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Basis
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Visiomased biometrics

UNIVERSITY OF

Southampton

School of Electronics
and Computer Science



Biometrics and gait

Emerging gait research

Gait Is non-contact and uses
sequences

Advantages: perceivable at distance
and hard to disguise

Potential applications: security/
surveillance, immigration, forensic,
medicine?

Other applications: moving objects
Related fields: animation, tracking

Clinical Gait Analysis

MIE Medical Research
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Why? (and a better explanation)
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As a biometric, gait is available at a distance when other
biometrics are obscured or at too low resolution
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Gait and literature

Dictionary: A manner of wal w AT
Shakespeare observed recognition:

MHi g Moeen of state; Great Juno comes;
| know her by her gaito | The TE

nNFor that John Maattni
speech he doth rese

Other literature: e.g. Band of Brothers: n |
noticed this figure coming, and | realized it
was John Eubanks from
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Gait and history

Aristotle (~350 BC)

On the gait of animals

Leonardo da Vinci (~1500) | JF 7"

movement sketches

Eadweard Muybridge
(1830-1904)

i Movie pioneer

i Studied horses (1872)

i Studied movement (1884)
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Early UCSD Data

Image frame Extracted

_ subject
» 6 subjects; 7 sequences

~ Sony Hi8 video camera
» Circul ar track e.exhausted subj e
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Performance Evaluation of Miaged Gait Recognition
using a Very Largeale Gait Database

From Osaka Univ, Japan

Gathered large database .
>1000 subjects, at A
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Consistent with many other studies
First gait biometrics paper - Cunado, Nixon and Carter

(AVBPA 1997) - had 90% CCR
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Gaitbased Age Estimation using a Whole

generation Gait Database

How old is he/she?

Subject 1 2 3
Gait
Age A. 4 years old

C. 82 years old

B. 34 years old

Makiharg OkumuraJwama

andYagi, Proc. IJCB 2011

12

UNIVERSITY OF

Southampton

School of Electronics
and Computer Science



Techniques for gait extraction and description

A Silhouette descriptions (many)

E Established statistical analysis

E (Temporal) symmetry
E (Velocity) moments
E (Unwrapped) silhouette

A Modelling Movement (few)

E Pendular thigh motion model
E Coupled and forced oscillator
E Anatomically-guided skeleton
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Velocity moments

A Extension of spatial moments
A Applied to silhouettes
A Selected by ANOVA
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Gait recognition

A 3 moments for visualisation; subjects are clusters of 4
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Gait recognition

anatural walking (well eée.)
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Gait recognition

V4

Alncluding a funny wal k é
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Processing
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Average Silhouette

Most popular technigque for gait
representation

Simple and effective °

(Liu and Sarkar ICPR 2004 ; Veres et 10
al CVPR 2004)

Also called gait energy image

(Han and Bhanu CVPR 2004: TPAMI .
2006) o

New form is gait entropy image
(Bashir and Gong ICDP 2009)

Analysed on HiD, Soton and
Casia databases

Sex_Male,HIDGaitGrey-minmaxNorm
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Modebased approaches

A
torso height
height
K b
leg length
v \ p
4+—>
stride Y
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Model i ng the Thighos

vs (1) = Acosivt +f)
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Model i ng the Thighos

vh (t) = Vx +Acosivt )
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Model i ng the Thighos

f() =3 G ghcokuyt +
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Validity?
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Modelling Gait(s)

4 Extended pendular thigh-model, based on angles

» Uses forced oscillator/ bilateral symmetry/ phase coupling
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Basis of Recognition Metric

4 Accumulate evidence of Fourier descriptors
Use to calculate Fourier transform
4 Magnitude spectra similar

A

Thigh Rotation (Running)

20 Magnitude Spectra
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Basis of Recognition Mdthase

A

Phase spectra differ

Phase

Phase Spectra

Frequency

O Series1
B Series?2
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Recognition Metric

» Product of phasel magnitude gives recognition measure

PWM
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ModeBased Recognition Results

Magnitude : Run
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Subjects

PWMs of Signature for Walking Gait

Signature : Run
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Does gait biometrics really work?
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BBC1Bang Goes the Theory

Episode 1, 2009
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Analysing the Effects of Time
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Few minutes apart, different clothes

31
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Matovski and Nixon, Proc. IEEE
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Other work
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Comparison with related works. Baseline [15], CMU, DNGR [13] and STSDM

evaluated on CMWoBogait data set (experiment 2 of CMU) with walking
speed 3.3 km/h and 4.5 km/h; S¥S [36] and SPSA [35] evaluated on G@BIR
treadmill gait data set A [56] with walking speed variation of 3 km/h and 4 km/h

UNIVERSITY OF between gallery and probe gait sequences.
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Murder case In Australia 2014
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Forensic System

n Subject registration dialog

Gait-based Verification System
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Commerclalisation

You = Q Upload
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Soft Biometrics
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Advantages of Soft Biometrics

Human understandable description
rirch I n semantics, e.g., a face | me
bridges gap between human and machine descriptions
Robustness to image quality
soft biometric attributes and low quality data
subject at a distance from the camera
Privacy
lack of distinctiveness implies privacy friendly
€ but we can recogni se!
Performance improvement
use in conjunction with biometric cues such as face, fingerprint and iris
fusion to improve accuracy. ID invariance to viewpoint, illumination.
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History of Soft Biometrics: Bertillonage

A. Bertillon ldentification of Criminal$889
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West vs West

A 1903, Will West committed e WD o e

UNITED STATES DEPARTMENT OF JUSTICE

to penitentiary at 3. Edgw Hoowr, Diecta

Leavenworth, Kansas History of the
“West Brothers” Identification..

A Bertillon measurements Bt Mmoottt 3 . ekl Mo f M
matched William West, who -
was committed for murder
In 1901
o R T oo e B oy Jueing Deas
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fore, but the clerk doubting the , ran his i
instruments over him, and from the Berillos messurements
obtained went to hin files, returning with the card the meassre
-eu-undkrpnpdyaﬂdm.nw'mmm
£ph and bearing the mame WILLIAN WEST. Will Vese, the new
prisoner, continued to demy that the card was his, whereupen
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already & pri: in thar Insti been commirted
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http://www.lawenforcementmuseum.org/
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STATE First mention of Soft Biometrics

Alntegration of Soft Biometric Traits with a Fingerprint Biometric System
Ax is the fingerprint, y is the soft biometric

Soft Biometric

i 2 Extraction Module
Templﬂleq ‘ i :
- | X
Feqiu;re ; +
| Extraction | = Matchmc- Plolx) _,| Post-processing | F"(m | % ¥)| Decision
Module Module | Module | Module
Primary  Secondary | [ _
Biometric  Biometric | Userldenn
System System _ Accept/Reject

Jain, Dass, and Nandakuma

ICBA2004
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Performance

A Recognition performance of a fingerprint system after including soft biometrics
A ldentification and verification
A Fingerprint + ethnicity + gender + height
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" Facial
shape

Moustache

E

~ Ethnicity

CNm RNl A Gender'

Facial feature
Beard _measurements _
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Face and Age

—— —

Beautyanalysis.co
m



UNIVERSITY OF

Southampton

School of Electronics
and Computer Science

Face and Kinship

Lu 2013]
‘Guo 2012]
[Fang 2010]
[Shao 2011]
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y The role of facial shape in voting
behavior

[Little 2007][Todorov 2005]
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Motivation: Murder case In Australia 2014 et
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Descriptions and attributes for identification ===

Eyewitness statement Image ofrle

Gun &SN 2fR YIS GBERICFYPIR
S I N\R y K 7\ Subject | Gender Age Height | Nose W Top

? M 24 171 2.4 Shirt

|

Subject | Gender Age Height | Nose W Top

123456 M 25 172 2.3 Shirt Database Of
descriptions

Database of |mages

— ’91,
— ";_ (4

123457 F 36 156 2.2 Blouse

Generate descriptigns 123458 M 58 182 1.2 T shirt
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What can you recognise?
B

256%x386




Gender Estimation on PETA
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AGender?

Subject

PETA
Image

PETA labe
B. Female

Martinho-Corbishley, Nixon

and Carter, Proc. BTAS 2016
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Exploring Human Descriptions

AWe explore semantic Traits
descriptions of: w @
A physical traits
A semantic terms

A visible at a distance

Terms

. “

Samangooei and Samangooei, Guo and
Nixon, SAMT 2008 Nixon, IEEE BTAS 2008
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On Semantic Descriptions

Advantages

1. No (feature/ sensor) ageing

Avallable at a distance/ low resolution/ poor quality
Fit with human (eyewitness) description/ forensics
Complement automatically-perceived measures
Need for search mechanisms

A

Disadvantages
1. Psychology/ perception
2. Need for labelling
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% : Appendix B - Protocol between Niagara Catholie District School Board and the Niagara Regional Police
[ [ ] [ ]
é Suspect & Vehicle Identification Chart| &= .
SEX AGE HEIGHT |WEIGHT RACE FACIAL APPEARANCE Write below specific facial details that yvou definitely
. - b
Male g White O i Harote b
Female O Black O
o D Wrmkles .
HAIR HAT Evteow -
Eysteow e [What did the suspect say?
{:ﬂlmﬂgt‘-"h W i Sive :
{ ) L{h ) Sire & Shape “"-P_#-r
iHEye '\.-r::" 2 o Beaware’
Wik & ... .Ma‘?:::
s sekn « Prote
EYES COAT b l.'.r::u- $
Sumben
(Glasses) "'"i‘”‘f" ek & Tool or weapon seen?
e A dames Sppde
Vehicle . ﬂ‘
COMPLEXION SHIRT e ﬂ\"::n:’:”;\:;::pcvsons -
= - G ;:‘\;‘:‘“ng ﬂmn::e“ ot pole
s
BIECT pescRIPT0
JEWELLERY TROUSERS
KColowur Molake Model Licenge Number -
Body Style Damage Rust et o
SCARS/MARKS SHOES ARkiTing Bumpsr Sickor Whdd Cowvers - -
[Derection of Teavel oot
e Mdressmw
ol ¥ prevent VS
ATTOO! DON'T HANG UP! o
T S TIE STAY ON THE PHONE I!.Emw YYYYY s
Remember, Your Safiety Comes First! - I - I
Working Together To Prevent Crime
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A Global
Global Features ﬁ Sex
. . Ethnicity
AFeatures mentioned most often in A Skin Colour
: A Age
withess statements A Body Shape
ASex and age quite simple__> L
. A Muscle Build
AEthnicity A b
: A Proportions
ANotoriously unstable T e
AThere could be anywhere between ﬁ ﬁ;egfzi'ze
3 and 100 ethnic groups A Leg/Arm Length
N . A Leg/Arm Thickness
A3 7 msubgnoaps plus 2 extra to A Head
A Hair Colour

match UK Police force groupings

So we thought!!

Samangooei, Guo and

Nixon, IEEE BTAS 2008

A Hair Length
A Facial Hair Colour/Length
A Neck Length/Thickness



UNIVERSITY OF

Southampton

School of Electronlcs

Phrasing questions

ANodpol itical corr&@%s Cop

ANote, or avoid, homonyms and THE OFFICIAL
polysemes -, P OLITICALLY

AEschew completely argot and - CORRECT Y

'DICTIONARY & HANDBOOKT ‘

colloquialism

E.g. nose: hooter, snitch, conk | foste
(U K), SChﬂOZZIG (U S?) o ua ‘ raverishe . Challenged

6. . and avoid word € Sue e w
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TraItS and terms and Computer Science
A Global
Body Features A Sex
o N A Ethnicity
ABased on whole body description stability A Skin Colour
: A Age
analysis by MacLeod et al. A Body Shape
. . . A Fi
AFeatures showing consistency by different A V\',ge:*grﬁt
viewers looking at the same subjects A Muscle Build
: : T A Height
AMostly comprised of 5 point qualitative A Proportions

A Shoulder Shape
measures A Chest Size

<_e.g. very fat, fat, average, thin, very thin _—> A Hip size

A Leg/Arm Length
AMost likely candidate for fusion with gait X Hei\dLengfm Thickness
A Hair Colour
: A Hair Length
This Chang9d A Facial Hair Colour/Length

A Neck Length/Thickness

Samangooei, Guo and

Nixon, IEEE BTAS 2008
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A bit of psychology

Need to gather labels from humans

Memory issues: view a subject as many times as
needed

Defaulting: explicitly asked to fill out every feature
Value Judgments: categorical qualitative values.
Observer variables: collect description of annotators

Other race effect is very difficult to handle

Makoto Saito 57
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Labelling vias? CrowdFlower

A Professionalabelling environment

A Canevaluate labeller¢continuously)

AEnsurewide populationof labellers

ANot expensive

A Othersavailable (Amazon Mechanical Turl
not available in UK)

How different is the appearance and visibility of Gender
between the two people?

Answer

Visible in both images Impossible to see
No different Im ible t in one image
Slightly different
Quite different

Very different

i https://www.crowdflower.co Martinho-Corbishley, Nixon and
Carter, BTAS 2016
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D at a b aS e S and Computer Science

Laboratory

0 Southampton Gait Database
0 Southampton 3D Gait and Face
O0Real 6 Worl d
PEdesTrian Attribute (PETA)
LFW

0 Clothing Attribute Dataset

O¢ O«
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Human descriptions: recognition capability =~ ===
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First result

- = just annotation
- = just visual

— feature fused
- score fused

ER=14.66 %

ER=8.62 %

EER=6.13 %
EER=6.51 %

0.1 0.2 0.3 0.4 0.5
False Negatives

Samangooei and Nixon,
IEEE BTAS 2008



Perspicacity of categorical labels
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mMAP Improvment compared to Random Arrangment
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Problems with absolute descriptors

Subjective = unreliable; Categorical = lacks detall

a

COO ORI

Subject's Height (pixels)
N
(0]
o

O

0 1 1 1 1 1
Very Short Short Medium Tall Very Tall
Height Term

Reid and Nixon, IEEE
IJCB 2011; TPAMI 2015




Comparative human descriptions
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A Compareone subjectd
with another 0s

A Infer continuous relative
measurements

Please compare the subject in the kower video 10 the subject i the top video.
For example if the subject i the bottom video is taller thas the subjec

Attribute Ansotation
Age Otdee =]
Bottom sutyect i OLDER than the top
Hax Colowr Same B
Subgects have roughly the SAME haw colour
Har Leagth Losger  [3]
Bottom subyect has LONGER hawr than the top

Heght Tafer ]
Bottom subpect o TALLER than the top
Figure Same -l

Subpcts both have roughly the SAME figure
Neck Length Same -

Subpcts have roughly the SAME langth neck
Neck Thckness  Thanee -l

Bottom subpct has » THINER neck than the top

Shoulder Shape  Same I+
Subyects have reughly the SAME shoulder shape
Chest Same -

Subgects have roughly the SAME sze chest
Arm Lesgth Longer =
Bottom subject has a LONGER arms than the top

Reid and Nixon, IEEE
[IJCB 2011
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Context: relative attributes B
PubFig ACHI MSV Z
Masculine-looking | 1111001 1 | S<M<Z<V<I<A<H=<C
White OIT1I1111 | AXC<H<Z<J<S<M<V
Young 00001101 V<H<C=<J<A<S<7Z<M
Smiling 11101101 | JXV<H<A~C<S~Z<M
(a) Smiling Chubby 10000000 | VI<KH=<C<Z<M<S<A

Visible-forehead 11101110 | JRZLSM<S<A~C~H~V
Bushy-eyebrows 01010000 | M<S<Z<V<H<A<C<J

Narrow-eyes 01100011 M<J<S<A<H<C<V<Z

Pointy-nose 00100001 | ACLI~M~V<S<7Z<H

_ Big-lips 10001 100 | HRIRV=Z<IC<M<A<S

(d) Natural (f) Manmade Round-face 10001100 | H=V<I<C<Z<A<5<M
Subset of attributes and Alex Rodriguez (A), Clive Owen (C), Hugh

Used ranking SVM Laurie (H), Jared Leto (J), Miley Cyrus (M), Scarlett Johansson

(S), Viggo Mortensen (V) and Zac Efron (2)

Parikh and Grauman,
IEEE ICCV 2011
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Context: relative attributes
OSR PubFig OSR PubFig
80
= = > >
S 40 S 40| S T fa v
- 3 - 3 3
S| S e 3 * -k g -—t———a 8 F=l-4-1
< 20 h"'.., < 20} | AR < 20 < 20}
- = = DAP SRA Proposed ! 0 = = = AP =—— SRA Proposed
0123 45 012345 1 2 5 15 1 2 5 15
# unseen categories # unseen categories # labeled pairs # labeled pairs
Zero-shot learning performance as the proportion Zero-shot learning performance as more pairs of
of unseen categories increases. Total number of seen categories are related (i.e. labeled) during
classes N remains constant at 8 training

DAP Direct Attribute Prediction
SRA score-based relative attributes

Parikh and Grauman,
IEEE ICCV 2011



Height correlation (with time)
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Reid and Nixon, IEEE
ICDP 2011



Recognition

UNIVERSITY OF
Southampton

School of Electronics
and Computer Science

Retrieval Accuracy
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Relative Measurements
E inferred from 10 comparisons
------------------- Categorical Labels
0 20 40 60 80 100
Rank

Reid and Nixon,
IEEE ICDP 2011
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Recognition/ retrieval

Incorrect with 10 Correct with 1 comparison

comparisons
Reid and Nixon,
IEEE TPAMI 2015




Ranking comparative descriptions
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A Use ELO rating system from chess
to infer relative descriptions

A Turn comparative labels into a
ranked list

AComparative U categ

A Alternatives?

A Parameters?

o
©
I

o
oo
L

o
o
L

Rank 1 Retrieval Accuracy
o
\l

o
)]

o
I

5 10
Number of Comparisons

Reid and Nixon,
IEEE 1JCB 2011
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Evaluation: effect of the number of comparisongiipo
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O n re C O g n i ti O n and Computer Science
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Components

Data

Labels (categorical or comparative)
Ranking algorithm (for comparative labels)
Feature selection (e.g. SFSS, entropy)
Computer vision (feature extraction, colour
mapping,)

Classifier ( e.g. KNN, SVM, DBN)

o o Io To Do Do

http://ww?2today.com
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Labelling the body, face and clothing

All: gender, age, ethnicity, skin colour

General

Body: figure, weight

Face: length, width, fleshiness

Clothing: tattoos, attachment(s), overall style category

Head/ Face

Body: skin colour, hair colour/ length, neck length/ thickness
Face: parts of skin, hair, forehead, eyes, ears, nose, lips, chin
Clothing: hat, face/ head coverage

Upper Bodﬁ
Body: arm length/ thickness, chest,
Clothing: neckline, clothing category, sleeve length

Lower Body
Body: leg length/ shape/ thickness, hips’ width
Clothing: clothing category/ length, belt, shoes, heel
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Context: attribute estimation

o B Do Do D>

To

dark

male hair jeanS baCkpackskirt

‘\ e, ’ - ~F

Pedestrian attribute estimation .
Cam A

(gender, clothing)
Pre-segment pedestrian image
Use multi label CNN Cam B oS __
Applied to VIPeR , GRID and PETA (a) VIPeR
Increased average attribute

2 3
FAN
5

estimation

Wil
Can be used for re-identification ? scaled into

# body part &/ ,"Pﬁ
{/ 128x48 pixels (/.= division 'E? 2l
window size: 32x32 pixel u,é ‘,? : Lf' E

horizontal sliding step: 8 pixels maa md >

Zhu, Li aRocICB, vertical sliding step:24 pixels ﬁ&ﬁ.‘_g_
2015, IVC 2016 each part size: 32x32 pixels
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1 2 4 5 13 14 15
Input & : G 2 ¥

| g ? l [{ﬂ b, l. al’ 11’ -'lh Convolution 4 Average ROC
ci| JI| | G i
S1 TA e I TJ ¢ A I b, |~ Maxpooling 08}
o T“ 1 o f’ 3 j_;y' ' i Convolution 0.7
o Tl 5l b ol | e b : Tu g ko [ "Maxpooling o diet
ca $ RO B I .’1”. v 11 E + Convolution %o,s- M

Al 4Ik4Ib41lb T 1% ||+ | Maxpooling . LA
(Sj 1 ]y I i P comchiton _,/,.f"‘ I
o * L-i ' .‘jj i Maxpoolmg 0.3 9 5 4 0 O ,

. e 0.2 21 |
“:*«:}1\,::\ '-""5" Full Connection =" ] [tsvm
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oL - "1 [ T T111 -
Softmax " s False Positive F.’ate‘lo L
long hair ?\A: male ? " has backpack ?

Analysis on PETA

Zhu, Li ad

IVC 2016
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Context: attribute estimation

attribute

accessoryHat
accessoryMuffler
accessoryNothing
carryingBackpack
carryingMessengerBag
carryingNothing
carryingOther
carryingPlasticBags
footwearBlack

accuracy rate (%)

IkSVM
92.04
94 84
78.87
76.39
74.51
75.84
76.16
86.86
74.29

MLCNN
96.05
97.17
66.11
64.30
79.58
60.14
60.91
93.45
75.97

recall rate (%) @ FPR=10% AUC(%)

IkSVM
61.37
90.68
35.37
46.19
20.22
4936
38.97
70.57
20.37

MLCNN

66.06
66.42
22.97
26.40
26.30
29.15
46.90
67.30
ol 24

IkSVM  MLCNN

91.27
95.09
81.79
864.52
76.44
81.60
74.11

87.69
81.42

92 62
94 47
86.09
85.19
82.01
83.08
77.68
86.01
84.07

CMC curves on VIF’qR databalse

—4—RDC
—»— DML
—e—LFDA
RPLM
—+— Salience
—e—QOurs

0 10 20 30 40 50
Rank

Analysis on VIPER

Zhu, Li aRyoc ICB ,

2015, IVC 2016
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Crowdsourcing body labels

Response labels (5-p

Soft traits 5

Gender Much more Feminine
Age Much more Old
Height Much more Tall
Weight Much more Heavy
Figure Much more Fat
Chest size Much more Big
Arm thickness | Much more Thick
Leg thickness | Much more Thick
Skin colour Much more Dark
Hair colour Much more Dark
Hair length Much more Long
Muscle build Much more Muscle

Age (required)

Compare the person on the left, to the person on the right.
For Age, the person on the left is:

Age
Much more Old
More Old
Same
More Young
Much more Young

Can'tsee

Martinho-Corbishley, Nixon and

Carter, IET Biometrics 2015
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Considerations on crowdsourcing

o I

Initial trial questions used, successful

respondents proceed Statistics

MCCandoto aceeeptabl e for all l#respomamt® { a892i 0 n' s
(respondents capped at a maximum rate) # annotations | 59400
Respondents rejected if response distribution # resp. flagged 124

varied largely from average # annot. rejected | 4383

Questions included text and highlighting,

_ _ _ cost $303
reiterating task question
Layout consistent with easy use

Initial answers blank to avoid anchoring

Martinho-Corbishley, Nixon and

Carter, Proc. BTAS 2016
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Distributions of body labels

Annotation distribution “Gender" answer distribution “Height* answer distribution "Can't see” answer distribution
Ger‘derl
Can't see Can't see Can't see He ghtl
age |}
Much more A Much more Femining Much more Tall WEil.'.lhtl
FI:].JFI:.
More A Maore Feminine ] More Tall Chest 5Ize-
Same Same Same Leg thickncss_
skin calour |
Mora B Maore Masculine ] Mare Shart Hair colour -
Much more B Much maore Masculine Much rare Short Muscle huilr'.l-
0.0 0.1 0.2 0.2 0.4 05 06 0.0 01 0.2 0.3 04 05 0.6 0.0 01 0.2 0.3 0.4 05 0.6 000 002 004 006

All Gender Height Uncertainty

Martinho-Corbishley, Nixon and

Carter, IET Biometrics 2015
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Influence of # comparisons

0.30 : :
— Gender
" — Height
0.25} — Age
—  Weight
— Figure

0.20 Arm thickness

- - Leg thickness
- - Muscle build

0-15 - - Chest size
- - Skin colour

0.10l | - - Hair colour
- - Hair length

0.05t

Mean comparative and categorical rank discordance

0.00 ' ' :
0 10 20 30 40 50

Number of comparisons

Martinho-Corbishley, Nixon and

Mean rank discordance vs number of comparisons Carter. IET Biometrics 2015



Recognition by crowdsourced body labels
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Recognition accuracy
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— - = Crowdsouced Relative, 10 comparisons, [Martinho 2016]
Relative, 10 comparisons, [Reid 2014]

o
N

Correct recognition rate

o
[
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10 20 50

Rank

30 40

[Reid 2014]

10 40 51

Number of comparisons/person

20 30

Lowerrecognition accuracy (expected)
More labels and comparisomscreaseaccuracy (expected)



ldentification by body labels
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Alabel ranking via ranking SVM

Aimage split into horizontal strips
characterised by colour

AHistogram of Oriented Gradients
applied to whole image

Alearning functions trained to
predict soft biometric labels given
Image features and annotations

Aused Extralrees (ET) supervised
ensemble learning algorithm

Views from SOBIR dataset




