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tǊƻǇƻǎŜŘ 
tǊƻƪŀƧ Ŝǘ ŀƭΦ 

/±tw² нлмм 

tƛǊǎƛŀǾŀǎƘ Ŝǘ ŀƭΦ 

/±tw нлмн 

wŜƛƭƭȅ Ŝǘ ŀƭΦ 

9//± нлмл 

5ŜǘŜŎǘƻǊ 

hƴƭȅ 

wŜŎŀƭƭ лΦпу лΦпм лΦос лΦпп лΦрт 

tǊŜŎƛǎƛƻƴ лΦфн лΦфт лΦмп лΦмп лΦлу 

CŀƭǎŜ tƻǎΦ κ CǊŀƳŜ мΦло лΦор роΦр срΦм мсо 

CŀƭǎŜ tƻǎΦ κ D¢ лΦлп лΦлм нΦно нΦтн сΦум 

ah5! лΦпп лΦоф -мΦут -нΦнт -сΦнр 

{ǿŀǇǎ κ ¢ǊŀŎƪ лΦнл лΦос мΦно мΦом - 

.ǊŜŀƪǎ κ ¢ǊŀŎƪ лΦфф мΦтт нΦул оΦмл - 

ah¢! лΦпо лΦоф -мΦфл -нΦол - 

CǊŀƳŜǎ κ {ŜŎƻƴŘ лΦмн мфΦо - оΦул - 

Å WPAFB 2009 Dataset 

Å 1025 frames @ 1.25 fps (å14 minutes) 

Å 429 m x 429 m geo-referenced region 

Å 410 ground truth tracks 

DŜƴŜǊŀǘŜŘ 
ǘǊŀƧŜŎǘƻǊƛŜǎ 
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9ȄŀƳǇƭŜǎ ƻŦ ǘŀǊƎŜǘǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ǘǊŀŎƪŜŘ ǘƘǊƻǳƎƘ ŀ ǎǘƻǇΦ ¢ƘŜ ƭŜƊ ŎƘŀǊǘ ǎƘƻǿǎ ǘŀǊƎŜǘǎΩ ǎǇŜŜŘ 
ƻǾŜǊ ǝƳŜΣ ŀƴŘ ǘƘŜ ƛƳŀƎŜ ƻƴ ǘƘŜ ǊƛƎƘǘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘǊŀƧŜŎǘƻǊƛŜǎΦ 

/hb/[¦{Lhb{ !b5 C¦¢¦w9 ²hwY 
Å Frame-frame tracker combined with a detection-based tracker effectively minimizes reliance on 

background subtraction and generates tracks of  stopping targets, with little ID switching. 
Å Decreasing the computational complexity of  the approach is the focus of  our future work. 

twh.[9a 

!ttwh!/I 

Å 100 megapixel imagery, 1.25 frames / second, grayscale, 0.30 meters / pixel resolution 

Å Track vehicles as long as possible, including through stops 

5ŜǘŜŎǝƻƴ .ŀǎŜŘ ¢ǊŀŎƪŜǊ 

Å 5ŜǘŜŎǝƻƴǎ ŦǊƻƳ ōŀŎƪπ
ƎǊƻǳƴŘ ǎǳōǘǊŀŎǝƻƴ 

Å tǊƻƪŀƧ Ŝǘ ŀƭΦΣ /±tw² нлмм 

/ƻǊǊŜǎǇƻƴŘŜƴŎŜ CǊŀƳŜ-CǊŀƳŜ ¢ǊŀŎƪŜǊ 

¢ŀǊƎŜǘ ǎǘŀǘŜ ǊŜƎǊŜǎǎƻǊ 

ƳŀǘŎƘŜŘ 

ǳƴƳŀǘŎƘŜŘ 

ǘǊŀŎƪƭŜǘǎ ǘǊŀŎƪǎ 

ƛƴƛǝŀƭƛȊŜ 

ǳǇŘŀǘŜ 

Cw!a9-Cw!a9 ¢w!/Y9w 
1) Sample N times from the motion model 

2) Regress each sample to find displacement to true target state 

3) Choose the largest cluster of  target state estimates 

w9Dw9{{Lhb 

DŜƴŜǊŀǘŜ ŜȄŀƳǇƭŜǎ ƻŦ ǘƘŜ 
ǘŀǊƎŜǘ ŦǊƻƳ ǘƘŜ ǘǊŀŎƪƭŜǘ 

¢ǊŀƴǎŦƻǊƳ ŀƴŘ 
� ŀ̂ǾŜǊŀƎŜ�_ 

59{/wLt¢hw 

DŜƴŜǊŀǘŜ ŀ ǎŜǘ ƻŦ ŘƛǎǇƭŀŎŜŘ 
ǾŜǊǎƛƻƴǎ ƻŦ ǘƘŜ ǘŜƳǇƭŀǘŜ 

ΦΦΦ 

DƛǾŜƴ ŀ ǇƻǎŜ 
ǎŀƳǇƭŜ όȄΣȅΣ�}ύ 

¢ǊŀƴǎŦƻǊƳ {ǳōǘǊŀŎǘ ŦǊƻƳ ǘƘŜ 
ŘƛǎǇƭŀŎŜŘ ǘŜƳǇƭŀǘŜ ǎŜǘ 

- 

- 

bƻǊƳŀƭƛȊŜ ǘƻ ŀ 
ŘƛǎǘǊƛōǳǝƻƴ 

w9Dw9{{Lhb 

a9¢Ih5 

Å Non-parametric, Nadaraya-Watson kernel-weighted average 

Å Generate labelled examples from the tracklet (ǃx, ǃy, ǃǦ) 

Å Kullback-Leibler divergence based kernel 

±![L5!¢Lhb 

Å The target must be at least partially visible for the regressor output to be valid 

Å Validate the output by binning the target state estimates and choosing the bin with the greatest 
number of  samples, provided it is greater than some minimum 

ah¢Lhb ah59[[LbD 
Å Learn a vehicle motion model from a small subset of  tracking ground truth 

Å Predict with a multi-variate RVM, combined with a velocity-dependent covariance 

¢w!/Y9w /hww9{thb59b/9 

9ȄŀƳǇƭŜǎ ƻŦ ǘƘŜ ǇǊŜŘƛŎǝǾŜ 
ŘƛǎǘǊƛōǳǝƻƴ 

Å Associate tracklets with tracks by considering their overlap and direction of  motion 
Å When frame-frame tracker fails, re-initialize it with the associated tracklet 

C!L[¦w9 59¢9/¢Lhb 

Å When the two tracker trajectories diverge, need to decide which tracker to trust 
Å Logistic regression classifier decides which tracker to trust using tracker confidence features 
(trained offline) 

9ȄŀƳǇƭŜǎ ƻŦ ŘƛǾŜǊƎƛƴƎ ǘǊŀƧŜŎǘƻǊƛŜǎ 

Øʦ Ùʦ Øʧ Ùʧ Øʨ Ùʨ Øʩ Ùʩ Øʪ Ùʪ Øʫ Ùʫ  

±ŜƘƛŎƭŜ ǘǊŀƧŜŎǘƻǊȅ 

CŜŀǘǳǊŜǎ [ŀōŜƭ 

5ŜǘŜŎǝƻƴ-ōŀǎŜŘ ǘǊŀŎƪŜǊ 
CǊŀƳŜ-CǊŀƳŜ ǘǊŀŎƪŜǊ 

ah¢Lhb ±![L5!¢Lhb 

CǊŀƳŜ ǘҌм ǘ 

{ƘŀǇŜ Ƴŀǎƪ 9ȄǇŜŎǘ ŦǊŀƳŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜǎŜ ǊŜƎƛƻƴǎ 
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