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[bookmark: _Toc236687559]Introduction
[bookmark: _Toc236687560]Aim
The aim of this investigation is to develop and evaluate a digital PID cruise control system in MATLAB. The controller should enable the simulated vehicle to follow the driver’s demanded velocity with minimal steady-state error while maintaining acceptable transient behaviour and avoiding excessive throttle or braking effort.
[bookmark: _Toc236687561]Objectives
The objectives are to implement signal encoding and decoding, tune the proportional, integral and derivative gains, and assess the velocity response and control effort. The investigation will also examine the effects of sampling time, communication delay and signal bit depth on closed-loop performance.
[bookmark: _Toc236687562]Background
[bookmark: _Toc236687563]PID General Background
A proportional–integral–derivative controller calculates an output from the difference between a demanded value and the measured system response. Proportional action responds to present error and provides correction. Integral action accumulates error over time and removes steady-state error, although excessive integral action may cause wind-up and overshoot. Derivative action responds to the rate of change of error and can improve damping. The gains must be balanced to achieve accurate tracking, acceptable settling time and reasonable actuator effort (Tehrani and Mpanda, 2012).
[bookmark: _Toc236687564]Cruise Control Standards
ISO 15622:2018 defines performance and test requirements for adaptive cruise control systems, including driver interaction, operational limits and fault responses. Although this simulation represents conventional cruise control, the standard remains relevant when considering predictable longitudinal behaviour, controlled acceleration and braking, and actuator limits (International Organization for Standardization, 2018).

[bookmark: _Toc236687565]Encoding and Decoding Signals
The simulation represents communication between the velocity sensor, controller and actuator using digitally encoded signals. Physical signals used by the digital controller must be scaled between numerical values and engineering units (National Instruments, 2026). The initial implementation uses 16-bit signals for the velocity sensor, driver demand and throttle/brake actuator.
[bookmark: _Toc236687566]Decoding Code
The simulation contains two decoding stages. As shown in Equation 1, each binary signal is scaled into its physical operating range. Figure 1 shows the MATLAB code used to decode the vehicle velocity over 0–150 mph and the driver demand over 30–110 mph before both values are supplied to the PID controller, allowing the control error to be calculated in mph.

Equation 1 - General signal decoding equation
[image: ]
[image: ]
Figure 1 – MATLAB code used to decode the velocity sensor and driver demand signal
[bookmark: _Toc236687567]Encoding Code
After the PID controller calculates the required control action, the output is encoded into a binary signal before being transmitted to the actuator. As shown in Equation 2, the controller output is scaled from the actuator operating range of −100% (full braking) to +100% (full throttle). The corresponding MATLAB implementation is shown in Figure 2.

Equation 2 - Actuator signal encoding equation
[image: A close-up of a computer code
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Figure 2 - MATLAB code used to encode the physical controller output into a 16-bit actuator signal.
[bookmark: _Toc236687568]PID Tuning
[bookmark: _Toc236687569]Method
PID tuning requires a compromise between tracking accuracy, response speed, stability and control effort (MathWorks, 2026a). A sequential manual method was therefore used. Kp​ was adjusted first with Ki​ and Kd​ set to zero, followed by Ki​ to reduce steady-state error and Kd​ to improve damping and settling behaviour (DwyerOmega, 2026). 
Maximum absolute error was the largest recorded error magnitude, while throttle position variation was the difference between its maximum and minimum values. Settling time was measured from the demand reduction at 45 s until real velocity reached and remained close to demand. Typical steady-state error was the mean of six readings between 10 and 60 s during steady response regions. Unsettled runs were recorded as not applicable.
[bookmark: _Toc236687570]Results and Analysis
[bookmark: _Toc236687571]Proportional 
Figure 3 summarises the proportional gain tests completed with Ki=Kd=0. Lower values reduced throttle movement but produced greater steady-state error. At Kp=1, steady-state error was 0.57 mph and throttle variation remained moderate at 30.6%. Increasing Kp​ reduced error slightly, but caused substantially greater actuator movement. Therefore, Kp=1 was selected as the best compromise. The response is shown in Figure 4.
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Figure 3 - Results of proportional gain testing with Ki = 0 and Kd = 0
[image: A graph of a speed test
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Figure 4 - Simulation response using the selected proportional gain Kp = 1.0
[bookmark: _Toc236687572]Integral
Integral gain was introduced with Kp=1 and Kd=0. Figure 5 shows that increasing Ki​ reduced steady-state error but increased throttle movement. At Ki=2, the error was approximately zero at 0.0003 mph, with throttle variation of 28%. Higher values gave no meaningful improvement, so Ki=2 was selected. The response is shown in Figure 6.
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Figure 5 - Results of integral gain testing with Kp = 1 and Kd = 0
[image: A graph of a speed test
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Figure 6 - Simulation response using the selected integral gain Ki = 2
[bookmark: _Toc236687573]Derivative
Derivative gain was tested using Kp=1 and Ki=2. Figure 7 shows that larger Kd​ values produced poor transient behaviour and excessive actuator movement. Reducing Kd​ improved both settling and throttle response. A value of Kd=0.003 gave a settling time of 1.7 s and throttle variation of 27.3%, so it was selected for the final controller shown in Figure 8.
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Figure 7 - Results of derivative gain testing with Kp = 1 and Ki = 2
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Figure 8 - Final simulation response using Kp = 1, Ki = 2 and Kd = 0.003
[bookmark: _Toc236687574]Overall tuning and Controller Features
The final gains were Kp=1.0, Ki=2.0 and Kd=0.003. They produced negligible steady-state error, rapid settling and controlled throttle movement, giving the best balance between velocity tracking and control effort. This reflects the need to balance proportional, integral and derivative action because improvements in response speed or accuracy can reduce stability or increase actuator demand (Ang, Chong and Li, 2005). Tuning was completed manually, although automated methods are also used in industry. Full PID tuning results are provided in Section 10.3.
Passenger comfort was considered through throttle smoothness, as vehicle acceleration and jerk are linked to perceived motion discomfort (de Winkel et al., 2023). The selected gains avoided sustained saturation and reduced actuator movement compared with more aggressive settings.
Integral anti-windup was included to prevent the integral term increasing actuator saturation. Anti-windup methods reduce performance deterioration caused by saturation, including excessive overshoot and poor recovery (da Silva, Flesch and Normey-Rico, 2018). The final tuned response showed no sustained saturation, so this protection was not required during normal operation.


[bookmark: _Toc236687575]Time Step Impact
[bookmark: _Toc236687576]Method
The effect of controller sample time was investigated while keeping the final PID gains fixed at Kp=1.0, Ki=2.0 and Kd=0.003. Five sample times between 0.01 s and 0.2 s were tested under identical simulation conditions. Maximum absolute error, settling time, typical steady-state error and throttle position variation were recorded for comparison.
[bookmark: _Toc236687577]Results and Analysis 
Figure 9 shows that sample time had little effect on velocity tracking, although throttle variation changed between tests. This is consistent with MathWorks’ explanation that the performance of a discrete PID controller depends on its sample time, even when the controller coefficients remain fixed (MathWorks, 2026c). All tests produced a maximum error of 20 mph, a settling time of about 1.7 s and approximately zero steady-state error. Throttle behaviour changed more noticeably. At Ts=0.01 s, variation increased to 34.6% and sharp spikes followed demand changes, as shown in Figure 10. At Ts=0.2 s, variation was 31.6% and the response became visibly stepped because the controller corrected error less frequently, as shown in Figure 11. Therefore, Ts=0.1 s was the longest reasonable sample time, while Ts=0.05 s was retained because it gave the lowest throttle variation of 27.2% without reducing tracking performance. Shorter sample times increase processing demand. Supporting results are provided in Appendix 10.4.
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Figure 9 - Results of time step (Ts) testing using Kp = 1, Ki = 2 and Kd = 0.003
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Figure 10 - Simulation response at Ts = 0.01 s, showing throttle spikes following changes in demanded velocity
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Figure 11 - Simulation response at Ts = 0.20 s, showing stepped changes in throttle position


[bookmark: _Toc236687578]Signal Delay Impact
[bookmark: _Toc236687579]Method
The effect of actuator signal delay was investigated using the final PID gains and Ts=0.05 s. Delays between 0.01 s and 0.5 s were introduced between the controller output and throttle actuator. Maximum error, settling time, steady-state error, throttle variation and stability were compared under identical conditions.


[bookmark: _Toc236687580]Results and Analysis
Figure 12 summarises the actuator-delay results. Delays of 0.01 s and 0.05 s reduced settling time from 1.7 s to 1.4 s, although throttle variation increased to 31.5% and 31.2%. At 0.1 s, settling time rose to 1.9 s and throttle variation to 34.9%. At 0.2 s, these increased to 4.8 s and 43.52%, so performance was no longer satisfactory. A 0.5 s delay caused sustained oscillation and prevented reliable settling and steady-state measurements, as shown in Figure 13. Increasing delay introduces additional phase lag, reducing stability and increasing throttle activity. Therefore, 0.1 s was the maximum satisfactory delay. Supporting results are provided in Appendix 10.5.[image: A screenshot of a computer
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Figure 12 - Results of actuator signal delay testing using the final PID settings
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Figure 13 - Unstable response with an actuator signal delay of 0.50 s, showing sustained oscillation

[bookmark: _Toc236687581]Effect of PID Retuning with Delay
Figure 14 compares three gain settings at a  0.2 s actuator delay. Reducing the gains to Kp=0.7 and Ki=1.2 improved settling time from 4.8 s to 3.5 s and reduced throttle variation from 43.5% to 24.0%, while steady-state error increased slightly to 0.0122 mph. Increasing the gains to Kp=1.3 and Ki=2.5 worsened settling time to 5.5 s and throttle variation to 59.2%. Reduced gains therefore improved delay tolerance with minimal loss of tracking accuracy. The comparison is included in Appendix 10.5.
[image: ]
Figure 14 - Effect of reduced and increased PID gains at an actuator delay of 0.20 s
[bookmark: _Toc236687582]Number of Bits Impact
[bookmark: _Toc236687583]Method
The effect of signal resolution was investigated by applying the same bit depth to the velocity sensor, demand and actuator signals. Digital signals have limited precision because they represent a finite number of values; increasing bit depth therefore allows smaller signal increments and reduces representation error (MathWorks, 2026b). Values from 4 to 16 bits were compared with unchanged PID gains, sample time and simulation conditions.
[bookmark: _Toc236687584]Results and Analysis
Figure 15 shows that 4-bit signals caused coarse steps and sustained oscillation, with a maximum error of 23.8 mph. At 6 bits, maximum error fell to 20.3 mph, but oscillation remained. Neither case produced reliable settling-time or steady-state measurements. At 8 bits, the response improved, although velocity oscillations and repeated throttle switching remained, as shown in Figure 16. Fewer signal levels produced larger rounding steps around the demand, making the measured 1.7 s settling time unreliable. Supporting results are provided in Appendix 10.6.
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 15 - Results of testing the velocity sensor, demand and actuator signals at different bit depths
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Figure 16 - Response using 8-bit signals, showing small velocity oscillations and repeated throttle switching
10 bits was the minimum resolution that produced reasonable closed-loop performance, giving a 1.7 s settling time, −0.0519 mph steady-state error and 27.1% throttle variation. Increasing to 12 and 16 bits improved accuracy only slightly, with the smoother 16-bit response shown in Figure 17.
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Figure 17 - Response using 16-bit signals, showing improved accuracy and smooth controller behaviour


[bookmark: _Toc236687585]Conclusion
This investigation developed and tested a digital PID cruise control system in MATLAB. The final gains of Kp=1.0, Ki=2.0 and Kd=0.003 produced approximately zero steady-state error, a settling time of about 1.7 s and controlled throttle movement. These values gave the best compromise between accurate velocity tracking and control effort.
A sample time of 0.05 s produced the best overall response, while 0.1 s was the longest value considered reasonable. Communication delay had a greater effect on performance, with 0.1 s identified as the maximum satisfactory delay. At 0.2 s, reduced gains improved settling time and throttle variation, but slightly increased steady-state error. A delay of 0.5 s caused sustained oscillation.
Signal resolution also affected closed-loop behaviour. Low bit depths produced stepped signals and oscillation, while 10 bits was the minimum resolution that maintained reasonable performance. Overall, the results show that PID gains, sample time, communication delay and signal resolution must be balances to achieve stable, accurate and practical control.
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[bookmark: _Toc236687588]Code (Cruise Control Script)
%% MAIN FILE FOR CRUISE CONTROLLER SYSTEM %%%%%%%%%%%%%%%%
%% 1. Initialise the simulation
%% 2. Set control-system parameters
%% 3. Set simulation parameters
%% 4. Run the simulation loop
%% 5. Plot the results

%% 1. Initialise The Simulation

% Clear the command window, workspace, controller memory and open figures
clc 
clear 
clear Controller_Test
close all 

% Set the PID controller gains
P = 1;
I = 2;
D = 0.003;

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

%% 2. Set Control System Parameters

% Controller sampling time in seconds
Ts = 0.05;

% Velocity sensor range and number of bits
m_velocityS = 0;
M_velocityS = 150;
n_bits_sensor_signal = 16;

% Driver demand range and number of bits
m_demand = 30;
M_demand = 110;
n_bits_demand_signal = 16;

% Throttle and brake range and number of bits
m_ControlSig = -100;
M_ControlSig = 100;
n_bits_actuator_signal = 16;

% Apply the same bit depth to the sensor, demand and actuator signals.
% These assignments override the individual bit-depth values above.
n_bits = 16;

n_bits_sensor_signal   = n_bits;
n_bits_demand_signal   = n_bits;
n_bits_actuator_signal = n_bits;

% Scaling values for the binary signals
R_velocity = 2^n_bits_sensor_signal;
R_demand = 2^n_bits_demand_signal;
R_actuator = 2^n_bits_actuator_signal;

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

%% 3. Set Simulation Parameters

% Simulation step and total simulation time
sim_step = 0.01;
sim_time = 70;

% Create the simulation time vector
T = 0:sim_step:sim_time;

% Calculate how many simulation steps occur between controller updates
sample_steps = round(Ts / sim_step);

% Check that Ts is a multiple of sim_step
if abs((Ts / sim_step) - sample_steps) > 1e-12
    error('Ts must be an integer multiple of sim_step.')
end

% Create empty vectors to store the simulation results
[d_vec, u_vec, y_vec, e_vec, Th_vec] = deal(nan(size(T)));

% Starting vehicle conditions
velocity_real = 60;
throttle_setting = 50;

% Initialise the requested controller output and applied actuator command
control = 50;
u = 50;

% Starting demand and error values
demand = velocity_real;
speed_error = demand - velocity_real;

% Communication delay between the controller and actuator, in seconds
actuator_signal_delay = 0.0;

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

%% 4. Run Simulation Loop 

for j = 1:length(T)

    % Update the vehicle model and obtain its encoded velocity-sensor reading
    [velocity_raw, velocity_real, throttle_setting] = getRawVelocity(n_bits_sensor_signal,velocity_real,throttle_setting,sim_step,u);

    % Decode the binary sensor signal into mph
    velocity = m_velocityS + double(bin2dec(velocity_raw)) * (M_velocityS - m_velocityS) / R_velocity;

    % Execute the digital controller once every Ts seconds
    if mod(j - 1, sample_steps) == 0

        % Read the driver's binary demand signal
        demand_raw = getRawVelocityDemand(n_bits_demand_signal, sim_step, j);

        % Decode the binary demand signal into mph
        demand = m_demand + double(bin2dec(demand_raw)) * (M_demand - m_demand) / R_demand;

        % Calculate the PID controller output
        [control, speed_error] = Controller_Test(demand,velocity,e_vec,j,Ts,sim_step,control,P,I,D);

        % Convert the controller output into an actuator number
        control_code = round((control - m_ControlSig) / (M_ControlSig - m_ControlSig) * R_actuator);

        % Limit the actuator code to the available unsigned binary range
        control_code = min(max(control_code, 0), R_actuator - 1);

        % Convert the actuator number into a binary signal
        control_raw = dec2bin(control_code, n_bits_actuator_signal);

        % Send the control signal to the throttle or brake actuator
        u = sendControlCommand(control_raw,n_bits_actuator_signal,actuator_signal_delay,j,sim_step,u_vec);

    end

    % Store the results for plotting
    e_vec(j) = speed_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 demanded and actual speed
subplot(3,1,1)

% Plot demanded velocity
plot(T,d_vec,'Color',[0 0.65 0],'LineWidth',1.2);
hold on

% Plot actual vehicle velocity
plot(T,y_vec,'Color',[0 0.45 0.74],'LineWidth',1.2);

grid on
title('Velocity response'); 
subtitle([' Kp = ', num2str(P), ...
          ' Ki = ', num2str(I), ...
          ' Kd = ', num2str(D)]); 

ylabel('Velocity (mph)');
xlabel('Time (s)');
legend('Driver Demand','Real Velocity')


% Plot the difference between demanded speed and actual vehicle speed
subplot(3,1,2)

% Plot the difference between demanded and actual velocity (Orange)
plot(T,d_vec-y_vec,'Color',[1 0.5 0],'LineWidth',1.2);
hold on

yline(0,'--','Color',[0.3 0.3 0.3]);
grid on

title('Velocity error');
ylabel('Error (mph)');
xlabel('Time (s)');
legend('Velocity Error','Zero Error')


% Plot throttle/brake actuator effort
subplot(3,1,3)

% Plot the controller command sent to the actuator (Purple)
stairs(T,u_vec,'Color',[0.49 0.18 0.56],'LineWidth',1.2);
hold on

% Plot the resulting throttle position (Red)
plot(T,Th_vec,'Color',[0.85 0.15 0.15],'LineWidth',1.2);

grid on
title('Throttle/Brake control effort');
ylabel('% throttle/brake pedal');
xlabel('Time (s)');
legend('Control %','Throttle Position')

supersizeme(2)

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

[bookmark: _Toc236687589]Code (Control Function)
function [controlout, error] = Controller_Test(demand, velocity, e_vec, j, Ts, sim_step, control, P, I, D)

%% CONTROLLER_TEST Calculate the PID cruise-control command.

% demand    = demanded speed in mph
% velocity  = measured speed in mph
% e_vec     = stored error values
% j         = current simulation index
% Ts        = controller sampling time
% sim_step  = simulation time step
% control   = previous controller output
% P, I, D   = PID gains

%% Calculate the speed error

% Positive error - vehicle is too slow.
% Negative error - vehicle is too fast.
error = demand - velocity;

%% Proportional Control

% Respond to the current speed error
P_part = P * error;

%% Integral control

% Store the integral value between controller updates
persistent Previous_I_Part

% Calculate the number of simulation steps between controller updates
steps_between_samples = round(Ts / sim_step);

% Set the starting integral value
if isempty(Previous_I_Part) || j == 1
    Previous_I_Part = control;
end

% Find the error from the previous controller update
if j > steps_between_samples
    prev = e_vec(j - steps_between_samples);
else
    prev = error;
end

% Calculate the new integral value using trapezoidal integration
I_candidate = Previous_I_Part + ...
    I * ((error + prev) / 2) * Ts;


%% Derivative control

% Calculate how quickly the error is changing
D_Part = ((error - prev) / Ts) * D;


%% Calculate the controller output

% Add the proportional, integral and derivative parts
unsaturated_control = P_part + I_candidate + D_Part;


%% Limit the controller output

% Set the minimum and maximum actuator values
m_ControlSig = -100;
M_ControlSig = 100;

% Keep the controller output between -100 and 100
controlout = max(m_ControlSig, min(M_ControlSig, unsaturated_control));


%% Prevent integral wind-up

% Update the integral value when the output is within its limits
% or when the error is moving the output away from a limit
if (unsaturated_control >= m_ControlSig && unsaturated_control <= M_ControlSig) || ...
   (unsaturated_control > M_ControlSig && error < 0) || ...
   (unsaturated_control < m_ControlSig && error > 0)

    Previous_I_Part = I_candidate;

end

end
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Lowest Kp Gain – Shows slow tracking
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Highest Kp Gain – Increased oscillation and actuator activity
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Ki Gain Added – Removal of steady state error
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Final PID: Kp=1, Ki=2, Kd=0.003
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Ts=0.01s – High throttle variation, sharp actuator changes
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Ts = 0.1s – Longest satisfactory sample time
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Ts = 0.2 s – Clearly shows stepped response
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[bookmark: _Toc236687592]Signal Delay Appendix
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0.1 s Delay – Maximum satisfactory delay
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0.2 s Delay with original gains – Slower settling & increased throttle variation
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0.2 s Delay with reduced gains Kp=0.7, Ki=1.2, Kd=0.003 – Demonstrates improved tuning behaviour
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0.5 s Delay – Sustained oscillation and stability limitation
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4-Bit response – Poor resolution and oscillation
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8-Bit response – Improved response but presence of noticeable switching
[image: A graph of a speed test

AI-generated content may be incorrect.]





10-Bit response – Minimum acceptable resolution
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16-Bit response – provide smooth reference response
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1le1 % Decode the binary demand signal into mph
102 demand = m_demand + double(bin2dec(demand_raw)) * (M_demand - m_demand) / R_demand;




image4.png
107
108
109
110
1
112
113
114

% Convert the controller output into an actuator number
control_code = round((control - m_Controlsig) / (M_Controlsig - m_Controlsig) * R_actuator);

% Keep the actuator number inside the available binary range
control_code = min(max(control_code, @), R_actuator - 1);

% Convert the actuator number into a binary signal
control_raw = dec2bin(control_code, n_bits_actustor_signal);
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Kp Tuning Test

Run ~ Kp ~ |Ki ~ |Kd ~ Max. Absolute Error (mph) ~ typical steady state error (mph) ~ Throttle Position Variation (%) ~
1 1 0 0 15.4 0.57 30.6
2 2 0 0 15.7 0.41 67.7
3 3 0 0 49.1 0.32 96.9
4 25 0 0 17.4 0.36 86.9
5 0.8 0 0 149 0.62 23.6
6 0.9 0 0 15.2 0.59 27.1
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Ki Tuning Test

Run ~ Kp ~ |Ki ~ |Kd ~ Max. Absolute Error (mph) ~ typical steady state error (mph) ~ Throttle Position Variation (%) ~
1 1 1 0 20 0.5 23.6
2 1 1.5 0 20 0.0168 25.5
3 1 2 0 20 0.0003 28
4 1 25 0 20 0.0013 31.2
5 1 2.25 0

20 0.0012 29.4
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Kd Tuning Test

Run ~ Kp ~ |Ki ~ |Kd ~ Max. Absolute Error (mph) ~ |Settling time_Real to Demand (S) - Throttle Position Variation (%) ~
1 1 2 0.5 55 7.9 57.84(Overshoot at 100%)
2 1 2 0.1 50 4.9 98.3(Overshoot at 100%)
3 1 2 0.05 20 25 64.2
4 1 2 0.02 20 25 40.2
5 1 2 0.01 20 25 322
6 1 2 0.005 20 1.7 28.24
7 1 2 0.0025 20 1.9 27.7
8 1 2 0.003 20 1.7 27.3,
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Ts Tuning Test (Kp=1, Ki=2, Kd=0.003)
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Actuator Signal Delay (Kp=1, Ki=2, Kd=0.003, Ts=0.05)

Run | - [Actuator Signal Delay () | ~ [Max.Absolute Error (mph) | - [Settling time Real toDemand(S) | - |typical steady state error (mph) | - | Throttle Position Variation (%) | -
1 05 20 NA NA NA
2 02 20 48 00026 435
B 01 20 19 -0.0007 249
4 005 20 14 -0.0002 312
5 001 20 14 -0.0002 315
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Actuator Signal Delay (PID Change)

Run | - [Actuator Signal Delay(s) | ~ [Kp | - [Ki | - [Kd |~ [Max.Absolute Emor(mph) | - |Settlingtime_Real toDemand (S) - [typical steady state error(mph) | - [Throttle Position Variation (%) | -
T %2 1 2 o008 Fy 8 00025 35
2 02 07 12 0003 20 35 00122 2
3 02 13 25 0003 20 55 00233 592
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Number of Bits Test

Run | - |No. of Bits ~ [Max. Absolute Error (mph) | ~ |Settling time_Real to Demand (S) | - | Typical steady state error (mph) | - | Throttle Position Variation (%) ~
1 4 23.8 N/A N/A 37.5
2 6 20.3 N/A N/A 28.1
3 8 20.3 1.7(Unreliable) 0.203 27.3
4 10 20.1 17 -0.0519 27.1
5 12 20 17 -0.0155 27.7
6 16 20 14 -0.0002 27.3
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Kp Tuning Test

Run |[-[Ke |~ [Ki ~[kd ~ [Max-Absolute Error (mph) - [typical steady state error(mph) | - Throttle Position Variation (%) | -
1 1 0 0 154 057 306
2 2 0 0 157 041 677
B 3 0 0 401 082 %9
4 25 0 0 17.4 036 868
5 08 0 0 149 062 236
6 03 0 0 152 059 27
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KiTuning Test

K K ~[kd ~ [Max Absolute Error (mph] ~ [typical steady state error (mph) _| - [Throtte Position Variation ()| ~
1 1 1 0 F 05 256
2 1 15 o 20 00168 255
2 1 2 0 20 00008 2
4 1 25 o 20 00013 212
5 1 225 0 20 0.0012 204
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Kd Tuning Test

Run |[-[Ke |~ [Ki ~[kd ~ [Max-Absolute Error (mph) - [Settling time_Realto Demand (S) | - Throttle Position Variation (%) | ~
1 1 2 05 £ 79 57.84(Overshoot at 100%)
2 1 2 01 50 49 98.3(Overshoot at 100%)
B 1 2 005 20 25 642
4 1 2 002 20 25 402
5 1 2 001 20 25 322
6 1 2 0005 20 17 2824
7 1 2 00025 20 19 277
8 1 2 0.003 20 17 273
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Ts Impact Test Kp=1, Ki=2, Kd=0.003)

Run |~ [Time Step (5] - [Max. Absolute Error(mph) | - Settling time_Realto Demand (S) | - [typical steady state error (mph) | - |Throttle Position Variation (3%) |~
1 001 ) 7 00035 3456
2 002 20 17 00005 20
B 005 20 17 00008 273
4 01 20 17 -0.0002 205
5 02 20 17 -0.0006 316
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Actuator Signal Delay (Kp=1, Ki=2, Kd=0.003, Ts=0.05)

Run_| - [ActuatorSignal Delay (s) | ~ [Max.Absolute Error (mph) | - [Settling time Realto Demand (S) |~ [typical steady state error (mph) | - [Throttle Position Variation (%) |~

1 05 )
2 01 20 19 -0.0007 349
B 005 20 14 -0.0002 312
4 001 20 14 0.0002 315
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Number of Bits Test

Run | - No.of Bits ~ [Max.Absolute Error (mph) | - [Settling time_Realto Demand (S) | - [Typical steady state error (mph) | - |Throttle Position Variation (%) | -
1 2 238 NA NA 375
2 6 203 NA NA 281
B B 203 17(Unreliable) 0283 274
4 10 201 17 00519 271
5 12 20 17 00155 277
6 16 20 14 -0.0002 275
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% Decode the binary sensor signal into mph

velocity

m_velocitys + double(bin2dec(velocity_raw)) * (M_velocityS - m_velocitys) / R_velocits





