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Challenges 
●  Getting Matlab code to run properly 
●  Understanding the strange TLD code structure 
●  Speeding up runtime 
●  Accuracy 



Our Experiments   
●  Detector Algorithm 

–  10-NN 
–  SVM 

 

●  Training KNN 
–  Set maximum number to keep 

•  Keep most recent 
•  Randomly keep 100, remove 100 per frame 

 

●  Combine Detector and Tracker 
–  Penalize detector boxes if they are far from tracker 

 



Detector - NN 
1.  First filter by variance 
2.  Use FERN features, 20 of them 
3.  10-NN for pos and neg 
4.  Similarity = # places that are same, over NNs 
5.  Calculate confidences, C 
6.  If C’s differ enough, output the higher one 

 



Detector - SVM 
●  SVM Classification 

–  Keeps only updated support vectors from new frame. 
–  Confidence score: fits sigmoid curve on margin of the SVM model. 
–  Learning: updates model to handle false positives and false negative in new 

frame. 



Training KNN 
●  Set maximum number to keep, MAX 

–  Used 200, 500, 1000 
●  Attempt 1: Keep MAX most recent 
●  Attempt 2: randomly keep 10, remove 10 per frame to stay at MAX 



Combining Tracker and Detector 
●  Penalize detector boxes if they are far from tracker 



Results 

link	  



Results 
●  We are still working on… late days :) 

Hopefully Bolt is quicker than our algorithm thinks... 



Results 
Oops, where’s the box? 
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Tracking-Learning-Detection:
An Integrated Approach for Robust Tracking

Amani V. Peddada
amanivp@cs.stanford.edu
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Implementation

• Detector: Random Fern Forest 
+ Nearest Neighbor

• 10 trees, 9 comparisons

• 50 trees, 6 comparisons

• Filter by overlap

• LK Tracker

• Integrator that weights scores 
of tracker and detector.
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Extension: Support Vector Machine

• Max-Margin Binary 
Classifier

• Trained on linear, quadratic, 
polynomial, and Gaussian 
Kernels.

• Superior Performance
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Features & Input Data

• Normalized, resized patch

• HOG Features  + SVM — 
noisy performance

• HOG Features + Patch 
intensity — accurate, 
inefficient
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The Integrator

• Finding balance between detection and tracking output is key

• Use confidences as measure of accuracy

• Strategies:

• Use tracking prediction unless the max detection 
confidences is larger by a margin

• Utilize a weighted average of bounding boxes based on 
confidences
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Results

Average Overlap

Average MAP
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Analysis

9 comparisons 6 comparisons
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Analysis

HOG Features

Large jumps between frames
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Analysis

SVM vs. Fern Forest 

SVM - with Patch features Fern Forest - 60 classifiers, 
5 comparisons
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Analysis

SVM vs. Fern Forest 

SVM - with Patch features Fern Forest - 60 classifiers, 
5 comparisons
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Further Extensions

• Information Gain to determine optimal tree 
structure

• Difference between mean values of sub-patches as 
binary tests - less noisy.

• Other discriminative classifiers — feed-forward 
Neural Networks (trained less often)
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Thank you!
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5HVXOWV

6WDQGDUG�,PSOHPHQWDWLRQ
YDULHG�SHUIRUPDQFH�DFURVV�GLIIHUHQW�YLGHRV�UDQJLQJ�IURP������DYJ��
RYHUODS�WR�!���

([WHQVLRQV
UDQGRP�IHUQ�FODVVLILHU
VWUDWHJLHV�IRU�JHQHUDWLQJ�SRVLWLYH�DQG�QHJDWLYHV
VWUDWHJLHV�IRU�IXVLQJ�WKH�GHWHFWLRQ�ERXQGLQJ�ER[HV�IURP�\RXU�

OHDUQHG�GHWHFWRU��DQG�WKH�ER[HV�REWDLQHG�IURP�WKH�./7�WUDFNHU
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6WDQGDUG�,PSOHPHQWDWLRQ

%ROW���HYDOXDWLRQ�YDOXHV��DYHUDJH�RYHUODS ����������VXFFHVV�DXF ����������PDS ��������
&DU����HYDOXDWLRQ�YDOXHV��DYHUDJH�RYHUODS ����������VXFFHVV�DXF ����������PDS ��������
'HHU��7KH�HYDOXDWLRQ�YDOXHV��DYHUDJH�RYHUODS ����������VXFFHVV�DXF ����������PDS ��������
'DQFHU���HYDOXDWLRQ�YDOXHV��DYHUDJH�RYHUODS ����������VXFFHVV�DXF ����������PDS ��������



Tracking	  Project	  

Eric	  Holmdahl	  
231B	  



TLD	  Tracking:	  Results	  (no	  extensions)	  

•  First	  20	  frames	  of	  Car4:	  	  
– mAP:	  1.0	  
– Average	  overlap:	  .86	  

•  Full	  Car4:	  
– mAP:	  .79	  
– Average	  overlap:	  .70	  



Using	  BRIEF	  Features	  

	  	  



Pyramid	  Sampling	  

•  Instead	  of	  sta1c	  15x15	  patch,	  take	  increasing	  
size	  patches	  (30x30,	  60x60,	  etc)	  to	  try	  and	  
improve	  resolu1on	  

•  Similar	  to	  pyramid-‐style	  SIFT	  feature	  
extrac1on	  



Extension	  Results	  

•  Should	  have	  by	  class	  Monday!	  
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Tracking	  –	  Learning	  -‐	  
Detec1on	  

Tugce	  Tasci	  
Stanford	  Univers1y	  

05/11/2015	  

	  

CS231B Project #2:"
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Object	  Detec1on	  

Variance Filter" Ensemble 
Classifier"

Nearest Neighbor 
Classifier"

If	  variance	  
	  
	  
is	  smaller	  than	  a	  
threshold,	  patch	  
fails	  	  

Probability	  Ppos	  =	  
P(y=1|F)	  is	  
calculated	  with	  
random	  fern	  
classifica1on.	  	  If	  
Ppos<0.5,	  patch	  fails	  

Rela1ve	  similarity	  of	  
the	  current	  patch	  
and	  previous	  
patches	  is	  calculated	  
(online	  learning).	  If	  
Sr<0.6,	  patch	  fails.	  	  
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Integrator	  
Decision	  is	  based	  on	  the	  number	  of	  detec1ons,	  their	  confidence	  values	  
and	  the	  confidence	  of	  the	  tracking	  result	  
	  

	  If	  T	  ~=0	  
	  if	  |D|==1	  &&	  conf(D)>conf(T)	  
	   	  result	  =	  D	  
	  else	  
	   	  result	  =	  T	  

else	  if	  |D|	  ==	  1	  
	  result	  =	  D	  

	  
For	  all	  other	  cases,	  object	  is	  assumed	  invisible.	  
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Learning,	  P/N	  experts	  

	  for	  all	  patches	  B	  
	  if	  overlap>0.6	  and	  classifyPatch(B)<0.5	  
	   	  calculate	  and	  update	  features	  for	  all	  ferns	  
	   	  #of	  (+)	  patches	  +=1	  
	  else	  if	  overlap<0.2	  and	  classifyPatch(B)>0.5	  
	   	  calculate	  and	  update	  features	  for	  all	  ferns	  
	   	  #of	  (-‐)	  patches	  +=1	  
	   	  if	  conf(result)>thr-‐	  
	   	   	  add	  it	  to	  (-‐)	  patches	  

If	  conf(result)<thr+	  
	  add	  it	  to	  (+)	  patches	  
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Results	  

Dancer 	   	   	   	   	   	   	   	  Deer	  

average-‐overlap=0.668031,	  	  
success	  auc=0.670667,	  
map=0.977073	  
	  
Elapsed	  1me	  is	  0.72538	  seconds.	  
	  
	  

average-‐overlap=0.573483,	  	  
success	  auc=0.585211,	  	  
map=0.600965	  
	  
Elapsed	  1me	  is	  2.18415	  seconds.	  
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7UDFNLQJ�3URMHFW

-DVSHU�/LQ
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0\�,PSOHPHQWDWLRQ
Ɣ ���)HUQ�FODVVLILHUV�ZLWK����FRPSDULVRQV�HDFK

Ɣ /LPLW�WR�����SRVLWLYH�H[DPSOHV

Ɣ $FKLHYHG�EHWWHU�WKDQ�EDVHOLQH�IRU�ERWK�&DU��DQG�'DQFHU�
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3UHOLPLQDU\�5HVXOWV�ZLWK�'DWDVHWV

2YHUODS P$3 1RWHV

&DU� ����� ����� /RVHV�LQ�VKDGRZ

'DQFHU� ����� ����� 2FFDVVLRQDO\�MXPSV

%ROW� a a 'RHV�QRW�WUDFN�
UXQQHU

'HHU�����IUDPHV� ����� ����� $OZD\V�IDLOV�RQ���WK�
IUDPH�HYHQ�WKRXJK�
OHDUQLQJ
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Preliminary	  results:	  	  
Dancer2	  

3UHOLPLQDU\�5HVXOWV

'DQFHU�
2YHUODS���������P$3������
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2XWVLGH�([DPSOH

0RWRFURVV
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'HEXJJLQJ"
Ɣ )RFXV�RQ�LPSOHPHQWLQJ�DQG�WHVWLQJ�D�YDULHW\�RI�LQWHJUDWRUV

ż 0RWRFURVV�H[DPSOHV�VKRZV�QHHG�WR�UH�LQLWLDOL]H�WUDFNHU
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'HEXJJLQJ"
Ɣ )RFXV�RQ�LPSOHPHQWLQJ�DQG�WHVWLQJ�D�YDULHW\�RI�LQWHJUDWRUV

ż 0RWRFURVV�H[DPSOHV�VKRZV�QHHG�WR�UH�LQLWLDOL]H�WUDFNHU

Ɣ 0RGHO�GRHVQ¶W�WUDFN�%ROW�
ż 6HHPV�OLNH�D�3�1�H[SHUW�LVVXH�LQ�WKH�OHDUQLQJ�PRGHO
ż 7UDFNV�RWKHU�EDFNJURXQG�IHDWXUHV��QRW�%ROW
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2WKHU�7KRXJKWV
Ɣ 0RGHO�WHQGV�WR�IDLO�GXULQJ�WUDQVLWLRQV�LQ�OLJKWLQJ��H�J��&DU��DQG�+XPDQ��
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2WKHU�7KRXJKWV
Ɣ 0RGHO�WHQGV�WR�IDLO�GXULQJ�WUDQVLWLRQV�LQ�OLJKWLQJ��H�J��&DU��DQG�+XPDQ��

ż ,QWURGXFH�GLIIHUHQW�LPDJH�ZDUSV�WKDW�DOVR�FKDQJH�LOOXPLQDWLRQ
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2WKHU�7KRXJKWV
Ɣ 0RGHO�WHQGV�WR�IDLO�GXULQJ�WUDQVLWLRQV�LQ�OLJKWLQJ��H�J��&DU��DQG�+XPDQ��

ż ,QWURGXFH�GLIIHUHQW�LPDJH�ZDUSV�WKDW�DOVR�FKDQJH�LOOXPLQDWLRQ

Ɣ /RFDO�%LQDU\�3DWWHUQ�$OWHUQDWLYH�VHHPV�WR�KDYH�PLQLPDO�LPSDFW�RQ�UHVXOWV
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2WKHU�7KRXJKWV
Ɣ 0RGHO�WHQGV�WR�IDLO�GXULQJ�WUDQVLWLRQV�LQ�OLJKWLQJ��H�J��&DU��DQG�+XPDQ��

ż ,QWURGXFH�GLIIHUHQW�LPDJH�ZDUSV�WKDW�DOVR�FKDQJH�LOOXPLQDWLRQ

Ɣ /RFDO�%LQDU\�3DWWHUQ�$OWHUQDWLYH�VHHPV�WR�KDYH�PLQLPDO�LPSDFW�RQ�UHVXOWV
ż 1DLYH�,PSOHPHQWDWLRQ�LVQ¶W�PXFK�VORZHU�WKDQ�YHFWRU�LPSOHPHQWDWLRQ�

IRU�VPDOO�SDWFKHV
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2WKHU�7KRXJKWV
Ɣ 0RGHO�WHQGV�WR�IDLO�GXULQJ�WUDQVLWLRQV�LQ�OLJKWLQJ��H�J��&DU��DQG�+XPDQ��

ż ,QWURGXFH�GLIIHUHQW�LPDJH�ZDUSV�WKDW�DOVR�FKDQJH�LOOXPLQDWLRQ

Ɣ /RFDO�%LQDU\�3DWWHUQ�$OWHUQDWLYH�VHHPV�WR�KDYH�PLQLPDO�LPSDFW�RQ�UHVXOWV
ż 1DLYH�,PSOHPHQWDWLRQ�LVQ¶W�PXFK�VORZHU�WKDQ�YHFWRU�LPSOHPHQWDWLRQ�

IRU�VPDOO�SDWFKHV
ż ([SORUH�XVLQJ�ODUJHU�SDWWHUQV�WR�UHSUHVHQW�SDWFKHV�PRUH�DFFXUDWHO\
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7/'�7UDFNHU
'\ODQ�5KRGHV
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9DQLOOD�5HVXOWV
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9DQLOOD�5HVXOWV
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6DPSOLQJ�0RWLYDWLRQ
Ɣ 7UDMHFWRULHV�VKRXOG�EH�IDLUO\�VWDEOH

ż %R[HV�ZKLFK�RYHUODS�ZLWK�WKH�FXUUHQW�RQH�PRUH�ZLOO�
SURGXFH�D�VPDOOHU�FKDQJH�EHWZHHQ�IUDPHV

ż 6XEVDPSOLQJ�ER[HV�VKRXOG�VSHHG�WKH�DOJRULWKP
Ɣ 6DPSOH�ER[HV�IURP�JULG�EDVHG�RQ�WKHLU�

RYHUODS�ZLWK�WKH�ODVW�ER[�DQG�D�UDQGRP�
FRHIILFLHQW�GUDZQ�IURP�D�JDXVVLDQ
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6DPSOLQJ�5HVXOWV
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6DPSOLQJ�5HVXOWV
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$UHD�3ULRU�0RWLYDWLRQ
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$UHD�3ULRU�5HVXOWV
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$UHD�3ULRU�5HVXOWV
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Single Object Tracking with TLD, Convolutional
Networks and AdaBoost

Albert Haque and Fahim Dalvi

May 11, 2015

Albert Haque, Fahim Dalvi Stanford University May 11, 2015 1 / 5
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Outline

I Patch Features
I Raw Pixels, HOG, CNN

I Learning Methods
I SVM, AdaBoost

I Tracker Regularization

I Quantitative Results

Albert Haque, Fahim Dalvi Stanford University May 11, 2015 2 / 5
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SVM with Raw Pixels

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Car4 Deer Dancer2 Bolt2 Vase Man Jumping Fish Human8

Overlap

MAP

Validation Set Test Set

Albert Haque, Fahim Dalvi Stanford University May 11, 2015 4 / 5
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Convolutional Network Feature Extraction

I VGG-16 architecture using fc7 non-rectified features

I GTX Titan X

I Patches resized to 256x256

I Test time batch size of 200

I Overhead: 2 seconds per frame

Albert Haque, Fahim Dalvi Stanford University May 11, 2015 5 / 5



Tracking-Learning-Detection with 
HOG/SVM & RCNN and Spatial Priors 

Ranjay Krishna 



1.  Pixel Values + SVM 
2.  HOG features + SVM 
3.  Selective Search 
4.  Spatial Prior 

a.  Size Delta 
b.  Overlap Threshold 

5.  RCNN Features 
6.  Generalizing Detections 

Extensions & Experiments 



1: Using Pixels + SVM 
Average 
Overlap 

Success AUC MAP Time per 
Video (s) 

Car4 0.58 0.55 0.9 255 

Deer 0.64 0.63 0.66 253 

Dancer2 0.67 0.67 0.74 196 

Bolt2 0.02 0.06 0.01 114 

Fish 0.74 0.75 0.77 142 

Human8 0.09 0.12 0.06 200 

Jumping 0.24 0.27 0.19 176 

Man 0.65 0.64 0.98 115 

Vase 0.59 0.59 0.55 142 



1: Using Pixels + SVM 
Example with Deer. Pixels do not capture the face very well and we lose the 
box for multiple frames when the detector gets confused. 
 
Example of Deer with pixels: link 



2: HOG + SVM 
Average 
Overlap 

Success AUC MAP Time per 
Video (s) 

Car4 0.65 0.65 0.92 254 

Deer 0.66 0.66 0.67 150 

Dancer2 0.76 0.77 0.95 176 

Bolt2 0.01 0.06 0.01 142 

Fish 0.80 0.81 0.88 156 

Human8 0.23 0.25 0.19 191 

Jumping 0.46 0.46 0.27 188 

Man 0.87 0.87 1.00 115 

Vase 0.56 0.56 0.63 160 



2: HOG + SVM 
Performance on Vase video goes down because of the large difference in 
pixels between the object and the background. So, the pixel features perform 
really well. 
 
Example of the deer now with HOG: link 



3. Selective Search 
Average 
Overlap 

Success AUC MAP Time per 
Video (s) 

Car4 0.65 0.65 0.92 44 

Deer 0.66 0.66 0.67 48 

Dancer2 0.76 0.77 0.95 46 

Bolt2 0.01 0.05 0.01 42 

Fish 0.80 0.81 0.88 90 

Human8 0.20 0.21 0.10 90 

Jumping 0.42 0.42 0.24 82 

Man 0.83 0.87 1.00 15 

Vase 0.56 0.56 0.61 53 



4. Spatial Priors 
1.  Size Delta 

The object doesn’t change in size too much between consecutive frames. 
So, my integrator checks and rejects boxes that differ in size from the 
previous detections. 

 
2.  Overlap Threshold 

Similarly, my integrator checks and only considers detections that have an 
overlap with previous detections. Prevents detections from jumping 
around. 

 
Improved results with the Deer: link 



Hog Failure on Human8: link 
 
 
 
 
 
 
RCNN performs better on Human8: link  
 
 
 
 
 
 
Perfect Example with Dancer2: link 

5. RCNN Person Detector 



6. Generalizing Detections 

What happens if we don’t warp our positive 
detection examples? 
 
Without warps: link 
 
With warps: link 



Random Musing 

Segmentation 

Tracking 

RCNN 

Selective Search 

Oversegmentation 

Project 1 

Project 2 

Project 3 
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Project 2: TLD 

Kelsie Zhao 



11-May-15!cs231b Students!

Contents  

Results 
 
Some Problems 
 
Extensions 
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� Fair ones 
› Car4: average-overlap=0.74, map=0.97 
› Dancer2: average-overlap=0.78, map=1.00 
› Fish: average-overlap=0.88, map=1.00 

 
Slow motion, low appearance variance 
 
� Unsatisfactory ones: Human8, Bolt2 

› Bounding box not following 
 
Fast motion or Sudden change of appearance 

Results 
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� NN classifier produces probability always around 0.5 
› For positives, 0.5043; for negatives, 0.4902 

 
� Cannot handle fast motion 

› Scan a larger region vs Speed 
 

� Cannot handle fast illumination variances 
› Fern might not handle uneven illumination change 

Some Problems 
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� Detection Strategy 
› Run Classifiers on bounding boxes within a region of the last bounding 

box 
 

� Priori for detection 
› Penalize the confidences of the detected bounding boxes which 

experienced a sudden change in bounding box size. 
 

� HOG & SVM 
› Use HOG feature and SVM in place of Fern + NN 
 

Extensions: 
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Thank You! 
Q&A 
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TLD$tracking$project$$

Meng$Wu$
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Main$components$

•  KL$tracker$ $ $ $7>$direc:on$
•  SVM$classifier$$ $7>$robustness$
•  NN$classifier$ $ $7>$confirma:on$
•  Integrator$

1.  SVM$rejects$wrong$detec:ons$
2.  score$=$NN$conf$+$SVM$score$+$overlap$*$KL$conf$
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Parameter$seLng$$
•  Patch$size:$$ $24$x$24$
•  PaRern$size:$ $24$x$24$
•  SVM: $$

$Linear$kernel$without$auto7scale$
$Average$50$–$80$suppor:ng$vectors$

$
•  200$Posi:ve/Nega:ve$Examples$

$Always$keep$the$original$examples$
$Keep$posi:ve$examples$most$away$from$nega:ve$examples$
$Randomly$replace$100$with$new$nega:ve$examples$

$$
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Results$

Bolt2$ Car4$ Deer$ Dancer2$ Fish$

Average$
overlap$ 0.601$ 0.712$ 0.690$ 0.764$ 0.668$

Average$
precision$$ 0.602$ 0.712$ 0.686$ 0.761$ 0.667$

Map$ 0.765$ 0.752$ 0.87$ 1.00$ 0.913$

Frame$rate$ 0.46$ 0.35$ 0.35$ 0.16$ 0.23$

Because$adding$the$SVM$scores,$the$average$precision$bad.$$
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Some$observa:ons$

•  Important$to$keep$the$original$posi:ve$
examples$

•  Resizing$patches$takes$most$of$:me$
•  Reduce$number$of$bonding$boxes$
– Search$in$the$neighborhood$
– Similar$sizes$

•  Only$update$the$NN$datasets$when$you$are$
sure$
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TLD	  
Implementa1on	  and	  Evalua1on	  

	  
	  
	  

Lyne	  P.	  Tchapmi	  
Stanford	  University/CS231B	  
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Building	  Blocks	  
•  Classifier	  

–  FERN	  
–  SVM	  

•  Features	  
–  ZMUV	  
– BRIEF-‐16	  
– BRIEF-‐32	  

•  Integrator	  
•  Pakern	  generator	  
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Evaluation
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FERN+ZMUV
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FERN+ZMUV 


