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Abstract- Mobile robotic systems have gained significant attention where they represent a complex interaction with 
challenging environments. Some applications require continuous operations, so the robot’s motions have to be optimized to 
reduce their energy consumption. Total energy consumption in mobile robotic applications is one of the most important 
issues that has not been adequately considered. Mobile robots are limited by the amount of energy supplied by the batteries 
they carry where a new supply of energy while working is too expensive to be realistic. Thus, this work is aiming to 
minimize the energy consumption of a wheeled mobile robot in dynamic environments. The total energy consumption is 
evaluated in multiple directions where both motion energy and operation energy are considered while the robot is moving in 
dynamic environments and avoiding collisions. The experimental results demonstrate that energy can be conserved by 
regulating the speed, distance, motors duty cycles, and sensing frequency.  
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I. INTRODUCTION 

 
Mobile robotic systems have significant growth in 
human welfare, where they represent such a complex 
interaction of high computational processes, 
outstanding mechanical design, and exceptional 
hardware. Majority of mobile robot applications are 
developed to perform some operations that require an 
extended level of autonomy such as security and 
exploration, search and rescue, inspection, etc [1]. 
These mobile robotic applications are normally 
subject to the collaboration with the dynamic 
environment that can be described by its challenging 
properties. Thus, mobile robots should have the 
ability to model and communicate with the 
surroundings to achieve safe motions and reliable 
systems [2].  
 
One of the most challenging aspects in designing 
mobile robotic systems is energy consumption which 
has become a major barrier for many applications 
since they are limited by finite amount of power 
sources.  The increases of energy consumption have 
created an excessive pressure on system designers to 
operate energy-efficient systems that able to deliver 
reliable results [3]. In this work, a new dynamic 
motion planning is presented, intending to reduce the 
energy consumption of autonomous mobile robotic 
applications. 
 
The total energy consumption of mobile robotic 
applications is one of the most important issues that 
has not been adequately considered. Mobile robots 
are composed of motor drive, motors, batteries and a 
controller, where each of these components utilized a 
considerable amount of energy while operating. 
Moreover, the total energy consumption of mobile 
robot includes all energy required to keeps the robot 

in motion as well as the energy consumed by all 
modules used to perform a specific operation. Hence, 
the total energy consumption of mobile robot can be 
minimized by enhancing the energy efficiency of 
motor drives and the modules installed on the robot 
[4].  
 
Minimizing energy utilization of mobile robots can 
be achieved in multiple directions. For example, 
controlling the robot's velocity, using energy-efficient 
modules and performing simple calculations can 
reduce the total energy loss on mobile robots [5].  
The increase of mobile robotic applications can also 
support energy conservation. The study of motion 
planning in mobile robot can assist to preserve some 
energy during robot motion [1].  
 
In this work, a dynamic motion planning is proposed 
that aimed to minimize the energy consumption for 
battery-powered mobile robots. Moreover, the total 
energy consumption is evaluated in multiple 
directions: at different speed levels, for different 
distances, and for different duty cycles. Thus, the 
parameters that can affect on reduction of the 
consumed energy can be optimized in order to 
economize the energy consumption. 
 
The remainder of the paper is organized as follows. 
Section 2 discusses some techniques used to conserve 
energy in mobile robotic applications Section 3 
presents the functional block diagram of the proposed 
dynamic motion planning model. Section 4 
demonstrates the dynamic motion control algorithm. 
Section 5 presents the design procedures of the 
proposed model, and real time implementations. The 
results and discussions are presented in section 6. The 
total energy consumption analysis including motion 
energy and operation energy are discussed in section 
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7. Lastly, section 8 summarizes the work and presents 
the concluding remarks. 
 
II. RELATED WORK 
 
Even though several studies have been introduced in 
the literature of mobile robots motion planning, very 
few attentions have been devoted for minimizing the 
energy consumption and improving the energy 
efficiency [5] . Some studies are aiming to save 
energy by selecting the shortest path between source 
and distention. According to [6], minimum amount of 
energy is consumed when traveling distance and the 
number of turns are reduced. Conserving energy was 
also considered for uneven terrains as it heavily 
depends on choosing energy-efficient routes as in [7]. 
In their work, the terrain is modeled as grid based 
elevation maps where the path from source to 
destination is obtained using A* search algorithm. The 
total energy consumption is calculated as the energy-
cost of traveling from source to distention.  
Mei et al in [8], produced an energy-efficient motion 
planning technique in open areas. They used the sixth-
degree polynomial to model the cost function of 
energy consumption obtained in their experiments. 
However, this method cannot be extended to broad 
mission when traveling from source to destination.  
Moreover, the total energy consumption of mobile 
robot is critically dependent on its motors speed where 
energy reductions can be achieved by establishing 
optimal speed of the robot [9]. In [10] power 
conservation model for mobile robot was presented 
when robots are moving on a straight line having 
constant velocity. Brateman et al in [11], have 
proposed a new technique to conserve energy in 
mobile robotic applications by determining motors 
speed and controlling microcontroller frequency. In 
contrast, a study proposed in [12], claims that 
establishing the optimal speed of the robot is not the 
most energy-efficient solution, as the best strategy to 
achieve energy efficient is depending on the robot's 
model.  
 
In all studies aforementioned, there is no certain 
model that can be used to formulate the energy 
consumption of mobile robotic applications. The aims 
of this work are to provide energy-efficient dynamic 
motion planning model for battery-powered mobile 
robots and evaluate the total energy consumption of 
the robot in multiple directions.  
 
III. FUNCTIONAL BLOCK DIAGRAM 

 
The following block diagram describes the 
mechanism of the proposed model. It is a dynamic 
control model used for obstacle detection and collision 
avoidance in mobile robotic systems. It consists of 
two Infrared reflective sensors, two sharp sensors, 
ultrasonic sensor, microcontroller and two motors as 
shown in Fig.1  

Left IR reflective 
sensor 

ADC

ADC

Motor Drive

Right Motor

Left Motor

Right  IR reflective 
sensor 

Left IR measuring 
sensor 

Right IR 
measuring sensor 

Ultrasonic 
sensor 

System Input System OutputMicrocontroller

 
Fig.1: Functional Block Diagram of the proposed dynamic 

motion planning model 
 
A. Infrared Reflective Sensors  
Infrared reflective sensors work best for detecting 
line and edges as they measure the light reflection 
from the transmitted IR beam. Each sensor is 
composed of two parts: emitter (transmitter) used to 
transmit the light waves through the surface, and 
detector used to sense the reflected light and 
measures the output voltage based on the amount of 
reflected light. 
 
B. Infrared Measuring Sensors  
The main purpose of using infrared distance 
measuring sensor is to detect the reflected light when 
hitting an object. The amount of received light is then 
computed using a triangulation method to calculate 
the distance to object. The output of this sensor is an 
analog voltage that should be converted at the 
microcontroller to a digital form to find the distance 
to object.  
 
C. Ultrasonic Sensor  
The ultrasonic sensor is used for obstacle detection. It 
is transmitting the sound waves rather than light 
waves which makes it ideal for detecting object in 
poor lighting environment as the performance is 
independent of object’s color or surface properties. 
Ultrasonic sensor is detecting obstacles by 
transmitting a high frequency sound waves   through 
the surface and in the case of existing object, the 
waves collide with the object and bounce back to 
sensor.  Then, the time interval between sending 
signal and receiving the echo back by the sensor is 
calculated to determine how far the object from the 
sensor. Ultrasonic sensor shows its true strength for 
applications that require precise measurements 
between stationary and moving objects. 
 
D. Microcontroller  
The microcontroller is responsible for creating a 
control signals and making decisions. The 
microcontroller should process all data acquired from 
sensors and performs all the calculations to make the 
right decisions. The analog to digital converter is 
used to convert the analog voltage output produced 
by the infrared distance measuring sensors to a 
microcontroller- readable form (digital number).  
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E. Motor Drive:  
The motor drive receives the control signals from 
microcontroller and take an action accordingly. It 
consists of two motors: left motor and right motor to 
control the motion and adjust the speed.  
 
IV. DYNAMIC MOTION CONTROL 
ALGORITHM  

 
In this scheme, different types of sensors such as 
infrared reflective sensors, infrared distance 
measuring sensors, ultrasonic sensor and a camera are 
used to create a complementary multi-sensor system 
that has the ability to avoid collisions and deliver a 
reliable measurement. An overview of the current 
instantiation of autonomous mobile robot test-bed is 
shown in Fig.2. 
 

 
Fig.2 : Test-bed prototype of the proposed model. 

 

 
Fig. 3:  Configuration of experimental environment when 

detecting opaque objects 
 
The proposed model deploys a modified version of 
A* searching algorithm to find the shortest path from 
a given point to target. Then, the robot starts sensing 
the environment for edges through left and right 
reflective sensors to avoid moving over the edge. In 

case of possible collision, the reflective values are 
compared with a predefined threshold and the robot 
will make an action accordingly. In the case of no 
detected edges, the robot performs obstacle detection 
using two infrared distance measuring sensors, 
ultrasonic sensor and a camera. The microcontroller 
converts all sensors readings into a measurable form 
to compare them with their detection ranges. If an 
object is detected through any sensor, the robot spins 
around the object, compute the new heading angle 
and moves along the path. The flowchart of the 
proposed model is demonstrated in Fig.3.  
 
V. DESIGN PROCEDURE 
 
In this research, low cost multi-sensors system is 
proposed to perform edge and obstacle detection for 
mobile robotic applications. In this work, different 
types of sensors are used to create a complementary 
multi-sensors system that has the ability to avoid 
collisions and deliver reliable measurements. Five 
different types of sensors are used, so benefits of one 
compensate for the limitations of the others as shown 
in table 1.  
 

Table.1: Characteristics of each sensor used in the experiment. 
 
A set of experiments were performed on a FEZ 
Cerbot mobile robot in a lab environment. The FEZ 
Cerbot is a two-wheeled, differentially driven robot 
from GHI Electronics. The energy consumption was 
measured by using Data Acquisition Card, then, all 
measurements were transmitted to a laptop through a 
serial port. During the experiments, the robot was 
required to travel toward a predefined goal position 
using the shortest path. Different types of obstacles 
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such as boxes and cups were placed around the robot 
as shown in Fig.4. 

 
Fig.4. A snapshot of a real-time experiment 

 
The robot is equipped with multiple sensors to alert if 
an object is detected while moving along its path. For 
each experiment, the robot starts sensing the 
environment for objects, when an object is detected, 
the robot adjust the motion and compute the new 
heading position. When an object is detected through 
the right infrared sensor, maximum lights reflected 
back to the right infrared sensor while less light 
reflected to the left infrared sensor. The difference 
between the right and left readings is positive, so the 
right motor speeds up and the left motor slows down, 
and then the robot turns to the left. On the other hand, 
when the obstacle is detected through the left infrared 
sensor, the difference between the right and left 
readings is negative. Thus, the right motor slows 
down and left motor speeds up, and then the robot 
turns to the right. The experimental findings 
demonstrate that the proposed method provides a 
safer and smoother navigation in the presence of 
obstacles. 
 

VI. RESULT AND DISCUSSION 
 
The main contribution is to produce an energy 
efficient dynamic motion control for wheeled mobile 
robot. The results of the infrared and ultrasonic 
sensors are discussed in the following subsections. 
 
A. Infrared Measuring Distance Sensors 
The infrared sensors used in this work produce an 
analog voltage regarding to the distance. Thus, an 
analogue to digital converter (ADC) is needed to find 
the distance to reflective object. The distance to 
object in centimeter can be computed by: 

 
 
Where cs0 and cs1 are positive constant coefficients 
parameters, ADCvalue is the sensor's reading at any 
point of time, and K is the corrective constant. Table 
2 shows the sensors readings at different times during 
the experiment.Sharp GP2D120 has a detection range 
between 4 to 30 cm and the corresponding ADC 
values ranging between 530 (for distance = 4 cm) and 
80 ( for distance = 30 cm). Both sensors return 
incorrect value for the distance out of their detection 
range( less than 4 cm and greater than 30 cm). For 
example, at time t0, no object is detected as both 
sensors values are out of the detection range. At time 
t5, both sensors values are greater than 80 and less 
than 530, which indicates that a front object is 
detected by both sensors. At time t22, the right 
infrared sensor detects an object which indicates that 
the object is positioned at the front right of the robot 
 

 
Table.2: Infrared distance measuring sensors at different experimental times 
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B. Infrared and Ultrasonic sensors 
As Fig.5 shows, when the robot is moving at higher 
speed it consumes more energy compared to slower 
speed. 
 

 
Fig. 5: The power consumption at different speed level for 5 

seconds 
 
Therefore, a generalization can be drawn on the 
relationship between the robot's speed and the power 
consumption, as the speed increases, the power 
consumption increases as well. 
The second experiment was carried to measure the 
impact of the distance traveled on the power 
consumption. This experiment was tested two times 
for different distances (2 m and 5 m) at different 
speed levels as illustrated in Fig.6. 
 

 
Fig. 6: The total power consumption for different distances 

 
Fig.6, shows the relationship between distance 
traveled and the motional energy consumption, as the 
distance increases, the energy consumed increases as 
well. Furthermore, with a certain traveling distance, 
lower speed consumes more energy compared to 
higher speed as more traveling time is needed. 
 
C. Operational Energy Analysis 
Operational energy refers to the amount of energy 
requires to perform assigned operations such as 
sensing, controlling, and computing. It consumes a 
significant amount of the total energy as the robot has 
to maintain functioned whether it is moving or not. 
For our multi-sensor system it is important to 
measure the energy consumption for each module in 
order to promote the energy efficiency. The 
operational energy is affected by robot's speed and 
the percentage of motor drive's duty cycle. The 
operating duty cycle is the proportion of the motor 

drive's operating time to the total operation time. 
Fig.7 shows the operational energy consumed to 
travel 2 meters at different duty cycles and different 
speed levels. 

 
Fig.7: The power consumption at different duty cycles 

 
Fig. 7, shows that the energy level decreases as the 
duty cycle increases, in other words, largest duty 
cycles consumes less energy compared to lower 
percentage of duty cycles. Moreover, at each 
particular duty cycle, the power consumption 
increases as the speed level decreases since the robot 
consumes more time to perform the assigned task. 
The power consumption by the infrared and 
ultrasonic sensors are measured to improve the 
efficiency level and conserve some energy. The 
energy consumption by sensors is affected by the 
frequency level: the higher the sensing frequency, the 
greater the energy consumed. The power 
consumption of the two Infrared sensors and 
ultrasonic sensor at different frequency levels are 
illustrated in Fig. 8 and Fig. 9 respectively. 
 

 
Fig.8: The power consumption by infrared sensor at 

different frequency levels 
 

 
Fig. 9: The power consumption by ultrasonic sensor at 

different frequency levels 
 
Fig 8 and Fig. 9 demonstrate the relationship between 
the sensing frequency levels and the power 
consumption. The sensing power is proportional to 
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the frequency level: as the sensing frequency level 
increase, the power consumption increases as well. 
The total power consumption on the robot including 
the motional energy and the operational energy at 
maximum and minimum speed levels is presented in 
Fig.10. It shows the maximum and the minimum 
percentages of energy consumed by each component 
to the total energy consumption. 
 

 
Fig. 10: The minimum and maximum percentages of power 

consumption by each component at maximum and minimum 
speed. 

 
In the proposed dynamic motion planning the robot 
has to keep moving while running the experiment. 
Therefore, the motion energy consumes the highest 
amount of the energy compared to other modules as 
present in Fig.10. Moreover, the microcontroller 
consumes more energy compared with sensing 
energy, as it has to keep functioning while the robot 
is moving. The experimental findings demonstrate 
that a fairly good amount of energy can be conserved 
by regulating the speed, distance, motors duty cycles, 
and sensing frequency. 
 
CONCLUSION 
 
In this work, a dynamic motion planning model for 
wheeled mobile robot is presented. Mobile robots are 
limited by the amount of energy on the battery they 
carry. Thus, minimizing energy consumption in 
mobile robots systems is one of the most important 
factors that has not been fully addressed yet. The 
proposed model produce an energy efficient model 
that has been tested on real time application to extend 
the usage of continuous operations applications. In 
this work, both motion energy consumption and 
operation energy consumption have been considered 
while the robot is moving in dynamic environments 
and avoiding imminent collisions. The experimental 
results demonstrate that more energy can be 

conserved by regulating the speed, distance, motors 
duty cycles, and sensing frequency. 
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