
A real-time obstacle avoidance algorithm for local

mapping has been implemented to provide autonomous

navigation capabilities to a mobile robot. In addition, the

integration of an Inertial Measurement Unit (IMU)

provides localization to the mobile robot for the

construction of a permanent global map.

ÅThe primary goal of this project is to improve the

performance of mobile robots by introducing new

components that will help robots in self-guidance mode.

ÅThe difficult part about the design was the integration of

all the components to produce an accurate estimate of

the robotôsorientation.

ÅThe algorithm developed by Bordelon was employed; in

particular, the main processing chip was programmed to

take various sensor data and fuse the information in an

efficient manner.

ÅThe research is an on going project. Selection of the

hardware will be finalized by the end of the summer and

the project will exceed the assigned 100 hours.

ÅWorking on a team was a very helpful experience that

enabled us to be team-oriented and team-players.

ÅThe research emphasized multidisciplinary work in

various fields within Electrical and Computer Engineering.
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Research Question

How reliable should a real-time obstacle avoidance

algorithm be when the mobile robot is controlled by an

operator?

A modular system was chosen to provide the best results

possible in a short period of time (100 hours).

A PICkittm 3 development kit from
MicroChip is used as the main
controllerfor the IMUunit.

An Atmel®Atmega1280microcontroller
is used for the array of ultrasonic
sensorsand for communicationto the
iRobot®Createplatform.

An ultrasonic sensor measures
the time interval between
sendinga signaland receivingan
echoto calculatethe distanceto
an object. TheFieldof View(FOV)
of the MaxBotixLV-EZ1 unit is 36
degreesandhasa conicalshape.

3-Axis Accelerometer

3-Axis Rate Gyroscope

A wireless iRobot Create platform
provides adaptive video streaming
whenoperatingremotely.

The function of this device is to
measurethe properacceleration,
which is the accelerationrelative
to freefall and the acceleration
felt by people and objects. Such
accelerations are typically
measuredin termsof g-force.

The ITG-3200 consists of three
independent vibratory MEMS
gyroscopes, which detect
rotational rate about the X (roll),
Y(pitch),andZ(yaw)axes.

MaxBotixLV-EZ1 

3-Axis Magnetometer

Thisdeviceisusedto measurethe
strength and/or direction of the
magnetic field in the vicinity of
the device. This device can be
used to help reducethe reading
error of the accelerometerin the
yawdirection.

An array of 10 MaxBotixLV-EZ1 sensors suspended 
on two circular plates.

The IMU is a device that measures
and reports backa craft's orientation
or attitude in 3-D space, using a
combinationof MEMS(Micro Electro-
MechanicalSystems)sensorssuchas
gyroscopes, accelerometers, and
magnetometers.

Inertial Measurement Unit Controller

Panoramic view of the iRobotCreate in a 2D Simulation 
environment.

EachMaxBotixsensorprovidesa 36degreeFOV.

ÅThe iRobot Create platform is controlled by a human

tele-operator.

ÅThe chosen algorithm was Johann BorensteinôsVirtual

Force Field (VFF) method.

ÅThe IMU provides estimation of the orientation to the

tele-robotic platform.

ÅThe design of the IMU was based on an algorithm by

Terence J. Bordelon.

ÅBordelonôsalgorithm is based on quaternion

transformations, which is a mathematical tool that

represents quantities in four dimensions instead of

three.

Data and Results

TheiRobotCreate platform is equipped
with a circular array of ultrasonic
sensors. The main controller (Atmega
1280) queriesthe ultrasonicsensorsin a
Daisychainmode.

Unstable readings from ultrasonic
sensorsare one of the main problems
with these units. For example,crosstalk
causesunstable readingswhen running
multiplesensors.

Eachcell in the histogramgrid containsa
Certainty Value (CV) that indicates the
measureof confidencethat an obstacle
existinsidethe affectedcell.

The CV is used as an input to the
PotentialField(PF)method.

Eachoccupiedcell inside the active window
appliesa repulsiveforce to the robot. In this
way, a virtual pushingforce is applied to the
robot. The magnitude of this force is
proportional to a �����o�o�[�•CV, and inversely
proportional to the squareddistancebetween
the cellandthe robot.

A constant attractive force pulls the robot
toward the target. A resultant force is
producedby adding the repulsiveforce with
the attractive force, which representsa new
directionfor the robot.

Asa result,a mapof the �Œ�}���}�š�[�•trajectorycan
beconstructed.

The VFFmethod useshistogramicin-motion
mapping(HIMM). HIMM representsdata in a
two-dimensional array (called a histogram
grid) that is updated through rapid,
continuoussampling of the onboard range
sensorsduringmotion.
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