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Abstract—The problem of the stability of electric vehicles is difficult during their displacements, then 
more and more difficult when the (EV) has a several driving wheels, and its way has a curved trajectory, 
this problem causes a danger for the (EV), the effect of the instantaneous center of rotation (ICR), every 
year many deaths in the world because of the accidents causing by this problem mentioned before. The 
desire to have more safety in this type of vehicle encourages us to develop driving assistance systems that 
help to control the (EV) on the road. Indeed, our objective of this work is to realize a system to reduce the 
effects of (ICR) with two wheels drive (EV) by realizing an intelligent system implemented on ardouino, 
and a Labview interface which used for data processing. The intelligent system controls the electric 
motors (DC motor), which is placed inside the wheels with other equipments allows us to visualize the 
speed's variations of the motors which we have already. All this is a guarantee by a new management 
control algorithm. 
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I. INTRODUCTION 

The instantaneous axis of rotation is a term used in classical mechanics and more particularly in kinematics in 
order to designate the axis around which a solid is rotating at a given instant with respect to a reference frame. If 
we can use the simplification of plane problems, we talk about instantaneous center of rotation (ICR). 

When a solid isolated in the mechanical sense of the term moves according a trajectory in a plane, the ICR is 
defined as the point where the velocity vector is zero. The ICR lies on the perpendicular to each velocity vector 
of the isolated solid passing through the point of application of the latter. When the isolated solid moves only in 
translation in a plane, the ICR is projected to the infinity. 

Let us consider a plane motion which is not a movement of translation. During for a short period, all happen 
as if the solid was rotating around its ICR. We can then apply the relations established in the case of rotational 
movements, and in particular the notion of a triangle of velocities. This allow to determine the velocity vector at 
any point of the solid, provided that we know: 

 The velocity vector at a point; 

 The position of the ICR. 

II. MOVEMENT IN LACE TO A LOW-SPEED 

According to the Ackermann model illustrated in Figure 1, the steering's angles of the front train are given by: 

 ݀ߚ ݊ܽܶ  ൌ  ሺ݄  ݄ / 2ሻ       (1)/ܮ 
 ݃ߚ ݊ܽܶ  ൌ  ሺܴ/ܮ  ൅  ݄ / 2ሻ                                                (2) 
Then: 
 ݀ߚ ݐ݋ܿ  ݃ߚ ݐ݋ܿ  ൌ  (3)                                          ܮ/ ݄ 

With: β݃ ≤ β݀ 
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Fig. 1. The Ackerman lace model 

On the other hand, the bicycle model illustrated in Figure 2 gives: 

The steering's angle of the front train 
Tan βܾ = ܮ / ܴ  

Then: 

 ܾߚ ݐ݋ܥ  ൌ   ሺܿ݃ߚ ݐ݋  ൅  ሻ / 2݀ߚ ݐ݋ܿ  ൌ  (4)                ܮ/ ܴ 
 

 
Fig. 2. Ackerman bicycle model 

Center of mass curvature’s ray 

 ܴܿ݃  ൌ  ඥܮଶ
ଶ ൅ ܴଶ ൌ  22ܮ√  ൅  (5)                      ܾߚ ²ݐ݋ܿ ²ܮ 

2ܮ + 1√ܴ = ܴ݃ܿ 
2ܮ+ 1) ≈ ²ܴ/ 2

2ܴ2) ≈ ܴ     (6) 

Relationship between the curvature and the steering angle ܴܿ݃ ≈ ܴ ≈ ܮ cot ܾߚܮ ≈ ܾߚ 
with:  
 ܾߚ ݐ݋ܿ  ൌ  (7)                                                   ܮ/ ܴ 

Then we will have: Βܾ = ܮ / ܴ 

Divert of the mass’s center  

 ݃ܿߚ  ൌ ܿݎܽ  ݊ܽݐ ቀ
௅ଶ

ோ
ቁ݃ܿߚ  ൌ ܿݎܽ  ݊݅ݏ ቀ

௅ଶ

ோ
ቁ  

                      ൌ  2ܴ√2ܮሺ ݊݅ݏ ܿݎܽ ൅ ܮଶ
ଶሻ  ൌ  (8)                     ܾߚܮ/2ܮ

 ݃ܿߚ  ൌ  (9)                                           ܾߚܮ / 2ܮ 

The displacement of the trajectory of the back train 

 ܴ݂  ൌ  √ܴ2  ൅  (10)                                                        ²ܮ 

 ߂  ൌ  ܴ݂  െ  ܴ  ൌ   ሺ√1  ൅  െ 1ሻ                             (11) /²ܴ / ²ܮ 
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We have that: √1 + 2/ݔ + 1 ≈ 2ݔ +…… 

Δ = 2ܴ / ²ܮ 

With: 

Β݀: Steering angle of the front right wheel. 

Β݃: Steering angle of the front left wheel. 

Βܾ: Steering angle in bicycle mode. 

L: Length of vehicle wheelbase. 

R: IRC ray of the back train. 

ܴ݂: Ray of IRC plus The displacement of the back train. 

H: Vehicle length 

ܴܿ݃: Ray of curvature of the mass’es center  

 .Front half-wheelbase :1ܮ

 .Back half-wheelbase :2ܮ

Βܿ݃: Steering angle of the mass’es center of the vehicle. 

Δ: The the trajectory’s split of the back train. 

III. HIGH-SPEED IN LACE MOVEMENT 

The study of a movement of the vehicle in lace at high speed amount leads us to study the rotation in lace 
under steady state with the hypothesis to take into account the angle of drift of the front and back train. Fig 3 
illustrates the lace movement of a high speed bicycle model. 

 
Fig. 3. Representation of the high-speed bicycle model 

From Fig. 3 we can deduce: 

Steering angle as a function of drift angle: 

 ܾܤ  ൌ ܴ/ܮ ൅ – ݂ߙ   (12)                                             ݎߙ 

Equations of behavior of the tire: 

 ݂ݕܨ ൌ  ݎݕܨ݂ߙ݂ߙܥ  ൌ  (13)                             ݎߙݎߙܥ 
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Fig. 4. Behavior of the tire 

Equations of lateral equilibrium and rotation: 

 ܾߚ ݏ݋ܿ ݂ݕܨ  ൅  ݎݕܨ  ൌ  ܸ݉2 /ܴ                              (14) 

 ܾܾߚ ݏ݋ܿ ݂ݕܨ  ൅  2ܮݎݕܨ  ൌ  0                               (15) 

By small angle hypothesis: 

 ݂ݕܨ  ൌ   ሺܮ / 2ܮሻ ݉ ሺܸ2 / ܴሻ                               (16) 

 Fyr  ൌ   ሺL1 / Lሻ m ሺV2 / Rሻ                                  (17) 

Using the above equations: 

 ݂ݕܨ  ൌ  ݂ߙ݂ߙ݂  ൌ   ሺܮ / 2ܮሻ ݉ ሺܸ2 / ܴሻ                  (18) 

 ݎݕܨ  ൌ  ݎߙݎߙݎ  ൌ   ሺܮ / 1ܮሻ ݉ ሺܸ2 / ܴሻ                   (19) 

We obtain 

 ݎߙ / ݂ߙ  ൌ  (20)                                  ݂ߙܥ1ܮ / ݎߙܥ2ܮ 

Steering angle according to speed and lace abrupt nesses. 

 ܾܤ  ൌ  ܴ / ܮ  ൅ ሺሺ݂݉ߙܥ / 2ܮሻ  െ ሺ݉ܮݎߙܥ / 1ܮሻሻ ܸ2 / ܴ       (21) 

With: 

Αݎ: Drift angle of the back train. 

Α݂: Angle of drift of the front train. 

 .Front train lateral force :݂ݕܨ

 .back train lateral force :ݎݕܨ

݉: Vehicle mass. 

ܸ: forward speed. 

cα݂: Rigidity coefficient of the lateral force of the front train (N / deg). 

cαݎ: Rigidity coefficient of the lateral force of the back train (N / deg). 

 .Length of vehicle wheelbase :ܮ

IV. STUDY OF DC MOTOR 

It is necessary to maintain the velocity a at determined values in the presence of the external or internal 
perturbations influencing these quantities being inherently variable. We will realize a command of a 
'Proportional-Integral ' implement at a microcontroller-based system. 

For this, we will begin with a description of the various components making up our system. Obtaining his 
mathematical model will allow us to define the different gains of our regulator. 
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Fig. 7. Block diagram of a serial visa with the write to measure file. 

The (.lvm) file is designed so that it facilitates parsing the reading when imported into a spreadsheet. 
Obtaining a sample file (.lvm) compatible to MATLAB- will be useful in the identification operation to find the 
mathematical model we are looking for using its "MATLAB identification toolbox". The following figure gives 
an overview on the interface of the LabVIEW (Fig. 8) and the MATLAB tool (Fig. 9) [5]. 

 
Fig. 8. Acquisition tool interface 

 
Fig. 9. "Matlab identification toolbox" tool interface. 
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IX.  PROCESS IDENTIFICATION RESULTS: 

When we had excited the system with a step, we obtained the following answer: 

U (k): input set point. Y (k): system response 

We note that the sampling time is Ts = 0.1 s. 

 
Fig. 10. Response of the system to a step 

X. ESTIMATION OF THE TRANSFER FUNCTION OF THE SYSTEM IN THE IDENTIFICATION APPLICATION  

 
Fig. 11. The system estimated by its transfer function. 

Hence the continuous transfer function of the system: 

ሻݏሺ ܩ   ൌ   
ଽ.଻ଽ

ଵା଴.ଶଽௌ
                                                    (22) 

XI.  REGULATION WITH PI 

The integral corrector is generally associated with the proportional corrector, it then develops a command 
which can be given by the following relation: 

 u(t)=ܭ௉ ቀߝሺݐሻ ൅ ௜ܭ ׬ ݐሻ݀ݐሺߝ
௧

଴
ቁ                                 (23) 

The transfer function of the corrector is then given by: 

 Cሺpሻ ൌ
௄ುௌା௄೔

௦
                                                         (24) 
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XII. CALCULATION OF THE CONTROLLER PARAMETERS: 

The parameters of the regulator are defined as a function of the damping ζ and the Pulsation ߱௡. 

௜ܭ  ൌ
ఠ೙ଶఛ

௞
                                                                    (25) 

௣ܭ  ൌ
ଶకఠ೙ఛିଵ

௞
         (26) 

 ߱௡ ൌ
ହ

క௧ೝ
         (27) 

XIII. SIMULATION: 

After calculating the parameters of the controller, we performed the simulation with Matlab/Simulink 
simulation software and obtained the following results (Fig. 12): 

 
Fig. 12. Setpoint tracking and rejection of perturbations with PI (simulation) 

XIV. INTERPRETATION OF EXPERIMENTAL RESULTS: 

Fig.13 illustrates the behavior of our system after the implementation of the digital PI controller. At first, we 
gave a setpoint of N = 1500tr / min, we note that the output of the system follows this instruction. Then we came 
down to N = 500tr/min, we also notice that the output of the system follows. Finally, with N = 1000 tr/min, the 
same desired behavior was obtained. The PI regulator has given satisfactory results. 

 
Fig. 13. Behavior of the process with a digital PI (setpoint tracking) 
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XV. PRACTICAL REALIZATION 

We will test our system to decrease the effect of the Instant Rotation Center "IRC" in an electric vehicle [4]. 
Our synoptic diagram is composed of three parts (Fig. 14): 

 Control part (PC interface). 

 Control circuit. 

 Electronic part. 

 
Fig. 14. Synoptic diagram 

 
Fig. 15. Realization of the series chopper. 

 
Fig 16. The front panel of our interface 
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Fig.17. Organizational Chart 

XVI. TEST AND RESULT 

After the practical realization of our project. We have to do some experimental testing. 

 
Fig. 18. Assembly of our system 

There are three cases: 

A. Linear steering:  

When the steering wheel at level 1 no rotation of the steering wheel therefore only has acceleration. 
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Fig. 19. Steering wheels in position 1. 

B. Steering right: 

When turning the steering wheel to the right. 

 
Fig. 20.a: Steering wheel in position [1.1-1.5] 

 
Fig 20.b: Steering wheel in position [1.5-1.8] 
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Fig. 20.c: Steering wheel in position greater than 1.8 

When turning the steering wheel to the right, the duty cycle (between 1-2) of the signal PWM given to the 
right engine decreases its speed and the second motor remains constant 

C.  Left-hand steering:  

When turning the steering wheel to the left. 

 
Fig. 21.a: Steering wheel in position [0.9-0.5] 

 
Fig. 21.b: Steering wheel in position [0.5-0.2] 
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Fig 21.c: Steering wheel in position below 0.2. 

When the steering wheel is turned to the left, the duty cycle (which lies between 1-0) of the PWM signal 
given to the left engine decreases its speed and the second motor remains constant. 

We have shown signals that we have done with our interface. These tests are intended to judge our interface 
that we have chosen, and obtaining results in the form of graphs on the oscilloscope and on indicators displayed 
by the speed of the wheels in Labview. 

XVII. CONCLUSION 

The objective of this work is the study and realization of a system that reduces the effects of the ICR in a 
vehicle. We used a Labview interface to transmit the signals to the motors (the wheels) and when turning the 
potentiometer (steering wheel) we notice the variation of the speed of the vehicle with the conditions as we want. 

This work allowed us to enrich our knowledge in several fields, especially in the field of electric vehicles and 
especially on their behaviors and programming in collaboration with Labview. 
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