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APRESENTAÇÃO

A obra “Estudos Teórico-metodológicos nas Ciências Exatas, Tecnológicas e da 
Terra”, em seu 2º volume, é composta por 19 capítulos que ressaltam a importância 
dos estudos teóricos-metodológicos nos mais diversos campos desta grande área do 
conhecimento. 

Os trabalhos foram dispostos em três eixos. Na primeira parte, são apresentados 
estudos envolvendo aplicações científicas como nanopartículas, algoritmos e 
fluidodinâmica computacional.

Na segunda parte, são abordados estudos voltados à análise de atributos químicos 
do solo, uso eficiente da água, acúmulo nutricional e crescimento de plantas, utilização de 
resíduos como antioxidantes para biodiesel, produção de biossurfactantes, dentre outros 
assuntos de extrema relevância para o conhecimento básico e aplicado nessa grande 
área.

Na terceira e última parte, são expostos trabalhos relacionados à tecnologia no 
ensino e na educação voltadas às áreas de Ciências Exatas, Tecnológicas e da Terra, 
como a utilização de ensino híbrido e assistivo em programação, além de um panorama 
da participação feminina no seguimento educacional técnico e superior.

Os organizadores e a Atena Editora agradecem aos autores que compartilharam 
seus conhecimentos e pesquisas para comporem a presente obra. Desejamos que este 
livro possa servir de instrumento para reflexões significativas que contribuam para o 
aprimoramento do conhecimento e desenvolvimento de novas pesquisas.

 Boa leitura!
Júlio César Ribeiro

Carlos Antônio Dos Santos 
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ABSTRACT: The increasing of controller 
application in the automotive area in the last 
years is outstanding. However, some challenges 
are still present as the non-linearities and difficult 
mathematical description of the system, as well 
as the necessity of data hardly measured. Based 
on it and on the recent advances of the machine 
learning algorithms, the present research 
proposes the evaluation of an actor-critic 

reinforcement learning controller to the traction 
control of an electric vehicle. The controller is 
created with the training of two networks, which 
control and judge the actions of the controller 
based on the measure of the states. The training 
aims the slip avoiding, and the final network can 
be directly used as the controller of the system. 
A design of experiments (DOE) of the influence 
of the training parameters on the performance of 
the controller is realized. Aiming to facilitate the 
application of the controller in the real world the 
possibility of does not use the vehicle velocity 
as an input of the controller is also evaluated 
in two different grounds. The results indicate 
that the simplification of the value function with 
null discount factor increase the converges of 
the training. The controllers with and without the 
velocity of the vehicle as input are able to keep 
the slip ratio below the desired value in both 
grounds, despite the more smoothly behaviour 
of the controller that takes the velocity into 
account.
KEYWORDS: Artificial intelligence, active 
safety, machine learning, vehicle dynamics.
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APRENDIZADO DE ATOR E CRÍTICO POR REFORÇO PARA CONTROLE DE TRAÇÃO 

DE UM VEÍCULO ELÉTRICO

RESUMO: O aumento da aplicação de controladores na área automotiva é notável nos 
últimos anos. No entanto, alguns desafios ainda estão presentes como às não linearidades 
e a difícil descrição matemática do sistema, bem como a necessidade de dados dificilmente 
mensuráveis. Baseado nisto e nos recentes avanços dos algoritmos de aprendizagem da 
máquina, a presente investigação propõe a avaliação de um controlador de ator e crítico 
obtidos por  aprendizagem de reforço para o controle da tração de um veículo elétrico. O 
controlador é criado pelo treinamento de duas redes neurais, as quais controlam e julgam 
as ações do controlador com base na medição dos estados. O treinamento visa evitar o 
deslizamento dos pneus do veículo, podendo a rede neural final ser diretamente utilizada 
como controlador do sistema. É realizada uma concepção de experimento (DOE) da influência 
dos parâmetros de treinamento sobre o desempenho do controlador. Com o objectivo de 
facilitar o uso  do controlador em aplicações reais, a possibilidade de não utilizar a velocidade 
do veículo como variável de entrada do controlador é também avaliada em duas pistas 
diferentes. Os resultados indicam que a simplificação da função valor com factor de desconto 
nulo aumenta as convergências do treinamento. Os controladores com e sem a velocidade 
do veículo como variável de entrada são capazes de manter a taxa de escorregamento do 
pneu abaixo do valor desejado em ambos os treinamentos, apesar do comportamento mais 
suave do controlador que considera a velocidade do veículo.
PALAVRAS-CHAVE: Inteligência artificial, segurança ativa, aprendizado de máquina, 
dinâmica veicular.

1 | 	INTRODUCTION 

The use of electronic systems in the control of motor vehicles is increasing faster 
since the beginning of the eighties. The electronic systems improve vehicle comfort and 
safety and reduce consumption due to better efficiency on drivetrains systems. On the other 
side, the electronic control systems permit to attend the actual safety and environmental 
legislation (RATHMANN, 2007).

Recently, the combination of electronic systems and reinforcement learning method 
presents itself as a good opportunity for improvement in vehicles task. The researches 
using these technics are implemented in autonomous drive (JARITZ, CHARETTE, et al., 
2017), (EL SALLAB, ABDOU, et al., 2016), (EL SALLAB, ABDOU, et al., 2017), battery 
management (HSU, LIU, et al., 2010) and safety active systems (RADAC and PRECUP, 
2017), (DE AMARAL, GÖLLINGER and FIORENTIN, 2018).

Reinforcement Learning (RL) is an approach inside the computer sciences area, 
where the intelligent programs, called agents, work in an environment, which are in 
constant cyclic interaction. This relationship between environment and agent permit the 



 
Estudos Teórico-Metodológicos nas Ciências Exatas, Tecnológicas e da Terra 2 Capítulo 5 41

system adaptation and learning through positive or negative feedbacks called rewards and 
punishments respectively (NANDY and BISWAS, 2018).

The RL combined with neural networks, named neural fitted Q interaction, showed 
excellent performance in game playing (MNIH, KAVUKCUOGLU, et al., 2013) and systems 
control (TAITLER and SHIMKIN, 2017). The recent researches using neural fitted Q 
interaction in the automotive area are focused on autonomous driver, usually using race 
game environments to evaluate the vehicle response to an RL control without risks (JARITZ, 
CHARETTE, et al., 2017), (EL SALLAB, ABDOU, et al., 2016), (EL SALLAB, ABDOU, et 
al., 2017). Researches were developed to evaluate the control of an ESC strategy with 
Neural fitted Q interaction with simulations in the CarMaker environment, but the results 
showed inadequate learning times to real applications (DE AMARAL, GÖLLINGER and 
FIORENTIN, 2018). On the other hand, the test of an ABS system in benches, showed 
adequate results with Neural fitted Q interaction control (RADAC and PRECUP, 2017). 

Inside the vehicle safety area, the Traction Control exerts an important function of 
avoiding the wheel slipping during acceleration, improving driving and cornering. In 1998, 
the Traction Control of electrical vehicles had already researched due to the easy control 
of electric motors and the benefit of use low-drags tires to improve the battery autonomy 
(HORI, TOYODA and TSURUOKA, 1998). 

Traction control systems development presents challenges due to the nonlinearities 
of tires and simplicity needed to the real-time application (BORRELLI, BEMPORAD, et 
al., 2006). Besides that, describing tire behaviour is a very complex task, usually applying 
empirical or semi-empirical equations as the so-called Magic Formula (PACEJKA, 2002). 
Thus, the use of model-free control techniques, which do not need the model of the system, 
can be a good opportunity to improve the controllers (RADAC and PRECUP, 2017).

The RL methods show a good possibility to fulfil these requirements, permitting 
the use of non-model techniques and applying adequate time response to control the 
system (RADAC and PRECUP, 2017). A successful implementation can provide safety 
improvement to the automotive sector, due to better control of tire slips and avoidance of 
vehicle uncontrolled. The consumption can be also reduced by the use of low-drags tires 
(HORI, TOYODA and TSURUOKA, 1998).

 In this way, the present research aims to investigate the application of a traction control 
system to a rear-wheel driven electric vehicle, based on actor-critic RL. The evaluation 
takes into account the longitudinal behaviour of the vehicle and permits to understand the 
possible implementation of reinforcement learning methods in automotive controls. 

The next section describes the architecture of the networks, the training process and 
the methodology applied in the design of the experiments. In section 3 are explained the 
results of the DOE and the comparison of the evaluated controller in different grounds. To 
end the section 4 brings the conclusions and the outlooks of the research. 
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2 | 	METHODOLOGY

The methodology consists of training and evaluation of a neural controller in two 
different grounds, snow and dry asphalt. Due to the difficulty of measuring the real vehicle 
velocity, the possibility of removing this parameter as an input of the controller is analyzed. 
The creation of the neural controller is given by the generation and treatment of data 
and finally the iterative training of the controller. The next section describes the training 
process. 

2.1	Train process

The training of the controller is based on the algorithms proposed by Hafner and 
Riedmiller (Reinforcement learning in feedback control , 2011) and Lillicrap, et al. 
(Continuous Control with Deep Reinforcement Learning, 2016), the used iterative algorithm 
suffers some updates to permit the application in the traction control problem and the use 
of functions already available at MATLAB. 

In Figure 1 is possible to evaluate a schematic cycle of the networks learning process. 
As presents in the scheme, the learning process occurs in two cycles inside each other. 
The path highlighted in red consist of the collection and treatment of the data and the 
evaluation of the obtained controller. When applying this process in a real environment 
it occurs outside the main algorithm, driving the vehicle and evaluating the obtained 
controller. The blue path represents the training part where the networks are updated and 
the best actions are estimated to each collected state.

Figure 1. Training process. 
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The generation of data is done by simulation in a Simulink/MATLAB environment. 
The virtual environment considers the dynamic of the acceleration pedal, electrical 
motor, ground friction and the longitudinal behaviour of the vehicle. The experimental 
curve presented by Braess, et al. (Handbook of Automotive Engineering, 2005, p. 410) is 
implemented to describe the non-linear correlation between the slip ratio and the friction 
of the grounds. To vary the velocity and acceleration of the vehicle, the input acceleration 
pedal is given by a combination of sinus and steps oscillations as presented in Figure 2. 
During the generation of data to the training, a percentage of random values is included in 
the accelerator position to increase the variation of the states. 

The data captured from the simulation corresponds to the data available on the sensors 
of the real vehicle. The measured states include the velocity of the vehicle, velocity of the 
wheel, accelerator pedal position, vehicle acceleration and motor current. The generated 
action is a virtual position of the accelerator which is sent to the power electronics to 
control the motor. The measured data is saved in a database with maximum size, when the 
maximum number of points is reached the database starts to be replaced. 

Figure 2. Input acceleration used during environment simulation.

As proposed by Ioffe and Szegedy (Batch normalization: Accelerating deep network 
training by reducing internal covariante shift, 2015) normalization of the data is implemented 
to reduce the difference between the physical units. This practice accelerates the network 
training since that large difference between the values of the states can generate instability 
on the learning process. After treated, a minibatch is created by the selection of a random 
percentage of the total database.

The actor-critic algorithm applies two networks, one responsible to “criticise” the 
results and another to correlate the inputs and the action. The second networks can be 
directly applied as a controller. Based on the research of de Amaral, et al. (Improvement of 
Vehicle Stability Using Reinforcement Learning, 2018), the critic is composed of a network 
with two hidden layers and twenty nodes in each layer, while the actor has the same 
number of hidden layers and just twelve hidden nodes in each layer.

The critic evaluates the behaviour of the system by the value function Q, calculated 
by the Bellman equation, presented in Eq. (1).
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In the Bellman Equation s are the actual states, a the actual the action, r the reward, 
γ the discount factor, µ the actor-network, k represents the update cycle of Q and the 
s’ indicates the next state. The value function takes into account the reward obtained 
when chosen determinate action in specific states and also the future expected rewards 
(WIERING and VAN OTTERLO, 2012).

 The discount factor is a constant between 0 and 1 and makes that the latest rewards 
obtained, have a more significant influence than rewards waited to the future. The greater 
the γ more important are the future values, in the case that the γ = 0 the agent is called 
myopic and just consider the very recent reward (WIERING and VAN OTTERLO, 2012). 

The reward is calculated based on the Eq. (2), where GP is the accelerator pedal 
position selected by the driver, slip is the slip ratio, vx is the vehicle velocity and vr is the 
wheel velocity. 

The reward function evaluates if the action is inside the range and is it is less than 
the acceleration desired by the driver, to avoid an over the acceleration of the vehicle. If 
these cases are controlled, the slip ratio of the next state is evaluated, when it is less than 
0.2 the reward is calculated by the difference of the desired acceleration and the output of 
the controller, in all other cases the reward is null. 

With the collected states, actions and calculated Q-values the critic network can 
be trained to permit the correlation between states, action (inputs) and the Q-value 
(output). The training of the critic network is made by the minimization of the normalized 
mean square error of the output. The chosen method for minimization of the error is a 
Levenberg-Marquardt optimization. This method is a trust region method which consists 
of a combination of simplified Newton and Gradient descendent methods (MATHWORKS, 
2019).

To find the correct correlation between states and actions each state of the minibatch 
need a correspondent best action to permit the actor training. In this process, each one of 
the states has the action varied inside the action range until finding the best Q-value and 
the correspondent best action. Appling the states of the minibatch and the correspondent 
best actions, the actor network is trained using the same process applied to the critic 
training. 

As proposed by Lillicrap et al. (2016) a copy of the networks is used to improve 
the algorithm convergence. In this case, the weights and bias of the copy networks are 
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updated with a slow target networks change.
The blue cycle in Figure 1 is considered converged when the calculated and the 

updated actor networks achieve the mean square error of the output lower than the tolerance. 
To evaluate the convergence of the total training process, the simulated environment is run 
again on the trained floors without implementing the random values in the pedal position. 
When all the rewards are higher than 0.2 the training is considered converged and the 
actor network is saved as the controller. 

2.2	Training variables influence

A factorial DOE is applied to evaluate the result of the controllers when different 
parameters are implemented at the training process. The applied DOE is two levels planning 
with k factors. The DOE is run in the Minitab 18, evaluating the effects in the mean reward. 
The mean reward was calculated on a 20 seconds manoeuvre which simulates the vehicle 
driver in both different floors using the trained throttle position as input. 

Factor Low level High Level
Target update 0.2 1

Discount Factor 0 0.9
Minibatch Size 0.25 1

Min number of training cycles 1 5
Data randomization 0.1 0.5

Table 1. DOE Factors.

The factorial DOE applied uses 5 factors. No replication or centre point are applied 
and a resolution V was implemented to reduce the number of runs from 32 to 16. Table 1 
presents the factor and levels utilized during the training. 

In Table 1 the target update consists of the constant proposed by Lillicrap, et al 
(Continuous Control with Deep Reinforcement Learning, 2016) that defines how smoothly 
is the update of the copied matrix. The discount defines how much future behaviours 
influence the actual decision. The minibatch size corresponds to the percentage of all data 
which is selected to the training process. The minimum number of training cycles consist 
of the minimum number of times that the blue cycle in Figure 1 is calculated. The data 
randomization gives the percentage of random data insert in the input of the controller to 
generate data for the training process.

Due to the complete different behaviour and to easily comprehension, the controllers 
with and without the velocity as input are evaluated separately, permitting to obtain 
optimized controllers in both cases. Finally, the controllers with the best parameters are 
evaluated during the time on both surfaces. The comparison evaluates the output of the 
controller, the slip ratio and the velocity of the vehicle in the trained manoeuvre and floors.  
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3 | 	RESULTS

The results are divided into three sections which include the DOE results of the 
training with and without the without velocity and a final comparison of the best controllers. 

3.1	Doe of the controller with vehicle velocity as input 

By the evaluation of the Pareto chart, just the minibatch size influenced the results 
on the average reward with 95% of confidence. Evaluating the main effect plots shown in 
Figure 3 is possible to confirm the small variation of the average reward and the greatest 
difference in the minibatch size where smaller batch sizes represent better results. 

The small variation of the average reward is an awakened outcome, as long as the 
cyclic algorithm trains the network until the convergence of the controller, allowing high 
average rewards to all trained controllers.

Figure 3. Main effects plot for best average reward - with vehicle velocity.

Despite the discount factor does not been considered as a factor that influences 
the results, in this test, the null discount factor receives a better average reward when 
compared with the controller trained with discount factors of 0.9. The target update, 
minimum number of training and data randomization do not show significative changes on 
the controller performance.

Factor Target update Discount factor Minibatch size Minimum 
training cycles

Data 
randomization

Value 0.2 0.0 0.25 1.0 0.1

Table 2. Training parameter of the controller with vehicle velocity.

Based on the significative results in Figure 3 and on the exact average reward 
available to the trained algorithms, the network that returns the best average reward is 
chosen. The network with vehicle velocity as input applied in the comparison section is 
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trained with the factors shown in Table 2.
Although the best minimum training cycles and the data randomization of the main 

effects plot in Figure 3 do not be the same as the chosen controller, these parameters do 
not present large influence in the results. In this way, the punctual result of each trained 
controller is considered to choose the best controller.

3.2	Doe without velocity of the vehicle as input 

The experiment without the velocity of the vehicle returned that just the discount 
factor influences the results. Evaluating the main effects plot in Figure 4 is possible to 
comprehend that the discount factor of 0 return better controllers then the discount factor 
of 0.9 when using the rewards proposed in this research. 

Figure 4. Main effects plot for best average reward - without vehicle velocity.

The best parameters are chosen using the same criteria as the DOE with the velocity 
as input. Table 3 indicates the chosen train parameters. Most of the parameters are the 
same between the algorithms, excluding the target updated which suffer changes.

Factor Target update Discount factor Minibatch size Minimum 
training cycles

Data 
randomization

Value 1.0 0.0 0.25 1.0 0.1

Table 3. Training parameter of the controller without vehicle velocity.

3.3	Comparison of the controllers

In Figure 5 is possible to compare the accelerator pedal position, velocity of the 
vehicle and slip ratio during the time. The evaluation is made on the trained grounds to 
the controllers with and without the velocity of the vehicle as an input. The results are also 
compared with vehicle behaviour without a controller. 

In Figure 5, the throttle position of the controlled system presents that both actor-critic 
controllers are able to handle with different grounds. However, when the velocity is also 
applied in the input the variation of the pedal is smoother without high-frequency noises.
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Despite the delay on the initial acceleration, the controller with the velocity as input 
presents a better performance with higher final velocity on the dry asphalt. On the snow, 
the use of the controllers reduce the acceleration but can improve significantly the handling 
due to the low slip ratio. 

The controllers with and without the vehicle velocity show adequate control of the 
slip. In both floors the slip ratio does not exceed the desirable limit of 0.2, presenting that 
these controllers can be applied when the training data is available. 

Figure 5. Dynamic behavior of the vehicle.

In Figure 6 are compared the average reward calculate to both controllers and to the 
system without a controller. 
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Figure 6. Average reward in different conditions.

As expected the manoeuvres on the snow present smaller values than the manoeuvres 
on the asphalt due to the small friction of the ground. It happens because the slipperier 
surface makes that the acceleration pedal increases smoothly decreasing the maximum 
reward. Comparing the results with and without the velocity of the vehicle and the system 
without a controller, both controllers are able to improve significantly the behaviour of the 
system. However, when the velocity of the vehicle is applied the results are slightly better. 

4 | 	CONCLUSIONS

The application of actor-critic reinforcement learning shows as an adequate controller 
to the non-linear traction of the vehicle when data is available to the training process. 
However, the necessity of iterative training difficult the application of the controller in real 
applications. 

The application of value function with null discount factor, presents as the better way 
to the algorithm convergence, presenting better average reward than the discount factor 
of 0.9. It is a good opportunity of simplification in the algorithm training, as long as, the 
value function can be directly calculated by the reward, removing the iterative necessity. 
However, it is important to highlight that this behaviour occurs in specific systems where 
the reward increasing in a first state can not generate low rewards in the next states.

Despite the results slightly lower than the controller with the velocity of the vehicle, 
the controller that does not take the vehicle velocity into account is able to keep the slip 
ratio lower than the desired value. It can facilitate the application of the traction control in 
vehicles with all wheels traction, as long as the measurement of the velocity is difficult and 
its the calculation can generate errors.

To future research is indicated the simplification of the algorithm with the possibility of 
removal of the value function calculation. The influence of the training parameters and the 
evaluation of the controllers can also be applied in other vehicle systems as brake-by-wire 
or steering by wire. 
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