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Overview 

ÅMulti-Band Optical Tracking Systems (MBOTS) 

ÅPredictive model for MBOTS performance 

ÅDefinition of p(test success) 



What are MBOTS? 

Capabilities 

ÅTrack objects 

ÅRecord 
ïHigh-speed images 

ïPointing angles 

ïTime-space-position 
info (TSPI) 

ïSpectral data  

Applications 

ÅLaser designation 

ÅMissile testing 

ÅProduct Evaluation 

ÅSatellite tracking 

ÅFire Control 

ÅSurveillance 
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Test Scenario Geometry 

Requirement: Estimate target position to within 1 meter 
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Error Defined 

Euclidean 
distance 

Estimated 
target position 

True target  
position 

Pointing angle error 
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Uncertainty and Viewing Geometry 

 ɹ  ɹ

Favorable Stressing 

As  ɹdecreases, area of overlap (uncertainty) increases 



Monte Carlo Approach 

ÅDraw angles from 

 

 

 

ÅDetermine intersection 
point between lines-of-sight 

ÅCalculate Euclidean distance 
between true and estimated 
target position  
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Visualizing Positional Uncertainty 



Euclidean Distance Distributions 
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Target at 
midpoint 

Target across 
trajectory 

Target at 
starting point 

What do we 
want to 

optimize? 



Positional Accuracy vs. Error Budget 
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Determining Optimal Site Placements 

Target at Midpoint of 
Trajectory 

Target at Starting 
Point of Trajectory 

Wide bounds, 
High accuracy 

Favors the edges, 
Reduced accuracy 



Optimal Site Placement Across Trajectory 

Optimal MBOTS location: 
(x1,y1) = (2.1 km, 1.8 km)  
                    and 
(x2,y2) = (7.9 km, 1.8 km) 

Initial placement 

Optimized placement 



MBOTS Positional Accuracy: 
Predicted vs. Actual 

Actual 

Predicted 

*Data from a site-acceptance test for the Photo-Sonics Mobile Multi-
Spectral TSPI System (MMTS), White Sands Missile Range, 2012 



How To Define Success? 

tƻǎƛǘƛƻƴ ŜǊǊƻǊ Җ мƳ  

Viewing geometry 

9  Ǉόtƻǎƛǘƛƻƴ ŜǊǊƻǊ Җ мƳύ җ  ̒

p(success | ,̒ )̀ = p[ E| ,̒  ̀] 

Conditionally 
Probabilistic success 

 ̒



Way Forward 

ÅMBOTS system accuracy model 
ïFuture enhancements 
Å6 degrees-of-freedom (DOF) trajectory 

propagator to support motion dynamics, 
complex trajectories 

ÅModeling of optics, auto-tracker 

ÅApproach is extensible to multiple MBOTS 

ÅApproach for defining p(test success) 
ïResult may be used as evidence for T&E 

resource allocation  
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Mobile Multi-Spectral TSPI System (MMTS) 

Features: 
ÅFully Integrated Pedestal and 
Sensor Control Software 
ÅReal-Time TSPI data output 
ÅSingle station solution 
ÅSensors and System Time-
Synchronized to IRIG @ 250 Hz 
ÅDual gate auto-tracking with 
Camera Link @ 250 Hz 
ÅRemote Control Console 
ÅDigital Servo Amplifier 



MBOTS Key Components 

Controller 

Elevation Encoder 

Sensors 

Azimuth Motor 

Amplifier 

Servo Controller 

Auto Tracker Data Recorder 

Elevation Motor 

Azimuth Encoder 

Time Source 
Operator 
Interface 



Test Value Quantification 

*CǊƻƳ ά¢Ŝǎǘ ŀƴŘ 9Ǿŀƭǳŀǘƛƻƴ wŜǎƻǳǊŎŜ !ƭƭƻŎŀǘƛƻƴ ¦ǎƛƴƎ ¦ƴŎŜǊǘŀƛƴǘȅ wŜŘǳŎǘƛƻƴ 
ŀǎ ŀ aŜŀǎǳǊŜ ƻŦ ¢Ŝǎǘ ±ŀƭǳŜΣέ 9Φ !Φ Bjorkman, 2012 



Systematic Error Sources 

ÅZero Offset 

ÅCollimation 

ÅTilt 

ÅVertical Deflection 

ÅDroop 

ÅNon-orthogonality 

ÅParallax 

ÅRefraction 



Model Assumptions 

Å2D model 

ïElevation angle assumed constant, zero degrees  

ïTarget follows straight path 

ÅCKEM target visible and tracked throughout 
trajectory 

ï1.5m length, solid-fuel rocket 

ïVelocity: 6.5+ Mach 


