IAPR/IEEE WINTER SCHOOL &) southampton

ON BIOMETRICS 2025 Flectronics and Computer Science

Generative Al & Foundation Models for Biometrics

and
Gait Biometrics

Mark Nixon
University of Southampton UK

Editor in Chief, IEEE Transactions on
Biometrics, Behaviour, and ldentity Science



University of
@Southampton

Electronics and Computer Science




University of
: . : : South t
Objectives of introduction @m‘“m'““

ACoverall biometrics!
AClarifyterminology
Mefinescope
Aviention IEEE TBIOM



University of
@Southampton

ASS u m ptl O n S Electronics and Computer Science
Hair
Ear
Eyebrow
ANe are unique (1) o
L Periocul
Adentificationis central to our Si{é‘igu ar
lifestyle Nose
_ Face
ANe want it to befastand Knuckle
- Finger/ vein —
convenient oo (/Z
AWNe want it to besecure Hand Wﬂ s %\
Body x;\\/\((rw; 4
) Behaviour
ANe want/need to use it \ :

\\\\W
Gait i % > “‘ ié
g =
Odour 6‘?22’% e
Clothing - Wwe&;g;;;ii“
SOft «;:';ewonas e
Footprint

everywhere



University of
! i : . South t
Biometrics is always in the news Wsciharipton

Guidance s
Biometric residence permits: general
information for applicants, employers
and sponsors — :
p Quest to Revolutionize Guest Journey Drives T da
$72 Billion Revenue for Biometric Digital Jisted Taiwaﬂzsieni?,the smart home
S Guid: |dentity in Travel and Hospitality sking 10 RO roducts:
Design of the biometric Biometric ‘etriC’e

residence permit informatior

SHARE THIS ARTICLE

NEWS PROVIDED BY ° ° ° ‘
The Prism Project

Jan 01,2025,1540 ET



University of
@Southampton

[ S U Qasingld pérRoin Southampton s wscomus s

Characteristic T chance Remaining population

300000 pop" Southampton

>>21 (INT 1/5 60000
Male 1T 1/2 30000
White (?) T 2/3 20000
Northerner 7 1/40 500
(wasil/le o 50
Slim i 1/5 10

Non-manicured hair i 1/10 1 " S



University of

[ §GQa GAadd tAasS AdGY 1 v SWshibongmny

Electronics and Computer Science

15000x20000

Age
B Scx
BN Colour
B Origin
B Height
B Figure
B Hair




@Sgﬂ?ﬁgmpton
Wh a.t d O We d O? Electronics and Computer Science

Model-based Basis: Statistical
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Eye spacing measurement for facial recognition
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Fig. 3 Original image
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Matching distributions (3D)
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Meng, Nixon and Mahmoodi, IEEE
TBIOM, 2021
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Bag snatcher, London 2008

Joints' position difference:1.7563%
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Tom Cruise loves biometrics!
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https://www.scopus.com/sourceid/21101070922.

Subject Area Percentile RANK  Rank Out Of Quartile
Artificial Intelligence 84 56 350 1
Computer Science Applications 89 86 817 1
Computer Vision and Pattern Recognition 88 13 106 1
Instrumentation 95 7 141 1

Source title CiteScore 2023

IEEE Transactions on Pattern Analysis and Machine 284

Intellicence

IEEE Transactions on Information Forensics and Security 144

IEEE Transactions on Biometrics, Behavior, and Identity 10.9

Science

IET Biometrics 59

International Journal of Biometrics L5

Proceedings of SPIE - The International Society for Optical 0.5

Engineering
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Avg. days from submission to first decision 0.0

Avg. Reviewer turnaround time (days) - Original 0.0

Avg. Reviewer turnaround time (days) - Resubmission 0.0 0.0
Avg. Reviewer turnaround time (days) - Revision 0.0 21.6
Avg. Time to Assign Reviewer (days) - Original 0.0 15.7
Avg. Time to Assign Reviewer (days) - Resubmission 0.0 0.0
Avg. Time to Assign Reviewer (days) - Revision 1.0 9.7
Avg. days from submission to final decision 0.0 83.1

Other Statistics
7~ N\

Accept Ratio (prior 12 months) 26 : B2 W

Total Pending Manuscripts 63

Oldest manuscript without a decision TBIOM-2024-07-0079 ( 166
days )
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Gait = body shape + movement

deep learning

Segmentation Matching

covariates: viewpoint luggage clothing shoes health gender speed
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Gait biometrics databases
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A. ldentifying people by their gait

1. Where are we now?"
2. How did we get here?
3. Where are we going?
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Technigue: mainly deep

Data: Frontal-View Gait (FVG)
CASIA E
SUSTech
GREW
BRIAR

Applications: increasing use in crime
scene analysis
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-+ gait biometrics
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= (gait - deep gait) biometrics CCR (%) B normal (NM)
# papers 100! I coat (CL)
_ 80 | 1 [Hu etal,, 2013]
o I 2 [Wu et al., 2016]
3000 ¢ e " 60 | 3 [Chao et al., 2019]
L s I 4 [Zhang et al., 2019]
*** = 40 | 5 [Fan et al., 2020]
2000 ¢ P 6 [Sepas-Moghaddam
20 | 7 [Lin etal., 2021]
Yo T , 8 [Huang et al., 2022]
1000} A 0 9 [Lietal., 2023]
*_.'-+" e 12345678910 10 [Sun et al, 2023]
0 : ‘ : : : — year
2013 2015 2017 2019 2021 2023
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Existing Gait Datasets 5t

Table 1. Comparison of publicly available datasets for gait recognition.

Dataset Year  Subject # Seq#  View # Data Type 3D Multimodal Outdoor
CASIA-B [50] 2006 124 13,640 11 RGB, Silhouettes X X X
CASIA-C [43] 2006 153 1,530 1 Infrared, Silhouettes X X

KY4D [20] 2010 42 168 16 Silhouettes, RGB, 3D Volumetrics X X
TUM-GAID [17] 2012 305 3,370 1 Audio, Video, Depth v
SZTAKI-LGA [3] 2016 28 11 1 3D Point Cloud X

OU-MVLP [42] 2018 10,307 288,596 14 Silhouettes X X X
FVG [57] 2019 226 2,856 3 RGB X X

PCG [49] 2020 30 60 1 3D Point Cloud X X
GREW [58] 2021 26,345 128,671 882 Silhouettes, 2D/3D Skeleton, Flow X X X
Gait3D [56] 2022 4,000 25,309 39 Silhouettes, 2D/3D Skeleton, 3D Mesh X
OUMVLP-Mesh [24] 2022 10,307 288,596 14 3D Mesh X X

SUSTechlK 2023 1,050 25,239 12 RGB, Silhouettes, 3D Point Cloud

41
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Autoencoder Convolutional Sequence GANs/LSTM Model Transformer Fusion Diffusion
[Hossain +.., 2013] [Wu +.., 2016] [Chao +.., 2019] [Zhang +.., 2019] [Li +.., 2020] [Li +.., 2023] [Sun +.., 2023] [ 2024]
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