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Facility Need

The Lawrence Livermore Laboratory needs a closed-loop 

guidance system to navigate a robot through their secure 

storage facility.

Our Goal

Design, build and test a closed-loop marker-based guidance 

system to accurately navigate a robot through a warehouse in 

a predetermined path.

Design Build Test



Engineering Specifications
Must Do:

Measurement 
Method/Device

Tolerance Conditions Result

Navigate a robot to a point via a 
predetermined path

Observation -
Any angle turns
Max speed 3 ft/s

Provide location data at any given time 
Encoders

+ 0.5 ms At least every 2 ms

Provide accurate location data Surveyor's Tape ± 1 inches -

Tracking markers must be unobtrusive Observation - -

Tracking markers must be easy to apply Observation -
Applied at about 

3 ft/min

Tracking markers must be semi 
permanent

Observation - -

Have an emergency stop. Observation - -

Have a collision avoidance system Tape Measure ± 1 inches
Must stop if object is 
within 1 foot of robot

Should Do:
Measurement 

Method/Device
Tolerance Conditions Result

System must mount and un-mount 
without significant modifications to the 
robot

Observation - -



Marker Type
Line Following 

Method
Absolute Positioning 

Method
Relative Position

Obstacle 
Avoidance

Solid color floor tape with 
barcode markings at 

intersection

Color Sensor 
Module

Barcode at intersections. 
Encoder with an idler 

wheel.
Ultrasonic 

Sensors (4)

Design Solution



Marker Type
Line Following 

Method
Absolute Positioning 

Method
Relative Position

Obstacle 
Avoidance

Solid color floor tape with 
barcode markings at 

intersection

Color Sensor 
Module

Barcode at intersections. 
Encoder with an idler 

wheel.
Ultrasonic 

Sensors (4)

Design Solution



Schematic



Engineering Tests
Must Do: Test Result

Navigate a robot to a point via a 
predetermined path

Used preset course to navigate from point to point.
Used long straight path to show robot max speed = 3 ft/s

Provide location data at any given time Galil monitors encoder counts.  400 counts/in.

Provide accurate location data
Compare distance returned by the Galil with actual 
distance of the move over various lengths of  travel.

Tracking markers must be unobtrusive
Tested ability to walk over tape without  causing a 

tripping hazard.

Tracking markers must be easy to apply Applied tape at 3 ft/min when creating testing course.

Tracking markers must be semi 
permanent

Used robot wheels to determine that the tape will 
withstand normal wear and tear. Tape can be removed.

Have an emergency stop.
Ran robot and stopped its motion using a remote kill 

switch.

Have a collision avoidance system
Ran robot towards a box.  Will stop and avoid a collision  

when the robot comes within one foot of the box.

Should Do: Test Result

System must mount and un-mount 
without significant modifications to the 
robot

System used only mounting features that were already 
on the robot. 



Budget



Budget
Labor

QTY Workers Hours
Hourly 
Rate Salary

Additional 
Benefits Overhead Total Cost

1 Mechanical Engineers 656 $36.54 $23,970.24 $8,868.99 $9,588.10 $42,427.32

3 Mechatronic Engineers 656 $40.14 $78,995.52 $29,228.34 $31,598.21 $139,822.07

1 Machinist 16 $20.60 $329.60 $121.95 $131.84 $583.39

Total Labor: $182,832.79

$

Budget Summary 

Materials $3,589.21

Labor $182,832.79

Total $186,422.00
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