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1. Introduction 
In the lab, we designed a joystick-controlled stepper motor system using the 
MSP-430 Launchpad and the MKII Educational BoosterPack. The system 
interprets joystick inputs to control the motor's direction and speed, switching 
between different modes based on user interactions. This project aimed to 
deepen our understanding of real-time embedded systems by integrating 
hardware and software components. By completing this lab, we gained 
practical experience in motor control, joystick interfacing, and implementing 
debug features for testing and verification. 
 

2. Design Requirements 
This design utilizes the MSP-430 Launchpad and the MKII Educational 
BoosterPack to control a stepper motor based on joystick input. Upon 
powering up, the system enters standby mode, where the motor remains off, 
and LED2 flashes at 1 Hz to indicate readiness. The joystick's Y-axis controls 
clockwise motor rotation: a position above 75% triggers high-speed rotation, 
while below 25% initiates slow-speed rotation. If the Y-axis is centered, the 
X-axis governs counterclockwise rotation, with similar speed thresholds. 
When the joystick push button is pressed, the system switches to pattern 
mode, executing a predefined sequence of motor positions before resuming 
regular operation. Debug mode is activated by the MKII push buttons, 
overriding joystick inputs to manually control the motor's speed and direction 
or force it into pattern mode. LEDs provide real-time feedback for operation 
states, ensuring users can easily interpret the system's status. The design 
prioritizes efficient control logic, ensuring seamless transitions between 
modes and reliable motor operation. 

3. Theoretical Design 

Top-Level Design: 

This design uses the MSP430FR5994 LaunchPad and MKII BoosterPack 
to control a stepper motor based on joystick inputs. The system has four 
main modes: standby, clockwise motion, counterclockwise motion, and 
pattern mode, each determined by the joystick's X and Y-axis positions or 
the pushbutton. LEDs on the LaunchPad indicate the active mode, while 
Timer A interrupts handle real-time motor step updates. Debug mode 
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allows manual control of motor direction and speed using push buttons S1 
and S2. The motor operates in an eight-step sequence for smooth motion. 
Pseudocode For Lab: 

// Configure peripherals 
Configure GPIO pins for LEDs and motor control 
Initialize ADC for joystick input 
Initialize push buttons for debug mode 
Configure Timer A for motor control and interrupts 
// Main loop 
main()  
begin 
    Initialize system peripherals 
    while(1)  
    begin 
        Joystick() // Read and interpret joystick inputs 
        Motor_Controller() // Determine motor behavior based on inputs 
        LED_Update() // Update LED states for mode indication 
    end 
end 
// Timer A Interrupt Service Routine 
Timer_A_ISR()  
begin 
    Motor_Driver() // Advance motor step sequence 
end 
// Joystick Handling 
Joystick() 
begin 
    Read joystick X and Y positions 
    Determine mode based on joystick input thresholds 
end 
// Debug Mode Handling 
Debug() 
begin 
    If (S1 pressed and S2 not pressed) 
        Set motor to forward high speed 
    Else if (S2 pressed and S1 not pressed) 
        Set motor to reverse low speed 
    Else if (both S1 and S2 pressed) 
        Enter pattern mode 
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end 
// Pattern Mode 
Pattern() 
begin 
    Cycle through predefined stepper motor positions 
    Wait for completion of pattern before exiting mode 
end 
 

4. Synthesized Design 
 
C Code: 
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5. Experimental Results 

During the experimental phase, we conducted multiple tests to validate the 
functionality of the joystick-controlled stepper motor. Out of the 11 required 
tests, 10 were successfully passed. Each mode outlined in the design 
requirements was verified for accuracy, including standby, clockwise, 
counterclockwise, pattern, and debug modes. The motor responded accurately 
to joystick inputs, and the LEDs provided appropriate feedback for each 
mode. However, one test failed due to an oversight in configuring the display 
text on the LCD screen. This issue occurred because we neglected to 
implement the required logic for LCD text output, which we realized during 
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the certification process. Despite this, the motor control and mode 
functionality performed reliably, meeting the primary objectives of the 
project. 

Certification sheet: 
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6. Summary 
The design achieved 10 out of 11 successful tests, resulting in 
approximately 91% compliance with the specified requirements. While the 
core motor control functionality and mode-based behavior met 
expectations, the omission of LCD text output functionality was a noted 
failure. If given the opportunity to modify the design, we would address 
this issue by incorporating and thoroughly testing the code for LCD text 
output to ensure complete functionality. Despite this shortfall, the design 
demonstrated its reliability in all critical aspects of motor control and user 
interaction. 

7. Lessons Learned 
 
Through this project, we gained practical experience in embedded system 
design and stepper motor control. First, we developed a deeper understanding 
of interfacing the MSP-430 microcontroller with peripheral devices, including 
stepper motors and joysticks. Second, we learned the importance of 
systematically addressing all design requirements, as the omission of the LCD 
text output highlighted the need for meticulous attention to detail. Third, we 
reinforced our skills in debugging and testing to ensure robust system 
performance. If we were to repeat this lab, we would allocate additional time 
for testing secondary features like LCD text output and ensure that all 
requirements are thoroughly reviewed and implemented. 


