
I-Bug: An Intensity-Based 
Bug Algorithm

Kamilah Taylor and Steven M. LaValle 

University of Illinois at Urbana-Champaign



Outline

1. Introduction
 
2. Problem Formulation
 
3. Radially Symmetric
 
4. Asymmetric
 
5. Conclusion 



How do you navigate in a strange land?

Use your exact longitude 
and latitude?

Suppose you have no 
GPS and no map.

 
Now what do you do? 



Point Robot in 2D World

Point Robot
 
Task: Go to the Tower
 
Environment:
•  
• Contains obstacles
• Contains a point called the 

tower

Tower

Robot



Robot navigation

This is a basic task in robotics.

Robot may seem to need:
• GPS
• Powerful sensors
• Lots of computational power
• Large amount of memory to store map of 

environment
 
Is this necessary? 



Less may be more

Minimalist:
• Understanding Action and Sensing by Designing Action-

Based Sensors. Michael Erdmann.
• Counting targets with mobile sensors in an unknown 

environment. Gfeller, Mihalak, Suri, Vicari, and Widmayer.

Bug Algorithms:
• Sensing, Intelligence, Motion: How Robots and Humans 

Move in an Unstructured World. Vladimir Lumelsky.
• Range-sensor based navigation in three dimensions. Kamon, 

Rivlin, and Ramon.
• An autonomous sensor-based path planning for planetary 

microrovers. Laubach and Burdick.



Just another bug algorithm?

Bug algorithms have two modes:
• Following obstacle boundaries
• Moving toward the goal

Are bug algorithms truly "minimalist"?

Requirements:
• exact coordinates
• exact orientation 
• exact distances traveled 



Many different sources of information

Submarines

Cell Phones

Wifi

Bluetooth



Signal emitting Tower

Signal is centered at the 
tower.

Preimages are concentric 
topological circles:

 

There is a global maximum 
at the tower.

    is the set of intensity 
functions.



Radially Symmetric vs Asymmetric



Contact sensor

Is the robot touching the environment boundary?



Intensity sensor

The strength of the signal from some position:



Tower alignment sensor

Is the robot facing the tower?



State space

The robot does not know:
• the environment
• the signal mapping
• its position
• its orientation

State space: 



Motion primitives

Imagine we have a differential drive robot.

Three motion primitives:
         : Stops if the robot 1) contacts the obstacle, 2) 

hits the tower, or 3) detects a local maximum.

         : Stops when the robot is aligned with the tower.

         : Stops when the robot detects a local maximum.



What do we remember?

Key values:
     : Intensity observed when the current obstacle was 

contacted.

     : Intensity observed immediately before the robot 
starts moving forward.



Plan (radially symmetric case)

1.Let

2.Apply         , 

3.Terminate if 

4.If                   then,
o Set 

5.Apply 

6.If                  , go to 1

7.Go to 5



Convergence

Conditions: Obstacles are piecewise analytic closed 
curves; Locally finite number of obstacles; Tower is 
reachable. 

Theorem: The plan always causes the robot to reach 
the tower after a finite number of steps.

Key Proof Ideas: 
• obstacles will always have a leaving point
• intensity always increases monotonically



Bounds

Proposition: The total distance traveled by the 
robot satisfies: 

      : straight line distance from goal to tower
      : total number of obstacles traversed
      : number of unblocked local maxima on the kth 

obstacle
      : perimeter of kth obstacle



Worst case example

The robot could be repeatedly sent around an 
obstacle.



Worst case example

For some obstacles this could be very bad!



A more general case

The motion to goal motion primitive changes.

This turns out to be gradient descent with line 
search.



Convergence

Proposition: For           , the (modified) plan causes 
the robot to arrive within      distance from the tower 
after a finite number of steps.



Other results

Asymmetric results: All results proven for the 
symmetric case carried over in the symmetric 
case.

Decidability: It is impossible for the robot to 
determine whether the tower is reachable.

Analytic: If the boundary of every obstacle is 
analytic, then the tower alignment sensor can be 
removed and all results carry over.



Conclusion

We gave an algorithm for a robot to navigate to a 
signal source using its intensity and gradient.

We proved convergence of our algorithm.

We gave an upper bound to the path length.

We handled the radially symmetric and asymmetric 
cases.

This work was supported by the DARPA SToMP program.



Future work

Mutiple towers: What is possible when there are 
multiple towers with distinct signals?

Other solvable tasks: What else can the current 
robot solve?

Experimental validation:  Can we implement this 
on a Roomba with a WiFi sensor?
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