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Auto-Navigation of Micromouse Based on Infrared Sensor
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Abstract: Micromouse is an intelligent robot that is designed to search a shortest path to the destination
in aunknown maze, in order to make the mouse can memory the right complex maze information automatically
after searching and dashing, different parameters decided by infrared sensors were used to record micromouse’'s
position in the maze, aso is used as the reference to realize micromouse position compensation, which can
ensure the rapidity, accuracy and good stability of micromouse in high speed exploration and dashing.
Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction Now the events are held worldwide, and are most
popular in the UK, USA, Japan, Singapore, India,

Micromouse championship is an international South Korea and China.
robotics competition, which is an event where
a small robot micromouse solves a 16x16 maze
or 32x32 maze according to different competition
conditions [1-4], which is completely autonomous
that is able to find their way from a predetermined
gstarting position to the central area of the
maze unaided, the maze and the micromouse as
shown in Fig. 1.

The robot will need to keep track of where it is,
discover walls as it explores, store the maze and
detect whether it has reached the goal. After it
reached the goal, the robot will typicaly perform
additional searches of the maze until it has found
an optimal route from the start to the center. Once the
optimal route has been found, the robot will run that
route in the shortest possible time [6-8]. Fig. 1. Maze and micromouse.
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Microumouse system comprises two main parts
which are the electronic and mechanical systems.
For the electronic system, it is mainly controlled by
aMCU. All of the calculations and decision makings
will be executed by the MCU according to the value
feedback by six pairs of infrared sensors for the
obstacle detection [9-11].

2. Infrared Sensing Module

Infrared sensor is an electronic device that emits
infrared radiation and by detecting the reflection
of the radiation through the receiver. Infrared sensors
are easy to design and assemble because the
components required are easy to come by [12-14].

The placement of the transmitter and receiver
of theinfrared sensor for the micromouse as shown in
the Fig. 2.
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Fig. 2. Placement of infrared sensor.

The red color arrows show the infrared radiation
and after it hit the wall, it will reflect back to the
receiver. By measuring the voltage produced by the
receiver, the distance between the sensors can be
approximated. By placing a resistor between the
power supply and the infrared emitter can manipulate
the intensity of the emitter so that the receiver would
not get saturated easily by detecting large amount
of infrared radiation.

The robot has 6 pairs of infrared transmitters and
receivers, so that it can detect the walls for maze
solving and auto-navigation. Its principle is

illustrated in Fig. 3.
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Fig. 3. Infrared sensor transmitting and receiving circuit.
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In the circuit, OPE5594 emits the infrared light,
change the value of R16 can change the intensity
of the reflected light,TSL262 accepts the reflected
infrared light and convert it, then input the value
to MCU.

The transmitters are directly controlled by
microcontroller’s 1/O ports and the system gets the
readings from receivers by using the built-in analog-
to-digital converter (ADC).

In order to reduce the unwanted noise, the author
tries to get two readings for one channel per update,
one is sampled when the transmitter is turned
oNn (Vi aanive on ) @d a@nother one is sampled when

the infrared-LED is off (Vi qute or ) then the

difference between these two readings will be the
fina output of the sensor (V. ). We establish
V, to be

Sensor

V,

Transmitter _On

-V,

Transmitter _ Off

= VSensor (1)
This method is to minus the reading of noise
from surrounding which is the V; , cive of » SO that

the effect of varying surrounding lighting condition
will be minimized.

The system has to turn on the next transmitter
LED from channel 1 to 6 right after one anal ogue-to-
digital conversion is finished as the LEDs will have
to take some time before they are fully on and the
LEDs must be fully on before the analogue-to-digital
conversion is started so that the system is able to take
the correct readings.

The LEDs will adso have to take some to turn
off completely, but the next conversion will be
started in very short time. There will be some
unwanted reflections and they will be the noise. The
author has changed the sensing sequence
from 1-2-3-4-5-6 to 1-4-2-5-3-6, so that the unwanted
reflections will not affect the channel that is currently
sampling, as shown in Fig. 4.

Fig. 4. Sensing module.
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The original output of ADC is 12-bit long, and the
MCU used in the robot is an 8-bit or 12-hit
microcontroller, if an 8 bit MCU, the lower 4 bits
of data will be ignored by shifting the output data
into an 8-bit data, as shown in Fig. 5.
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Fig. 5. 8-bit ADC output principle.

Then the sensor vaues will vary from 0x00
to OXFF and this can aso help to reduce the undesired
noise which is aways smaller and appears in lower
4 bits.

3. Navigation for Straight Paths

The robot has to remain in the centre of the cells
when travelling in the maze, so that the auto-
navigation must be integrated into the system
depends on the infrared sensors in the system.

3.1. Side-wall Navigation

The robot can determine its position by using the
feedback from the six pairs of infrared sensors.

The robot will firstly detect how many side-walls
are there. If there is only one wall on either left or
right side, the robot will check whether it is near
to the sideewall or far away from that and then
perform the suitable navigation action. And if there
are two side-walls, then the robot can easily check
whether the left side-sensor value is larger than the
user defined threshold or the right side-sensor value
is large than the threshold, then navigate to right side
if the left side-sensor feedbacks a larger value and
move to the left side if the right side-sensor gives a
larger feedback. In this paper use variables V23 and
V24 store value of side-sensor, which is illustrated
in Fig. 6. V24H stands reference value of Sensor 2
when mouse in the center of a cell, V24L stands
reference value of Sensor 5 when mouse in the center
of a cell, V23H stands reference value of Sensor 3
when mouse in the center of a cell, V23L stands
reference value of Sensor 4 when mouse in the center
of acell.
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Fig. 6. Side-sensor for navigation reference.

For the single wall cases, if the side-sensor
feedbacks a smaller value compare to the user
defined centre reference which is calibrated by
putting the robot in the centre position, then it means
that the robot is far away from the side-wall.

3.2. Distance Offset Compensation

The robot can compensate for the offset which is
accumulated when it is traveling along along straight
path by replacing the calculated distance with another
user defined distance after it detects a high-to-low
transition which means it passes through a cell
with side walls to a cell with only one side wall or no
side wall. In this paper use variables V25H, V25L,
V26H, V26L, V27H, V27L, V28H and V28L store
value of sensor transition states.

Wall references of sensors in transition straight
high are illustrated in Fig. 7. V25H stands reference
value of Sensor 2 when mouse in transition high,
V25L stands reference value of Sensor 5 when mouse
in transition high, V27H stands reference value
of Sensor 3 when mouse in transition high, V27L
stands reference value of Sensor 4 when mouse in
transition high.
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Fig. 7. Transition straight high reference.

Wall references of sensors in transition straight
low are illustrated in Fig. 8. V28H stands reference
value of Sensor 3 when mouse in transition low,
V28L stands reference value of Sensor 4 when mouse
in transition low, V26H stands reference value of
Sensor 2 when mouse in transition low, V26L stands

reference value of Sensor 5 when mouse
in transition low.
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Fig. 8. Transition straight low reference.
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The distance offset compensation routine will
keep detecting the side-walls condition while the
robot is travelling along a straight path. If the robot
cannot sense the wall after a wall has been detected
before, that means there is a ‘high-to-low’ transition
found in the straight path, the robot is then able
to find out its actual position since the sensors
positions are fixed on the robot. Then the
compensation routine will replace the distance
set-point by the user defined value instead of using
the distance that is calculated which may be
no longer accurate as the slippage may be occurred
when the robot is traveling along the long straight
path. When the robot finishes traveling
the compensated distance, it will reach the new
cell nicely.

3.3. Diagonal Path Navigation

After the rabot finishes searching the maze and
if there is a path containing consecutive 90-to-90
turns, then it can shorten the travelled distance
for saving the travelling time by performing
adiagonally straight moving.

S—

Fig. 9. Wrong heading in diagonal path.

The diagona navigation function will keep
checking the feedback of two front sensors. If both
of them feedback the larger value compare to the
user defined thresholds, then this function will
be end because the robot may probably come to the
end of the diagonal path and the two front sensors
sense areal front wall, so no exact conclusion can be
made at that time and it should not navigate the robot
in this case. The diagonal navigation is similar to the
sidewal navigation which means that the
robot also uses two sensors that are on different sides
to detect the obstacle and navigate itself. Instead of
using two side-sensors to detect the distance
between the robot and side-walls, the diagonal
navigation function uses two front sensors to detect
the error in heading direction. Once one of them
feedbacks an abnorma value and the other sensor
value remains smaller, then the navigation action will
be taken.
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But there is no any parallel side-wall for the robot
to execute the normal straight path navigation, so that
another auto-navigation method has to be
implemented in order to help the robot from the
collison between the robot and walls. As there is
no any wall parallel to the robot when it is travelling
in a diagonal straight path, so that the robot will
not be able to determine the position by using side or
diagonal sensors.

The robot can still use the two front sensors
to determine whether it is heading in right direction.
Fig. 9 shows micromouse is in wrong heading when
in diagonal path. When it is in the wrong direction,
the two front sensors will sense object which means
the two sensor readings should be remain high. When
one of them feedbacks a larger value compared to the
user defined threshold, that means the robot is
heading in wrong direction and it may crash with the
obstacleif it keepstravelling in that direction.

Fig. 10 shows micromouse is in right heading
when in diagonal path. When it is in the right
direction, the two front sensors will not sense any
object which means the two sensor readings should
be remain low.
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Fig. 10. Right heading in diagonal path.

4. Special Navigation
4.1. Front-wall Compensation

The robot can determine the distance between
itself and the front wall before performing a left or
right turn, so that it can try to compensate for the
distance error accumulated while travelling in a long
straight path in order to turn in the correct position.

If the robot senses a front-wall before it turns,
then it will not travel for the calculated distance and
will update the travelling distance by comparing the
front sensor values with the user-defined values, as
shown in Fig. 11.

4.2. Parking by Front-wall Correction

The robot will stop in the maze when its route is
blocked by awall or it is solving the maze for a long
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time. The robot may not be able to navigate back
to the centre of cell due to the immediate stops.
A front-wall correction for parking is developed to
compensate for the heading erors, which is
illustrated in Fig. 12. V19H stands reference value
of Sensor 1 when micromouse need home parking,
V19L stands reference value of Sensor 6 when
micromouse need home parking.

Over Lead-

Under Lead-

Fig. 11. Front wall compensation reference.
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Fig. 12. Home parking reference.

The robot will start to slow down after it has
decided to stop. The loop will keep running until
both of the motors are stopped. The robot will stop
the motors by checking the respective front sensors.
If the sensor value is larger than or equal to the user-
defined value, then it will stop the respective motor.
The reason why it stops the motors in this way is
to park the robot in right heading direction.

4.3. Dead end Compensation

When the robot is exploring around the maze, it
may turn into a dead end where the cell has three
surrounding walls, as shown in Fig. 13, using
different variables V33H and V33L to judge dead
end. V33L stands reference value of Sensor 1 adds
Sensor 6 when the front maze maybe a dead end,
V33H stands reference value of Sensor 1 adds Sensor
6 when the front maze is a dead end.

After dead end is conformed, the robot can only
make a dstationary 180° turn to continue its
exploration, which isillustrated in Fig. 14.

When the robot is travelling around the maze, it
may slip out of the centre of cell and it has to stop
immediately when thereisawall blocking in the way

it plans. In this case, the parking by front-wall
correction can only compensate for the heading error,
but it may be till not in the centre of the cell.
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Fig. 13. Dead end reference.

Fig. 14. Stationary 180° turn.

Dead End Compensation is developed to correct
the parking position, so that the robot is able to start
from the centre of cell and the probability of the
collision between the robot and walls will be smaller.

The dead end compensation will be executed
whenever the robot is stopped and it will try to detect
whether it is in a dead end by comparing the sensor
values with the wall references. If the robot is still
in the centre of cell, then the dead end compensation
will be bypassed even it isin adead end.

Robot will perform a short backward move
for the right motor followed by a short backward
move for the left motor. These two short moves will
help the robot to navigate to the right side, but it will
be far away from the front-wall due to these two
backward moves. So it will perform a forward move
for both of the motors and they will stop
independently by checking their own respective
front sensors.

The main loop of dead end compensation will
also check whether it has performed the moving
action for more than three times. After the three
moving actions, it will stop the dead end
compensation.

5. Conclusion
Six pairs of infrared sensors were used for the
obstacle detection of micromouse in maze. Different

parameters decided by infrared sensors were used
to record micromouse’s position in the maze, also
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to realize micromouse position compensation, which
ensures the rapidity, accuracy and good stability
of micromouse in high-speed exploration and
dashing in complex maze.
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