimation error and increase accuracy. This method considers
both low-order and higher-order disturbances by considering both internal model deviation and external
disturbances. In addition, this work suggests further developing the strategy by addressing the choice of
gains of the observer and controller and how it will affect the performance of the robot.
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AHHOTALIMA

B nanHOll paboTe mpemmaraercss METON YIpaBISHHs JUIS 3a/ad  OTCIC)KUBAHUS TPACKTOPHH,
NpeAHa3HAYSHHBIN JJIs1 UCTIONB30BaHUS B MPIIIOKEHUSIX, IMATHPYIOLINX paboTy MOOMIBHOTO poboTa-
aBromoOmisa. llpemnoxkeHHass cTparerusi OCHOBaHa HAa METOAE IIONABJICHHWS BO3MYIUEHHH U
KOMIICHCAIIMH ¥ COXPAaHEHUS! TMHAMUYECKOW MOJIEIH AJIsl YMEHBIICHUS OIIMOKH OLIEHKH U HOBBILICHUS
TOYHOCTH. DTOT METOJl YUUTHIBAeT KaK HHU3KOMOPSAIKOBBIE, TaK U BBICOKOIOPSAKOBBIE BO3MYIIECHNS,
NPUHUMas BO BHUMaHHE KaK BHYTPEHHHE OTKJIOHEHHUS] MOZAEJH, TaK U BHEIIHUE Bo3MylieHusa. Kpome
TOTO, B JaHHOH pa0boTe mpeyiaraercs AajbHellee pa3BUTHE CTPATeruu IMyTeM pacCMOTPEHUs BbIOOpa
KOO OUIIMEHTOB yCWIeHHs HaOmojaTenss W KOHTpoiulepa W TOro, Kak 0JTO TMOBIUSECT Ha
MPOU3BOAUTENHFHOCT POOOTA.

KuiroueBnie ciioBa

AKTHBHOE ynpaBieHue nogasienueM Bosmymennit (ADRC), oTcnexxuBanue TpaeKTopuu, MOOMIIBHBIE
pOOOTHI THTIA «aBTOMOOMIIbY, BHEIITHHE BO3MYIIICHHS.

Introduction. Trajectory tracking task is one of the most difficult challenges in car-like
robots’ applications. These challenges become more complicated with the existence of
uncertain external disturbances [1], such as slippery surfaces, uneven terrain, frictions, or
dynamic obstacles, which decrease tracking performance and affect the stability and safety of
the system. To address these problems, several solutions are considered [2], such as using
sliding mode control to consider some bounded disturbances or using neural network models
for motion control of mobile robots under the condition that all kinematic parameters of the
robot are known. Another solution [3] was suggested to use backstepping control combined
with developing a disturbance observer for estimation and compensation of the external
perturbations considering the case of low-speed scenario which consider kinematic model of



the robot and neglect the effect of the dynamic model. This work suggests a trajectory tracking

control method that take into consideration the dynamic model of the robot and proposes an

enhanced control strategy, which use active disturbance rejection control (ADRC) method and

modify it to consider model compensation with expanded disturbance observation [4]

Main part. To solve the discussed problems which affect the general performance of the
mobile robot, several steps have been done by this work, as follows:

1. A study of the kinematic and dynamic models of the car-like mobile robot is done,
considering several models (such as Ackerman model, bicycle model) and addressing its
constraints and the case where not all kinematic and dynamic models’ parameters are
known.

2. The effect of external disturbances on the motion of the robot is addressed and combined
with model inaccuracies, parameters variations, and unmodeled dynamics as total
disturbances to be estimated and cancelled in order to enhance the dynamic performance of
the robot.

3. An active disturbance rejection control strategy is considered and modified to deal with
total disturbances, by considering model retention in the observer to reduce estimation bias
and expanded disturbance observation using higher-order states to improve accuracy.

4. Several experiments are done using MATLAB simulation to test the efficiency of the
suggested method.

5. The work also discussed the concept of developing an optimization method for optimizing
the choice of gains of the observer and controller and its effect on enhancing the tracking
accuracy and speed.

Conclusions. In this work, a control method for trajectory tracking tasks was developed
to be used with car-like mobile robot’s applications. the suggested strategy depends on
disturbances rejection technique and dynamic model compensation and retention to reduce
estimation error and increase accuracy. this method allows dealing with low-order and higher-
order disturbances by considering both internal model deviation and external disturbances. In
addition, this work suggests further developing for the strategy by addressing and considering
how the choice of gains of the observer and controller will improve the performance and
developing an optimization method for that.
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