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Introduction Activity Recognition

Activity reeogqitioon
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.



Introduction Activity Recognition

Activity reecogitioon apppraabhbss:
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-
primitives.
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Mid-level, Wiod

Activity Recognition
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Introduction Activity Recognition

Mid-level, Modielimg asad recognising aatuNigss:

> Non parametric approaches . Extract a set of features
from each frame of the video. The features are then matched
to a stored template.

> Volumetric approaches : Do not extract features on a

frame by frame basis. A video is considered as a 3D volume of
pixel intensities and extend standard image features to the 3D
case.

» Parametric approaches:. Impose a model on the temporal

dynamics of the motion. The particular parameters for a class
of actions is then estimated from training data.

6 (Turaga et al., 2008)



Introduction Activity Recognition

Mid-level, Modielimg asad recognising aatuNigss:

» Graphical models : Probabilistic model for which a graph
denotes the conditional independence structure between
random variables.

» Syntactic approaches:  Syntactic approaches such as

Grammars express the structure of a process using a set of
production rules.

» Knowledge and Logic-based approaches: Rely on

formal logical rules to describe common-sense domain
knowledge to describe activities. Logical rules are useful to:
a) express domain knowledge as input by a user or

b) present the results of high-level reasoning in an intuitive and
human-readable format.

7 (Turaga et al., 2008)




Introduction 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 and
challenging applications of computer vision)



Introduction Activity Recognition

Approaches of Video based action

recognition
Model based Direct mapping of image cues

Global/holistic Patch -based

b il

(From Bobick & Davis, 2001)
e.g.
* Silhouettes
» Edge images

(From Sheikh et al, 2005) o Optical flow
e.g. _
« Joint angles > S_patlo-tgmporal
« Joint positions silent points

(Oikonomou et al,. 2006)




Introduction Video based Activity Recognition

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

Modeling the | Maitching Classify
action algorithm activity

\ 4

Representation of an action in 4 -space  Foreachaction A;,i®12,...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 equal to/2 (Separately for each action instance)

0T Wb

AT

2. Compute Subspace Angle between W and W;:

« Compute Orthogonal Bases: Uses SVD to reliably compute
orthonormal bases of Wand W, W and W,

— T R Mg e « Compute Projection: Using the iterative procedure described in
Bjork and Golup (1973) forj W 1, .... p
Action Iin XYZ space  Action in XYT space Wi =W, - WA W,

* Find Angle: Compute f# = arcsin min(1, [[W]||2)

. Select i = argmax;e(1,... N} cos(f).
(Sheikh et al., 2005) v

Where W’ corresponds to the projection of an action instance, and
matrices W1, W2, ... W\, each modeling the N different actions.
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Global/holistic approach: Activity recognition in o

]
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Video based Activity Recognition
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Introduction

Activity recognition in a vehicle

Video based Activity Recognition

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

(f) touch-radio

Semanfic description
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Introduction Various sarsosslimssst AgttinyReeoggrtiban

Activity Recognition from Accelerometer Data

Activities: (a) Standing, (b) Walking, (c) Running, (d) Climbing up stairs,
(e) Climbing down stairs, (f) Sit-ups, (g) Vacuuming, (h) Brushing teeth.

Annotated Matlab Frature Petl Formatted Weka Labelled
[ata Wectors [ata Data

Walk Run Walk Climb Up Climb Down Vaccum Brush Situps

Bluetooth Enabled
iPAQ

Data Collection Apparatus

13 (Ravi et al., 2005)



Introduction Activity Recognition

Applications of activity recognition (1/4):

» Content Based Video Analysis:  With video sharing
websites experiencing relentless growth, it has become
necessary to develop efficient indexing and storage
schemes to improve user experience. Most commercially
viable application: summarization and retrieval of
consumer content (i.e. sports videos) (Chang, 2002).

» Animation and Synthesis: The gaming and animation
Industry rely on synthesizing realistic humans and human
motion.

14



Introduction Activity Recognition

Applications of activity recognition (2/4):

» Interactive  Applications _and __Environments:
Essential for designing human-machine interfaces with
vital applications:

a) Context aware computing to support cognitively impaired
people

b) Health monitoring and fithess

c) Seamless services provisioning based on the location and
activity of people.

d) Smart rooms that can react to a users gestures (i.e. at
community-dwelling for older people).

15



Introduction Activity Recognition

Applications of activity recognition (3/4):

» Security and Survelllance:  Automatic recognition of
abnormalities in a camera’s field of view.

= Abnormal activities: Activities that occur rarely and have not
been expected in advance

= Example:

 |[n working Environment:
- Raising hands
- Lying down

* In community-dwelling
- Falling down (backwards/forwards)
- Lying down
- No movement
- Raising hands

16 (Hu et al., 2009)



Introduction Activity Recognition

Applications of activity recognition (4/4):

» Behavioural biometrics:  Biometrics involves study of
approaches and algorithms for uniquely recognising
humans based on physical or behavioural cues. Regarding
activity related biometrics , although gait has been
excessively studied, to our knowledge no aither (nomdly
motions Naaee been reported to be utlissed as bimame&iac
flor aaubiesTiiozdiocon ppPLPPSsSssS .

17



CERTH/ITI proposed activity recognition system

CERTH/ITI Activity recognition system

¢ Biometric purposes - Activity Related Authentication

Extracting an activity-related signature that characterises the
iIndividual by the way he/she responses to a stimulus (e.g.
during working in an office).
Examined Activities:
» Talking to panel
= Answering to a phone call

¢ Security purposes
Detecting abnormal activities that denote danger (e.g. in the
working environment/office)
Examined Activities:

* Raising hands
18



CERTH/ITI proposed activity recognition system Methods

Approaches

¢ Activity recognition Approaches

— Motion Energy/History Images
— Feature Extraction (RIT/CIT)

“» Activity-related authentication

— Tracking three points of interest (head, hands)
— Authentication based on HMMs

19



CERTH/ITI proposed activity recognition system Methods

Motion Images

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

E (X, y,t)= UD(x y,t—i)

 Motion Hlstory Image (MHI)
— Intensity image.

JED(x,y,t)=1

Hr Oyt = {max(o H(x y,t-1)-1) ,otherwise

20



CERTH/ITI proposed activity recognition system Methods

Motion Images — A&tintyyReecgaitioon

Motion Energy Image Motion History Image
(MHI)
0

(MEI)

21



CERTH/ITI proposed activity recognition system Methods

MEI Templates of Six Micro-Aé&toliliges

Talking to the microphone Raising Hands Drink from Glass

22



CERTH/ITI proposed activity recognition system

23

Flow Chart

Grab frames
from office
activities.

Get difference
from sequential
frames.

Extraction of the
Motion Energy
Image.

Extraction of the
Motion History
Image.

Methods

Prototype MHI/MEI

Convert
difference
images to
grayscale.

RIT Extraction
+

CIT Extraction

Comparison

of eucledian distance
Correlation Factor

Activity
recognized.

False




CERTH/ITI proposed activity recognition system Methods

RIT Extraction

‘ml\ " %'

Ny .

1. Face detection m“—:‘ ‘ég‘i
I —

2. Centre of Face '
3. RIT Extraction

0.025

0.015 777;‘!““47fo7777i777777777777‘77777774‘577E;\L77771‘7i\ 77777777777777777 e —
[ | [ \ | |

24



CERTH/ITI proposed activity recognition system Methods

CIT Extraction

1. Face detection

2. Centre of Face

3. CIT Extraction




CERTH/ITI proposed activity recognition system Methods

Metrics

 Euclidian Distance

De =04 = Y7 + 0 — o) ot (%, — o) = S (%~ ¥,)?

e Correlation Factor - Coefficients

cov,y) E((X—u)(y—u))
O-Xay B CTXO-y

COrr(%,Y) =y =
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CERTH/ITI proposed activity recognition system Methods

Bodymetric
Restriction

Skin Color
Detection

Detection Detection

HMM
Training

HMM

Signature
Processing

Classifier




CERTH/ITI proposed activity recognition system Methods

Signhature Extraction

pre- Kalman uniform
Interpolation

Smoothing Trimming Filtering Interpolation

Activity: Office Panel Activity: Phone Conversation



CERTH/ITI proposed activity recognition system Methods
Trajectory’s Features for Trajectory

Features

aUthenthathn Extraction

(curvature,
torsion)

Uniform
Interpolation
(losing speed
information)
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CERTH/ITI proposed activity recognition system

Trajectory
Features
Extraction

(curvature,

torsion)

30

Trajectory’s Features for authentication

Methods

abc .
Motion symmetry perception:
: | a) Curvature sub-signature b) Torsion sub-signature
Z K;(R)ISK (Pi+1)_K (Pi—l)
. , 2a+2b+d+g
. i X Y 3
oo me e 11%2 Yia 2. Ay -H”
wh = =V = 2 ——
nneress 3 Xi+1 yi+1 Zi+1 ebedd 3
10: Xi+2 yi+2 Zi+2
. r*(R)zl(G Ht +6 H_* r=2a+2b-2d-3h+g
2 def-x (R) gmm-x (R) .
- s=(a+b+c)/2
£ (P) =4t (R -7z (B)+r(z (R)x (R)/6k (R))
2a+2b+2d+h+g




CERTH/ITI proposed activity recognition system Methods

Hidden Markov Model
« HMM is characterized by:

N, the number of states in the model

M, the number of distinct observation symbols per state
The state probability distribution A={a;}

The observation symbol probability distribution

The initial state distribution

AR A

e Three basic Problems:

1. Evaluation Problem — how to compute the probability that the
observed sequence was produced by the HMM.

2. Determination of a best sequence of model states — since no
correct state, find the optimal solution.

3. Training problem — optimization of model parameters so to best
account for the observed signal

31



CERTH/ITI proposed activity recognition system Methods

HMM Classification

o Activity — related signature of a person for a specific
action is the set of stored Hidden Markov Model
parameters, trained with action sample(s) of the
particular user

 Enrolment: HMM Signatures are created by training an
HMM using a limited training set (3 or more samples of
an action) for a given person.

o Selected experimentally: No of states=5, No of distinct

observation symbols (3D position of head and moving
head)

« Authentication:
- Segmented action is fed to the claimed user’s stored HMM

- Action’s similarity to the user’s behavior is evaluated (log —
likelihood calculation) using forward — backward algorithm

- Acceptance/Rejection is based on thresholding the
32 calculated likelihood



CERTH/ITI proposed activity recognition system Results
Client - Ilmpostton

Phone Conversation

Office Panel

Merged Signatures




CERTH/ITI proposed activity recognition system

Results FAR — FHHER((12))

Results
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CERTH/ITI proposed activity recognition system Results

Results FAR — HHER(22))
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CERTH/ITI proposed activity recognition system Conclusions

Summarising...
 Three (3) activities tested up to now with very promising
results.

Hands Up Phone Conversation Talking to Mic. Panel
T :

 Body Tracking - Signature Extraction — Trajectories —
|dentification
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CERTH/ITI proposed activity recognition system Conclusions

Activity-reqddded homstnic — aathlesanti-
cation [powoil vesyy momisimgy resslls
and IS5 expected @ maximize the

performance of a nuiginodalal bbomeéticc
system.



Introduction Gait as a biometric

Galit...

“* 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
(Nixon & Carter, 2006; Rahati et al., 2008; Boulgouris et al., 2005)

** has demonstrated high recognition rates
(Zhang et al., 2007; Bouchrika & Nixon, 2007)

38



Introduction Gait as a biometric

General Gait Authentication System
— Enrolment procedure

I I I
Camera | I | Gait
®_ o : : : Database
I I I
I I I
v I I I
Data | Human || Gait Feature |
L | | Detection & | _ | Data Storage
Acquisition r ' 7| Extraction  — T Module
Module | | Eraction | Module |
Module
I I I
I I I
Data | Data | Feature | Data
Acquisition | Pre-processing | Extraction | Storage
Layer : Layer : Layer : Layer

39



Introduction Gait as a biometric

General Gait Authentication System
— Authentication procedure

Gait
Database

Camera

NG |

I I I
I I I
I I I
I I I
I I I
l I I I
I I I
Data | riuman | Gait Feature | Data icati
Acquisition : > DEe;ttethclggn& : »  Extraction : Retrieval —|> Aum,\jggz?élon AutI:_\?gStlucl?stmn
Module | Module | Module | Module |
I I I I
I I | i | !
Data | Data | Feature | Data | Authentication
Acquisition | Pre-processing | Extraction | Storage | Layer
Layer : Layer : Layer : Layer :
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Introduction Gait as a biometric

Approaches to the gait recognition

Featured based (model free):  Model based:

Focus on the spatiotemporal Serve as prior knowledge to
Information contained in the predict motion parameters, to
silhouette images (low level Interpret human dynamics, or to
measurements). constrain the estimation of low-
level Image measurements.

er T

H ! ":
| 4@ lgP
ZN A, L

i 4 -l:p_.
(From Li et al. 2004) (From Wang et al. 2004)
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Introduction Gait as a biometric

Features for gait recognition
Featured-essa] mresttinadl ((11/2)

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

* Height, stride length and cadence (BenAbdaker et al., 2002)

* Height, distance between head and pelvis, max distance between pelvis
and feet, and the distance between feet (Johnson & Bobick 2001)

» Self similarity plot (BenAbdelkader et al., 2001)

a9

Sty ts) = Z 10:,(7.y) — Oy (2. )],
{m.y)E B i
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.

42 A B C B A



Introduction Gait as a biometric

Features for gait recognition
Featured- sl mettihad] ((2/2)

» Horizontal and vertical projections ~
X)ZZCS(X’ y)’ X= 1""Nr J 3 >
yN:rl A \\\ :
R()=28(xy), y=1..N A
S(x,y) = 1, if(x,y) is a foreground pix| e
7" lo, otherwise (Liu et al. 2002)

. Angular transform
N, SOVNOX) (v )

HXV

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

the circular sector »ﬁe—A—;e A—Z‘gj and N, is the

Y

cardinality of @, (Boulgouris et al. 2004)
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Introduction

Gait as a biometric

Features for galt recognition

Model-

"
- S
SR g

et

(2)

» Absolute joint positions (Zhang et al. 2004)

e 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 (Lu et al. 2003)

« Height (Han et al. 2006)

Superquadric
thigh
kaae le.ee
thigh rcall
Superquadric
calf
ankle ankle
X =X
calf foot
Superquadric

foot
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(From Desseree & Legrand, 2005)
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Introduction Gait as a biometric

Features for gait recognition
Model- hased metihod (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)

45
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Introduction Gait as a biometric

Creating a human model

=
Whole body models i i

*14 rigid bodies (wang et al. 2004)

« 5 rigid bodies (zhang et al. 2007; Cheng-Chang et al. 2007)

_I Camera

Leg model models

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

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

* 1 rigid body (the thigh)
(Cunado et al. 2003)




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
(Yam et al. 2004)

» Dependency of the neighbouring joints:
 shoulder-elbow, thigh-knee, knee-ankle

 lower limb is driven by the upper limb
(Wang et al. 2004)

 Minimum and maximum values of the joint angles

47



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:
I:::—zl — Background Flane

G g1}
!
|H k/-: !
— \ .
f (cosh +sindtana) |y 7
*.{_‘I.f
1(.?‘L Camera Lens
L

Image Plane

i

* Recognition rate: 50-70%

(Han et al. 2006)
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Introduction Gait as a biometric

Problems in gait recognition

Proven references to be used for gait invariant ana  lysis

e Simple Reference: 45 deg and 135 deg angle views achieve
better results
* Two references: Combinations of orthogonal references such

as combination of 0 and 90° are effective
sub%ect

0 l]IIHHIHIIH W[ NN
15 (1IN 1M YT I
[IMMI 1NN

[ I L1

ARV {PR

BRI VA

L

49 (Makihara et al 2006)



CERTH/ITI proposed gait authentication system Gait as a biometric

CERTH/ITI Gait Recogmitiom Apppoaabh -Htunctioo@dilikess

o Live capturing frames / Reading frames from
database

0 Human Extraction based on original frames

o0 Live Enrolment and Authentication based on live
capturing and Human Extraction

o Offline Enrolment and Authentication on the
database

50



CERTH/ITI proposed gait authentication system Methods

Gait Recognition Algorithm Block Diagram

Silhouette Sequence Gait Cycle Estimation -

Actibio
C I C I i+1
ycle | ycle | Gait Database

Gait Energy Image (GEI) Extraction

"l

Gait
Recognition

Bl
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CERTH/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
illumination changes.

-

Current

Frame
— > Silhouette

Current
Background 1-a

-

+ — Update Background:
o a * Current Background + (1- a) * Current Frame -‘
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CERTH/ITI proposed gait authentication system

Pre-Processing Stage

Pre-processing of foreground silhouettes
(Noise removal)

Aftar
i T TR R Y T R
B aroun: bitractl
& [ Y
Use of
-.—
Morphological Filters
. - l

l---‘lng HPJO

Finial Pre-Pro
with Sha Lmh
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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 Xiop

2iar

FOW Xhottom . o .'_.,,,,_, 27t

~ Wohiss -

|
|
|
|
|
|
|
|
|

265 -
— Cycle —
.
column yeentre 280 . . . . .
- 0 20 40 60 80 100 120
Frame

Period : Number of frames in one cycle (NFc) is calculated by
observing the peaks.
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CERTH/ITI proposed gait authentication system Methods

AL

MidStance Double MidStance Double MidStance
Support Support

Gait Cycle Estimation: Algorithm Il

180

160

» Period is estimated by calculating the bounding
box’s width in each frame and getting the local
minima for the entire sequence

100

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

a0

60
1]

| | | | |
20 40 B0 a0 100 120 140

C. = LocalMin(BoundingBox\Wi dth(n)\n € 1, number Of Frames)
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CERTH/ITI proposed gait authentication system Methods

Utilization of Gait Energy Images (GEl)

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

B CycleLenght ;_c/gesart
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CERTH/ITI proposed gait authentication system Methods

Signature Extraction Stage
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Y
path
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CERTH/ITI proposed gait authentication system Methods

Mapping of gait characteristics into gait transform S

0.03 Stride
length
Double support 0.02}
position
0.01}
D A 1
0 50 100 150
0.03
0.02
Mid-stance
position 0.01

O ) 1
J 0 50 100 150

Length of stride mapping in the RIT Transform
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CERTH/ITI proposed gait authentication system

Methods

Mapping of gait characteristics into gait transform S

Distance between:

> Pelvis and feet
> Pelvis and head

Height estimation
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CERTH/ITI proposed gait authentication system Methods

Mapping of gait characteristics into gait transform S

0.03

Hand movement 0.02}

0.01}

0

0 50 100

0.03
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Hand movement detection using the CIT Transform
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CERTH/ITI proposed gait authentication system

Methods

Mapping of gait characteristics into gait transform S

Client Silhuette

Reference Silhuette

Impostor Silhuette
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Template Matching using temporal correlation

AT TN .-
E ol ——— T TN ey
Camers
7/ 5%
V24 :
........... | [
\ :  Matching Algorithms
S : :
Iml)uL —» Identification
| .
- Compute ) :
- Degiﬁuﬁa't Feature Vectors —Inﬁut—p- Reg:::gi.:? — Dutnul§
(RIT, CIT, etc) :
A AT AT TT Compute —l'-: Authentication
Input :

/WZ— Feature Vectors
Gait s (RIT. CIT, ste)
Datebase I E S,

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

N .
. o
.................................

FVecSze

D= mlnz\/ Z(ProbFeatVec(n) GalleryFeatVec, , (n))?
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Template Matching using time warping (LTN)

»  The probe frame is determined by linearly compensating the cycle length
differences.
»  Each gallery frame (X) is compared with a probe frame (Y). If gallery cycle has G
feature vectors, Probe cycle has P feature vectors then:
Y=X*P/G+w
where w is a search-for-best-matching frame window: -k <=w <=k, where k is a small
positive number, i.e. kK = 2.

Probe-Client
Sequence

Gallery
Sequence

Probe-Impostor
Sequence

<
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Reliability Factor and Quality measurement of the g  ait signal

»  Quality of the gait signal using Qg metric

v' Estimates the quality of the gait signal using the coefficient values of the
Radial Integration Transform to the interval [0, 360°]

0.022 -

noise-free frame |:

002

0.018

o o o
o o o
= =2 =
o = 5]

001

Radial Integration Transform (RIT)

0.008 :
0.006 |- :
0.004 F :
0.002 ! I
0 50 100 150 200 250 300 350 400
Angle @

Detection of noisy region(s) using the coefficients of the RIT transform
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Although it has been reported that the side view
silhouettes contain most discriminative information,

the problem of gait direction dependency still
remains.

b New approach:

* Rotation of silhouettes in order to
synthesize the side view

— Challenge: some pixels may have to be guessed.
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Walking Axrgiée [Destesnmm mesttam

Using the 3D data from the stereoscopic camera, the
walking direction can be estimated.

 The head position is extracted, and O = COSlEV
the mean head’s 3D point is
estimated at the first and the last
frame of each gait cycle.

)

* The walking angle, with respect to
the camera, is calculated using the
formula.
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Silhouette robéditoon

The 3D coordinates of each silhouette pixel are extracted
using the disparity data from the stereoscopic camera. This
way a 3D point cloud is generated, which is rotated using
the following formula.

[ cosp) sin@) O
Pirotated _ P| . _Sin(a) COS@) 0
0 0 1

Criginal Silhouetts Rotated Silhoustte Silhoustts with added
emerging points

The new point cloud is now reprojected on the camera to create
a new silhouette, which is used to extract the gait features
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Further improvement: DiSspdyitl) &latS8oaibthghg

The disparity data from the stereoscopic camera are, in
general, quite noisy.

< The data are denoised using a Gaussian filter in order
to achieve better results

68



CERTH/ITI proposed gait authentication system

Methods

Gait Recognition Algorithm with Disparity Data
Refinement Block Diagram

Original Disparity Data
a7 ng‘i‘% .

] Disparity Map Without
Background
2D 3D

Silhouette

N
_'Disparity .
—{ Data

~_ Filtering

-,
- L
=

3D Silhouette

D'(i,j>=Ki-(g(x,y>*D<i,j))

,C
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Further improvement: Use of soft biometrics (1/2)

Height and stride length were utilized to augment the
Information obtained by the gait recognition system.

—
g LR L S, S | Gait signature
' s : I i 1 database
i B ! i b
1 | Gait feature | | . i | Gaitscore | !
: I ,I extraction | | ! | estimation | !
2 i : B
1 e R e A S ! i Al e N
1 : Y. N Y
— . v Y
| I 1 [ Combined |
i | ' — | score | H
1 e e e e e e ] | peeemeemsmhemmsse v Yo S
Gait l I 1 I : 1 II \\k - '.-'(
b ot iia : | |Soft biometric| | | i1 | Probabilistic E S I
—— | trait :—IH soft biometric |—|}—
i | | estimation | | | framework ||
I 1 I 1 Il
I 1 I
J

b mmmmmmm— e ——————— I_:.___:._T'__'_'i_'_;_' _'___:I

Soft biometric
traits statistics
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Subject's
SoftBiometrics

(5 1)

Further improvement: Use of soft biometrics (2/2)

Probabilistic Soft Biometrics framework

SoftBiometrics Distributions With Minor Clusters (17 )

Stride Distribution

1®| ||IM|@O

Height Distribution

Gait Score

Refined
Gait Score

p (z|fg, fn € MP, f, s M™) =
= T-p'"tkp" 1—pi+ips P (z]fq)

Stride-coefficient
Height-coefficient Calculated
| similarly to
height-
coefficient

A\ 4

p(zlfg fneM?) pr(1-p") _ .

p (z|fg, fn & MP) (1 —ph)p"

where pl' = p ( fneM :h'|,-r} and p" = p(fa € ;"1-[?}.
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Database HUMABIO

= Database data from two sessions
v' 1st session consists of 75 Persons (3 covariates — hat, briefcase,
shoe)
v' 2nd session consists of 53 Persons, 48 common with the 1st
session (3 covariates — hat, briefcase, coat)

= Capture Detalls
v"Indoor scenario similar to the airport pilot
v' Four experiments were defined
(Hat-Exp.A, Briefcase-Exp.B, Shoe-Exp.C and Time-Exp.D)

72 Normal Hat Briefcase Coat
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Verification results on the HUMABIO database

False Rejection Rate

False Rejection Rate

100

90

80

70

60

50

40

30H

Results

v" Detection Error Trade-off curves (DET) for estimating the Equal Error Rates (using z-Norm
scores) for each feature extractor and the weighted algorithm on all experiments

DET Curves for RIT transform (using z-Norm scores)

Exp.A (HAT)
Exp.B (BF)
Exp.C (Slipper-Pantofle)
Exp.D (Time)

0 10 20 30

40 50 60 70 80 90

False Acceptance Rate

DET Curves for Krawtchouk transform (using z-Norm s
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T T T T T T

Exp.A (HAT)
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Exp.D (Time) _

False Acceptance Rate

False Rejection Rate

False Rejection Rate

DET Curves for CIT transform (using z-Norm scores)
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I I I

Exp.A (HAT)
Exp.B (BF)
Exp.C (Slipper-Pantofle)

Exp.D (Time) |
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70

False Acceptance Rate

DET Curves forR

CK-G (using z-Norm scores)
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Exp.A (HAT)
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False Acceptance Rate
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Recognition results comparison on the USF “Gait

Challenge” database

Results

Probe Set Rank 1 Rank 1-5
BASE ZmMu LTH-# PAGR ME-HMM PAG
ITI ITI BASE My LTH-A ME-HMM
(1) (2} {3) {4) (5) R
A (GAL) [71] a7 79 a7 g9 il Q99 100 L] 100 a9 1040 100
B (GER) [41] g5 =1 g1 71 65 g9 93 g1 a0 g1 g3 a0
C (GBL) [41] 83 o6 &1 <] a6 59 Fi= 93 =] g3 Fi= gl 20
D (CAR) [7FO] 39 29 21 21 27 36 T3 Gl a9 =1 a2 a5
E (CER) [44] 32 24 19 26 29 29 73 55 S0 57 57 65
F {CaL) [7o] 27 30 27 15 14 24 60 45 a3 35 35 &3]
G (CBL) [44] 27 10 23 10 14 15 b1 33 43 33 35 a0
Computational intensive
Bl Best Score [ _~-omp :
Training (increase enrolment time)
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Database ACTIBIO

= Database data from two sessions

v’ 1stsession consists of 28 Persons (5 covariates — coat,
briefcase, shoe, stopped during walking, diagonally)

v’ 2nd gession consists of the same 28 Persons after one month,
(1 covariate — stop during walking)

= Capture Detalls

v' Indoor scenario
v' The subject was not walking in a strictly straight line

Normal Briefcase View angle With stop
75
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ACTIBIO Database — Gait recorded paths

Gait Testing Sequence v1 (x3)

Table

Stereo camera 5
o 0

Gait

Testing Sequence v2 (x1 straight, x2 not directly )

Table

Different Angles

Stereo camera 5
P

a%
=V

Straight and random paths

Table

Random paths with stops and
pressing buttons to control panel
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Database Actibio — Multiple views (High Sync)
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Results on the ACTIBIO database

FAR/FRR using GEI in ACTIBIO BF experiment FAR/FRR using GEI in ACTIBIO Normal experiment
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False Acceptance/Rejection Ratio
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Results on the ACTIBIO database

100
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Results on the ACTIBIO database
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< The improvement of the results with the use of the
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Conclusions

« The gait recognition algorithm deals with the
random-path walking scenario, which is a brand
new and novel approach in the whole research
field of gait recognition / authentication.

« The experimental results demonstrate that the
presented gait recognition system perform better
than the state-of-the-art algorithms.

« The wuse of soft biometric enhance the
performance of the gait recognition system.
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Conclusions

 Novel methods were presented to improve the
state-of-the-art gait recognition systems.

* Innovative biometrics were developed based on
the users motion when responding to specific
stimuli and demonstrated a very promising
authentication potential.

@ Security syywd@ns  ussinty aotiwily reddaded
biometrics caan clearly eavitanee Sy im
critical aqphltchimss.
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