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Abstract
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Micromouse is an engineering competition that involves building a miniature maze-solving
automaton. We built a micromouse robot and are going to compete against the other SDSU
micromouse senior design teams at the end of the semester. Our overall goal is to build the best
micromouse to beat our fellow SDSU students and to leave a lasting standard of excellence for
future senior design teams. We also plan on competing in the annual IEEE Micromouse
competition held at UCSD.

Introduction
A micromouse is an autonomous maze-solving robot capable of mapping and solving a 16 by
16 cell maze. Our goal is to fabricate a mouse designed for competition. Speed is the key aspect
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in our design. The mouse's data-processing algorithm is able to generate the quickest and most
efficient route to the center of the maze. In order to achieve a fast moving maze-solving robot,
our team is dedicated to make our design as lightweight as possible and propel our mouse using
high speed dc motors. We will be using an ARM Cortex as our microprocessor that will control
all of our peripheral equipment.
To make this mouse function properly and to complete our desired task, we will be
incorporating feedback from self-designed high speed motor encoders, and infrared light
detectors. The infrared light detectors will be sensing the distance to the walls of the maze which
will be used as feedback to the microprocessor to avoid collisions while moving through the
maze. The motor speeds will be monitored and regulated by the use of the motor encoders.
We will be implementing a flood fill algorithm into the microprocessor to record the different
paths to the center of the maze. Through testing, we will learn how to fine tune our mouse and
implement the best decision making process when it encounters a corner or an intersection.
While competing we will have ten minutes for our mouse to get the best time to the center of the
maze.

Design
Block Diagram
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The pictures above is our general design block diagram showing what is needed. Also shown
are pictures of our general solidworks layout with our finished mouse. You can see the
conceptual and actual designs are nearly similar.

Hardware Section
Microcontroller
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As a group, we chose the STM32F0-Discovery Board because it provided powerful processing
capabilities and large memory storage for embedded systems. The discovery board gave us necessary
peripherals for our robot to function properly such as: timers (TIM), analog-to-digital conversion (ADC),
direct memory access (DMA), and general purpose input-output pins (GPIO).

The signals that are sent to the motor drivers are generated by the timers which operate in
output-compare toggle mode. The ADC and DMA are used to continuously transfer converted
data from the ADC to memory.

Motors and Encoders
The pro’s and con’s about stepper motors and DC motors were deeply thought about and
discussed by our team; however, in the end we decided to use DC motors for the project rather
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and stepper motors because of their speed capabilities. The motors that we decided to use for the
mouse project were low current brushed 30:1 gear ratio DC motors. After several different
qualification tests, we determined that these would best fit our design requirements. During our
test and validation of the motors, we determined that the 30:1 motors allowed us to reach a top
speed of roughly 6 ft per second when we used a 1.24inch diameter wheel, which is the wheel
size that we chose for the mouse. That turned out to be just less than 10 units of the maze per
second, which gave us a distinct advantage in speed over the prior discussed stepper motors.
Additionally, we chose the DC motors that had an extended shaft on them. This extended shaft,
as shown in the picture, allowed us to attach an additional component to our motors and it was
this additional component that we used for our
encoders.
An encoder is defined as a device that
converts information from one format to
another. In our case, we used an encoder to
convert both our current speed along with the
amount of distance traveled into something that could be read and analysed by our
microcontroller.
To allow our mouse to do this, each motor on the mouse needed both an IR optical interrupter
along with an encoder wheel/plate that was mounted to the extended shaft of the DC motors.The
encoder plate needed to be mounted to the extended motor shaft so that when the motor was
turned on the encoder plate would spin accordingly. With the encoder plate placed between the
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optical sensors of the IR optical interrupter and the IR LED used to trigger them, as the motor
spins the holes in the encoder plate pass between the sensors and IR LED. When the motor turns
and spins the encoder plate with its holes in it, the optical beam coming from the IR LED is both
blocked and also be unblock depending on the position of the encoder plate. This blocking and
unblocking of the IR LED built into the optical interrupter allowed us to open and close a
phototransistor ( optical sensor prior discussed ) that is also built into the optical interrupter
which essentially gave us a switch based on the movement of our motors. The following is an
image of the TCUT1200, the optical interrupter used for the project:

We tested several different iterations of the encoder plate in order to determine which would
best accomplish the task of digital feedback from the motors. What we determined was that the
encoder plate with the evenly spaced holes in it did not give us a uniform output, ie the time that
the photosensor was open did not equate to the same time that it was closed, which was not
something desired. What we discovered was that when the motors speed increased the ON/OFF
seen from our optical interrupter decreased and by not having an equal ON/OFF time we were
limiting ourselves to whichever was the shortest. To fix this we veered away from the plate with
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holes in it design and went to a flag encoder plate with evenly spaced ON/OFF periods. The two
images below are of the initial hole encoder plate design ( left ) and the final flag encoder plate
design ( right ).

In ways of distance, we simply added up the total number of encoder ticks to determine how
far we had traveled. By combining the information about the tire diameter, the number of
encoder ticks or flags on the encoder wheel, and the motors gear ratio, we came up with the
following equations and distance per encoder tick:
𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 1.24 × 𝑇 = 3.89 𝑇𝑇𝑇𝑇𝑇𝑇 =
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇 𝑇𝑇𝑇
# 𝑇𝑇 𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇 𝑇𝑇𝑇
= # 𝑇𝑇 𝑇𝑇𝑇𝑇𝑇 𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇 × 𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇
= 8 × 30 = 240 𝑇𝑇𝑇𝑇𝑇
( We multiplied the number of flags on the encoder plate by the gear ratio because for every
complete revolution of the tire the gearbox built into the motor causes the encoder plate to make

8

30 complete revolution. This was a large deciding factor in choosing the 30:1 geared motors over
the other options. )
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇
= 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
÷ # 𝑇𝑇 𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇 𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇 = 3.89 𝑇𝑇𝑇𝑇𝑇𝑇 ÷ 240 𝑇𝑇𝑇𝑇𝑇 ≅
.016 𝑇𝑇𝑇𝑇𝑇𝑇 = 16

mils

Because one unit in the 16x16 maze is 18cm x 18cm, we were able to determine that roughly
443 ticks from our encoder feedback meant that we had traveled one unit in the maze and this
was very important to us while mapping the maze.
Determining the speed of the motors was done by sampling the number of encoder ticks that
had passed during some given amount of time. This was possible because, as shown prior, we
could directly relate the number of encoder ticks passed to some distance travel and distance
traveled per some time is velocity or speed.
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( This is an example of the output seen by the microcontroller from the encoders )
Motor Drivers
For our DC Motors, we to be able to control the speed and direction of the motor. An Hbridge circuit allows us to control the direction of the motor by controlling what direction current
flows to the motor. Also we can control the speed of the motor by “PWMing” the switches on
and off. Initially, we considered designing one from scratch using MOSFET transistors such as
in the schematic to the right. However, after some research, we discovered the TB6612FNG
motor driver in the figure below.
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This motor driver was already pre-built, had two channels (one channel for each motor), and
each channel could withstand 1 ampere of current. Typically, our motors would only draw a
couple hundred milliamperes at full load, so this greatly exceeded our needs. Our team decided
that using this pre-built H-bridge was the simpler and better approach.

IR Sensors
The eyes of our robot are the IR
sensors we have implemented within our
design. These sensors use light intensity
to detect a change in the distance from
our mouse to a wall. Since the color of
the wall within the maze is white, these
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sensors gave us solid results. Our micromouse is equipped with three sensors located in the
front, left and right which detect obstacles. Each pair of sensors has an emitter and a receiver.
The front sensors detect walls in front of the mouse. The speed of the mouse depends on the
distance it is from the wall it approaches. The left and right sensors keep our mouse aligned and
centered within a cell structure of the maze.
Through our tests we discovered that the higher the current within the LED the brighter it
actually shined. The first step within our design process was to amplify the signal from the
receiver. Next was to find a way to limit the current within our emitters in order to prevent any
LEDs from burning out. We limited the current by putting a resistor in series with the LEDs. In
doing so, we found that the resistor values ranged from 40.3 Ω to 2.88 Ω. The best suited
resistor that we discovered for our design was 15 Ω. We tested the
sensor setup from 1” all the way to 6” in 1” increments. After 6” the
values did not change. The results are displayed in the look-up table.
The resistor Rg was also calculated for the INA122 amp to get an
equivalent gain based on our input rail voltage divided by our max
input voltage from the pin diode at 1”
from the wall. We found our Rg
value to be 13.3k ohms. With the
information on the look up table we
were able to design our sensors to be
as accurate as possible.
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Power Distribution
The IEEE standard allotted time for a Micromouse competition is a maximum of ten minutes
to map out and solve the maze with the fastest route possible. With this, it was a necessity to use
a battery that would be reliable enough to last at least those ten minutes, preferably longer for
testing purposes, and ideally needed to be rechargeable so they could be reused. We decided the
Lithium-Polymer batteries were the best at fulfilling all of the requirements for testing and the
actual competition. These high capacity batteries are light, compact, and are easily rechargeable.
The battery specifications that we used are as follows. We chose
a 260 milliamp per hour battery that ended working well enough
with our design. The battery has two cells and has an output
voltage of 7.4 VDC. The dimensions are 33 by 20 by 13.5mm. The
battery’s size was perfect to fit in our 3D printed battery mount.
Also, we incorporated dean connectors on the positive and negative wires of the battery and on
the PCB so we didn’t mistakenly hook it up in reverse and risk frying the board. On the line side
of the 7.4 VDC rail, we also added 1 amp fuse for extra precaution.
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Due to the demands of most of our hardware,
we needed a lower voltage rail. We used a surface
mount voltage regulator with an output voltage of
3.3 VDC that satisfied these demands. The max
output current allowed by the regulator is 800
milliamp, which also met our specification.

Software Section
Control Systems
Speed Control:
As described prior in the motor and encoder section, our encoder has 8 flags on it and our
motors have a 30:1 gear ratio, which means we get 240 encoder ticks per complete wheel
rotation. Using this information, we designed a control system that could make the wheel turn at
a desired speed. We used a proportional controller for this task. A proportional controller is a
PID controller, but without using the integral or derivative control features. Our mouse has two
wheels, so we can apply this control system to both wheels if we want the mouse to drive
perfectly straight.
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The wheel encoder sensor produces a variable frequency square wave signal. The frequency
of this signal tells us how fast the motor is turning. However, measuring the frequency of this
signal presented a technical challenge. We had to account for the fact that the wheel encoder
flags are not perfectly equidistant from each other. To account for this “noise,” we summed up
and averaged the encoder ticks over time. Our preferred method was to count how many encoder
ticks we received over a known amount of time, which tells us the wheel’s speed, and use that
information to make adjustments as necessary.The code snippet below shows how we
accomplished this. We sampled once every 20 milliseconds, or our sample rate was 50Hz.
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If we could do it over again, we might have measured the frequency of the encoder signal a
little differently. Perhaps a better way to do it would have been to measure the amount of time it
takes for 8 encoder ticks, meaning one whole rotation of the encoder wheel. This method would
cancel any imperfections in the distance between encoder flags, while also giving us a faster
sample rate.
Wall Avoidance:
Our distance sensors consist of IR
LEDs that we switch on with MOSFET
power transistors, and a PIN photodiode
as a receiver. The IR light reflects off of
the wall of the maze, and back into the
PIN photodiode. The greater the
intensity of the received light, the closer
the wall is.
In software, we read the output of the distance sensor with an analog to digital converter
(ADC). We created a lookup table for each sensor by recording the value of the ADC readings
with the walls at known distances. Then we use this information to make corrections to avoid
hitting the walls.
As the mouse navigates through the maze, it attempts to drive as fast as possible in a perfectly
straight straight line. If the mouse detects that it’s drifting too close to a wall, is adjusts the speed
of one of the motors, causing the mouse to drift away from the wall. Basically, if the left wall is
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too close, make the right wheel turn slower, and if the right wall is too close, then make the right
wheel turn faster.

Flood Fill Algorithm
Maze solving capability begins with a study of the maze. Several studies have been done on
algorithms that solve mazes of varying dimensions, but a common thread among them is the
mention of the Flood-Fill Algorithm, however before the algorithm can be implemented, a
method of acquiring, storing, and manipulating maze data must be established. A maze consists
of 16x16 cells of differing cell wall configurations. Each configuration is represented as a 4 bit
string that flags either the presence or the absence of a wall.

Another essential datum the E-Cubed mouse monitors is a cell’s distance value which
indicates the “distance” to a goal cell. The distance is the minimum number of adjacent cells able
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to trace to the goal. Being a value dependant on the mouse’s current knowledge of walls
throughout the maze, the distance value must be constantly updated as new walls are discovered.

The E-Cubed mouse stores maze data in concise data packets in the form of an array. Maze
data concerning wall configuration, and distance values are constantly manipulated through the
use of utility functions that take into account current mouse heading and location. At the start of
the Discovery Mode, the mouse begins by initializing a maze construct of 16x16 dimensions
with exterior border walls set to be already “seen”. At this stage, distance values are also
declared for each cell and they are calculated assuming no interior walls are discovered. The
figure below shows a simplified 5x5 maze to illustrate initialized distance values for cells as seen
by the mouse. Gray walls indicate a wall not yet discovered.

(Source: D.Willardson 2001)
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As the mouse progresses, always entering cells of lesser distance values, sensor readings are
constantly recorded via interrupt routine. As new walls are discovered, the appropriate flags are
set and our algorithm is run.
The algorithm is simply an iterative process in which if certain conditions are met, various
values are modified, incremented, decremented, or updated. As stated earlier, helper utility
functions allow for quick modifications of current and neighbor cells via array value insertions
without sacrificing expensive processing power. The following diagram illustrates the iteration:

While the literature covering the topic of maze solving algorithms is extensive, the traditional
approach was inadequate for E-Cubed’s standards and so two extra conditions were implemented
into the process indicated in red. These modifications solve any impasses the mouse may
encounter when two or more possible paths have the same distance value. When the discovered.
If contradictions in distance values occur, a correction is made to increment the erroneous cell’s
distance value until the values are consistent.
When the mouse eventually reaches the center, a clear path from start to finish is realized.
This route is indicated by a singular path of descending path values down to zero.
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Conclusion
Team E-Cubed experienced many challenges throughout the development of this project. The
original design was improved multiple times in order to meet the established goals. Our main
chassis was the main PCB which we had to change several times due to multiple shorts. We
broadened the trace width and spacing between rails to fix this problem. We also built several
satellite boards for testing and coding purposes and also to improve design. Another big issue we
ran into was the motors and encoders. With our in house encoder design, it took a lot of time on
perfecting the right encoders. As far as the motors, we ran into the issue of them being too cheap
and inefficient. When we look back at the beginning of the semester, we all agree we should of
bought the more expensive DC motors with built in encoders. In the end, we designed and
constructed a reliable robot which could navigate and avoid walls at a top speed of 6 ft/s. Team
E-Cubed would like to thank the Department of Electrical and Computer Engineering for
sponsorship.

Recommendations
The prototype we produced can be used as a foundation for further development. However, as
mentioned above, there are certain aspects of the robot which can be improved upon. First, the
overall design could be reduced down to a single level PCB. Second, the quality of the PCB
could be better in order to prevent shorts and failures in the components. This could be obtained
by having the board professionally fabricated by a board house. Most importantly, as with the
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majority of micromouse projects, it is very important to allocate sufficient time for software
development.
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