
Theme:   How does battery life affect robot performance for timed missions?

Background:
The ORTOP LEGO Robotics Tournament is a robot design competition for children ages 9 - 14.  The 
children have a specific parts list and software that they use to design robots that can fulfill a speci-
fied set of missions.  The robots must navigate across a playing field about the size of a pool table, 
and perform specific missions, such as moving an object from one place to another.  The tournament 
officials take many steps to ensure consistency of object placement within the playing field between 
competition rounds.

The robots use an RCX controller that contains the programming unit and the batteries.  The RCX 
has the ability to operate the robot’s motors at a specified power level for specified periods of time.  
Some children use this feature to navigate, telling the robots to move forward for ten seconds, then 
turn for two seconds, then move forward for five seconds, etc.  However, this is not a reliable way to 
navigate because the motor’s speed can vary from round to round.

Trade Off Curves

The RCX uses alkaline batteries that produce less power as they become depleted.  Therefore, we hypothe-
size that one significant variable in reliable navigation is battery life.

Predicted drop in distance travelled per unit time by a 
standard LEGO Robot over battery life.

The first curve comes from the datasheet for an Energizer AA battery, showing the voltage drop over the life of  
set of batteries in an electronic game.  The second shows the predicted drop in motor speed over the life of the 
batteries in a LEGO RCX unit.

We will test our predictions as follows:

--Program a robot to navigate forward for 30 seconds under full power.  Repeat until the batteries are dead.

--Measure the distance the robot travels in each trial.

By using the same robot and brand of batteries, we will keep weight, motor speed and construction techniques 
constant.
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References
Star Batteries FAQ:  http://www.starbatteries.com/batteryfaqs.html

Energizer AA Battery Technical Datasheet:  http://data.energizer.com/PDFs/e91.pdf

Countermeasures:

Here are some strategies for adapting to the change in power over the life of the batteries:

--Begin each competition round with a fresh set of batteries (one can use rechargeable batteries to minimize 
the environmental impact of this choice).
--Use a rotation sensor to count wheel rotations to measure distance.
--Use a light sensor to detect marks on the playing field to assist with navigation.

Battery Performance for Timed Missions
Author:  Katherine Radeka

Contact Information:  503-701-3945, katherine@whittierconsulting.com

Root Cause Analysis

Reliable Navigation

Consistent Playing
Field

Robot Movement
Consistency

Consistent Object
Placement

Consistent Starting
Point

Speed
Consistency

Motor 
Consistency

Battery Life

+
+

+

+

+

+


