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Real-Time Human Pose Recognition for Kinect

[ Shotton et al.,, CVPR 2011 ]

CVPR 2011 Best Paper Winner




Behind-the-scenes Story about Kinect

N)

http://www.eng.cam.ac.uk/news/stories/2011/Xbox_Kinect/
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Alumnus Dr Jamie Shotton and the development of Kinect for Xbox 360
20 January 2011

Dr Jamie Shotton completed his PhD in the Machine Intelligence Lab with Professor
Cipolla, here at the Department of Engineering from 2003-2007. Jamie now works for
Microsoft at their Cambridge research laboratory, where he has been intimately
involved in the development of Kinect for Xbox 360. Kinect makes you the controller,
allowing you to jump in and play games using your whole body, without holding or
wearing anything special. Jamie came back to the Department to lecture the 4th year
undergraduate students on this in Movember 2010. Below, he tells his behind-the-
scenes story about Kinect.

"l joined the Machine Learning & Perception group at Microsoft Research Cambridge
(MSRC) in June 2008 as a post-doc to continue my PhD research in computer vision. 4 i

In this, | had focused on automatic visual object recognition: teaching computers how Dr Jamie Shotton
to recognise different types of object in photographs such as cars, sheep, trees, etc.
Little did | know at that point how quickly | would get pulled into the frenzy of research
and development around Kinect, and how this blue-skies research could be applied to
such a practical problem.

"I had taken a machine learning approach to visual object recognition in photos, which
works as follows. First, you build up a varied training set of images where you label
each pixel with a colour, according to which object category it belongs to. 5o, for
example, you hand label all 'cow' pixels in blue, and all 'tree’ pixels in green, using a
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e Ho, T. K. 1995
— Random decision forests, ICDAR 1995

-t oooooddynn
[ [

e AMit & Geman 1997

— Shape Quantization and Recognition with
Randomized Trees, Neural Computation,1997

 Leo Breiman 2001
— Random Forests , Machine Learning, 2001
- Joo00oooooooodgao
- 0oodoo

Randomized Decision Trees
Randomized Decision Forests 0 0000 dOodoodoOnO



e JUDODOO [Lepetit et al. 2005]

B i &
. —_— ~
i Ak .
. R s v __, i
; Pt
Vi 4 hid w
{J ‘ A
- \
|
T Pl

building

car

2012/5/23 Jobodgo ecviMuoug o good 6



e |CCV 2009 tutorial by Jamie Shotton

— http://www.lis.ee.ic.ac.uk/~tkkim/iccv09 tutorial
e |CCV 2011 tutorial by Antonio Criminisi

— http://research.microsoft.com/en-us/groups/vision/decisionforests.aspx

e U UOMODOO DO O
— http://www.vision.cs.chubu.ac.jp/RTs/
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( 1) [Breiman 2001]
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(2) [Breiman 2001]

 Out-of-Bag Estimates
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(3)

e RFL] Classifier Cascade [viola & Jones 2001]

O0odododn Classifier Cascade
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[Criminisi 2011]

A*'z Tra|n|ng P0|nts 4-class mixed
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By o B

T=200, D=3, w. |l. = conic T=200, D=6, w. |l. = conic | T=200, D=15, w. |. = conic
max tree depth D
underfitting overfitting
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[Lepetit et al.,, 2006]
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[Lepetit et al.,, 2006]
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[Lepetit et al.,, 2006]
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[Lepetit et al., 2006]
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Shotton et a/. 2011]
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[Shotton et a/ 2011]
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[Shotton et a/ 2011]

Input depth image (bg removed) Inferred body parts posterior



Shotton et al. 2008]

e IO HOUOOOOOOLOREFLOO L
[] Semantic Texton Forestsl]
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~ clustering into . '
“‘semantic textons’

classification algorithm

SVM, decision forest, boosting
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Semantlc TeXton FOreSFS%otton et al. 2008]
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Bag of Semantic Texton
[Shotton et a/. 2008]

« Bag of words
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[Shotton et a/. 2008]

Real-Time Semantic Segmentation

Jamie Shotton
Matthew Johnson
Roberto Cipolla
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Hough Forest [Gall et al, 2009]

[Okada 2009]

e JUDODODOOUOLODODOOODO OO O
— Implicit Shape Model [Leibe et al. 2003]
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Hough Forest [Gall et al 2009]
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Hough Forests [Gall et al. 2009]
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[ Criminisi et al. 2010]

HREEN
Jouoooi
HREEN
ooy

2012/5/23 Jooogdo CVIM




O OO0 O0OMOoO0O-dO

]
]
]

HRERNRNRNRERERERN

[]

Joooddbodti
[]
HRERERE

ERERERERE



S ﬂ ...0"0 @ o: ® ©
o® 20 o.

— ® o
‘.0.00. 0.
@ @ ©e®
.‘M 0y © f.
o0ooooon ."O
o0o0ooooon o

2012/5/23 Jobodgo ecviMuoug o good 53

v



[Perbet et a/. 2009]
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[Perbet et a/ 2009]

a
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T T o
Sl e

s o

(a) Input data density  (b) Random forest partitions (¢) Graph structure (d) Clustering result
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[Perbet et a/. 2009]
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Random Fern

[Ozuysal et al/. 2010]

e U DODOOMOO
—P(f1;f2;---;fN|C — Ci) — HII¥=1P(fk|C — Ci)
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« Semi-naive Bayesian Approach
—P(fl,fz,...,lec=Ci)= ]I:I=1P(FI{|C:CL')
—Fe = oty fotk2)r = fotes) p K = 1, s M
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RF vs. Random Fern

[Ozuysal et al/. 2010]
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[Ozuysal et al. 2010]
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Extremely Randomized Trees

[Geurts et al. 2006]
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Rotation Forests

[Rodriguez et al. 2006]
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On-line Random Fore§éta§fari et al. 2009]
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(1) [Saffari et al. 2009]
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(2) [Saffari et al. 2009]
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Multiple Instance Learning

[Babenko et al. 09]
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- MIL

2012/5/23 Jogodo ecviMmiooo o oogod 66



MIForest

[Leistner et al. 2010]
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CVPR 2012

 Real-time Facial Feature Detection using
Conditional Regression Forests

e Conditional Regression Forests for
Human Pose Estimation

S(x;|1) = Z Z p(xj, cillr)

lEL c|eC

_ Z Z p(x;|c)p(cilly)

leEL c;eC
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CRF

[Dantone et al. 2012]
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CRF

[Sun et al. 2012]
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Open CV
— CVvRTrees

Waffles
— http://waffles.sourceforge.net/

Randomforest-matlab

— http://code.google.com/p/randomforest-
matlab/

| e0 Breiman

— http://www.stat.berkeley.edu/~breiman/Ran
domForests/cc_home.htm
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Follow-ups

e JOOUOOOOOOOOOODOOOLOWeb
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http://www.habe-lab.org/habe/RFtutorial
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Prof. Roberto Cipolla at Cambridge
niversity and his group at CUED
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