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Overview

Background
— CMUcam Project
— Color Tracking Explanation
— Lighting Explanation

Board Connections

Graphical User Interface
— How to track colors

Arduino Interface Library
— Packet types

Class Examples
— For line detection and object tracking
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CMUcam Project

« Started in 2000 to produce a low-cost embedded computer vision system

CMUcaml CMUcam?2 CMUcam3
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Color Tracking Explanation

RGB Color Space YUV Color Space
v

Source:

(() Electrical & Computer
ENGINEERING



http://en.wikipedia.org/wiki/File:RGB_color_solid_cube.png
http://en.wikipedia.org/wiki/File:YUV_UV_plane.svg
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Lighting Explanation

Bad lightning examples Good lightning examples

CMuUcam sees light and dark parts of object — CMUcam sees light and darks parts of the object
tracking will be bad — tracking will be good

/ CMUcam Light Source ‘ Light Source ‘

CMUcam

CMUcam only sees dark parts of the object CMUcam only sees light parts of the object —
tracking will be very bad tracking will be very good

Light Source i
\ Light Source s CMUcam

CMUcam

ectrical & Computer
) ENGINEERING




Carnegie Mellon

Board Connections

2-Pin Arduino Shield Caonnector
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4-Pin Prop Clip/Plug
Connector, 2-Pin
Power Connector,
and &-Pin Arduino

Adapter Connector

DC Barrel Jack
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2-Pin Servo

Power LED
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Connector
Reset Button
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How to track colors with the CMUcam4GUI

@ CMUcam4GUI (o ®|[=]

TEELL E:

Viewing “l'}adong IODW"S l Disk ‘

Image Control
Send Frame Control

Horizontal Resolution
640Pixels v
Vertical Resolution
4B0Pixels v

Dump Frame Control

Horizontal Resolution
640Pixels v
Vertical Resolution
480Pxels v

Opacity Control

Sent Frame Opacity
|1.00 =i
Sent Bitmap Opacity

10.50 =i

Tracking Control

Track Selection

I Clear Selection ;

L |
Connected Ready CMUcam4 Version 1.02  CMUcam4GUI Version 1.00
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Arduino Interface Library

 Read the
— | wrote it for a good reason!

* Four color tracking information packet types:

* Finally... about commands!
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http://cmucam.org/docs/cmucam4/arduino_api/
http://cmucam.org/docs/cmucam4/arduino_api/struct_c_m_ucam4__tracking__data__t.html
http://cmucam.org/docs/cmucam4/arduino_api/struct_c_m_ucam4__image__data__t.html
http://cmucam.org/docs/cmucam4/arduino_api/struct_c_m_ucam4__statistics__data__t.html
http://cmucam.org/docs/cmucam4/arduino_api/struct_c_m_ucam4__histogram__data__32__t.html
http://cmucam.org/attachments/download/636/CMUcam4-Command-List-102.pdf
http://cmucam.org/attachments/download/636/CMUcam4-Command-List-102.pdf
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How to do object tracking

High Confidence picture

Bounding Box (x1, y1) Centroid (mx, my)

Bounding Box (x2, y2)

Low Confidence Picture

Bounding Box (x1, y1) Centroid ( )
entroia (mx, my

NOTE:
The “pixels” value is equal to the number of tracked pixels divided

by the area of the tracking window scaled from 0 to 255. The tracking
window is 160x120 pixels by default but can be changed to any value.

The “confidence” value is equal to the number of tracked pixels divided

by the bounding box area scaled from 0 to 255. As you can see in the
example above, the confidence value will fall when the lock is not good. :
Bounding Box (x2, y2)
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How to do line tracking (1)

Step 0: Example Line

Step 1: Take horizontal stripes from binary image

Step 2: Compute centroids of stripes

NOTE:

The above approach works for any number of points
sampled from the line and for any rotation of the line.

Depending on your particular application you may wish to
take the stripes from different directions and use a different
number of stripes depending on how many points you need. Step 3: Now you have a bunch of points
representing a line. You can now use them
In your control loop anyway you like...
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How to do line tracking (2)

It looks like a bunch of points in a line...
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http://david.swaim.com/cpp/linreg.htm
http://en.wikipedia.org/wiki/Linear_regression

Questions
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