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15-348: Embedded Systems, Fall 2022
Homework 1: Launchpads and Timings and Servos... Oh My!

Due: Tuesday, August 16th, 2022 by 10:00pm

Part Quantity
Launchpad 1
LED 4
220Ω Resistor 4
Momentary, Push-button switch 1
FS5106B Servo Motor 1
Female to Male hookup wires 8

Introduction

This is a programming homework. You must submit your code to Gradescope by Tuesday,
August 16th, 2022 by 10:00pm. Only submit the files indicated below. You should also
demo your code to the one of the course staff members on or before Thursday, August 18th
during one of the available slots. You can only demo once. More instructions about the demos
will be announced during class and on Piazza.

Learning Objectives:

Program the microcontroller using C and understand how to use I/O ports.

Getting Started:

1. For each task, create a new project in CCS, as explained in the tutorial on the website.

2. Submit only the source code files that you modified (i.e., not the entire project, binaries,
etc).

Some Important Notes:

1. You should read the entire assignment before starting. This will help you predict what
your final circuit will look like, what sort of functionality your software will need, etc.

2. We expect that your implementation exactly matches the specifications indicated below.

3. Although we might be lenient with unspecified behaviors, you should justify your imple-
mentation choices.

4. If you are unsure about the specifications, you should ask questions on Piazza or directly
to the course staff.

5. Reading, understanding, and eliciting the requirements and specifications is also part of
the assignment.
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Task 1: Knight Rider Lives (20 pts)

You can find starter code for this task at:
https://github.com/CMUQ-15-348/hw1-part1-startercode

1. Create a new project and add the starter code files.

2. Build the circuit shown in the diagram below:

3. Configure Ports F0 and F4 to be inputs to enable the onboard push buttons. Port F is
special, you will need to set bits 0 and 4 on the GPIOPUR register for port F in order
to enable the pull-up resistors. These buttons are referred to as push button SW1 and
push button SW2 respectively in the write up.

4. Configure ports E0, E1, E2, E3 to be outputs.

5. Configure port E4 to be input with a pull-down resistor.

6. Connect ports E0, E1, E2, and E3 to four LEDs on the breadboard.

7. Connect port E4 to the provided push button (in the breadboard). This external button
is referred to as SW3.

8. Implement the following functionality in C:

(a) The program when executed runs in an infinite loop.

(b) If SW1 is pressed and then released, LED1 turns on, stays on for a little bit (long
enough for an observer to notice that it is on), and then turns off. As soon as LED1
turns off, LED2 should turn on, stay on for a short time, and then turn off. Repeat
this for all 4 LEDs so that you see a pulse of light going from LED1 to LED4.
After LED4 turns off, the process should continue from LED1.

(c) If SW2 is pressed and then released, repeat the previous step but this time the pulse
of light should move from LED4 to LED1 (backwards)

(d) If SW3 is pressed, the current pulse should be paused. Pressing SW3 again should
resume the light pulse (continue moving from the point where it was paused).

(e) You should implement switch/button debouncing when appropriate.
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Task 2: Wax On, Wax Off (30 pts)

You can find starter code for this task at:
https://github.com/CMUQ-15-348/hw1-part2-startercode

1. Create a new project and add the starter code files.

2. Repeat steps 2 – 7 of Task 1, but this time also ensure that E5 is an output pin.

3. Collect one of the servo motors, model number FS5106B, from the lab.

4. Read the specifications of the motor on:
https://www.pololu.com/product/3425

5. Modify your circuit to look as follows:

(You are wiring up the servo motor.)

6. Implement the following functionality in C:

(a) The servo motor should act similar fashion to a windshield wiper, rotating from its
minimum running angle to its maximum running angle back and forth.

(b) The speed of the wiper is defined as how quickly it moves from its minimum to its
maximum angle.

(c) If SW1 is pressed and then released, the speed of the wiper decreases by a small
step. Pressing SW1 repeatedly brings the speed to a certain minimum speed.

(d) If SW2 is pressed and then released, the speed of the wiper increases by a small
step. Pressing SW2 repeatedly brings the speed to a certain maximum speed.

(e) If SW3 is pressed and the wiper is moving, the wiper goes to its minimum running
angle, and the movement stops (just like turning off the windshield wipers).

(f) If SW3 is pressed and the wiper is stopped, the wiper starts moving at the middle
point of the speed range: e.g., (maximum speed + minimum speed)/2.

3

https://github.com/CMUQ-15-348/hw1-part2-startercode
https://www.pololu.com/product/3425


15-348 Homework 1 Page 4 of 5

(g) The minimum speed should perform a 180-degree rotation in about 3 seconds. The
maximum speed should perform a 180-degree rotation in less than a second.

(h) You should support at least 5 different speeds.

(i) At any time, the four LEDs should display the current speed as follows: At the
slowest speed (speed 1) only the rightmost LED is lit. At speed 2, only the LED
second from the right is lit. Speeds 3 and 4 follow this pattern. At speed 5, all LEDs
should be lit.

(j) You should implement switch/button debouncing when appropriate.
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Additional Guidance

General Tips

� Work incrementally, testing each small piece of functionality as you go. For example,
your first step might be simply seeing if you can toggle an output pin from 1 to 0 and see
the voltage change on the multimeter.

� If you spend too long debugging something, and can’t find the problem, start over. Rewire
your circuit and rewrite the code from scratch. It shouldn’t take you that long the second
time, and you may be surprised to find that it works.

Connecting LEDs

� Connect the long end of the LED to the pin from the Launchpad, and the short end of
the LED to the 220Ω resistor that is connected to ground.

� LEDs (Light Emitting Diodes), like all diodes, only allow current to flow in one direction.
This means that if you connect the LED in reverse, it will not light up.

� DO NOT try to test the LEDs by connecting them directly to the 3.3V pin (without a
resistor), it will burn the LED and may damage the Launchpad.

Connecting the Push Button

The button is connected to 3.3v when pressed and is floating when not pressed. In this config-
uration, you must use the internal pull-down resistor to ensure that the signal is LOW when
the button is not pressed.

Connecting the Servo Motor

� The motor works on 5V and our board works on 3.3v so we’ll need to use the external
power source (5V) that was provided in the first lab session. The 5V from the external
power source should be connected directly to the servo motor. Be careful not
to connect it to the breadboard or the Launchpad. If 5V is accidentally connected
to the Launchpad, it could be permanently damaged.

– Connect the negative of the power supply to GND on the board and the brown wire
on the motor.

– Connect the positive of the external power supply to the red wire of the motor. Do
not connect it to the breadboard or the Launchpad.

– Connect the orange wire of the motor to port E5.

� Making the servo motor rotate to a specific position requires providing it a signal (pulse
range). The length of time the signal remains high is the pulse range. Your servo motor
provides a running angle of approximately 180° over a pulse range of 700 µs to 2300 µs.
Check the documentation in the link above.

� Not sure if your pulses are the right width? The oscilloscope can help.
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