
Path Planning 
Mapping	
  algorithms	
  used	
  in	
  our	
  robot	
  include:	
  

Dijkstra	
  Algorithm	
  
• 	
  Finds	
  paths	
  from	
  start	
  to	
  each	
  waypoint,	
  and	
  from	
  
waypoint	
  to	
  waypoint,	
  while	
  compensa:ng	
  for	
  obstacles.	
  	
  

Traveling	
  Salesman	
  Algorithm	
  
• 	
  Determines	
  the	
  op:mal	
  order	
  in	
  which	
  to	
  travel	
  to	
  the	
  GPS	
  
waypoints	
  in	
  the	
  Naviga:on	
  Challenge	
  

Spline	
  path	
  crea7on	
  
• 	
  Used	
  for	
  autonomous	
  challenge	
  to	
  determine	
  trajectory	
  
while	
  staying	
  in	
  the	
  middle	
  of	
  designated	
  boundaries	
  	
  

UB Robotics (UBR)	
  is	
  a	
  club	
  that	
  designs	
  and	
  builds	
  intelligent	
  vehicles	
  that	
  
perform	
  various	
  tasks.	
  The	
  club	
  is	
  comprised	
  primarily	
  of	
  mechanical,	
  electrical,	
  and	
  
computer	
  engineers.	
  The	
  focus	
  this	
  year	
  has	
  been	
  on	
  the	
  Intelligent	
  Ground	
  Vehicle	
  
Compe::on	
  but	
  other	
  crea:ons	
  include	
  a	
  baMlebot	
  for	
  UB’s	
  Engineers	
  Week	
  
compe::on	
  and	
  other	
  small	
  demos	
  for	
  the	
  community.	
  	
  

Image Processing (Vision) 
The	
  vision	
  soQware	
  detects	
  lines	
  and	
  obstacles	
  using	
  a	
  3CCD	
  color	
  video	
  camera.	
  
Images	
  are	
  processed	
  using	
  a	
  series	
  of	
  algorithms	
  implemented	
  with	
  the	
  OpenCV	
  	
  
API	
  and	
  func:ons	
  created	
  by	
  the	
  team.	
  Features	
  are	
  extracted	
  and	
  used	
  to	
  create	
  

a	
  local	
  map	
  for	
  path	
  planning.	
  
Algorithms	
  include:	
  
• 	
  Grey	
  scale	
  conversion	
  
• 	
  Threshold	
  opera:on	
  
• 	
  Canny	
  edge	
  detec:on	
  	
  
• 	
  Noise	
  masking	
  opera:on	
  
• 	
  Hough	
  transform	
  line	
  detec:on 

System Integration  
The	
  computer	
  receives	
  informa:on	
  about	
  the	
  
world	
  through	
  five	
  sensors	
  which	
  collect	
  two	
  
types	
  of	
  informa:on	
  
	
  

Sensors	
  that	
  find	
  the	
  loca:on	
  of	
  obstacles	
  
rela:ve	
  to	
  the	
  robot:	
  
	
  

• 	
  3CCD	
  color	
  video	
  camera	
   	
  	
  
• 	
  Scanning	
  laser	
  range	
  finder	
  
	
  

Sensors	
  that	
  are	
  fused	
  using	
  an	
  Extended	
  
Kalman	
  Filter	
  to	
  es:mate	
  the	
  vehicle’s	
  loca:on:	
  
	
  

• 	
  Differen:al	
  GPS	
  
• 	
  Digital	
  compass	
  	
  
• 	
  Op:cal	
  wheel	
  encoders	
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Mechanical Design 
 

This	
  year’s	
  design	
  was	
  built	
  from	
  the	
  ground	
  up	
  
using	
  a	
  four	
  wheel	
  direct-­‐drive	
  system.	
  It	
  is	
  
meant	
  to	
  be	
  able	
  to	
  handle	
  moderately	
  tough	
  
terrain.	
  The	
  frame	
  houses	
  all	
  of	
  the	
  electronics,	
  
baMeries,	
  laptop,	
  motors,	
  and	
  sensors.	
  Special	
  
considera:on	
  was	
  taken	
  for	
  accessibility;	
  the	
  
baMery	
  boxes	
  and	
  laptop	
  are	
  designed	
  to	
  be	
  
easily	
  removed.	
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2008 IGVC Vehicle and Team 2009 IGVC Vehicle Design 

IGVC 
(Intelligent	
  Ground	
  Vehicle	
  Compe77on)	
  

An	
  entry	
  for	
  IGVC	
  is	
  UBR’s	
  main	
  project.	
  	
  It	
  
involves	
  crea:ng	
  a	
  vehicle	
  that	
  can	
  run	
  
without	
  human	
  opera:on.	
  The	
  compe::on	
  
is	
  split	
  into	
  the	
  Autonomous	
  and	
  
Naviga:on	
  Challenges.	
  	
  

	
  

Autonomous	
  Challenge:	
  	
  The	
  robot	
  must	
  
navigate	
  along	
  a	
  course,	
  staying	
  between	
  
white	
  lines	
  and	
  avoiding	
  obstacles.	
  	
  
Naviga:on	
  Challenge:	
  	
  The	
  robot	
  must	
  
navigate	
  to	
  certain	
  GPS	
  waypoints	
  while	
  
avoiding	
  obstacles	
  

Navigating autonomous course Setting up for next competition 

Electronics 
	
  

24V	
  System	
  powered	
  with	
  
dual	
  baMery	
  packs	
  
	
  
Remote	
  changeover	
  to	
  
manual	
  control	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

 

High	
  efficient	
  
switching	
  power	
  
supplies	
  
	
  
Modular	
  H-­‐bridge	
  
circuits	
  
	
  
PID	
  feedback	
  on	
  
motor	
  speed	
  

Many thanks to  
our generous  
sponsors: 

Energy 
Systems 
Institute 

Spline-based Path 
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Battery Status Monitoring  
Via USB Connection 

Motor Controller 
•    12V for Logic 
•    24V for Motors 

Laser Range Finder  

Digital Compass  

7V	
  Switching	
  
Power	
  Supply	
  

Color Camcorder  

GPS Unit 

Rotate the four  
battery packs for  
continued use 

USB Hub 

Wireless Router 


