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[bookmark: _Toc204637835]Introduction
Digital control systems are central to modern automation and industrial processes, where precision, efficiency, and reliability are vital. The Proportional, Integral, Derivative (PID) controller is among the most widely used controllers, known for its robustness and adaptability across various engineering domains. This assignment focuses on implementing and analysing a digital cruise control system using MATLAB, simulating a standard application in automotive systems.
The cruise control model is a practical example for exploring key control engineering concepts such as signal quantisation, sampling theory, feedback loop performance, and the effects of communication delays. MATLAB provides a flexible and robust environment for modelling and evaluating system responses under various conditions, aiding in developing practical engineering insight.
[bookmark: _Toc204637836]Aims & Objectives 
This assignment explores the simulation and evaluation of a digital cruise control system in MATLAB using a PID controller. It examines the impact of digital constraints—such as signal quantisation, sampling rates, and communication delays—on control performance and system behaviour. Key tasks include analysing signal encoding and decoding in the MATLAB code, implementing a feedback controller to reduce steady-state error, and assessing how signal resolution affects accuracy and stability. It also investigates how sampling rates influence dynamic response and determines the maximum interval that maintains system performance. The goal is to build practical understanding of digital control design, especially in automotive applications.
[bookmark: _Toc204637837]Background
Control systems are fundamental in modern engineering, allowing automated regulation of dynamic processes in industrial automation, robotics, and automotive systems. Among the most widely used control strategies is the Proportional-Integral-Derivative (PID) controller. This method is popular due to its simplicity, effectiveness, and broad applicability across various engineering domains (Åström and Hägglund, 2006).
[bookmark: _Toc204637838]PID general background
A PID controller is a feedback mechanism that continuously calculates errors between a desired setpoint and a measured process variable. It then applies a control signal based on three components: Proportional control reacts to the current error, Integral control addresses accumulated past errors to eliminate steady‑state offset, and Derivative control predicts future error by evaluating its rate of change to enhance system stability (National Instruments, 2025).

Proportional (P): Provides correction proportional to the current error.
Integral (I): Addresses accumulated past errors to eliminate steady-state offset.
Derivative (D): Predicts future error by evaluating its rate of change, adding system stability.
The combined output of these components, the PID control law in the ideal parallel form, is given by:
Equation 1: PID Control Law (Ogata, 2010)
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Where u(t) is the control input, e(t) is the error between desired and measured output, and Kp, Ki, and Kd are the proportional, integral, and derivative gains (Åström and Hägglund, 2006).
[bookmark: _Toc204637839]Application of PID Control
PID controllers are applied extensively due to their adaptability and robustness, as explained by (Nise, 2015). Every day use cases include:
Table 1: Application of PID controllers
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[bookmark: _Toc204637840]Advantages and Limitations 
Furthermore, Ogata (2010) also explains the advantages and limitations of the PID controllers. 
Table 2: Advantages of PID controllers
[image: A white and black list with black text
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Table 3: Limitations of PID controllers
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[bookmark: _Toc204637841]Cruise control standards
As vehicle automation technology advances, safety and performance standards are crucial in ensuring system reliability and driver trust. One such standard is the International Organization for Standardization (ISO) 15622:2018, which provides internationally recognised guidance for developing and implementing Adaptive Cruise Control (ACC) systems. This standard examines the scope, functionality, safety protocols, and performance expectations defined in ISO 15622, focusing on its relevance to UK and international automotive regulations. It outlines specifications for the safe operation of cruise control systems, emphasising smooth acceleration and deceleration, quick speed adjustments, and minimising overshoot for comfort and safety. Accurate speed tracking is crucial for maintaining set speeds under varying conditions. At the same time, stability is necessary to prevent oscillations during disturbances. Finally, tuning the PID controller is essential to balance responsiveness with control effort, ensuring effective functioning of cruise control systems in the automotive environment.
[bookmark: _Toc204637842]Adaptive Cruise Control – ISO 15622:2018
The ISO 15622 (2018) standard establishes baseline requirements for ACC systems in road vehicles. It applies primarily to passenger and light-duty vehicles equipped with longitudinal control capabilities, which are systems that manage speed and following distance (International Organization for Standardization [ISO], 2018).
The standard categorises ACC systems into two types:
· Full-Speed Range ACC (FSRA): operates from standstill to high-speed driving, supporting stop-and-go traffic scenarios.
· Limited-Speed Range ACC (LSRA): functions only at moderate to high speeds, typically on motorways, and may disengage below a certain threshold.

[bookmark: _Toc204637843]PID tuning
[bookmark: _Toc204637844]Method
The PID (Proportional, Integral, Derivative) controller was used to regulate the speed of a simulated cruise control system in MATLAB. The simulation involves acquiring and decoding 16-bit binary sensor data for the vehicle's velocity and the driver's speed demand, translating them into real-world units (miles per hour). The PID algorithm calculates the control signal from the error between the demanded and actual speeds: the proportional term addresses immediate error, the integral term eliminates steady-state offset by accumulating past errors, and the derivative term anticipates future changes. The control signal is scaled, encoded, and sent to the throttle/brake actuator to adjust speed. The simulation operates in discrete time with a defined sampling interval, allowing analysis of the vehicle's response to varying speed demands under different PID settings. (CTMS, n.d.).
[bookmark: _Toc204637845]Results and analysis
Figure 1 shows the result after completing the code and conducting a test run to ensure no errors.
[image: A graph of a speed test
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[bookmark: _Toc204637866]Figure 1: Results from testing code before adjustments.
The simulation results indicate that the cruise control system is not functioning as intended due to the absence of active control logic; however, no errors are present within the code.
Following the code's test run, a minor adjustment was made by introducing a proportional gain of Kp = 1, as seen in Figure 2. 
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[bookmark: _Toc204637867]Figure 2: Result after a slight adjustment of Kp =1

The cruise control system now responds to the driver’s changing speed demands. The velocity response plot shows that the real velocity starts to follow the demand, albeit with a noticeable gap or steady-state error. This is expected from a proportional-only controller: while it reduces the immediate error, it cannot eliminate it due to the lack of integral action. The error signal confirms that while the error decreases after each step change in demand, it settles at a non-zero value.
In the control effort plot, the control signal and throttle position show active behaviour, adjusting the actuator effort based on the difference between the demand and actual speed. The system increases throttle effort when the demand rises and backs off when the demand drops, demonstrating the expected influence of proportional feedback. However, the magnitude of the control effort levels off despite the error, indicating that more controller action is needed to close the gap entirely.

A further adjustment was carried out with the addition of Ki=0.1, which has had a noticeable positive impact on the system response as seen in Figure 3. 
[image: A graph of a speed test
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[bookmark: _Toc204637868]Figure 3: Results after addition of Ki=0.1

Introducing integral control has led to a noticeable improvement in the system’s response. In the velocity response plot, the real velocity more closely follows the driver’s demand, with an apparent reduction in error across most step changes. This is due to the integral term accumulating the residual error over time and applying corrective action, effectively addressing the steady-state offset that remained under proportional-only control. 
Notably, the system shows no overshoot or instability, indicating that the chosen integral gain (Ki) is within a stable range. The throttle/brake effort plot also reflects this improvement, showing more assertive and appropriate adjustments in control effort during transitions, particularly when larger speed corrections are required. This confirms that the integral component functions as intended and contributes positively to the control system’s performance.
Further additions to the PID, with a derivative of 0.01, were made to fine-tune the system further to ensure its effectiveness. The results following the adjustment are shown in Figure 4. 
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[bookmark: _Toc204637869]Figure 4: Results after addition of Kd=0.01

The cruise control system demonstrates stable but under-responsive behaviour after introducing a derivative (Kd) of 0.01. The velocity response plot shows that the vehicle velocity tracks the driver’s demanded speed with some delay. It retains a noticeable steady-state error after each step change. The error signal confirms that while corrective action is being applied, the system consistently falls short of reaching the target velocity, particularly following larger demand steps. This indicates that the integral gain (Ki) is insufficient to eliminate the residual error, and the proportional gain (Kp) does not produce a strong enough immediate response.
The control effort plot further supports this observation. The control signal and corresponding throttle position show brief surges in response to demand changes but quickly level off, indicating a lack of sustained corrective input. Despite this, the system remains well-behaved, with no signs of overshooting, oscillations, or saturation in actuator effort. The derivative gain (Kd = 0.01) provides proper damping, resulting in a smooth control output without abrupt changes or instability. The current tuning results in a sluggish response and incomplete reference signal tracking. 

Further adjustments were made to the cruise control system to make it well-tuned, stable, and responsive. Results are as per Figure 5. 
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[bookmark: _Toc204637870]Figure 5: Results after further adjustments to fine-tune

After tuning the PID gains, the cruise control system improved performance significantly. The velocity response plot indicates that the real vehicle speed tracks the driver’s demand more closely and with reduced error compared to earlier simulations. Introducing a higher proportional gain (Kp = 1.5) enabled faster and more assertive initial correction to speed deviations. The increased integral gain (Ki = 0.15) helped reduce the steady-state error that was present previously. The derivative gain (Kd = 0.02) provided effective damping, ensuring the system responded smoothly without overshoot or instability.
The control effort plot further supports the effectiveness of the final tuning. The control signal behaves assertively during transitions but avoids the extreme spikes or saturation seen in previous iterations. The throttle position follows the control signal closely, and the system remains well within operational limits, confirming the absence of actuator strain or excessive correction.
The final configuration demonstrates a well-tuned PID system that delivers accurate, stable, and efficient cruise control performance. The controller maintains excellent tracking under varying speed demands while ensuring smooth and realistic throttle behaviour, making it practically viable and academically sound.

[bookmark: _Toc204637846]Time step impact
Time step impact refers to how the choice of time intervals in a simulation, specifically the simulation time step and the controller sampling time, affects a control system's accuracy, stability, and performance. The simulation time step (sim_step) determines how frequently the system’s dynamics (such as vehicle velocity) are updated. A smaller time step provides higher accuracy but increases computational load. The controller sampling time (Ts) defines how often the controller calculates and sends a new control signal. If this value is too significant, the controller may react too slowly to system changes, leading to lag or degraded performance. Incorrect or mismatched time step settings can result in unrealistic behaviour, delayed responses, or instability. Therefore, selecting appropriate values for both is essential for reliable and accurate control system simulations (Rostiti, 2023).

[bookmark: _Toc204637847]Method
This section explores how varying the controller sampling time (Ts) affects the cruise control system's performance. In a discrete-time PID controller, a smaller Ts allows for more frequent updates, improving responsiveness but increasing computational demand. Conversely, a larger Ts decreases computational load but can harm control performance due to delays and aliasing effects.
Currently, the PID tuning results are effective and accurate, with a simulation time step of 0.01 seconds and a controller sampling time of 0.01 seconds. However, changing these parameters could significantly impact performance.

[bookmark: _Toc204637848]Results and analysis
[bookmark: _Toc204637849]Test 1: Alterations to simulation time 0.001
In this task, the simulation time step (sim_step) was reduced from 0.01 s to 0.001 s, effectively increasing the resolution of the vehicle dynamics simulation. The controller sampling time (Ts) remained at 0.01 s to maintain consistency in control update frequency.
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[bookmark: _Toc204637871]Figure 6: Results after reducing the simulation time step

Reducing the simulation time step improved accuracy and control stability, resulting in smoother throttle and brake responses. However, these increased computational demands require more processing time. Benefits diminished beyond a time step of 0.001 seconds, suggesting further reductions may not be justified.

[bookmark: _Toc204637850]Test 2: Alterations to the controller sampling time 0.02
In this test, the controller sampling time was increased from 0.01 seconds to 0.02 seconds, and the performance of the cruise control system was noticeably affected, as per the results in Figure 7. 
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[bookmark: _Toc204637872]Figure 7: Results following the controller sampling time increased

Infrequent controller updates delayed responses to velocity demands, causing increased lag and steady-state error. Control efforts were choppy, leading to abrupt throttle and brake transitions. A spike in effort at 45–50 seconds highlighted the slower response. While less frequent updates reduce computation, they compromise system responsiveness and accuracy. Balancing sampling intervals is crucial for performance in real-time control systems.

Adjusting the simulation time step and controller sampling time affects cruise control performance. A smaller simulation step improves model accuracy but increases computational load, while a larger controller sampling time introduces delays and reduces responsiveness. Balancing these factors is crucial for optimal system performance.

[bookmark: _Toc204637851]Signal delay impact 
Time delay, also known as signal delay or dead time, refers to the period between issuing a control command and observing its influence on the system’s output. Such delays can result from communication lags, limitations in actuators, or the time taken by sensors to process data. In feedback-controlled systems, these delays can lower phase margin and negatively affect performance by causing longer settling times, greater overshoot, and a higher likelihood of instability. PID controllers are particularly vulnerable to these problems due to their dependence on up-to-date feedback. To counter these challenges, control strategies like Internal Model Control (IMC) and Smith predictors are commonly applied, as they use system models to forecast future responses and adjust control actions in advance (Subramanyam, 2015).
[bookmark: _Toc204637852]Method
In the current MATLAB code for a cruise control system, actuator_signal_delay = 0.00. Which simulates the communication delay between the controller and the vehicle’s actuator (which applies throttle or brake). 
To assess the effect of signal delay on system performance, the delay parameter was incrementally increased in discrete steps: starting from 0.00 s (baseline), then to 0.05 s, further adjustment to be made depending on the results. 
Firstly, a small delay of actuator_signal_delay = 0.05 s, which introduces a 50 ms delay between when the control signal is computed and when it actually reaches the actuator (throttle/brake). This mimics real-world digital control systems where communication or processing delays are unavoidable.

[bookmark: _Toc204637853]Results and analysis
[bookmark: _Toc204637854]Test 1: Actuator_signal_delay = 0.05 s
The simulation results in Figure 8, demonstrate the negative impact of a 0.05-second actuator signal delay on the performance of the digital cruise control system. 
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[bookmark: _Toc204637873]Figure 8: Results following the actuator signal delay 0.05 s
The velocity response plot reveals that the vehicle struggles to accurately track the driver’s demand, especially during setpoint changes, with the actual velocity exhibiting oscillations and lag. The error signal remains highly active throughout the simulation, indicating persistent deviation from the desired speed. This behaviour is largely due to the delay causing the controller to act on outdated feedback, resulting in overcompensation and reduced stability. Furthermore, the control effort plot shows frequent and aggressive fluctuations in the control signal, with the actuator (throttle position) often saturated at 100%. This saturation highlights the controller's attempt to correct errors too rapidly, leading to inefficient and potentially unstable operation. 

[bookmark: _Toc204637855]Test 2: Actuator_signal_delay = 0.025 s
[bookmark: _Hlk204636496]The simulation results in Figure 9, show the system’s response under a 0.025-second actuator delay. 
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[bookmark: _Toc204637874]Figure 9: Results system’s response under a 0.025-second actuator delay. 

In the velocity response plot, the real velocity follows the driver’s demand but with noticeable lag and steady-state error, especially during step changes at 10s, 35s, and 50s. Although the error signal is less noisy than in the 0.05s delay case, overshoot and undershoot persist due to the controller reacting to outdated feedback.
The control effort exhibits sharp corrections at each demand shift, with the throttle briefly saturating at 100%, indicating continued overcompensation. While overall tracking and stability are improved compared to the longer delay scenario, the delay still affects control precision. Further optimisation, such as delay-aware tuning or predictive control, could enhance performance.
To further improve the cruise control system, the next step would be to implement a delay-compensation strategy such as a Smith Predictor, which accounts for known communication delays and enhances stability. Alternatively, re-tuning the PID controller with softer proportional and derivative gains can reduce overshoot caused by delayed feedback. Additional improvements include applying a low-pass filter to smooth control signals, introducing anti-windup protection to prevent integral overshoot, and experimenting with shorter sampling times for faster responsiveness.

[bookmark: _Toc204637856]Number of Bits impact
In safety-critical automotive systems governed by ISO 26262, the number of bits used for signal encoding directly affects control precision and diagnostic accuracy. Higher bit resolutions (e.g. 16 or 32 bits) enhance measurement fidelity, supporting the safety integrity levels (ASIL) required by the standard. In contrast, lower bit depths increase quantisation error, potentially undermining functional safety. Therefore, selecting an appropriate bit width is essential to balance resolution, bandwidth, and processing demands in compliance with ISO 26262 requirements (Semiconductor Engineering, 2025).
[bookmark: _Toc204637857]Method
To investigate the effect of digital signal resolution on cruise control performance, the number of bits used to encode system signals was systematically adjusted within the MATLAB simulation. Each of these was encoded and decoded using a user-defined number of bits, controlled by the parameters n_bits_sensor_signal, n_bits_demand_signal, and n_bits_actuator_signal.
The method involved varying the bit resolution representing between 8 bits (low), & 12 bits (medium) digital precision, respectively. For each configuration, the cruise control system was run using fixed PID gains (P = 1.5, I = 0.15, D = 0.02), a consistent sampling time (Ts = 0.02 s), and a minimal actuator delay (0.001 s) to isolate the influence of quantisation.
[bookmark: _Toc204637858]Results and analysis
[bookmark: _Toc204637859]Test 1: 8 bits (low)
The simulation results Figure 9show that using 8-bit resolution for sensor, demand, and actuator signals introduces noticeable quantisation effects in the cruise control system.
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[bookmark: _Toc204637875]Figure 10: Results using 8 bits resolution for sensor
The real velocity responds to the driver’s demand in stepped increments rather than smooth transitions, due to limited digital precision. Although the system remains stable and functional, control accuracy is reduced, particularly during setpoint changes, where the controller cannot finely adjust the throttle. The control signals also appear in distinct levels, indicating restricted resolution in output. Overall, the reduced bit depth limits the system’s ability to respond smoothly and accurately, highlighting the trade-off between signal resolution and control performance in digital systems.
[bookmark: _Toc204637860]Test 2: 12 bits (medium)
The simulation results Figure 11, shows the increase the number of quantisation levels from 8-bit to 12-bit, significantly improving the resolution of the sensor measurements, control signals, and actuator commands.
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[bookmark: _Toc204637876]Figure 11: Results using 12 bits resolution for sensor
Increasing the bit resolution from 8 to 12 bits leads to a noticeable improvement in system performance. The controller responds more precisely to velocity errors, and the throttle is adjusted more smoothly. This results in better tracking of driver demand and a reduction in control signal discontinuities. While the 8-bit configuration was functional, the 12-bit version demonstrates clear advantages in control quality and responsiveness, making it more suitable for applications where precision is critical, in line with ISO 26262 recommendations for signal integrity in safety-related systems.

[bookmark: _Toc204637861]Conclusion
This project effectively modelled and analysed a digital cruise control system using a PID controller in MATLAB. Through iterative testing and tuning, the optimal PID gains were identified as Kp = 1.5, Ki = 0.15, and Kd = 0.02, which provided the best balance between responsiveness, stability, and accuracy. These values enabled the system to track varying driver speed demands with minimal steady-state error, no overshoot, and smooth throttle adjustments—meeting both performance expectations and safety considerations. The analysis also highlighted how factors such as sampling time, signal delay, and bit resolution impact overall control behaviour. A simulation time step of 0.001 s and a controller sampling interval of 0.01–0.02 s were found to be effective, while 12-bit signal resolution delivered significantly improved control fidelity over 8-bit encoding. Altogether, the project demonstrated that with proper tuning and parameter selection, PID control remains a robust and practical solution for real-world automotive systems.
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[bookmark: _Toc204637863]Appendix
[bookmark: _Toc204637864]Code (control function)

%% MAIN FILE FOR CRUISE CONTROLLER SYSTEM %%%%%%%%%%%%%%%%
% (1) initialise
% (2) set implementation parameters
% (3) set simulation parameters
% (4) simulation loop
% (5) plot results
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%% (1) Initialise %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
clc 
clear 
close all % house keeping
P = 1.5;
I = 0.15;
D = 0.02;
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%% (2) set implementation parameters %%%%%%%%%%%%%%%%%%%%%

% sampling time must be an integer multiple of sim_step
Ts = 0.02;  
% number of bits used to encode the velocity sensor signal. velocity sensor
% range in mph [0,150]
m_velocityS =0;
M_velocityS = 150;
n_bits_sensor_signal = 16;
% number of bits used to encode velocity demand signal. demand
% range in mph [30,110]
m_demand = 30; M_demand = 110;
n_bits_demand_signal = 16;
% number of bits used to encode throttle/brake actuator signal. actuator
% range in mph [-100,100] where [-100,0) is percentage of braking and
% (0,100] is percentage of throttle
n_bits_actuator_signal = 16;
R = 2.^n_bits_actuator_signal;
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%% (3) set simulation parameters %%%%%%%%%%%%%%%%%%%%%%%%%

sim_step = 0.001; % simulation time step in seconds
sim_time = 70; % simulation time length in seconds
T = 0:sim_step:sim_time; % simulation steps vector
% initialise vector where to store results for plots
[d_vec,u_vec ,y_vec,e_vec,Th_vec] = deal(nan(size(T)));
throttle_setting = 50; % initialise control action (throttle/brake setting)
% communication delay between controller and actuator in seconds.
% must be an integer multiple of sim_step
actuator_signal_delay = 0.00;
%% remove when in function
m_ControlSig = -100;
M_ControlSig = 100;
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
[u, control] = deal(50);
%% (4) simulation loop %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
velocity_real = 60;
for j = 1:length(T) % for every simulation step
    
    loops_remaining = length(T)-j; % display progression
    disp(loops_remaining)
    % get vehicle raw velocity sensor measurement from the communication bus
    [velocity_raw, velocity_real,throttle_setting] = getRawVelocity(n_bits_sensor_signal,velocity_real,throttle_setting, sim_step,u);
    
    % decode raw bus signal (from x-bit binary to mph)
    velocity = ((bin2dec(velocity_raw).*(M_velocityS-m_velocityS))/R)+m_velocityS;

    if mod((j-1)*sim_step,Ts) == 0 % every sampling time   
        
        % get driver's velocity demand raw signal from the communication bus
        demand_raw = getRawVelocityDemand(n_bits_sensor_signal,sim_step,j); 
        
        %% decode raw signal (from x-bit binary to mph)
        demand = (bin2dec(demand_raw)*(M_demand-m_demand)/R) +m_demand; % INCORRECT DECODING! INSERT YOUR DECODING FUNCTION HERE
        
        %% calculate control signal and error (range of control [-100,100])
        [control, error] = controller (demand,velocity,e_vec,j,Ts,sim_step,control,P,I,D); % INCORRECT CONTROL! INSERT YOUR CONTROL ALGORITHM HERE
        
        %% encode control signal into x-bit binary number
        control_raw = dec2bin(((control-m_ControlSig)/(M_ControlSig-m_ControlSig)).*R); % INCORRECT ENCODING! INSERT YOUR ENCODING FUNCTION HERE
        
        %% 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);
    end 
    
    % store values for plotting
    e_vec(j) = error;
    d_vec(j) = demand;
    u_vec(j) = control;
    y_vec(j) = velocity_real;
    Th_vec(j) = throttle_setting;
end  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%% (5) plot results %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

figure

% plot velocity response
subplot(2,1,1)
plot(T,d_vec,'g-');hold on
plot(T,y_vec,'b-'); 
plot(T,d_vec-y_vec); grid;
title('Velocity response'); 
subtitle([' Kp = ', num2str(P),' Ki = ', num2str(I),' Kd = ',...
    num2str(D)]); 
ylabel('Velocity (mph)'); xlabel('Time (s)');
legend('Driver Demmand','Real Velocity','error')

% plot throttle/brake actuator effort
subplot(2,1,2)
stairs(T,u_vec,'g-');
hold on;
plot(T,Th_vec,'r-'); grid;
title('Throttle/Brake control effort');
ylabel('% throttle/brake pedal'); xlabel('Time (s)');
legend ('Control %','Throttle position')
supersizeme(1.5)
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

[bookmark: _Toc204637865]Code (Controller)

function [controlout, error] = controller(demand,velocity,e_vec,j,Ts,sim_step,control,P,I,D)
%UNTITLED Summary of this function goes here
%   Detailed explanation goes here
error = demand-velocity;
%% P part
P_part = P*error;
%% I Part
persistent Prev_I_part
if j > 1
    prev = e_vec(j-(Ts/sim_step));
else
    prev = control;
    Prev_I_part = prev;
end
I_part = (((error + prev)./2).*(Ts)+Prev_I_part).*I;
%%D part
D_part = ((error-prev)./Ts).*D;
%% output 
controlout = P_part+I_part+D_part;
%% Limits
m_ControlSig = -100;
M_ControlSig = 100;
if controlout>M_ControlSig
    controlout=M_ControlSig
end
if controlout<m_ControlSig
    controlout=m_ControlSig
end
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Application Area

Description

Automotive Systems

Modern vehicles use cruise control to maintain constant speed
by adjusting throttle based on road and driver input. Adaptive
systems use radar or cameras to detect vehicles ahead,
enabling automatic acceleration or braking.

Industrial Process

Regulates temperature, pressure, and flow rates in
manufacturing. Sensors and feedback loops adapt to changes,

Control
maintaining efficiency and product quality.

Robotics Robotic systems rely on precise motor and actuator control for
tasks like assembly or surgery. High-resolution encoders and
control algorithms enable accuracy, while feedback adjusts for
environmental changes or obstacles.

Aerospace Flight stability systems like fly-by-wire use real-time data to

optimise control surface movement. These systems enhance
pilot control during take-off, landing, and turbulence for
improved safety and performance.
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Advantage

Description

Easy to implement

The system can be set up quickly without requiring extensive

training or complex configurations, making it accessible for
various applications and users.

Effectively controls a
viide range of inear
systems

Tt can manage diverse linear processes, ensuring stable and
accurate performance across multiple scenarios, such as
mechanical, electrical, or fluid systems.

Provides real-time
feedback and correction

Real-time monitoring allows immediate adjustments to
maintain optimal performance and address deviations quickly,
enhancing system efficiency and reliabiliy.
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Limitation

Description

Sensitivity to
measurement noise

The system is sensitive to noise, particularly in the derivative.
term, which can cause output fluctuations and lead to unstable
system behaviour.

Performance in nonlinear

or time-delay systems

Effectiveness decreases in systems with nonfinear dynamics,
or time delays, leading to unpredictable behaviour and
reduced stability or responsiveness.

Need for precise tuning

Optimal performance depends on well-tuned parameters;
incorrect tuning can compromise stability and accuracy,
requiring extensive testing to achieve the right balance.
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