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Abstract 
This study used Artificial Neural Network (ANN) for the prediction of power required to 

inflate different tyre sizes and inflation times. ANN is a widely accepted machine 

learning method that uses past data to predict future trend. An existing database obtained 

experimentally from a tyre pressure control test rig was optimized using genetic 

algorithm(GA) which is an optimization tool that can find better subsets of input 

variables for importing into ANN. The ANN results were compared with the results 

obtained experimentally. The results show that the model can be implemented in modern 

day tyre pressure control designs and be used to predict inflation times and power 

required to inflate different tyre sizes. 

Keywords: Predictive, Algorithm, Neural, Network, Inflation, Power, Time, Pressure, 

Genetic. 

 

1. Introduction 
Genetic algorithm (GA) is an optimization device with source from evolution theory [1]. A 

traditional genetic algorithm tries to find an optimum of a cost function which does not change 

during the optimization process. Although genetic algorithm can be used to imitate the natural 

environment of a system, it cannot be used for decision mechanism. The utilization of artificial 

intelligence techniques in tyre and tyre pressure control system designs is a recent development. 

 

2. Literature Review 

Artificial Neural Networks (ANNs) are attractive for the classification of remotely sensed data. 

However, a wide range of factors influence the accuracy with which a data may be classified. 

[2]. Some past researchers in tyre and tyre pressure control systems proposed related works using 

Genetic Algorithm and Neural Networks. For example, ANN based method was projected for 

tyre/road friction estimation [3] for the forecasting of tyre handling efficiency [5, 7] and for 

modeling rate of tyre failure [4]. Luca and Stefano (2011) developed and applied fuzzy control 

algorithm optimization for tyre burst.[6] also developed an Al-Based model to determine vehicle 

tyre design configuration. [7] investigated and optimized the variables for the design of tyre 

using finite element analysis and correlation with performance. [8] proposed a Neural Network 

based fault diagnosis for non-linear dynamic system.  
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3. Methodology 
3.1 Data Preparation 
 The ANN method was developed to use existing experimental database obtained from tyre 

pressure control test rig constructed. The inflation times, tyre sizes and nominal pressures are the 

primary input parameters. Figure 2 depicts the algorithm flow chart proposed in this work. A 

single objective GA  function approximation was used to generate more data from the imported 

data because of the non-continuous nature of the inflation pressure.  

 
 Figure 1: Algorithm Flow Chart 
 

3.2 Data Processing 
The procedure used to develop the neural network model for this work is similar to that used by 

[9] to develop an adequate technique with neural network to predict car tyre micro-scale and 

macro-scale behaviour. Luca and Stefano (2011) developed and applied fuzzy control algorithm 

optimization for tyre burst [11]. The neural method was developed to use experimental inflation 

times, nominal pressure and tyre sizes as the primary inputs. In these simulations, (GA) function 

approximations were used to generate more data from the experimental results obtained because 

of the non-continuous nature of the inflation pressure. GA optimization algorithm changes the 

number of neurons in hidden layer(s) and obtains an optimized structure in terms of accuracy and 

efficiency. The number of neurons was determined based on closer correlation of networks 

output with desired values. This algorithm imitates natural evolution process of the pressure 

control system using the imported data as the input variables. After creating the initial 

population, P, individual iteration, was made to pass through crossover and mutation. The fitness 

value, v of each of the iterations was then calculated and selection of individuals for the new 

generation took place. This algorithm is as follows: 

Step 1: 
Initialize population P ( Pio*, dPi* , ti*). 

Step2 

Generate p trees at random, for each tree:– Randomly generating a rooted tree with ordered 

branches. 

Step 3 

Randomly select functions from function set to be root. e.g (+,-,*,/, sin,cos,tan,ln,e,). 

Step 4 
Create Z(f) children; each function has Z(f) arguments. 

Step 5 
Repeat recursively until tree is completely labeled with terminal as leaves. 

Step 6 
Evaluate: For each v in P, compute Fitness(v)While [maxFitness(v)]<Fitnessthresholddo. 
Step 7 
Create a new generation Ps. 

The input variables, initial 
population in Genetic 

Algorithm terminologies 
are selected based on 
their calculated fitness 

index with an evaluation 
function and the parent’s 

pool is formed.

The parent is passed 
through mating, cross 

over and generating new 
offspring

Mutation: A number of 
chromosomes are altered 

within the new 
generation randomly. The 
new chromosomes make 

the next generation.

ANN processing for 
prediction mechanisms.
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Step 8 
Crossover: applying the Crossover operator. Add all offspring to Ps. 

Step 9 
Mutate: Choose m percent of the members of P with uniform probability. For each, replace a 

subtree by a randomly generated new tree. 

Step 10 
Update P with Ps. 

Step 11 
Evaluate: for each v in P, compute Fitness (v). 

Return the hypothesis (function) from P that has the highest fitness. 

 Accurate and efficient optimized structure was obtained by genetic optimization algorithm by 

changing the quantity of neutrons in hidden layer(s). The training samples depicted closer 

correlation factors. ANN output results showed the accurate prediction of new samples. ANN 

output results showed the accurate prediction of new samples. Elapsed time for training was also 

used to evaluate the network efficiency in the training session. Comparisons of the results were 

based on correlation factor, training effort and their network performance when engaging new 

data [10]. 

 

3. Results and Discussion 
Table 1 summarizes the simulated results obtained for inflation time and power required by tyre 

pressure control system for different tyre sizes and nominal pressures.  it can be deduced from 

the table below that the developed model showed that power required in watt to inflate a 

pneumatic tyre increases as the inflation time increases. The simulated and experimental results 

obtained were as tabulated below. The results showed that there is a correlation between the 

experimental results obtained for tyre size R16 in previous work (see appendix) and the results 

obtained through this model.  

Table 1 :  Simulated results for Tyre Sizes R16, R15, R14 and R12  

 R16(Experimental) R15(Simulated) R14(Simulated)  R12(Simulated) 
S/N t secs E joules t secs E joules t secs E joules  t secs E joules 
1 41.00 13.8765 37.14 12.2562 34.16 11.2728  31.02 10.2366 

2 85.00 27.66 79.36 26.1888 75.22 24.8225  73.15 24.1395 

3 126.00 41.98 121.25 40.0125 119.24 39.3492  115.24 38.0292 

4 170.00 57.01 168.99 55.7667 164.33 54.2289  160.11 52.8363 

5 209.00 69.05 201.13 66.3729 198.25 65.4225  195.57 64.5381 

6 252.11 84.388 248.05 81.8565 245.31 80.9523  241.35 79.6455 

7 293.00 99.02 289.01 95.3733 281.11 92.7663  319.25 91.8489 

8 339.13 113.05 331.11 109.2663 327.28 108.0024  319.25 105.3525 

9 378.15 126.50 355.44 117.2952 349.19 115.2327  342.48 113.0184 

10 423.00 142.83 398.21 131.4093 382.15 126.1095  378.31 124.8423 

11 431.00 142.83 401.14 132.3762 398.17 131.3961  390.14 128.7462 

 
Figure 2 shows the simulated graph at 0 and 0.35 bar nominal and change in inflation pressure 

for tyre size R16 in static position.   

Figure 3 shows the simulated graph at 0 and 0.70 bar nominal and change in inflation pressure 

for tyre size R16 in static position.  
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Figure 4 shows the simulated graph at 0 and 1.05 bar nominal and change in inflation pressure 

for tyre size R16 in static position.  

Figure 5 shows the simulated graph at 0 and 1.40 bar nominal and change in inflation pressure 

for tyre size R16 in static position.  

Figure 6 shows the simulated graph at 0 and 1.75 bar nominal and change in inflation pressure 

for tyre size R16 in static position.  

Figure 7 shows the simulated graph at 0 and 2.10  bar nominal and change in inflation pressure 

for tyre size R16 in static position.   

Figure 8 shows the simulated graph at 0 and 2.45 bar nominal and change in inflation pressure 

for tyre size R16 in static position.  

Figure 9 shows the simulated graph at 0 and 2.80 bar nominal and change in inflation pressure 

for tyre size R16 in static position.  

 

 
                                          Figure 2: Training graph of training dataset. 
 

               
                                                                            Figure 3: Simulation graph at 0 an 
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Figure 4 : Simulation graph at 0 and 1.05bar nominal and change in inflation pressures (static) 

 
 

 
Figure  5 : Simulation graph at 0 and 1.40 bar nominal and change in inflation pressures (static) 
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Figure 6 : Simulation graph at 0 and 1.75bar nominal and change in inflation pressures  (static) 

 
 

 
Figure 7 : Simulation graph at 0 and 2.10bar nominal and change in inflation  pressures (static) 
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Figure 8 : Simulation graph at 0 and 2.45bar nominal and change in inflation pressures (static) 

 

 
                    Figure 9 : Simulation graph at 0 and 2.80bar nominal and change in inflation pressures (static)           
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Figure 10 : Simulation graph at 0 and 3.15bar nominal and change in inflation pressures (static) 

 

 
Figure 11 : Simulation graph at 0 and 3.50 bar nominal and change in inflation pressure (dynamic) 



International Conference on Engineering for Sustainable World

Journal of Physics: Conference Series 1378 (2019) 032080

IOP Publishing

doi:10.1088/1742-6596/1378/3/032080

9

Figure 10 shows the simulated graph at 0 and 3.15 bar nominal and change in inflation 

pressure for tyre size R16 in static position.  

Figure 11 shows the simulated graph at 0 and 3.50 bar nominal and change in inflation 

pressure for tyre size R16 in static position. 

  

3. Conclusion 
So far a predictive model for tyre pressure control system has been proposed with emphasis on 

power and inflation times. Using various equations and soft wares, new algorithm for the 

prediction of power requirements and inflation times calculation during design of tyre 

pressure control system has been discussed. First of all genetic algorithm was used to imitate 

the natural environment of the pressure control system. Then using neural network as our 

predictive mechanism, our model could predict power requirements and inflation times when 

designing tyre pressure control system. The simulated results obtained can be used to predict 

inflation times and power requirements for different tyre sizes which will help tyre pressure 

control system designers to achieve an optimized design quickly. 

 

Acknowledgement 
The researchers acknowledged Covenant University for publication support 
 

References 
  [1] Bajpai, P., & Kumar, M. (2010). Genetic algorithm–an approach to solve global 

optimization problems. Indian Journal of computer science and engineering, 1(3), 199-206. 

[2] Barber,T.E, Remer, S.Y,Sandlass, G.S and Maki, A (2004). Predicting Tyre Handling                  

Performance Using Neural Network models.SAE Paper No, 2004-01-1574. 

[3] Matusko, J, Petrovic, I and Pevic, N (2008). Neural Network Based Tyre/Road Friction 

Force Estimation. Engineering Applications of Artificial intelligence, Vol. 21, No. 3, pp 

442-456. 

 [4] AL-Garn, A-Z and Jamal, A (2008). Artificial Neural Network Application of Modeling 

Failure Rate for Boeing 737 Tyres. Applied Simulation and modeling conference, Corfu, 

23-25, June, 2008. 

 [5] AL-Garn, A-Z and Jamal, A (2008). Artificial Neural Network Application of Modeling 

Failure Rate for Boeing 737 Tyres. Applied Simulation and modeling conference, Corfu, 

23-25, June, 2008. 

 [6] Yang, X, Behrooz, M and Olatunbosun O. A. 2014. A neutral network approach to 

       predicting car tyre micro-scale and macro-scale behavior. Journal od intelligent leaning 

       system and applications 6:11-20. 

 [7] Gosh P, 2007. Optimization of tyre design parameters through finite element analysis and 

correlation with performance. SAEinternational. SAE Pp No.26-043 

 [8] Patton, R. J and Chem, J. 1995.Neural network based fault diagnosis for non -linear       

Dynamic system. AIAA guidance,   and control conference, Baltimore Pp.419-428. 

 [9] Zhang, J(1999). Developing Robust Non Linear Models through Bootstrap Aggregate 

Neural Networks. Neuro computing, Vol. 25, Pp 93-113, No 1-3.http: dx.doi.org/10.1016/ 

50925-2312(99)00054-5 
[10] Olabode, I. B., Okokpujie, K. O., Idachaba, F. E., & Atayero, A. A. (2018). A Primer on 

MIMO Detection Algorithms for 5G Communication Network. International Journal on 

Communications Antenna and Propagation (I. Re. CAP), 8(3). 



International Conference on Engineering for Sustainable World

Journal of Physics: Conference Series 1378 (2019) 032080

IOP Publishing

doi:10.1088/1742-6596/1378/3/032080

10

          [11] Ibhaze, A. E., Ajose, S. O., Atayero, A. A. A., & Idachaba, F. E. (2016, August). 

Developing smart cities through optimal wireless mobile network. In 2016 IEEE 

International Conference on Emerging Technologies and Innovative Business Practices 

for the Transformation of Societies (EmergiTech) (pp. 118-123). IEEE 

 [12] Ivanov, V., Shyrokau, B., Augsburg, K and Gramstat, S. 2010b ‘Advancement of vehicle 

dynamics control with monitoring the tyre rolling environment’, SAE International 

journal of `passenger cars-mechanical systems.3(1):1998-216. 

 

APPENDIX 
Table 2 : Static and dynamic experimental results at 0 nominal pressure. 
 Static  Dynamics  

Pio (bar) dPs (bar) ts (secs) Ws (Joules) dPd (bar) td (secs) Wd (bar) 

0 0.35 42 14 0.35 33 11 

0     0.70 85 28 0.70 61 20 

0 1.05 126 42 1.05 90 30 

0 1.40 168 56 1.40 122 41 

0 1.75 210 70 1.75 151 50 

0 2.10 252 84 2.10 183 61 

0 2.45 294 98 2.45 211 70 

0 2.80 336 112 2.80 240 80 

0 3.15 378 126 3.15 275 92 

0 3.50 423 141 3.50 302 101 

 
 


