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 Waypoint Navigation 
 Image Analysis 
◦ Object Recognition and Identification 
◦ Object Tracking 

 Mapping 
 

Goals 



 Parrot AR Drone 
 Six Degrees Of Freedom 
 Front Facing Camera 
 Ground Facing Camera 
 Altitude Range Finder 
 Wi-Fi 
 Arm 9 32bit Processor 
 Linux OS 

On Board Components 



 Arduino 
 Xbee Serial Transceiver 
 GPS Receiver 
 Ultrasonic Range Finder 
 Digital Compass 
 Drone Performance/Life 
 

Enhancements 



 AR Drone SDK 
◦ Open Source 
◦ Does not include on board software 

 Autopylot 
◦ Simon Levy 
◦ Open Source 

Software Packages 



 Data Transmission 
 AR Drone 

 Wi-Fi 
 Arduino 

 Xbee Transceivers 
 Control 

 Logitech Gamepad 
 64bit computer running linux 

 
 

Configuration 
 



 GPS 
 Unusable Heading and Speed Data 
 Spikes in Data  

 Yaw Gyro 
 Constant Increasing Change 

 Off by 90°in period of 15 minutes 

Limitations 



 Use for specific tasks 
 Short time periods 
 Estimate error over time 

Yaw Gyro Solution 



 Digital Compass 
 Inertial Navigation System 
 Kalman Filter 

GPS Solutions 



 Characteristics 
 Selective Data Processing 
 Call and Response Arduino 
Communications 

 Structure 
 Multithreaded C Program 
 Python Modules 

 Functionality 
 Combine sensor data 
 Artificial Intelligence 
 Control Drone Movement 

Software Design 



 Open Computer Vision Libraries 
 Library of programming functions for real time 
computer vision 

 Over 500 Functions 
 C++, C, Python and soon Java 
 Runs on  Windows, Linux, Android , iPhone, 
and Mac 

OpenCV 



 Template matching  
◦ Technique for finding small parts of an image which 

match a template image 
◦ Slides the template from the top left to the bottom 

right of the image, and compare for the best match 
with template 

 Region of Interest is a rectangular area in an 
image, to segment object for further 
processing 

Template Matching 







Template Matching Image Ex 



 Color based object recognition and tracking 
 Steps 
◦ Covert to HSV color space 
◦ Blur 
◦ Threshold and Erode 
◦ Determine movement area from Image 
Center 

Blob Tracking 



Blob Tracking Image Ex 



Pyramid Segmentation 

 
 

 Image Pyramid 
 Collection of images from a single image 
 Down sampled until stopping point reached 

 Component 
 Area 
 Color 
 Position 









Laser Tracking 

 Convert to HSV Colorspace 
 Spilt image into separate H,S, and V images 
 Threshold each image 
 Perform AND operation between all three images 
 AND 

 Calculates joining area of 2 images 





 Navigate through a series of defined 
waypoints 

 Calculate distance and bearing information 
between waypoints 

Navigation Type 1 



 Pattern Based 
 Starting waypoint given 
 Distance and bearing information given 
between waypoints 

 Populate Pattern Area with a Series of GPS 
coordinates 

Navigation Type 2 



 Visualize navigation data 
 Log Images and image descriptions 
 Perform in real time 
 Maintain archive of past flights 

Mapping 



 KML 
 Real Time 
 Simulate 
 Place marks 
◦ Lines 
◦ Icons 
◦ Overlays 
◦ Descriptions 

Google Earth 



Google Earth Ex. Image 




