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Abstract— This paper presents the inertia control on a steering 
rack vehicle using interaction control approach through force-
based impedance control. Overdriven factor in a vehicle motion 
especially on a cornering track, is one of the issues that need to be 
tackled for safety and energy efficiency. Hence, in the attempt to 
cope with the issue, this study proposes to implement a dynamic 
control technique that considers the interaction between the 
vehicle and its terrain by using indirectly shaping inertia forces. 
The proposed force-based impedance control is derived by 
considering the forces developed by the rack steering vehicle and 
shaping the vehicle velocities as its kinodynamic inputs. The 
implementation of the proposed dynamic control, emphasis is 
given to the vertical and horizontal axes of the vehicle body, during 
which inertia could happen as its velocity is at its lowest. This 
proposed dynamic control strategy is verified by simulating on the 
steering system model with road terrain and aerodynamic frictions 
as disturbances. The simulation results shows that the proposed 
control system is able to reduce the inertia forces via shaping the 
velocity inputs to the vehicle, even though road terrain and 
aerodynamic frictions are present in the cornering tracks. 

Keywords— Rack Steering Vehicle,  Inertia Control, Force-
based Impedance Control,  Cornering Track  

works in research and development have been carried out in 
trying to realize a stable and dynamic path motion, particularly 
during cornering and difficult manoeuvres [1]. Inertia of a robot 
is an important parameter for a number of robot dynamic models
and control systems, yet it is usually difficult to control [2]. This 
scenario happened due to overdriven caused by friction, which
interferes with the movement of wheeled-vehicles. Therefore,
many of researchers done several approaches to improve the 
stability of a wheeled-vehicle having two axis mechanisms and
four motors. As for example You Yunong et al. proposed an 
inverted pendulum control method integrated with a fuzzy logic 
algorithm to maintain the balance while the robot is
cornering[3]. On the other hand, Qian et al. had proposed the 
Leader-Follower Based method to cater harsh overdriven when 
the Wheel Mobile Robot (WMR) makes a sharp turn during a
cornering manoeuver. This method was implemented using 
information exchange among the agents via sliding mode
method, where each agent is subjected to uncertainties [4]. 

It is different to the Peng Zhang et al. that emphasized on 
inertia happened due to slippage of the Hypersonic Glide 

Vehicle (HGV) when taking a corner. For this vehicle the 
maneuver flight control scheme was proposed to reduce the 
adverse effect caused by over slip of the wheeled mobile robot 
in order to control the stability of the wheeled mobile 
robot [5]. Receding Horizon Model Predictive Path Follower 
(RHMPPF) then was introduced by Rajagopalan et. al. to 
improve the path following by the wheeled vehicle that referred 
to WMR system. This method specifically to overcome the slip 
incident during vehicle cornering through predictive slip 
correction using proposed RHMPPF [6]. 
    Center of Gravity (CoG) of the vehicle system also can be 
used as criteria in solving the inertia factor as proposed by 
Huang and Wang  [7]. In their works they had combined a real-
time CoG position estimator using a combination of Adaptive 
Kalman Filter and Extended Kalman Filter (AKF-EKF) 
approach, to reduce the overforce of lightweight WMR. The 
backstepping control method to balance the side effects of 
wheeled-vehicle, notably the sideslip angles also becoming one 
the approach for vehicle’s inertia control in which 
an observation was used to estimate the sliding. This control 
method can be used to achieve difficult manoeuvres in small 
environments such as a parallel parking or sharp turn in 
cornering [8].  

indirectly through the system parameters or using predictive
method. Wheel vehicle especially with non-holonomic 
configuration has a very crucial issue related to collision and
offroad avoidance during cornering session in a confined track. 
These incidents can be happened to the vehicle due to the
overdrive, slip, overforce, sharp turning and quick stopping of 
the vehicle. To cope with the motion of the vehicle, the response 
of the control method used must be fast, especially in a dynamic 
environment; thus, a fast collision avoidance element is needed. 
One of the significant problems that should be resolved in this
issue (in terms of trajectory planning) is to realize the motion 
with the smoothest path [1], especially when the vehicle is 
turning. For the case of  non-holonomic mechanical system that
is subjected to non-holonomic constraints, such as rack steering 
wheel tend to slip during the breaking period, especially while
it is cornering. Therefore this study has taken initiative to 
proposed dynamic control method to cater the similar issue by 
using interaction control approach named force-based 
impedance control. The motivation of the proposed inertia
control approach is to derive a dynamic control for stable 
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