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(City Autonomous Patrol Robot 10 )
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Required Faculty Advisor Statement:
I certify that the engineering design of the vehicle described in this report, CAP 10, has
been significant and that each team member has earned four semester hours, of senior
design credit for their work on this project.

�
���		�
�
��
��������

����
��������������
������������
������������������������� �!�"�
#



Page 2

Introduction 

1.1 Team Organization 

1.2 Design Innovations 
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Design Breakdown
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Design Breakdown
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Design and Planning

Black Framework of 
top hood 

Plastic Framework of 
Main LED Headlights
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B. Obstacle Avoidance
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C. Simulator

Our simulator was a key factor in the 
success of the control software. While 
the actual testing is time consuming 
and exhausting and limited by weather 
conditions and daylight, the simulator 
allowed for rapid development with no 
limitations. The simulator is also based 
on Labview it is simply a virtural 
instrument that functions by sending 
virtual data to the control software 
based on an image that we draw, the 
control software reacts to it and 
commands the simulator. The 
simulator was very valuable as it 
allowed us to test many different 
terrains in less time and with very little 
effort. 

To the right we can see a snap shot 
of four consecutive frames of the 
simulator showing the robot functioning 
with one arc. In the pictures we can 
see the robot to the right approaching 
an obstacle and to the left we can see 
the laser screen. As soon as the 
obstacle touches the yellow arc, the 
robot starts moving away to avoid it. 
We can see in the last frame that the 
robot cleared the obstacle.

Below we can see an entire field, the 
robot is in the lower right corner 
preparing to enter a switchback. 

We can also see how the arcs 
interact with the boundaries. 
The algorithm runs smoothly in 
the simulator as well as in the 
real world. The simulator does 
not account for some physical 
factors like friction, which 
requires different PID 
calibration, however that  does 
not create much discrepancy in 
results.
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3.3 Vision

Our vision algorithm utilizes the Labview 
vision toolbox to make  it easier to 
integrate with the rest of the system. We 
are using a simple algorithm that depends 
on 5 boxes evenly distributed over each 
side of the screen. The image obtained 
from the camera is reduced to 400x400 
pixels to reduce the amount of processing. 
Then 10 boxes, 5 on each side,  
continuously scan for a certain density of 
black pixels in separate screen halves. 
When this density is located pixels lock on 
that position and then their geometric 
relationship is checked to determine 
whether a lane exists  or not. 

The algorithm further divides the screen 
into four quadrants in order to track 
patterns that occur often between these 10 
squares. 
There are three major cases that the 
algorithm is concerned with. First 
obstacles that show at the center or the 
side between lanes, second lanes that 
cross from right to left or of the screen or 
vise versa and third cross roads.  

It is often the case that a box locks onto an 
obstacle (figure.3) or perhaps several 
boxes lock onto an obstacle as shown to 
the right. This of course creates false line 
detections. Therefore in order to avoid this 
problem, detected lines are checked 
against previously detected lines to ensure 
continuity and reliability. As well as the 
lines are checked to fit certain criteria 
depending on where they fall in the 
screen. 
In figure 2, we can see the lane crossing 
from left to right in such cases there is 
always a quadrant that has in active boxes 
marked red. Such a case is a marker that 
indicates lane migration. Many other 
similar markers and box patterns have 
been observed and preconceived in the 
algorithm to filter out objects. 

Figure.3

Figure.2

Figure.1
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