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Abstract— This paper illustrates a sensorless based live 
displacement estimation (LDE) method for rescue robot 
manuevering in an unknown environment. Live displacement 
estimation is crucial at the instance when a heavy load is 
encountered as a disturbance on its path, which requires the 
pushing motion to alleviate the problem. This paper focuses on 
a pushing task, where a rescue robot pushes an object so that it 
can follow a path without sliding it away. Pushing is also 
mechanically unstable, and thus various control problems arise. 
Consequently, the successful completion of a pushing 
manipulation task requires planning. Therefore, for successful 
pushing operation of an object in an unknown environment it 
requires the precise estimation of the live displacement. LDE 
estimates the position and the estimated torque using the 
varying inertia observer (VIO), which is a variant of 
Disturbance Observer (DOB). The validity of the LDE was 
confirmed by a teleoperated rescue robot in various terrains. 

I. INTRODUCTION 

Disasters, natural or human-made, have an enormous 
impact on most countries. Most of the disasters demand 
elaborate rescue missions. These rescue missions mostly 
constitute teams of humans, who are easily overwhelmed and 
require various levels of support.  The hostility and the 
danger posed by the environment can physically as well as 
psychologically threaten the members of the rescue missions. 
However, the implementation of robots and intelligent 
systems in such a scenario has been a remarkable prospect. 
They are supposed to execute certain tasks such as searching 
the victims, mapping the environment, manipulating the 
environment, and providing limited medical intervention [1]. 
As such, numerous models of rescue robots have 
demonstrated effectiveness and reliability in extreme 
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situations and intricate terrains. These situations necessitate 
the system to be robust and strong. During the operation, the 
robots generate path direction and can send numerous 
information from the environment to the robot operators at 
the stations away from the area. Rescue robot are able to 
perform their tasks in high-risk and dangerous places such as 
uneven ground or wet mud [2]. The robots general generate 
path direction and supply live streaming of environment to 
the robot operators at the control base outside of the wrecked 
area. 

BART LAB [3] rescue robot team has been involved with 
rescue robot for more than a decade and has successfully 
deployed a robot in different conditions including 
international competitions, robot testing, and even real test 
scenario. Figure.1 shown BART LAB Rescue performing 
mobility tasks with ease. BART LAB Rescue Robot consists 
of four independent flippers for mobility, middle tracks for 
moving forward-backward, and a five-degree of freedom 
(DOF) manipulator. 

 
The search and rescue operation can be executed 

effectively when a robot can search the path, collect 
information, and send it to the station. Normally, the disaster 
area contains uneven surfaces and the rescue robot is required 
to navigate in such terrain during the rescue operation [4]. 
Manipulating mobile rescue robots in such terrain with an 
unknown path is an arduous task. Most of the robots use 
specialized flippers to push through the obstacle and the 
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Figure 1 BART LAB Rescue robot performing during 

World Robot Summit 2018  
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manipulating arm consisting of a gripper moves the obstacles 
on its path. In this research, closed-loop dynamics is 
implemented through an appropriate robot model along with 
the measurement of feedback for pushing the obstacles within 
the unknown pathway. The control system relies entirely on 
the estimation of the change of acceleration along with the 
live displacement points. The notion of live displacement 
estimator (LDE) has been implemented to calculate the 
varying acceleration. Also, the contact point estimation is 
estimated through LDE while the robot is maneuvering 
through an unknown pathway. These estimations are 
conducted by LDE through torque observer which is a 
sensorless torque estimation method. After the estimation, the 
parameters are also compensated to accomplish the necessary 
control behavior of the rescue robot.  

The notion of the pushing force regarding rough terrain 
has been studied extensively in wheeled robots. The studies 
have focused mainly on planetary rovers. In [5], the data 
from inertial measurement unit (IMU) is passed through a 
nonlinear Kalman filter for localization and the estimation of 
slip between the robot and the terrain. Similarly, [6]–[10] 
deals with the contact point and torque estimates for rough 
terrain rovers with wheels. In [6], multiple numbers of wheel 
torque is controlled independently with multiple optimization 
goal which varies according to the profile of the terrain. 
Wheel contact angle is considered as a main parameter which 
is estimated using extended Kalman filter and sensors such as 
inclinometer and wheel tachometer.  

One of the factors that has substantial effect on contact 
force and position control of a mobile robot is the center of 
mass of the body. The idea of varying center of mass through 
the change of the wheel configuration for controlling the 
force distribution along the wheels has been illustrated in [7], 
[9]. Sufficient traction for the wheels is maintained by 
controlling the force distribution within the configurable 
wheels when the robot is maneuvering through a rough 
terrain. Similar control scheme using configurable wheel 
structure has been discussed by [10] where the wheels have 
self-configuration using passive suspension. With the 
scheme, torque is controlled in individual wheels for stability 
and minimum slippage of the robot. The reconfiguration 
scheme is conducted through active control in [11] which 
implements a novel contact point estimation algorithm 
through iterative methods for ensuring the stability of the 
tracked robot in rough terrain. As most of the aforementioned 
robots use feedback data from sensors such as IMU, 
tachometer, position encoder, inclinometer, [12] estimates the 
contact point and contact angle through visual estimation 
using LED light and a monocular camera. With the estimate 
of the contact angle, traction control is implemented based on 
the optimization of multiple criteria. In regards to the existing 
literature, most of the schemes are dependent on the physical 
configuration of the robots. However, this paper discusses the 
scheme that can be implemented in a robot independent of 
the physical structure using basic sensors available in motion 
control application.  

In regards to the actuators for rescue robots, DC servo 
motors are widely used for their integrated structure, higher 
controllability, robust performance, and cost [13]. The 
performance of the control system within the robot has a 

predisposition towards locomotion and the appropriate 
motion control. This performance can be ensured through the 
application of an appropriate control system only. As such, 
this research is conducted as an assessment of the LDE 
technique for the relevance within the robotic system. The 
validity and the applicability of the proposed method to 
improve mobility were proven by performing experiments on 
the BART LAB rescue robot in a testing scenario. 

II. METHODOLOGY  

A. Advanced Actuator Control Modeling  
 

 
 

Figure 2 PID based Current/Velocity control block diagram 
 

This section explains the rescue robot advance control 
modeling of the actuator which is used in this research. As 
stated by [14], velocity of the DC motor can be controlled 
through voltage. Similarly, regarding the motor torque/ force, 
it can be controlled with the supplied current [15]. This can 
be implemented through a PID based current controller with 
a DC motor as shown in Figure 2. This relationship can also 
be inferred as a relationship between the mechanical and 
electrical parameters of the system.  However, from Figure 2, 
it also illustrates the role of back emf as feedback when 
controlling the current input.  

 
Figure 3 DC Motor control block diagram 

 
Basically a current controller consists of a current input as 

well as current as the response [16]. The system in Figure 1 
can be elaborated, from which the block diagram (Figure 2) 
and the corresponding equation 1 can be derived. 

BJs
TK

BJs
KKRLsIV disbtb

aaa +
−

+
++= )(       (1) 

Where armature resistance is represented by Ra, armature 
inductance by La, armature current by Ia, torque coefficient 
by Kt, moment of inertia of motor by J, back emf constant by 
Kb, viscous friction coefficient by B, disturbance torque by 
Tdis and armature voltage by Va. 

   In Equation (2), the parameters, motor inertia (Jn) and 
torque constant (Ktn) are dependent on several attributes. 
Inertia is subjected primarily with the mechanical 
configuration and structure of the motion system. The torque 
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coefficient depends on the rotor position of the electric motor 
due to irregular distribution of magnetic flux on the surface 
of the rotor [16], [17]. 

xJIKT n
ref
atndis &&−=              (2) 

Regarding disturbance torque, it consists of all internal 
torques, external torques, friction torques and torques due to 
parameter variations, which must be compensated to obtain 
the accurate torque estimate. The estimated disturbance 
torque   is obtained from the velocity response and the torque 
current Ia. The estimation can be performed through a first-
order low-pass filter as shown in Figure.4, where GDOB 
represents the cut-off frequency of the low-pass filter. The 
purpose of the low-pass filter is to filter out noise arising 
from differentiation [18]. 

 
Figure 4 Disturbance Observer 

 
The disturbance observer is used not only for disturbance 

compensation but also for varying inertia torque estimation. 
The disturbance observer is able to estimate the varying 
inertia without using a torque sensor by identifying the 
internal disturbance of the system [15] - [19]. When the 
motor is running with a load, the load torque exerted on the 
motor due to the load is obtained from (2). As shown in Fig. 
5, all the disturbance components are removed at the reaction 
torque observer; hence, the varying inertia observer output is 
the estimated load torque. 

1≤TrGDOB                  (3) 
Where r denotes the ratio between nominal inertia and actual 
inertia values, and T denotes the sampling time. When the 
rescue robot is manipulating in a terrain path the torques 
applied on two wheels will be different even without any 
disturbance. Therefore, it is important to estimate only the 
torque applied to the rescue robot due to the obstacles being 
pushed. For that, disturbance observer has also been used to 
the estimate reaction torque by means of a varying inertia 
observer (VIO) without using physical torque sensors as 
depicted in Figure 5 [13]. This VIO has many advantages 
compared with conventional torque sensors, such as higher 
bandwidth, accuracy and ease of use [18]. 

B. Live Displacement Estimator Modeling  
The rescue robot navigation commands (position and 

orientation) were set according to a world coordinate system. 
Hence, the position and orientation of driven wheels must be 

converted into the world coordinate system data and figure 6, 
which represents the operation control model. From the 
above, control block M is the whole mass of the mobile robot 
platform and the system inertia is denoted as Jn. The dynamic 
behavior of the entire system is represented as in equation (4) 
from [20] [21] 
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Where, J-System inertia; Jr-Inertia of the right wheel of the 
mobile robot platform; W-Distance between two wheels of 
the mobile robot platform 

From [12] and also from the Figure 5 it represents the 
Jacobean and inverse Jacobean for both forward and inverse 
kinematic model. The mobile rescue robot position and 
orientation with respect towards its attitude angle is 
measured by using the directional dead reckoning. To design 
the live displacement estimator, the robot position and 
orientation feedbacks and the previously calculated position 
and orientation with respect towards its attitude angle is 
necessary. 

        (5) 
 

        (6) 
 

Where, Vp is the speed of the robot, Δt is the sampling 
time, (xk,yk) are current positions, and (xk-1, yk-1) the past 
positions. The attitude angle is estimated using the encoder 
outputs which is attached with the robot wheels. The live 
displacement estimator is intended to evaluate the position 
of contact of the object in the robot. Rate feedbacks to LDE 
are the command and real motion of the two wheels of the 
robot separately when robot is in contact with obstacles.  

 
During the period of maneuvering, the real torque and 

command torque compare each other and estimated value 
can be obtained. The overall control block as shown in 
figure 8. The load torque on the two wheels will be different 
when robot is traversing through the terrain surface. 
Therefore, the torque from the disturbance observer and 
inertia variation observer is in time varying order. The 
required command position and orientation are calculated at 
the estimator as shown in figure 8. 

 
 

Figure 5 Kinematic Model 
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Figure 6 Disturbance observer in cooperated a varying inertia observer (VIO) 

Figure 7 Dynamic control operation model 

Authorized licensed use limited to: University of Liverpool. Downloaded on July 05,2021 at 00:33:51 UTC from IEEE Xplore.  Restrictions apply. 



2021 International Siberian Conference on Control and Communications (SIBCON) 
 

 

 

III. SIMULATION RESULTS 

Results of a simulation in MATLAB for a live 
displacement estimation are shown below. Here the distance 
between the wheels of the robot (w) is taken as 46 cm and 
mass of the whole robot including manipulator is 75 kg.  

 
Figure 9 Load torque for left motor 

 
Left and right wheel load torque profiles are given as for 

the Figure 9 and Figure 10. The point of contact of the object 
being pushed during navigation is estimated as for the 
equation (4). The estimated point is shown in Figure 11 as for 
the LDE. Figure 12 shows the results for the motion feedback 
control of the robot to manipulate in a pre-defined path. 

 
 

 
Figure 10 Load torque for right motor 

 

IV. CONCLUSION 
In this paper the concept of live distance estimation has 

been delineated along with the implementation of the 
concept within the model of the rescue robot. Along with 
that, the method has also been mentioned which can estimate 
the point of contact of the mobile rescue robot with the 
terrain during pushing motion. The validity of the concept is 
verified using the simulation and future implication would 
be to verify the system experimentally in the physical model. 
Figure 12 corroborate the efficacy of the system as the 
estimation system closely followed the intended trajectory of 
the motion. This even strengthens the validity of torque 
estimator and VIA, portraying this control system as one of 
the promising solutions for this class of robots. 

 

Figure 8 Overall Block Diagram 
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Figure 11 Variation of the Distance X 

 
Figure 12 (a) Attitude angle – command, response vs time 

(b) X and Y coordinate – command, response vs time  
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