Student Name 	Assignment Title or Module 	Student Number 
1 
Student Name 	Assignment Title or Module 	Student Number 
1 
Student Name 	Assignment Title or Module 	Student Number 
1 
University of Wales Trinity Saint David 
Wales Institute of Science and Art 
[image: ]
  
 
Modelling automotive control systems in MATLAB
 
Energy storage and control systems
ACHA 7007
  
 
Word count: 1560
Ewan Evans
2200899
Date submitted: 29/3/2026
Contents 
1.	Introduction	1
2.	Encoding and decoding of PID controller	1
3.	Controller gains	2
a.	Through manual inputs	2
b.	Convergence values	3
4.	Mass of vehicle change	6
5.	Number of bits used to encode and decode	6
6.	Impact of a change in sampling time	9
7.	Influence of delay in the system	9
8.	Acceleration limits applied to the system	11
9.	Characteristic analysis of data	11
10.	Conclusion	12
11.	References	13
12.	Appendix	13

 

Student Name 	Assignment Title or Module 	Student Number 





1. [bookmark: _Toc225715114]Introduction 
PID controller systems are used in countless applications to control the application of control inputs and allowing for a smooth, yet precise and accurate application. This report investigates the development of PID controller systems for braking and accelerating system in vehicles. With this, other factors can influence the importance of responsiveness in the system, such as the rate of acceleration/deceleration and the delay of the system. Furthermore, the PID controller systems need to be adaptive to relate to various applications of the vehicle, for example, the mass of the vehicle changes for each journey. Below demonstrates the general theory behind how the PID controller works in this application. In this scenario, the r is the demand required, e being the error of the system, u the control of the system and y being the control output of the system in the diagram. 
[image: PID Block Diagram, Arturo Urquizo, CC BY-SA 3.0 via Wikimedia Commons]
Figure 1 - Simple PID controller system.

2. [bookmark: _Toc225715115]Encoding and decoding of PID controller
The PID controller encodes in and out of binary for sections of the code, predominantly for the purpose is used for the communication from sensor, observer and controller to the actuator (the vehicle speed in this scenario). (Nan Hou et al. 2026) In this application, the velocity output converts a binary velocity to a decimal value whilst keeping the velocity within the designated limits ([1] in code below), this is so it can be used in the PID controller section later (figure 2, [3]). The same process happens with the demand of the system (figure2 , [2]), whilst the same process happens with the control, apart from it converting from decimal to binary as the control output (figure 2, [4]) comes from the control system section.

[image: ]
Figure 2 - Code for the encoding and decoding of the system
All these values that are calculated are dependant upon various factors being applied, ranging from if there is any delay to the system, to how many data points (bits) are used in the system.
This system is an LTI (Linear time invariant system) where both the linear and time-invariant are both used (Brilliant, n.d). They are generally used due to their simplicity in representing and displaying data accurately. 

3. [bookmark: _Toc225715116]Controller gains 
a. [bookmark: _Toc225715117]Through manual inputs
By changing the PID values in the main script, it can influence the rate at which the velocity of the vehicle changes, in relation to driver demand. Proportional gives a linear trend when in relation between the demand and the velocity of the vehicle, whilst the integral compares the error of the current value to the previous values in relation to the time step. The differential looks at the change of the error over the time step.
A trial and error approach is used to select the gain values for the P, I and D. After trialling various numerical combinations, the values shown below were decided. Overshoot is seen in a few areas with a key section showing significant deviance.

[image: ]
Figure 3 – Manual P,I and D input values into the PID system

These values were chosen due to the removal of significant amount of steady state error, with a quick reaction when the driver demand changes. The region where the spike in data occurs is due to the inaccuracies in these values and is a reason as to why these PID convergence studies take place.

b. [bookmark: _Toc225715118]Convergence values
A convergence study, as shown below, was conducted to find the best comparison between the error and the gain values being applied. Once the convergence value is found for the proportional, it then uses this value when finding the convergence value for the integral and so on. 
[image: ]
Figure 4 – Convergence and absolute error plot for a range in gain values with error over the whole cycle

[image: ]
Figure 5 – Convergence values using error with the entire error period being with error over the whole cycle

Initially these values showed signs of large divergence in the convergence data, as shown above. Therefore, the decision to manually select a smaller region to extract the error from and also make the proportional, integral and differential sections error independent was taken. 

[image: ]
Figure 6 - Convergence and absolute error plot for a range in gain values with error over a section

[image: ]
Figure 7 - Convergence values being used and the scale factor being used with error over a section

This improved overall trends in the system, however, in real world finding the region to compare these values at is simply not applicable. This can be used as calibration values, however, due to the likelihood of these values wanting to be calibrated dependent upon various masses of the vehicle and the alternating driving styles, it is unlikely to be implemented. To improve the quality of this convergence value, a continuous looping system that investigates current vehicle error and builds upon this error throughout the drive cycle can improve the gain factors of the PID system. A P value of 1.7658, I value of 3.4279 and D value of 0.03991 are therefore used for future tests.
4. [bookmark: _Toc225715119]Mass of vehicle change
The mass of the vehicle has slight error which generally emerges from when the driver demand changes, due to the reaction of the vehicle taking less time to respond. When adding Kp, Ki and Kd, as previously mentioned, they should change dependent upon the mass of the vehicle in order to achieve an error within an ideal position. 

[image: ]
Figure 8 - Impact of mass on the error of a controller

5. [bookmark: _Toc225715120]Number of bits used to encode and decode
To investigate the effect that the number of bits have on the response of the vehicle, a for loop was applied for a range in the number of bits (1-32). The number of bits control the number of readings/ responses that are made within a section of the simulation. This can be seen through figures 9 & 10, due to the larger contrast in the velocity and control output. 

[image: ]
Figure 9 - 5 bits applied to the PID system
[image: ]
Figure 10 - When 10 bits are applied to the PID system

[image: ]
Figure 11 - Error in relation to the number of bits used

In this case, as more bits are applied, the effectiveness after around 10 bits is reduced as there is only a 0.01% difference in the error from 10 to 11 bits. Furthermore, the increased points would suggest a smoother ride for the driver due to the deviance in each measuring point being much smaller, as shown previously. Even though 10 bits shows small deviance, the throttle/brake control output shows some fluctuation when comparing the number of bits used. Therefore, running a higher bit count of at least 15 bits is recommended.

[image: ]
Figure 12 - Throttle/ brake pedal application using a change in the number of bits (5,10,15)

6. [bookmark: _Toc225715121]Impact of a change in sampling time
The number of samples that are present in each interval significantly impacts the response of the throttle and braking, especially when in regions of sudden driver demand. With this, the response becomes much more significant in this sudden change, as shown below. It would suggest that the sim step of 10 is a less smooth ride and worse in certain scenarios. With this, it is likely that the PID controller values are influencing this and that if a sim step of 0.001 is used, the PID values would change and that the overall quality of the vehicle would improve.

[image: ]
Figure 13 - Influence of Sim Step change in relation to the driver demand

The application of a smaller sim step as mentioned can create these oscillations, which can lead to a deterioration in controller performance, therefore controlling the trade-off between the sampling frequency and the controller feasibility is important. 

7. [bookmark: _Toc225715122]Influence of delay in the system
Delay systems can be used to help give the driver an increased driver feels. Implementing this showed a slight improvement due some small changes in steady state data, as well as a larger one at the start of the simulation (which is unrealistic in the real world). After the small amount of delay is applied to the simulation, it becomes significantly less accurate, despite the error increase not being majorly significant, this is due to there being more of a fluctuation of the velocity of the vehicle and therefore the actual smoothness of the ride is significantly worse, as shown when comparing figure 14 to figure 7. 
[image: ]
Figure 14 - When a delay of 0.1seconds is applied to the system
[image: ]
Figure 15 - Influence of delay on error
8. [bookmark: _Toc225715123]Acceleration limits applied to the system
The implementation of an acceleration limit can be used to improve the quality of the drive to make sure that the jerk of the vehicle is not too extreme. It is also commonly implemented within industry and a requirement on most vehicles to make the ride much smoother. The use of ISO standards is used to control these values with ISO norm 22179 having acceleration values of +4m/s^2 to +2m/s^2 and -5m/s^2 to -3.5m/s^2 for deceleration (Dumitru Popescu 2001).
Initially, the acceleration limits were applied to the output of the velocity of the vehicle, however, this was then changed to apply a controller value based upon the vehicles velocity and whether it was hitting the acceleration limits. The application of these limits can be seen below with the red lines identifying where the vehicle will be interpolating the control output based upon the velocity.

[image: ] [image: ]
Figure 16 - Acceleration limit being applied to the system

The application of this method was unsuccessful; however, this theory should work successfully. The process behind how it works in theory can be seen below and with more work on the code, this improvement can be implemented.

[image: ]
Figure 17 - PID controller based upon

9. [bookmark: _Toc225715124]Characteristic analysis of data
When trying to achieve a more numerical approach on the response of the system, using certain characteristics can help to understand the impact of these results. An example of this is the PID system with extreme Kp, Ki and Kd values. 
[image: ]
Figure 18 - Velocity response in relation when looking at the frequency aspects of the signal




When comparing the ride frequency of the simulation in relation to general studies on ride height frequency, it is suggested that a frequency of around 1.5 Hz is expected for general OEM(Daniel Routley, date unknown) (Piotr Bialkowski 2016). This therefore means that the application of the PID values need to be changed which suits this scenario due to the values used in the example being significantly different to the PID convergence results. Importantly, the PID convergence results show little amount of fluctuation and therefore may be too relaxed. 

10. [bookmark: _Toc225715125]Conclusion
The use of a convergence PID system shows strong signs of accuracy and precision, however, the application of this in the real world is not applicable other than the use of a calibration value. The PID values should be set up so they can change dependent upon the vehicle being used, the application, and various other conditions that occur. The use of an acceleration limit would be a strong addition and is a future work section of the investigation.
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Figure 19 - Code for applying the range in PID values
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% decode raw bus signal (from x-bit binary to mph)
[1] velocity = ((bin2dec(velocity_raw).*(M_velocitys-m_velocitys))/R)+n_velocitys;

if mod((3-1)*sim_step,Ts) == 0 % every sampling time

% get driver's velocity demand raw signal from the communication bus
demand_raw = getRauVelocityDemand(n_bits_sensor_signal,sim_step,3);

%X decode raw signal (from x-bit binary to mph)

121 demand = ((bin2dec(demand_raw) .* (M_demand-m_demand))./R) + m_demand;
%X calculate control signal and error (range of control [-100,100])
[31 [control,error,int] = Control_System(demand,velocity,P,1,D,Ts,j);
%X encode control signal into x-bit binary number
[4] control_raw = dec2bin(((control-m_ControlSig)./(M_ControlSig-m_Controlsig))*R);

%X send control command to throttle/brake actuator via communication
% bus (record the control signal instance as u)
u = sendControlCommand(control_raw,n_bits_actuator_signal,actuator_signal_delay,j, sim_step, u_vec
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factor=linspace(1,10,10);

For q = 1:(length(factor))*3

iF q < length(factor)+1
P = 1.factor(q);
else
P = P_Converge;
end
% if P_Convergenc

% else
if q < ((length(factor))®2)+1 8& q > length(factor)
>_Converge;
I-.5."factor(q-10);
else
1=0;
end

if q > ((length(factor))=2)
.05*Factor(q-20);
>_Converge;
Converge®e.5;





