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1. Where are we now?
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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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Top row: GEI for male, female, child, middle-aged,
old, slim, medium and overweight.
Bottom row: corresponding visualization
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What changes? RO

Footwear

Many covariates can affect walking
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Laboratory
e Southampton 3D and 2D
e CASIA (+ multiview, thermal)
® Osaka OU-ISIR (+ multiview)
‘Real’ World
e HumanlD

e Southampton
e CASIA
+ accelerometer, footfall, medical

M Okumura, Y Makihara, Y
Yagi, IEEE TIFS 2012
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2. How did we get here? _

University of Southampton
Faculty of Engineering and Applied Science
Department of Electronics and Computer Science

Investigating Gait As A Biometric

by E.L.Kuan

a project report submitted for the award of
B.Eng Electronic Engineering
18 May 1995
Supervisor 1 : Dr. M.S.Nixon
Supervisor 2 : Dr. J.N.Ross
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Gait and literature s of Bt

Dictionary: “manner of walking”

Shakespeare observed recognition:
“High’st Queen of state; Great Juno comes; | know
her by her gait” [The Tempest]

“For that John Mortimer....in face, in gait in speech
he doth resemble” [Henry 1V/2]

Other literature: e.g. Band of Brothers: “I noticed this
figure coming, and | realized it was John Eubanks from
the way he walked”
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*6 subjects; 7 sequences
*Sony Hi8 video camera

Circular track ....exhausted subjects?

Little and Boyd, Videre, 1998
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Model-based recognition .
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Some names: average silhouette, GEI
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Gait Energy Image

J Han, B Bhanu, IEEE TPAMI,
2005
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(e) Bag GEnl (f) Bag GEI  (g) Coat GEnl (h) Coat GEI

Gait Entropy Image
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Many gait representations possible S

Recognising people from the motion of the whole body
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silhouette flow edges symmetry acceleration feature space

MS Nixon, T Tan, R Chellappa,
Springer, 2005
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S Sarkar, PJ Phillips, Z Liu, IR Vega, P Grother,
KW Bowyer, IEEE TPAMI 2005
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https://www.youtube.com/watch?v=PUwINcOxAgQ

BBC1 Bang Goes the Theory
Episode 1, 2009

Y . | -
b/cﬁlg goes the theory 9 S

h Get ready to put science to the test
= -



https://www.youtube.com/watch?v=PUwlNc0xAgQ

US demonstration ......
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Saturday Night Live 2002
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3. Where are we going?



UNIVERSITY OF

Southampton

ldentity science e

Footwear

Science/ technology

Covariates and exploratory Walking Speed

SPEF")I

Clothing

variables
Soft biometrics Lz"‘!lsﬁﬁﬂsssﬁo
Spoofing 4( 65

Deep architectures

. . EE:::'Q ' -

Apphcat.l ons . .§§“§§ PA AR AN

Medicine (dementia, balance, e — ﬁ

M Elapsed Time
falls) /// ]\\\ @

SpO rts Load Carriage

Security

Marketing

Walking Surface and Setting



UNIVERSITY OF

Southampton

The first intelligent carpet e

[.
' 'time

Elistance

A A

192x32 binary sensor array

Middleton, Buss and Nixon,
AutolD 2005
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3D recognition — marionette based e

Ariyanto and Nixon, Proc. ICB
2013
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Gait as evidence: murder case in Australia 2014 s
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Image of crlme

Eyewitness statement
Generate description

“24 year old male average height >
wea ring Shirt” Subject | Gender | Age Height | Nose W
? M 24 171 2.4

!

Subject | Gender | Age Height | Nose W Top

123456 M 25 172 2.3 she | Data base of
descriptions

Database of |mages

123457 F 36 156 2.2 Blouse

Generate description? 123458 | M | 58 | 182 | 12 | Tshin

Martinho-Corbishley, Nixon and Carter,
IEEE TPAMI 2019
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ICIP 2020
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DR
Society will benefit more M;;Dy/yl’ >
: L : . Ry,
The technology is grounded in science, literature, medicine + .... T

We have more to learn
Congratulations to: Beijing Jiaotong University
Sichuan University
Harbin Engineering University
University of Science and Technology of China
and to all participants

Thanks to: Shigi Yu and all organisers, CASIA (dataset), Watrix (sponsorship)
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9.

Using gait as a biometric, via phase-weighted magnitude spectra, D Cunado, MS Nixon, JN Carter, Proc. AVBPA, 1997

The humanid gait challenge problem: Data sets, performance, and analysis, S Sarkar, PJ Phillips, Z Liu, IR Vega..., IEEE TPAMI, 2005

Individual recognition using gait energy image, J Han, B Bhanu, /EEE TPAMI, 2005

Human identification based on gait, MS Nixon, T Tan, R Chellappa, Springer, 2005

The OU-ISIR gait database comprising the large population dataset and performance evaluation of gait recognition M Okumura, Y
Makihara, Y Yagi, IEEE TIFS 2012

Biometric recognition by gait: A survey of modalities and features, P Connor, A Ross, Computer Vision and Image Understanding,
2018

Demographic analysis from biometric data: Achievements, challenges, and new frontiers Y Sun, M Zhang, Z Sun, T Tan, IEEE TPAMI
2018

A comprehensive study on gait biometrics using a joint CNN-based method, Y Zhang, Y Huang, L Wang, S Yu, Pattern Recognition,
2019

On learning disentangled representations for gait recognition, Z Zhang, L Tran, F Liu, X Liu... IEEE TPAMI, 2019

10. Kinship Verification From Gait?, SE Bekhouche, A Chergui, A Hadid... Proc. IEEE ICIP, 2020

Apologies if your own technique is missing, or your favourite. There are many more.
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