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ENGR 132 – In-Class Activity 2: Loops and Real-Time Data Visualization using the Joystick
Team Information
Section: Click or tap here to enter text.
Date: Click or tap here to enter text.
Team Members (Full Names):
Click or tap here to enter text.
Click or tap here to enter text.
Click or tap here to enter text.
Click or tap here to enter text.
(Optional) Team Name: Click or tap here to enter text.
Instructions
This in-class activity guides you through creating a MATLAB script that reads the X and Y voltages from a Grove Thumb Joystick connected to an Arduino Uno R4 WiFi and uses loops (for or while) to visualize its motion in real time.
You will generate a trajectory plot to show how the joystick position changes over time.
· Complete all work in MATLAB and insert your circuit diagram, MATLAB code, trajectory plot, and Command Window output directly into this Word file.
Submission Instructions
Save this worksheet as a PDF and submit it to Gradescope.
· Re-name your files as: ENGR132_ICA_Loops_Joystick_LastNames.pdf
Ensure that all team members are listed in the submission on Gradescope (if applicable) and that everyone reviews and approves the submission.
Relevant Course Resources
· Getting Started with MATLAB and Arduino Support Package
· MathWorks Example: Read Analog Input and Plot Sensor Data in Real Time – Demonstrates how to read analog voltages continuously and visualize them in MATLAB using loops.
· Seed Studio Grove Thumb Joystick Wiki. Technical overview, pin mapping, and wiring guide.
· ENGR 132 MATLAB Programming Standards page (on Brightspace)
· MATLAB-Arduino Troubleshooting Guide


Required Hardware
· Arduino
· USB Connector
· Grove Thumb Joystick
· Grove Base Shield (Optional)
· 4-wire F-F connector
· No Grove Base Shield
· 4-Wire F-M split connector

Task 1: Circuit Setup
Circuit setup will vary depending on the use of the Grove Base Shield for connections. In both cases, ensure the Arduino is connected to the computer via USB.
With Grove Base Shield
Assemble the circuit as shown in Figure 1. 
· Grove Base Shield
· Install the Base Shield on top of the Arduino.
· Grove Thumb Joystick
· Insert a wire connector into the Grove Thumb Joystick. 
· Connected to analog input A0.
[image: Photograph of an electronic joystick module connected to a sensor board via multicolored wires, with the board also connected to a USB cable.]
Figure 1. Grove Thumb Joystick connected to the A0 port on the Grove Base Shield. The A0 port internally connects to two analog pins on the Arduino Uno R4 WiFi: A0 → X-axis (horizontal movement), A1 → Y-axis (vertical movement).
Without Grove Base Shield
Assemble the circuit as shown in Figure 2. 
Grove Thumb Joystick
· Insert a 4-pin F-M jumper connector into the Grove Thumb Joystick 
· Connect the yellow x-axis (x) wire to pin A0
· Connect the white y-axis (y) wire to pin A1
· Connect the red voltage (VCC) wire to the 5V pin.
· Connect the black ground (GND) wire to any GND pin.  
[image: Photograph of an Arduino microcontroller board connected to a small joystick module via three colored wires (yellow, red, and black). The setup is placed on a wooden surface with a laptop in the background, illustrating a hardware prototyping or electronics project.]
Figure 2. Grove Thumb Joystick connected to the Arduino Uno R4 WiFi: A0 → X-axis (horizontal movement), A1 → Y-axis (vertical movement), 5V → VCC (power), GND → GND (ground)
Task 2: MATLAB Script Completion (Loops and Joystick Motion Plot)
In this task, you are provided with a partially completed MATLAB script that includes pseudocode comments to guide your work. Your job is to fill in the missing lines of code so that the program runs correctly and produces a real-time plot of the joystick motion.
Follow the structure shown in the code provided below, and use what you have learned for loops, data acquisition, and plotting.
You will:
· Connect the Arduino Uno R4 WiFi and set up the Grove Thumb Joystick on port A0 & A1.
· Use a for loop to repeatedly read the joystick voltages (X and Y).
· Store and plot the readings in real time to show the joystick trajectory (X vs Y).
· Display summary information (average voltages) in the Command Window.
Complete the MATLAB script below by filling in the missing code sections.
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% ENGR 132 - ICA: Joystick Motion Plot
% Authors: _________________________
% Date: ____________________________
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%% ---------------------------------------------------------------
%% 1) Connect to Arduino
% Pseudocode:
%   - Clear workspace and Command Window
%   - Connect Arduino Uno to MATLAB
clear; clc; close all;
a = ___________________________;     % connect Arduino Uno

%% ---------------------------------------------------------------
%% 2) Set up Grove Thumb Joystick
% Pseudocode:
%   - Configure analog input pins for X and Y axes
%   - Reference voltage is 5 V for the Uno
configurePin(a,'A0','AnalogInput');   % X-axis
configurePin(a,'A1','AnalogInput');   % Y-axis
VREF = 5.0;

%% ---------------------------------------------------------------
%% 3) Define sampling parameters
% Pseudocode:
%   - Choose N = number of samples
%   - Choose Ts = time delay between readings
%   - Create empty vectors xData and yData for data storage
N  = _______;        % number of samples
Ts = _______;        % delay between readings (s)
xData = _______;
yData = _______;

%% ---------------------------------------------------------------
%% 4) Prepare figure
% Pseudocode:
%   - Open figure window
%   - Set axis limits centered at (0,0)
%   - Add grid, labels, and title
figure('Name','Joystick Motion Plot');
axis([0 VREF 0 VREF]); grid on; box on;
xlabel('X Axis (V - centered)');
ylabel('Y Axis (V - centered)');
title('Joystick XY Trajectory - Arduino Uno');

%% ---------------------------------------------------------------
%% 5) Data collection loop
% Pseudocode:
%   FOR each sample from 1 to N:
%       - Read X voltage from A0 and subtract 2.5
%       - Read Y voltage from A1 and subtract 2.5
%       - Store values in xData and yData
%       - Plot all points collected so far (blue line)
%       - Plot current point (red dot)
%       - Pause for Ts seconds
for k = 1:N
    xData(k) = ________________________;   % read and center X
    yData(k) = ________________________;   % read and center Y

    plot(xData(1:k), yData(1:k), 'b.-', 'LineWidth', 1.2);
    hold on
    plot(xData(k), yData(k), 'ro', 'MarkerFaceColor','r');
    hold off
    axis([0 VREF 0 VREF]); grid on;
    pause(Ts);        % use pause instead of drawnow
end

%% ---------------------------------------------------------------
%% 6) Display summary results
% Pseudocode:
%   - Print number of samples
%   - Calculate and display average X and Y voltages
fprintf('Samples collected: %d\n', N);
fprintf('Average X voltage: %.3f V\n', _______________________);
fprintf('Average Y voltage: %.3f V\n', _______________________);

%% ---------------------------------------------------------------
%% Tips
% • Suggested values: N = 150, Ts = 0.05.
% • The center position corresponds approximately to 2.5 V on each axis.
In the box below, paste your completed MATLAB code. (Shrink font size as needed)


Task 3: Plot and Output Documentation
After running your completed MATLAB script:
In the box below, paste an image of your plot.


Task 4: Command Window Output
Include a screenshot of your MATLAB Command Window showing the number of samples collected and the average X and Y voltages, and paste it in the box below.




Task 5: Reflection
In 1–2 sentences, describe how the plotted trajectory changes as you move the joystick and what the average voltages tell you about its center position.
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