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Abstract
Micromouse is a worldwide competition about autonomous robots able to solve mazes. The

objective of this contest is to construct a robot able to navigate inside a maze and find its center in
the shortest time possible. This robot must be constructed according to the official rules of the
contest which include price range, weight of the robot, performance requirements, and velocity.
The goal of this project is to simulate, construct, and test a robot that will reach the center of a
maze without any controlling beside its implemented code and in the shortest time possible.
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Project Description
According to the rules of the competition, the following requirements must be met in order to

participate: the robot should not be controlled remotely, it should not use an energy source
employing combustible process, it should not leave any part of its body behind while navigating the
maze, it should not jump over, fly over, climb, damage, or destroy the walls of the maze, it should
not be larger either in length or in width than 25 centimeters, and it should not be worth more than
$600.00.
The design will be accomplished once the micromouse is able to solve the maze in the
shortest time possible without exceeding the ten minutes time frame starting from the moment the
robot explores the maze for the first time to the moment it reaches the fastest run. The determinant
to achieve this would be creating a robot with a controllable and fast response electromotive
component, a trustworthy power supply, a couple of sensors able to detect the walls and/or
obstacles, and a well written code capable of control all the components mentioned before while
also mapping the area in order to reach the goal of the maze: its center.
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Block Diagram
The following image illustrates the intended design of the robot:

Figure 1

Figure 1 shows the main aspects of the design; each block is interconnected in a different
manner according to its particular function. The microcontroller directly manipulates and maintains
a constant relationship with the drivers, sensors, and power supply depending of the maze solving
code and its specifications. Each driver controls the velocity and directional rotation of the motor
connected to it depending on the type of commands received from the microcontroller. The motors
work at the assigned frequency and/or torque without creating errors in measurements gained by
the sensors and without compromising the position and stability of the robot. The sensors maintain
a close communication with the microcontroller in order to detect obstacles and to recognize the
location of the robot inside the maze. In order to interact with the robot, a number of user interface
peripherals will be required such as switches to toggle power to the robot and to select between
mapping and solving modes, and LEDs that indicate power, mode, error, and direction of the robot.

4

AutoMouse

IV.

Fall 2014

Illustrations

Figure 2 portraits the anticipated physical appearance of the design. The measurements shown
are according to the dimensions established by the rules of the competition as well as the
specifications for each component to be able to perform. It is important to convey an adequate
position for the sensors since they have a determined range capability. The position of the wheels
once implemented with the motors must give the option of rotation for the robot. The final shape of
the design is an important feature since it will assure stability and control of the micromouse.

Figure 2
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Performance Requirements

Based on the intended design shown on Figure 2, each component of the robot should perform
as follows:
Motors and Drivers
The stepper motor has a holding torque of 36 N∙cm, rated voltage of 2.8 V, and 1.68 A rated
current. This motor is able to function within the range of 8.2 V to 45 V. Since the motor should
work nonstop between runs for at least 10 minutes, it is important that the motor achieves the best
control at the fastest speed when needed; simultaneously, it should also be able to maintain
stability for a lower velocity. This control will be obtained due to the drivers. The driver connects the
range of voltage mentioned above to start the motors. The best resolution for the higher speed
occurs around 30 kHz with a stepping ratio of 1/32.

Battery
The maximum time allowed for the micromouse to travel inside the maze and to achieve the
fastest run is ten minutes in total; therefore, at the very minimum, the battery should supply enough
power for the robot to operate for this amount of time. A battery that operates from 10 to 20
minutes will provide enough cushion time and allow for easier testing and development. A lithium
polymer battery is the ideal choice due to its size, capacity, and recharge capability. Using three,
single cell batteries connected in series will provide a voltage of 11.1 V which is sufficient for the
specific needs of our robot.

Microcontroller
The microcontroller requires a voltage supply from 2.0 V to 3.6 V to function. Some
peripherals would be initiated in order to control the different components of the robot. These
peripherals include among some others: ADC which will require at least one channel per sensor,
TIM which will control the flow of frequency into the drivers, and GPIO Pins which would be used
for the two drivers and sensors.

Sensors
In order to navigate the maze, the robot’s sensors will indicate where the walls and
openings are and relay the distance the robot is from them. We used Sharp IR proximity sensors;
one sensor that is effective from 4cm-30cm would be mounted on the front while the other two
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would be facing either side of the robot with a range of 2cm-15cm each. The sensors output a DC
voltage, so the closer the sensor is to a wall, the higher the output voltage would be. In addition, if
the sensor’s distance falls below its minimum threshold, the output voltage decreases again.

Power Supply
The battery output will be approximately 11.1 V. Since most of the parts in our robot only
require a fraction of that amount, we will be using voltage regulators in order to cut the voltage
down to a more tolerable level for any given piece. Specifically, we will be using 5 V, 5 A stepdown voltage regulators, which are switching regulators to avoid potential overheating. These
devices will take any input voltage up to 38V and reduce it to an output voltage of 5 V, which is
sufficient for most of the parts in our robot.
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Testing Procedures

The following tests and procedures were implemented to evaluate the functioning of certain
devices used in our design:
Motors and Drivers
To accomplish the expected behavior of the motor and driver, we connected both driver and
motor as shown in Figure 3:

Figure 3

Using a power supply of 12 V and 5 V for the motor and the driver respectively, we initiated
the motor while testing each of the driver modes for a corresponding frequency. Table 1 portraits
these relationship:
M2
0
0
0
0
1
1
1
1

M1
0
0
1
1
0
0
1
1

M0
0
1
0
1
0
1
0
1

Step Mode
Full-Step
1/2
1/4
8 microsteps
16 microsteps
32 microsteps
32 microsteps
32 microsteps

Table 1

As the microsteps increasing, the step motor rotates the shaft in a more stable, less noisy,
and smoother way. The frequency would be simulated using a function generator taking into
account the amplitude of the steps for a square wave. The pulses should be from 0 to 5 V ensuring
the stability and safety of the drivers. As the frequency increases, the current passing thru the
driver decreases.
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Sensors
The sensors will be evaluated based on how much voltage is outputted with respect to the
distance of the sensor from the wall.
In order to reduce the noise generated from the sensor, a bypass capacitor was placed
across the power and ground leads of the sensor. Also, a low-pass filter was placed across the
power and output leads to ensure a less noisy output. 4.5 V were provided for the sensor and the
output was measured using the oscilloscope. Using an actual piece of the maze wall, we
measured the distance from the front of the sensor to the wall and recorded the output voltage
produced by the sensor. The output voltage data created a decreasing exponential curve as
distance between the sensor and the wall increased. Table 2 and Figure 4 show the results:
Sharp IR Proximity GP2Y0A41Sk0F
Distance (cm)
<4
4
5
6
7
8
9
10
11
12

Output Voltage (V)
3.13
2.44
2.06
1.75
1.63
1.50
1.38
1.31
1.25
1.19
Table 2

Figure 4
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Microcontroller
The STM32f0-Discovery Board from STMicroelectronics will be used to drive the motor by
using a function named advanced-control timers (TIM1). We also use general-purpose I/Os
(GPIOs) and multi-color LEDs to test the outputs for the motor driver. After testing, we will use the
batteries and power supply to power up the microcontroller without using the ST-Link connection.
Successful navigation of the robot through the maze is a critical factor to its performance. As a
result, significant time will be allocated to testing during this phase. The robot will be tested for the
following requirements:


It will not bump into walls of the maze



It will perform a straight movement through corridors



It will successfully turn between units of the maze



It will accurately navigate throughout all parts of the maze without stopping or repeating
movement



It will have the ability to return from the center of the maze back to the starting location

The movement of the micromouse will also be benchmarked for criteria such as how quickly the
robot can move between units of the maze.
Once the robot has been assembled, significant work will be allocated in reducing the maze
solving time since this is the major determining factor for competition standing. The robot will be
timed to see how quickly it can solve the maze, and then improvements and alterations will be
made such as reducing execution of the code and weight reduction. This process will be repeated
until the robot meets the criteria outlined in VII. Benchmarks.
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Benchmarks
The major benchmarks of the system will roughly follow the milestones for the entire project.

For instance, one of the benchmark would be reached once the manipulation of driver-motor
performs a straight movement and the robot is able to turn to both directions satisfactorily. In order
to determine when the robot is ready for the competition, it must achieve the milestones outlined in
the Gantt chart included in section IX. Milestones.
Aside from meeting milestones, the ultimate deciding factor for determining completion of
the project is a fast maze solving time. At that moment, Automouse’s robot solving time will be
compared to other entries by other teams. Thus, the robot should meet or exceed competition
times established by other micromices.
The world record right now is 3.921 seconds established by Singapore’s Ngee Ann
Polytechnic lecturer Ng Beng Kiat. Since our time constraints may affect the performance of our
robot, it is understandable to not compare our results with Ng Beng’s. However, we could compare
to the 2011 California winners: UCSD’s teams Alex Forencich and team Vampires with a 39
seconds and 75 seconds records respectively, and

UCLA’s teams In Green We Trust and team

Princess Tea Club with 47 + 30 seconds and 55+30 seconds records respectively.
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Project Plan

The following outline shows the resource requirements and how these resources will be
allocated to complete the project.
1.

Planning

a) Mission: Our team will combine stepper motors, analog distance sensors, STM32f0
microcontroller into a mouse-like car and program it to find the fastest way by itself to the
center of the maze.
b) Schedule: Besides the regular meeting on Wednesdays, we also meet every Saturday and
after each class to discuss the project, test electrical components using lab equipment, and
make plans for the following weeks.
c) Resources:






Materials


Motors: Stepper NEMA17



Sensors: Sharp IR Proximity



Drivers: DRV8825



Microcontrollers: STM32f0-Discovery



Batteries: Polymer Lithium Ion

People


Motor and Driver Testing: Priscila, Roberto, Duc



Sensor Testing: James, Richelle, Duc



STM32 Programming: All team members



Chassis Design: Arvin



SolidWorks: Roberto

Equipment


Power Supply



Function Generator



Oscilloscope



Digital Multimeter



Solder station
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Monitoring

a) Phase 1


Testing motors and drivers



Testing sensors



Microcontroller programming to drive the motor



Chassis Design & Modification

b) Phase 2


Microcontroller programming to make the sensor work



PCB



Components Assembly

c) Phase 3

3.



Mapping



Maze Solving



Speed Run Test

Control

a) Reallocate resources


Websites for different materials, equipment, and information



Installations near campus that facilitates a different approach of tools

b) Adjust deadline
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Milestones
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Gantt Chart
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Cost Analysis

One of the limitations and important rule for the micromouse competition is that the design’s
cost won’t exceed $500.00. Table 3 and Figure 5 reflect the total costs for the different
components of our robot assuming labor to be free.
Items

Cost

Motors and Drivers

$69.70

Analog Distance Sensors

$34.86

Microcontroller

$17.76

Batteries & Power Supply

$38.85

Hardware Parts

$19.49

Total (w/o Tax)

$180.66

Table 3

Figure 5
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Promotional Flyer
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