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uvoyn

* AlodpOaAun opaon otov avBpwro

e JTEPEOYPOAUMOTO

e EmutoAkn yewpeTpla Kol ETIITOALKOL TTEPLOPLOLOL
— Mapadeypa pe mopAaAANAOUC OTITIKOUC AEOVEC

— levikn mepimtwon pe BaBUOVOUNUEVEC KAUEPEC



[eWUETPLOL OTEPEOOKOTILKOU CUOTAUOTOC

* YroBetwvtag, mapAAAnAoug ontikoUG AEOVEC, YVWOTEC
TIOPOALUETPOUC KApEPAC (TT.X. BaBLLOVOUNUEVEC KAUEPEC):



Image point
(left)

optical
center
(left)

Image poin
(right)

optical
center
r\(right)

baseline
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[ EWUETPIO OTEPEOOCKOTTIKOU CUCTHNOTOC

* YmoBetwvtac, mapaAANAouc OmTIKoUC AEOVEC,
VVWOTEC TIAPAETPOUC KAMEPOC (TT.X.
BaOpovounUEVEC KAMEPEC): ,

- o A Opola Tpiywva (p,, P, p,) Kai

(O, P, O)):

T-AX
/-1 Z
T
Z=f

Disparity

Avopolotnra




BaBoc faocel avopoLotnTog

Eikova I(x,y) Disparity map D(X,y) Eikova I'(x",y")

(X7,y )=(x+D(x.y), y)

OT110TE €AV UTTOPOUNE VA BPOUPE T AVTIOTOIXO ONMEIA KAl
OTIC OUO EIKOVEC, UTTOPOUME VA UTTOAOYIOOUNE OXETIKO BaBoc¢
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[Tl OTEPEOOKOTILKI OPOLON;

P=(XY.2)

X kX
p = (xY, | Z N kZ
e =171

OepeAIwdeG TTPORANMa: OAa ta onueia otnv axktiva OP
EXOUV iXvocg p.
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[Tl OTEPEOOKOTILKI OPOLON;
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Mia deUTEPN KAPEPQ UTTOPEI VA APEI TNV ATTPOCDIOPICTIA,
STTIITPETTOVTAG TOV UTTOAOYIONO BABoug nEow TNG
rplywvoTtroinang




BaBoc faocel avopoLotnTog

(X—=X")/f =Dbaseline/z

X=X =(baseline*f) / z

z = (baseline*f) / (X — X’)




uvoyn

* AlodpOaAun opaon otov avBpwro
e JTEPEOYPOAUMOTO

e EmutoAkn yewpeTpla Kol ETIITOALKOL TTEPLOPLOLOL

— Mapadeypa pe mopAaAANAOUC OTITIKOUC AEOVEC

— levikn mepimtwon pe BaBUOVOUNUEVEC KAUEPEC



BaOpovounuevec KAUEPEC

* OL600 kapepec dev elvat amapaitnto va €xouv MoPAAANAOUC OTITIKOUC
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> TEPEOOKOTILKN OVTLOTOLXLON

* AOCUEVOU TOU ONUELOU p OTNV APLOTEPN ELKOVA, TIOU
uropel va Bploketal to avtiotolyo onueio p’;
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[epLOPLOLLOL OTEPEOCKOTILKNC OVTLOTOLXLONG

,._
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ETTLITOALKOC TEPLOPLOOC

@)

H yewpeTpia Bacel Twv dUO OWewv TrEPIoPICeEl TNV TTIBAVN
0£0on TOu avTioTOIXOU ONUEiou aTn OEUTEPN EIKOVA, EVOC
OOCUEVOU ONUEIOU TNS APXIKAG EIKOVAG.
« [lp€trel va BpiokeTal TTAVW O€ Hia euBeia TTou
TTPOKUTTTEI ATTO TNV TOMN TOU [T KAl TOU ETTITTEOOU TTOU
opileTal ATTO TO oNuEio P kKal Ta OTITIKA KEVTPA.
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ETtUmoALKn YEWUETPLA

72

ETTITTOAIKN
euesl’a

S\

Epipole Baseline Epipole




EmtutoAwkn vewpetpia: Opot

- Baseline: EUOELO TTOU EVWVEL TA KEVTPA TIPOBOANC

* Epipole: onueio tounc tng baseline pe to eninmedo tng elkOVAC

« Epipolar plane: entiedo mou nepLexet tnv baseline kat to 3A
onueio

e Epipolar line: toun tou enumoAwkou emnnedou Pe To eMinmedo TNG
£LKOVOC

e OAec ol eTUMOALKEC eUBEeleC TEVOVTOL OTO ETUTOALKO CNUELO

e Eva emumoAwko emnimedo TEpVEL TA TTESA TNC APLOTEPNC KOL TNG
OeLAC LKOVAC OTLC ETIITOALKEC €UBELEC

rari givar onuavrikog o EMMITTOAIKOS TTEPIOPIOIIOG,



ETTLITOALKOC TEPLOPLOOC

Eival xpoigog yiaTi avayel To TTpoAnNuUa avTioToiXiong o€
TTPOBANMa yovodliaoTaTnG avalnTnong Tavw oTnv
ETTITTONIKN €UBEIQ.

21



MNapadelypo

22



Mwc Ba NTav oL ETILTOALKEC eVBELeC;
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MNoapadelypo: ZUYKALVOUOEC KAUEPEC
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Napadetypo: NMapdAANAEC KAUEPEC

[Tou sival Ta
ETTITTOAIKA
onueia;
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Napadewypa: Kivnon

Mwc Ba NTav oL eTUMOALKEC euBelec eav n
KAMLEPO KlvOUVTAV ITPOC TOL UMPOOTA,;



e

Ta emITTOAIKA onueia Exouv idIEg
OUVTETAYMEVEG KAl OTIC OUO EIKOVEG.

Ta onueia KivouvTtal KaTa JAKOG
NMIEVUBEIWYV TTOU EEKIVOUV QTTO TO €

27



OepeAwodnc niivakac (Fundamental
matrix)

eLKoOva

Eotw p Eva onueic ) ' IH, eva otn 6eLa

EmtumtoAwkn oxeon
— To p mpoBaAetat otnv emnutoAkn euBeia I
— To p’ mpoBaAetat otnv emnutoAwkr) evBeia /

H emumoAwkn mpoPfoAn nmeplypadetal amno evayv nivaka F 3x3

! = Fp
| = p'F

Mpokurmil. . .

p’Fp= 0



OepeAwodnc TVOKOG

* O mivakac F Agyetal

— “Essential Matrix”

e OTAWV ELVOL YVWOTEC OL TIAPALLETPOL TNC KAUEPOC
— “Fundamental Matrix”

* VeEVIKA (1N BaBUOVOUNUEVEC KALEPEC)

* Mrmopoupe va AUooupe w¢ rtpoc F Baoel (euywv onUELWV

— Kabe evyoc (p, p’) mapexel pia ypappkn e€lowaon ylo ta
otolxeio tou F

p’Fp=0

— 8 onueia eival apketa yLa Tov uttoAoyLlopo tou F (8-point
algorithm)



2 TEPEOOKOTILKN 610p6
(rectification)
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2TEPEOCKOTILKN OL0pBwoaon

* EmavanpofoAn wirectification)
ELKOVWV O€ €Va. KOLWVO

enirnedo mapaAAnio
otnv evBeia peTalL TWV
KEVTPWV NPoBoANC

e Hkivnon twv \

£LKOVOOTOLXELWV YLVETOL
opL{OVTLA PLETA A0 AUTO
TO LLETOOXNMUATLOMO

e AVo opoypadiec (3x3
LETOOXNMUOATIOMOC), pia
via KaBe elkova

31



I'IapacSeLvua
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To mpoPBAnua avtlotolylong

* H emumoAlkn yewpeTpla teplopilleL tnv
avalntnon, aAAQ akopa Kal £ToL To TIPOLANUO
NP OAMEVEL TIOAUTIAOKO.



BOLGLKOC aAygpteuog_

%” HON. A’I“lAHAM LINCOLN, l’reslllcnt ot Lnlt(d \tntcs

. ."
. °

e Eav eival anapaitnto 610pbwoaon twv SU0 ELKOVWYV WOTE Va
LLETOLOXNMOATLOTOUV Ol ETILUTOALKEG eUBELeC o€ OPLIOVTLEC

e [La KABE ELKOVOOTOLXELDO X TNG MPWTNG ELKOVOLG
— EUpeon tng avtiotowxng optlovtLag emtoAkn ¢ euBeiag otn defla elkova
— E&€taon OAwv TwV ELKOVOOTOLXELWV TNC euBelac Kat ertiAoyn Tou BEATIOTOU
XI
— YmoAoylopoc avopolotntac X-x’ Kol oplopoc Babouc we Babog(x) = fB/(x-

x)
34



Avam

TEOY

NON OVTILOTOLXLONG

gvleia

KOGTOG h
/\/\{ QVOLLOLOTNTOL

® JUVEALEN €VOC napaet')pou KOTAL LLAKOC TNG Seﬁtdq
ETIIMOALKN G eVOELAC KL CUYKPLON TOU TIEPLEXOMEVOU

ToU napaeupou autoU e to apaBbupo avadopac
oTNV OPLOTEPN ELKOVAL

» Kootoc: SSD ] KOVOVLKOTIOLNEVN OUCXETLON

35



gvleia

Avalntn

On QVTLOTOLXLONG

SSD
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gvleia

Avalntn

On QVTLOTOLXLONG

Norm. corr
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Oouc tou

m~

Emtippon tou PEY

* MuwkpO apabupo
+ AEMTOUEPELQ
— Oopufoc¢

* Meyalo napabupo
+ OpoAol XapTeC avopoLoTNTOC
- NEMTOUEPEL

38



N=1Y)-

NS\

=

777

Mr]-Labria‘amcpdvag, vq)\dcalg
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AmoteAeopata avrtgg%&cnq ue nopabupa




BeAtiwon;

* MEXPLOTLYMNG: OL AVTLOTOLXLOELC ElvaLl
aveéaptnTeC yLa Kabe onpuelo

* Tumeploplopouc N yvwon (priors) pmopou e
VoL TPOcBOECOUUE;



. Moé}é% €0 TIEPLOPLOUOL/priors

otNnTaA

— o KABe onUELO O€ pila ELKOVO, TIPETEL VAL UTTAPXEL TO
oAU €val onUELO avtlotoixlong otnv aAAn swkova

o Violates uniqueness
constraint

0. Left image Right image O.



. MASEREQ.JTEPLOPLOLLOL/priors

— o kABe onuelo o€ pla elkOvVA, TIPETEL VAL UTIAPXEL TO
oAU €val oNUELO avTloTolXlong otnv aAAn ekova

e Alataén

— H dlataén twv avtiotolywv onueiwv TOETEL va €lval
LOLa kot ot SUo OYeLg




. MASEREQ.JTEPLOPLOLLOL/priors

— o kABe onuelo o€ pla elkOvVA, TIPETEL VAL UTIAPXEL TO
oAU €val oNUELO avTloTolXlong otnv aAAn ekova

e Alataén

— H dlataén twv avtiotowVv onUEiwv TIPETEL va lval
LOLa kot ot SUo OYeLg

H diaragn dgv 1oxUel TTAVTA



. MoEEREQ TiEPLOpLOOL/ priors

— o KABe onNUELO O€ pia ELKOVA, TIPETIEL VOL UTTAPXEL TO TTOAU
EVOL ONUELO avTloTtoiylong otnv aAAn swkova

e Alataén

— H élataén twv avtiotolywv onpeilwyv MpEMeL va elval oL
Kol oTLC SU0o OYELC

e QuoAotnta

— AVOUEVOULLE OL TIMEC avopoLOTNTAC Vo LeTafaAAovTal
ol (0To peyaAUTEPO HEPOC)



Scanline stereo

e [NpoomaBoUe va avTLOTOL(LOOULLE

ApIOTEPN EIKOVA Ae€ia eIkova

46



2 UVEKTLKO stereo o€ €vo 2D mAgyu
e H Aoyikn tou Scanline stereo Snutoupva

pafdou

48



AvTtloTtoixlon BAaoeL evepYELAKNC EAAXLOTOTIOLNONC

E(D) = > (W (i) W, (i + D)) +4 Y. p(D(G)-D(j))

\ l neighborsi, j
\
Y Y

ocdouéva 0pO¢ ouaAornrag

J

49



MoAAoL TteplopLlopol Hmopouv va ekbpaoTouV
~ EVEPYELAKA

15
I

MeTd Ground truth

50



i —

e [MpoBoAn/eknoumnn SopnUEVOU GwTOC OTO OVTIKELLEVO
— AmAomolel To mMpOPANUA TNC OVTLOTOLXLONG
— ETITpEMEL VA XpNOLUOTIOLOOU UE piot LOVO KAEPQ

KAPEPQ

[+

TTPOBOAEQC

L. Zhang, B. Curless, and S. M. Seitz. Rapid Shape Acquisition Using Color
Structured Light and Multi-pass Dynamic Programming. 3DPVT 2002 51



http://grail.cs.washington.edu/projects/moscan/
http://grail.cs.washington.edu/projects/moscan/
http://grail.cs.washington.edu/projects/moscan/
http://grail.cs.washington.edu/projects/moscan/

Kinect: Aopnuevo unepuBpo dpwc




2uvoyn: 16€a: Emur~ALKOC TIEPLOPLOLLOG

To avTioToIXO ONUEIO TOU X TTPETTEI va BpioKeTal
oTnV avtioToixn euBeia /I’

To avTioToIxo onuEio Tou X’ TTPETTEI va BPIOKETAI

oTnVv avTioTtoixn €uBcia |
53



uvoyn

* EmutoAwkn yewpetpia

— To eTUToALKA onuaa (epipoles) ival n toun tng baseline pe ta
eTmeda TNE ELKOVAC

— To avuotmxo on ueio otn Seltepn elkova BpilokeTal €Tl TN evBeioag
TIOU TIEPVAEL ATTO TO ETULITOALKO ONHELO

— O BepeAwdnc ivakoag avtiotolyilel Eva onueio og pia elkova o pia
guBela oe pla AAAN (tnv emutoAkn evbeia)

— Mmopoupe va AUooupe w¢ npoc F Soopevwyv (euywv onpeiwy (..,
XOPOLKTNPLOTLKA onpEia)

e Extipnon BaBoug

— EKtipnon avopolotntoc fplokovtac Ta aviiotolyo onpeLla Katd KOG
TwV opL{OVTIWV gVBeLWV

— To BaBoc¢ eival aviotpodwc avaAoyo NS avopoLOTNTOC



Activity recognition

Activity recognition

Aims to recognize the actions and goals of one or
more agents from a series of observations on the
agents' actions and the environmental conditions.



Activity recognition

Activity recognition approaches:

In real life activity recognition systems typically follow
a hierarchical approach.

» Lower levels: Background-foreground segmentation,
tracking and object detection

» Mid-level: Action recognition modules

» High-level.: Reasoning engines, which encode the
activity semantics based on the lower level action-
nrimitives.




Activity recognition

Two main approaches:

- methods based on various sensors placed on
the subject to extract meaningful features

- methods based on video analysis to detect

human activity (one of the most promising applications of
computer vision)



Approacﬁes éf Vlaeo i%seé action

recognition
Model based Direct mapping of image cues

Global/holistic Patch-based

b i!

(From Bobick & Davis, 2001)

e.g.
— : * Silhouettes
(From Sheikh et al, 2005) - Edge images
= Optical flow e.g.
g. .
. * Spatio-temporal
Joint angles P P

silent points ~ °%

- Joint positions (Oikonomou et al.. 2006)



Introduction

Video based Activity Recognition

Model-based approach
Activities: (a) walking, (b) sitting, (c) standing, (d) running

Modeling the

A\ 4

action

Representation of an action in 4-space

T Vnmbe

Action in XYZ space Action in XYT space

Matching | Classify
algorithm ] activity

For each action A;, 1 € 1,2,... Ndo

1. Normalisation. Compute a similarity transform, transforming the mean
of the point to the origin and making the average distance of the points
from the origin equalto /; (Separately for each action instance)

2. Compute Subspace Angle between W and W;:

« Compute Orthogonal Bases: Uses SVD to reliably compute
orthonormal bases of /#’and W,, w”and W,

« Compute Projection: Using the iterative procedure described in
Bjork and Golup (1973)forje 1, ....p

Wi, =W, - WW'W,

* Find Angle: Compute ) = arcsin  min(1, ||} 'T;LHE}
Select i" = argmax;c(1,... vy cos(f1).

Where W’ corresponds to the projection of an action instance, and
matrices W1, W2, ... W each modeling the N different actions. 59



Introduction Video based Activity Recognition

Global/holistic approach: Activity recognition in office

e, -
b OGRS i |

LY w};ﬁ aX 3 Classify
VoLV RS RES Sk - Action

1 \_:- ._.‘L'\-\_H:H- "‘ ~ B

Image Segquence Extract Silhouettes Segment Optimize Calculate
and create Space-Time Stream Space-Time Global Point
Space-Time Stream inte Space-Time Shapes Shapes Feature Histogram

v | —

) fon] o ) (b Allgnlnent Minimisatio
04 || 03 [ |03 0.28 0.2
0.37 DA4 || 04 || 048 0.5 | | 0.04
o | | custerng | |35 (8)(8) &) [ >
i |::> 0.1 ustering 00 Loor) Lon Leo.) Loo T n =
: s | | ——— ™ Y . L

0.05 b frames.

0.01
00 ':L

232324545
Feature Selection Cluster Sequence

Pattern <L Extraction | r‘

. . S 1. For each point p; € P belonging to frame f,,
| JFattern ,@g} ) ‘f ~o search for its closest corresponding point g;
N . D=y A o in o ime fi.;

/

.
& % e
| e e
e e LI ‘ 2. Compute the Frobenious norm in distance space
SuffixTree of f, and f,,, as:

1FeFoalle =3 la: = pl?

3. Select f,,, as being different (i.e. unique) than f,, if

”fi\ fH-]_”F < d’rhresh 60



Introduction

Video based Activity Recognition

Activity recognition in a vehicle

Activities: (a) drive-forward, (b) backup, (c) shift-gear, (d) turn-left, (e)

turn-right (f) touch-radio

Semantic description

T\r

At S 18

Image sequence

Cynamic Baveszian nehwork

!

Sequence classification

S DR

Body-part tree

Bayesian network

Body pose estimation

T
00

SENSOrS

il

Jriver +vehicle + surround

AN | B
1] aT S
u I_l |
Head Hands Hands
orientation vertical horizontal
position position
|
: |P n__,!ﬁ'| I r ______
| I ]
: - .1\ \ _L'I ; : ) '-}
. "-\_) B j'l - ‘\__\_I! )
Head Dispersendes cl;ligtn;ntcnlgsb S
orientation of hand from
blob(s) _ steering
represented in wheel,
terms of the transmission
trace of lever, and
covariance instrument
matrix from panel
hand blob

61



CERTH/ITI proposed activity recognition system Methods

Motion Images

 Motion Energy Image (MEI)
— Describes the motion energy for a given view of action.
— Binary image.

E, (%,y,)=(JD(x,y,t-i)

* Motion History Image (MHI)
— Intensity image.

T JIf D(x,y,1) =1

H. (X, Vy,t)= :
) {max(O,H(x,y,t—l)—l) , otherwise

62



CERTH/ITI proposed activity recognition system Methods

Motion Images — Activity Recognition

Motion History

63



CERTH/ITI proposed activity recognition system Methods

MEI Templates of Six Micro-Activities

“r

Pick up or put back Phone Conversation

lking to the microphone Raising Hands Drink from Glass



CERTH/ITI proposed activity recognition system

Flow Chart

Methods

Grab frames
from office
activities.

Get difference
from sequential
frames.

L)

Extraction of the
Motion Energy
Image.

Extraction of the
Motion History
Image.

Prototype MHI/MEI

Convert
difference
images to
grayscale.

RIT Extraction W
CIT Extraction

Comparison

of eucledian distance

Correlation Factor

Activity
recognized.

False

65



CERTH/ITI proposed activity recognition system

1. Face detection

2. Centre of Face

3. RIT Extraction

RIT Extraction

Methods

0.025 ¢

0.015

0.005

20

40

60

80

120
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CERTH/ITI proposed activity recognition system Methods

CIT Extraction

1. Face detection

2. Centre of Face

3. CIT Extraction

0.9

o.8

O.7

o.5

o.4a

0.3

|
|
oal||
|
|
|
|

oall




CERTH/ITI proposed activity recognition system Methods

Metrics

* Euclidian Distance

De =04 = 22+ (% = Vo) ot (% =) = S (% = V)’

cov(x,y) _ E((x—u)(y-#))

0,0, 0,0,

corr(x,y) = p,, =

» Correlation Factor - Coefficients

68



CERTH/ITI proposed activity recognition system Methods

System Overview

rrrrrr I sk

Bodymetric
Restriction

Skin Color
Detection

Motion
Detection

HMM
Training

Signature
Processing

HMM

Classifier
69




CERTH/ITI proposed activity recognition system Methods

Signature Extraction

Kalman uniform

pre- 5
Filtering Interpolation

Interpolation [ Smoothing &  Trimming &

Activity: Office Panel Activity: Phone
Conver<sation



CERTH/ITI proposed activity recognition system Methods

Trajectory’s Features for "
. . Features
authent|cat|0n Extraction
(curvature,

torsion)

Uniform
Interpolation
(losing speed
information)

-0.25 - t
-0.08 -0.06 0.04 0.02 O 0.02 0.04 0.06 0.08

A

PCA




CERTH/ITI proposed activity recognition system Methods

Trajectory’s Features for authentication

s(s—a)(s—b)(s—c) )
abc il

=

K*<Pi>=4J

Motion symmetry perception:

a) Curvature sub-signature b) Torsion sub-signature
“py— 3K ()= "(R)
k. (R)=
2a+2b+d+g
Trajectory Yi %
Features 1%, Yy Z A, -H*
Extraction whereas e A e
3 Xi+1 yi+1 Zi+1 3
(curvature, - } ,
tOfSIOI’l) o i+2 yi+2 i+2
H” H r=2a+2b-2d-3h+
. 7' (P)= ( = g

2" def - K(P) gmm"(*(Pi) gz(a+b+c)/2

7' (Ra) -7 (Ry)+r(z (R)x:(R)/6x (R))
2a+2b+2d+h+g

7,(R)=4

e ¢ : a5t eeaa . 8
m< w w w
S si sg sg
3 3 3 3

X x
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Introduction Gait as a biometric

** is the personal, idiosyncratic way in which people
walk or move on foot

** has received significant attention as a biometric, in
the last 10-15 years

** has demonstrated high recognition rates




Introduction Gait as a biometric

General Gait Authentication System
— Enrolment procedure

Data Data Feature Data
ACC]UiSition Pre-processing Extraction Storage
Layer Layer Layer Layer
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Introduction Gait as a biometric

General Gait Authentication System
— Authentication procedure

Data Data Feature Data Authentication
Acquisition Pre-processing Extraction Storage Layer
Layer Layer Layer Layer

75




Introduction

Gait as a biometric

Approaches to the gait recognition

Featured based (model free):

Focus on the spatiotemporal
Information contained in the
silhouette images (low level
measurements).

(From Li et al. 2004)

Model based:

Serve as prior knowledge to
predict motion parameters, to
Interpret human dynamics, or to
constrain the estimation of low-
level image measurements.

.v‘ e =&

| i
A - 14

L

-----

~

(From Wang et aI 2004
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Introduction Gait as a biometric

Features for gait recognition
Featured-based method (1/2)

* Width of the outer contour of the silhouette (kale et al. 2004)

 Entire binary silhouette (Kale et al. 2004)

* Boundary vector variations from the centre of silhouette (wang et al. 2003)

« Statistical moments from body parts ellipses (Lee et al. 2002)

: HSIERE a¥g9aer1!:eengteQV9er]eCIn 85&‘ %en&B B%Ale%%kreﬁgkaldi%?gﬁce between pelvis
and feet, and the distance between feet (Johnson & Bobick 2001)

ader et al., 2001)

AR . Sty ta) = Z O, (2. y) = Oy (2. y)].
| y &Y (m,5)E By

Where 1 < ,.1, < N. B, is the bounding box of the
person in frame t;, and O, O,,, ..., O, are the
scaled image templates of the person.

77



Introduction Gait as a biometric

Features for gait recognition
Featured-based method (2/2)

 Horizontal and vertical projections o
Ph(x):is(X,Y), Xx=1,..,N, )Y >
.. SRV
P(x)=>.S(xy), y=1..N, \\\:
S(x,y):{l’ if (X, y)- is a foreground pixel} IR
0, otherwise

* Angular transform
AO)=3r 2 Sourxx) = (y-x.)

where 6 is an angle, @, is the set of the pixels in

the circular sector (9—%‘9,%%@) and N, is the

rdinality of @,

78



Introduction Gait as a biometric

Features for gait recognition
Model-based method (1/2)

* Absolute joint positions (Zhang et al. 2004)
* Limb angles (Zhang et al. 2004, Goffredo et al. 2008, Lu et al. 2006)

- Lengths of various body parts (Lu et al. 2006)

* Widths/thickness of body parts (- . :
- Height (Han et al. 2006) ) —0—
Superquadric z 4 E;
man
xknee Kk_nee % ?:E _I. h
thigh calf 5 B I
Superquadric E ':i' E
calf % ! [ A§ %
S : g 3
e L ¢ ik

. — 79
(From Desseree & Legrand, 2005) Human parts proportions (Winter 2004)



Introduction Gait as a biometric

Features for gait recognition
Model-based method (2/2)

* Area of a body component

* Vector distance between the gravity
centres of a body component and the

whole body
(Huang & Boulgouris, 2009)

* Orientation of a body component
(Huang & Boulgouris, 2009)

 Similarity based on body components
(Boulgouris & Chi, 2007)




Introduction Gait as a biometric

Creating a human model
i g

Whole body models

is

14 rigid bodies (wang et al. 2004)

Leg model models

» 3 rigid bodies (thigh, shank, foot)
(Desseree et al.2005)

* 2 rigid bodies (thigh and shank)
(Yam et al. 2002)

rigid body (the thigh) |
(Cunado et al. 2003) “~ 81



Introduction Gait as a biometric

Creating a human model

Constrains:

 Gait Is symmetrical and periodical (healthy population)
< adequate to define the model for only one leg

< the same model can describe either leg
» Dependency of the neighbouring joints: (Yam et al. 2004)

* shoulder-elbow, thigh-knee, knee-ankle

* lower limb is driven by the upper limb

. _ o (Wang et al. 2004)
_""Inimum and maximum values of the joint angles
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Introduction

Gait as a biometric

Problems in gait recognition

Overcoming the dependency to the gait direction

* Based on pinhole imaging model and weak-perspective
projection, the gait direction is obtained and thus the

projection function:

Bt

\ gL>"1

IH <l

= \ !
f (cos@+sinftana) \ |/
\C;'

ecognition rate: 50-70%

Background Plane

Camera Lens

Image Plane

(Han et al. 2006)



Introduction Gait as a biometric
Problems in gait recognition

Proven references to be used for gait invariant analysis

* Simple Reference: 45 deg and 135 deg angle views achieve
better results

* Two references. Combinations of orthogonal references such

as combination of O and 9O°L%igcgﬁectlve
dir.

o [ NS YA YO N
15HEIHHII[M HHIHMI

A &

A
+ LIALY
oo | YR Y

"
7» []lg

i
N

o LY LYRAIY

fr, 012012 01 _
(Makihara et als2006)



CERTH/ITI proposed gait authentication system  Gait as a biometric

Functionalities

o Live capturing frames / Reading frames from
database

o Human Extraction based on original frames

o Live Enrolment and Authentication based on live
capturing and Human Extraction

o Offine Enrolment and Authentication on the
database
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CERTH/ITI proposed gait authentication system Methods

Gait Recognition Algorithm Block Diagram

Silhouette Sequence Gait Cycle Estimation -

ml > " ;'i -~
' l "! Cycle i Cycle i+1

Actibio
Gait Database

Gait Energy Image (GEI) Extraction

v

Gait
Recognition

Bl
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CERTHY/ITI proposed gait authentication system Methods

Dynamic background update and silhouette
extraction

» Background image is updated every time a new frame arrives using an
interpolation rule:

a * Current Background + (1-a) * Current Frame
where a is an adaptive weight factor that changes in every frame.

» Depending on chosen segmentation algorithm, we could have:
the same a for all frame pixels, based in global illumination changes or

every pixel in frame could have its own weight factor based on its local
illumin S

Current

Frame
Silhouette

Current
Background 1-a

-

Update Background:
o a * Current Background + (1-a) * Current Frame -‘ g7




CERTHY/ITI proposed gait authentication system

Pre-Processing Stage

Pre-processing of foreground silhouettes
(Noise removal)

After
-
Backgre btract
Yy “ -
m n - - - ) lrn

m---‘”‘q “R]
FiPP
Vith Sha

Methods

Usage of Depth

Silhouette Representation

(@) (b) (©)

Binary Silhouette (a),
3D Radial Distributed Silhouette (b), and
3D Geodesic Distributed Silhouette (c)



CERTH/ITI proposed gait authentication system Methods

Gait Cycle Estimation: Algorithm |
o Human Height (calculated in the Human Extraction
stage).

o Number of foreground pixels in the lower half of the
human silhouettes.

FOW Xbottom

o

— Cycle —_

column ycentre 260 : . : : \
i 0 20 40 €0 80 100 120
Frame

Period : Number of frames in one cycle (NFc) is calculated by
observing the peaks.



CERTH/ITI proposed gait authentication system Methods

Gait Cycle Estimation: Algorithm 1l

ALLLAAL

MidStance Double MidStance Double MidStance
Support Support

180

160

* Period is estimated by calculating the
bounding box’s width in each frame and *
getting the local minima for the entire =
seguence i

a0

 Local Minima that are too close (<5 Frames)
are discarded.

C = LocaIMin(BoundingBoxWidth(n)\n €1, numberOfFrames)

60
1}

| | | | |
20 40 G0 a0 100 120 140



CERTH/ITI proposed gait authentication system Methods

Utilization of Gait Energy Images (GEl)

Gait frame Gait Energy Image
1 CycleEnd
GEl = . > gaitFrame(i)

CyCIeLengh t i=CycleStart



CERTH/ITI proposed gait authentication system

Methods

Signature Extraction Stage

Fa
77
x’?"fﬁffffx”'ﬁi lhuette

Image

Signature
Extraction

Qnm

I Y

E
Radon
— Transformation —_—
(RIT, SIT) Input Tao
— —— =  Recognition
Module
Krawtchouk
. Moments [
N-1M 1 .
Ko (X P N=DK (y; po, M =) T (X, y)
x=0 y=0
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CERTH/ITI proposed gait authentication system Methods

Mapping of gait characteristics into gait transforms

0.03 Stride
length
Double support 0.02
position 001
0 . .
0 50 100 150
0.03
0.02/
Mid-stance
position 0.011

O 1 1
J’ 0 50 100 150

Length of stride mapping in the RIT Transform



CERTH/ITI proposed gait authentication system Methods

Mapping of gait characteristics into gait transforms

0.03

Distance between: 0.02}

> Pelvis and feet

0.01} Uk’
»Pelvis and head ‘

O L 1
0 50 100 150
0.03
0.02
Height estimation +
0.01
D L L
0 50 100 150

Gait dynamics parameters of the RIT Transform



CERTH/ITI proposed gait authentication system Methods

Mapping of gait characteristics into gait transforms

0.03

Hand movement Sz

0.01;

0

0 50 100

0.03

0.02

0.01

0 1
0 50 100

Hand movement detection using the CIT Transforn



CERTH/ITI proposed gait authentication system

Methods

Mapping of gait characteristics into gait transforms

Client Silhuette

Reference Silhuette

Impostor Silhuette

Client Feature Vector Ref-Client Diff Hist

0.03 60
0.02 1 40
0.01 1 20
0 0 =
0 50 100 150 -0.01 0 0.01
Reference Feature Vector Diffs
0.03
0.01 1
0.02 | 0.005 1
0 W
0.01 1 -0.005 ]
0 -0.01 1
0 50 100 150 1] 50 100
Impostor Feature Vector Ref-Impostor Diff Hist
0.03 60
0.02 1 40
0.01 1 20 I
0 0
0 50 100 150 -0.01 0 0.01
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CERTHY/ITI proposed gait authentication system Methods

Template Matching using temporal correlation

-----------------------------------
. .
o

: Feature Vectors
: Matching Algorithms

— s Identification

Input
|
; Compute : - :
| DeFt'ziilDGdEllt Feature Vectors —Inr;\ut—.- Regﬁl':te'ﬁ“ | | Dmp"ti
(RIT, CIT, etc)
Compute —>  Authentication
Input .

T Ak
B f/% /— Feature Vectors :
. 7, o (RIT, CIT, etc) :
Gait A :
Datebase: LIS :

For each gait cycle compute the distance between the stored (gallery) and the claimed (probe) gait signature

. -
. o
---------------------------------

Np |FVecSize
D= muin Z \/ Z( ProbFeatVec, (n) —GalleryFeatVec, , (n))?
i=1

n=0 97



Teloc Evotntac



Xpnuatodotnon

To apov ekmaldeuTLKO UALKO €XEL avarmtuxBel oto mAaiolo Tou
ekmaldeuTtikol £pyou tou dLbaokovta.

To £pyo «Avoikta Akadnpaika Madnuata oto Maveniotipio ABnvwv»

EXEL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKotdEUTIKOU
UALKOU.

To €pyo vAomoleital oto mAaiolo tou Emyelpnolakol MpoypdpUatog
«Ekmaiidevon kot Ata Blou Mabnon» kot cuyxpnpatodoteitat amo tnv

Evpwmnaikni Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo BVIKou
TTOPOUC.

EMIXEIPHEIAKO NMPOIPAMMA |
EKTAIAEYZH KAI AIA BIOY MAGHEH = EZ"A
— ’ ’ =] - Jwtrpomo o w ovinutn

YNOYPTEIO NAIAEIAL KAl BPHIKEYMATQN
EvpwncikiBvwon EIAIKH YMNHPEZIA AIAXEIPIZHE

E iiko6 K 6 Tapei
RS Me tn ouyxpnparodotnon tn¢ EAAGdag kat tn¢ Evpwmnaikiig Evwong
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JHMEIQMATA



2NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.
‘Exouv mtponynBei ol kKATwOL eKOOOELC:
 'Exkboon 1.0. StaBcoun edw.


https://eclass.upatras.gr/modules/course_metadata/opencourses.php?fc=15

>NUELwpa Avodopac

Copyright Navernotiuto Natpwyv, Qakwtdakne Nikoc, MouaoTtakag
Kwvotavtivog, Nemmacg MavAog, 2ydapumnac Kuplakog. «Texvnty Nonpoouvn ll,
AvtiAnyn». Ekdoon: 1.0. Natpa 2015. AtaBgotpo amod tn Siktuakn
SdlevBuvon:

https://eclass.upatras.er/modules/course metadata/opencourses.php?fc=15
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https://eclass.upatras.gr/modules/course_metadata/opencourses.php?fc=15

>NUelwpo Adelodotnonc

To tapov LALKO StatiBetal pe toug 0pouc tne adelac xpnong Creative Commons
Avadopd, Mn Eumnopikn Xprion Napopota Atavoun 4.0 [1] i} petayeveotepn, Alebvng
‘Exkboon. E&atpolvtal ta autoTeAn £pya Tpitwy m.X. pwtoypadiec, Staypappata
K.A.TT., TOL OTTLOLOL EUTTEPLEXOVTOL OE AUTO Kall Ta omtoia avadEpovtol pall e TouG
OpPOUC XpPAONC Touc oTo «2Znueilwpa Xpriong Epywv Tpitwv».

©OEG)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn EpTtropikn opiletal n xprion:

* TTOoU O¢gv TTEPINAUPBAVEI AUECO N EUPETO OIKOVOMIKO OPENOC aTTd TNV XPron Tou
EPYOU, YIa TO OIOVOUEQ TOU £€PYOU Kal adelodOX0

* TTOU OgV TTEPIAAPBAVEI OIKOVOUIKT) oUVaAAQyr w¢ TTPoUTTO0E0N yia TN XprRon i
TpdoBaon OTo £€pyo

* TToU OgV TTPOCTIOPICEI OTO DIAVOUED TOU £€PYOU KAl adEIOOOX0 EUMETO OIKOVOUIKO
OPeNOG (T1.X. dlapnuicelg) atrd TNV TTPOROAN Tou £pyou o€ dIAdIKTUOKO TOTTO

O JIKAIOUX0G UTTOPEI VA TTAPEXEI OTOV AdEIODOXO CEXWPIOTH AdEIQ va XPNOIMOTIOIE
TO £PYO YIa EUTTOPIKA XPNON, EPOooV autd Tou (nTnoEi.


[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatpnon ZNUELWHATWVY

Ornoladnmote avamapaywyn f SLaokeun Tou VALKOU Ba TtpETEL
va oupmepltAapBavet:

" 10 2nueiwpa Avadopdc

" 10 2nueiwpa Adelodotnong

= N 6nAwon Alatipnong ZNUELWUATWY

" 10 2nueiwpa Xpnonc Epywv Tpitwv (edooov umdpyel)

noll e touc ouvodEVOUEVOUC UTTEPOUVOEGLOUC.



>NUelwpa Xpnonc Epywv Tpltwv

To Epyo auTO KAVEL XPrjon TwV aKOAoUBwV £pywv:
Ewkoveg/Zxnuata/Awaypappato/Dwrtoypodieg

* H &LaAe€n elval EUMVEVOUEVN KoL EXEL XPNOLUOTIOLNOEL EKTTAULOEVUTIKO KoLl
TTOAULEOLKO UALKO amto TL¢ StaAe€elc tou James Hays tou «Brown University,
Computer Science Department» kot Tou avtiotowlyou pabnuoatog «CS 143
Introduction to Computer Vision» (http://cs.brown.edu/courses/cs143/).



http://cs.brown.edu/courses/cs143/

