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Abstract:  The work presented in this paper illustrates the design and control of a straddle robot-type four-wheel 
moving robot with PID controller adjusted by meta-genetic algorithms genetic Algorithm (GA) and PSO. The 
approach used for the simulation is a modeless approach because it assumes no knowledge of the mathematical 
model of the system, indeed, the mechanical structure was implemented under SolidWorks, then a simulation 
(Solidworks, Simulink) has was conducted using particle swarm optimization (PSO) techniques for controller 
parameter optimization (PID) to control the steering angle and angular velocity of each wheel. The results obtained 
clearly illustrate the effectiveness of the selected control architecture and the accuracy is better with the use of the 
PSO algorithm. In a future work, we compare the results with using other optimization algorithms like GA (Genetic 
Algorithm) and GWO (Grey Wolf Optimizer) algorithm. 
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1.  INTRODUCTION  
Today, human beings and industrial systems 
are increasingly in need of robots, whatever 
their types and structures, in order to perform 
complex tasks, at risk and inaccessible by 
human beings and which require a certain level 
of robustness, precision and speed with tasks 
that are repeated an N number of times [1-3]. 

 There are as many robots with different types 
and structures for different tasks to perform and 
others not yet. We have mobile wheeled robots 
(2 wheels, 3 wheels and 4 wheels), manipulator 
robots, walking robots, flying robots, marine 
robots (figure 1)[4-5].  

 

 

 

 

 

 

 

 

 
 

 

Fig.1. different type of robots 

Each type is used for a specific task built for it. 
The fields of application are very broad, such as 
medicine, agriculture, the food industry, in 
scientific research in space (walking robot)[6]. 
In the field of agriculture there is a robot with 
four wheels used in very large fields in order to 
make operations of roses, pickings or other with 
a possibility of turning on the spot with motors 
controls the legs and motors controls the 
wheels (Straddle robot) figure 2 [7-9].  

 

 

 

 

 

 

 
Fig.2. example of Straddle robot 

Moving of this robot requires a high level of 
precision and speed in a specific and difficult 
environment. Hence our work aims to make a 
prototype of this robot and propose an 
architecture control based on a classic PID 
controller to control the position of the legs and 
another controller to control the speed of the 
wheels. The parameters of the controllers will 
be adjusted and optimized by metaheuristic 
algorithms (PSO)[9-11]. The work is organized 
as follows: geometrical modeling, modeling 
under solidworks and simulink is presented in 
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section 2, the control design described in 
section 3. In section 4 different simulations and 
tests carried out are presented and 
implementation of the robot with control 
algorithms. Finally section5 is the conclusion. 

2. MODELING OF STRADDLE ROBOT 
(ROBOT4) 

The Straddle robot is made up of four legs and 
the body is shaped like a rectangle. Each leg is 
controlled by a servo motor to control its 
position. On each leg there is a wheel 
controlled by a DC motor. This robot is 
represented geometrically by the following 
figure: 

 

 

 

 

 

 

 

 
Fig.3. Geometrical model of Straddle robot 

(ROBOT4) 

There is much software for conception in 3D 
model of any mechanical system or robot [12]. 
In this work we have used solidworks to 
developed different parts of the robot shown in 
the following figure: 

 

 

 

 

 

 

 
Fig.4. different component model of Straddle robot 

(1: The chassis, 2: leg (Suspension), 3: DC motor, 4: 
servo motor, 5: wheel) 

After the various components of the robot have 
been made, assembly is possible provided that 
the different constraints of movement and the 
width between the different components are 
well defined. The operation is repeated for each 
leg then assemble everything with the chassis. 
The following figure represents the prototype 
under solidworks of our robot (ROBOT4). 

 

 

 

 

 

 

 

 

 

 
Fig.5. ROBOT4 under Solidworks 

Simscape is Simulink's physical and multi-
physical modeling platform. We will find 
physical components in the form of a physical 
modeling block in the category, the Simscape 
world to model electronic, mechanical, hydraulic 
and thermal systems [13]. The Simscape 
libraries are: 

• SimDriveLine: transmission systems. 

• SimElectronics: electronic systems. 

• SimHydraulics: hydraulic systems. 

• SimMechanics: mechanical systems. 

With the SimMechanics library and matlab we 
get the simulink model which allows us to 
control the robot and simulate the different 
speeds and positions[13]. The obtained model 
is illustrated in figure 6. 

              This block represents a joint with a 
degree of freedom of rotation. 

              This block represents the global 
repository in a model. 

               This block applies a time invariable 
transformation between two frames. 

3. CONTROL DESIGN 

in order to control our robot (ROBOT4) either 
relative to the position of the dropouts and 
either relative to the speed of the wheels, two 
PID type controllers parallel for each dropout 
and wheel (figure 6). Hence we have a total of 
eight controllers with 24 parameters to 
adjust[14]. 
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Fig.6. Block diagram in Simulink of ROBOT4 

In the literature, there are several methods of 
adjusting the parameters of the PID 
controllers, either in the time or frequency 
domain [14]. In this work we use more 
efficient metaherestic methods such as 
Optimization by particulate swarms 
(PSO)[15-17]. The PSO algorithm is 
illustrated in figure 7. 
In PID controller design methods, the most 
common performance criteria are integrated 
absolute error (IAE), the integrated of time 
weight square error (ITSE), integrated of  
squared error (ISE) and Mean Square Error 
(MSE) [15-17]. In this work we use parallel 

PID, and the coefficients Kp, Ki, Kd are 
determined by the PSO algorithm using ITSE 
performance criteria (figure 5).  
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Fig.7. PSO algorithm [15-17] 

 

 

 

 

 

 

 
Fig.8. PSO-PID block diagram [9] 

4. SIMULATION 
The simulation is based on parameters 
tuning of the two controllers for wheel 1 
(same operation will be for the other wheels) 
with four tests: 
 

Table 1. Parameters of simulations 

Test 

Size  
of 
population 
N° 
iteration 

Kp Ki Kd 

1 10 23.04 0.003 0.002 
2 20 76.96 49.7535 0.002 
3 30 15.70 0.0002 0.0003 
4 40 55.70 0.0001 0.00001 

The obtained results are illustrated in the 
following figures: 

 Test 1 : 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig.9. The output and reference input  (A), error 
curve (B) and cost function (C) 

 

 

 

 

 

A 

B 

C 



ALGERIAN  JOURNAL OF SIGNALS AND SYSTEMS (AJSS) 

 

Vol. 5, Issue 2, June-2020| ISSN: 2543-3792- EISSN: 2676-1548 146
 

 Test 2 : 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.10. The output and reference input (A), error 

curve (B) and cost function (C) 
 
The following table illustrates all the obtained 
results: 

Table 2: The obtained results 
Test Error 
1 -4.35 10-7 
2 1.57 10-7 
3 -4.44 10-8 
4 4.15 10-8 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.11. Output and reference input curve (A), error 
curve (B) with servo motor. 

The obtained results show that the tuning 
with PSO algorithm give very interesting 
results with very small error and settling time 
is very small too. Real design of our robot 
(ROBOT4) is illustrated by the following 
figure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.12. Prototype of ROBOT4. 

The Raspberry Pi cart is used to control the 
robot and its programming by python, Servo 
motor Tower Pro MG 996R, DC motor, PWM 
driver PCA9685. The weight is an important 
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factor because it plays the role of a resistant 
torque for the motors. The greater the weight, 
the slower the speed. The total weight is 
2,080 Kg. 

5. CONCLUSION 
In this work, we presented the design and 
control of a straddle robot (RBOBOT4). We 
presented at the beginning the geometric 
model and the development of a 3D 
prototype under the solidworks software. The 
use of Matlab and the simmechanics library 
made it possible to obtain a model under 
simulink which was used to verify the control 
architecture used (PID tuning with PSO). The 
simulation results are very interesting with 
regard to the tracking error and the settling 
time. We presented the robot made and 
controlled with a raspberry PI card and 
programmed in python. We will study in the 
future work, the obstacle avoidance problem 
and the optimization of the control with other 
algorithm like Genetics algorithm (GA) and 
GWO algorithm 
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