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22 Algorithms

= cvut 001 = viante_000

= cvut_002 "= yoti_001 16 Developers

= cyberlink_000 = yoti_002 =  Brno University of Technology-FIT DCGM(1)

= dermalog 001 = Cyberlink Corp(1)

= dermalog_002 = CzechTechnical University in Prague (2) 10 Countries

= hzailu_001 = Dermalog(2) =  United States

= jdemia_001 * Hangzhuo Allu Network (1) = United Kingdom
= inbut_000 = |demia(1) = France

= incode_000 =" |ncode Technologies Inc(1) =  Germany

* innovatrics_000 " Innovatrics(1) = Czech Republic
= jumio_000 = Jumio(1) = Lithuania

"= neurotechnology 000 = Neurotechnology(2) =  Slovakia

= neurotechnology 001 = Nominder(2) =  Taiwan

= nominder_000 = Ondato(2) = United Arab Emirates
= ondato_000 = ROC(2) = China

= ondato 001 =  Unissey(1)

= roc_000 = Viante.Al(1)

= roc_001 = Yoti(2)

= unissey 001
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Name Age Num. of Num. Purpose

Precision | Images People
Visa Day 6,249,294 5,132,021_ _Exict_regeaﬂ 0_f221ist_udl o High
Application Day 1,054,704 802,332 Challenge-T and country of birth I<}: Uniform Quality
Border ~ |Day  |2,715230  |632,520 | Analysis of effect of quality Global Population
Mugshots Year 1,482,667 1,482,667 | AE accuracy on standardized photos
Kalina Everyday | Day 1991 1 Longitudinal ageing

on and Visa Photos Border Photos Mugshot Photos

New Dataset Num. of Videos Num. of Frames Num. People

Frontal Videos 482 434,230 482
Yaw Videos 29 26,056 29




AE Progress Since 2014 lerr

Visa 6,249,294 images 5,738,091 people | Exact repeat of 2014 study

Gains since 2014: Mean and median absolute estimation error for the new algorithms + two most accurate from 2014.

Value . Amount.Better. Years . Proportion.Better

Algorithm MAE MDAE ME SD
idemia-001 2.70 207 | 123 | 237 Amount.Better.Years Proportion.Better
yoti-002 2.99 219 | 143 | 279 yoti—002 107 |
incode-000 3.08 233 | 148 | 274 yoti—-001 -
innovatrics-000 2.90 2.36 1.12 | 2.39 viante—000 -
yoti-001 3.30 246 | 174 | 295 unissey—001 +
cvut-002 3.9 | 253 | 105 | 272 roc—001 1
nominder-001 336 | 271 | 165 | 279 o000
nominder-000 3.41 275 | 126 | 2.83 nominder—001 -
ondato-000 346 | 284 | 106 | 282 £ nominder-000-
cvut-001 4.18 3.00 | 0.01 | 508 £ neurotech-001 -
unissey-001 3.87 3.00 | 087 | 335 8, neurotech-000 1
roc-000 3.81 312 | 264 | 3.05 = innovg"t'r'i‘c'g:ggg:
dern}alog-ﬂol 4.01 321 246 | 3.29 incode—000 -
cognitec20130ct-001 4.27 325 | 030 | 3.86 inbut-000 +2 S
viante-000 4.17 339 | 320 | 329 idemia—001 -
dermalog-002 4.29 342 | 227 | 355 dermalog-002
neurotechnology-000 | 4.54 3.52 | -0.19 | 3.96 dermalog-001 -
neurotechnology-001 | 4.65 3.69 | -009 | 3.98 gﬁzggf ] 7
jumio-000 4.98 377 | 3.61 | 505 . . :
nec20130ct-002 5.32 419 | 031 | 461 -2 -1 0 1 0.0 0.2 0.4 0.6
roc-001 455 427 | 4.00 | 2.88 Age estimation gains over the best 2014 algorithm
inbut-000 6.49 555 | 5.82 | 5.03

Mean reduction in absolute age estimation error - negative| | Fraction of images that have better estimates than
values show worse performance than 2014.| |the best 2013-10 algorithm, Cognitec-001




FATE AEV Leaderboard/Webpage

Resource Cost MAE By Dataset and Variability Challenge-25 & MAE Across Geography
Child Online Safety (13-16)

Resource Usage:
e AE Time (msec) is the median duration of the AE function call.
o Config (MB) is the total size of the neural network model and configuration data of the algorithm.
e Lib(MB) is the total size of the implemenation’s compiled libraries.

Show entries Search:

Resources
Algorithm SubmissionDate ~ *
Estimation Duration (msec) Config Model Size (MB) Libraries Size (MB)

incode-000 2023-09-05 236 457 40
unissey-001 2023-09-19 113 0] 952
yoti-001 2023-09-19 268 227 429

neurotechnology-000 2023-10-17 153 113 96
dermalog-001 2023-11-02 27 0] 188
roc-000 2023-11-03 134 0] 474
cvut-001 2024-06-14 813 2,887 958

neurotechnology-001 2024-07-19 97 53 120
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Resource Cost MAE By Dataset and Variability Challenge-25 & MAE Across Geography
Child Online Safety (13-16)

Mean Absolute Error (MAE) values are averages of 26 MAE estimates from two sexes and 13 ages (18 to 30).
e Algorithm name

Submission data

MAE for frontal view, no-glasses, office application photos.

MAE for airport concourse border crossing photos featuring variable pose, illumination and eye glasses.
MAE for good quality mugshot portraits collected with two diffuse light sources and a uniform background.

Age Estimation Noise
e Proportion of frontal video frames for age estimate was not produced
e Mean absolute deviation of frontal age estimates about their mean - see section 2.7 in the report
e Proportion of left-right yaw video frames for which age estimate was not produced
e Modelled increase in age estimation error for 90 degrees of head rotation - see section 2.8 in the report

Show entries Search:

MAE Variability in video and attributable to non-frontal pose
Algorithm SUbg::Ion FTE MAE Noi FTE in(Yaw)
. oise sin(Yaw
Application Border Mugshots Frontal Frontal Yaw Dependence
roc-000 2023-11-03 3.56413) 4,0151¢) 2.9987)
viante-000 2024-11-25 3.96921) 3458111 4,028(18) 0.00 0.37(0 0.00 2.24+0,01W0

idemia-001 2024-08-26 2.8460) 2.892 2.539(2) 0.00 0.412 0.00 3.12+0.02)

NIST]
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Nuisance Factors Effects
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Variability in video and attributable to non-frontal pose

New Num. of Num. of Num.
Dataset Videos Frames People

b) Talking c) Snﬁlir{g d) Frownir}g

R v Frontal 482 434,230 482
Videos
Yaw Videos 29 26,056 29

e) Glasses Off f) Smiling g) Talking h) Frowning .
e o T p— Frontal Videos

dermalog-002

Neutral
Slasses Tak  Smile Tak  Smie 3lasses Tak  Smie Tak  Smile Slasses Tk Smile Tk Smie
on on Glasses on Giasses
40 Frown = Frown Frown = Frown Frown = Frown
inbut-000 incode-000 innovatrics-000

70~

A

Nodtral Noutral

3lasses Tak  Smile Talk  Smile 3lasses Tak  Smile Talk  Smile 3lasses Tak  Smile Talk  Smile
40- O Frown G‘:ﬁ“' Frown On Frown G“‘:" Frown On Frown 5':“"' Frown
neurotechnology-001 nominder-000 nominder-001

b= -
; w1

E ?Ihn

Neutral
3lasses Tak  Smile S Tak  Smile 3lasses Talk Smile Tak  Smile Slasses Tak  Smile Talk  Smile
On Glasses. On Glasses. On Glasses.
40 Frown = Frown Frown = Frown Frown = O Frown
roc-001 unissey-001 viante-000

Neutral -
Slasses Tak  Smie ¢
on Glasses
F
rown

jumio-000

Noutral
3lasses Tak  Smile

Frown Glasses
ot

ondato-000

Smile Tak  Smie

40- O Frown Frown Ssses Frown
0 500 500 1000 1500

Frame Number

Neutral
Slasses Tak  Smie

0 50 1000

Algorithm Submission
Date FTE MAENoise 4 FTE sin(Yaw)
Frontal Frontal Yaw Dependence
roc-000 2023-11-03
viante-000 2024-11-25 0.00 0.37 0.00 2240010
idemia-001 2024-08-26 0.00 0.41@ 0.00 3.12+0.02%
inbut-000 2024-09-11 0.00 0.440@) 0.00 2.80+0.022
innovatrics-000 2025-02-05 0.00 0.454) 0.00 2.84+0.01®
nominder-001 2024-11-25 0.00 0.526) 0.00 3.62+0.03¢
roc-001 2024-10-29 0.00 0.53) 0.00 3.00+0.024
yoti-002 2024-09-17 0.00 0.567 0.00 5.10 + 0.05(19)
incode-000 2023-09-05 0.00 0.63® 0.00 483+0,03®
nominder-000 2024-07-22 0.00 0.64%) 0.00 3.91+0.027
jumio-000 2024-08-30 0.00 0.72119 0.16 28.04+0.1117
7”‘”"“&”0'0‘3"; 2023-10-17 0.00 0.75(11) 0.00 8.29 +0.0417)
%g” 2024-07-19 0.00 0.7912) 0.00 7.80£0.04(16)
yoti-001 2023-09-19 0.00 0.82%3 0.00 5.65+0.031%
ondato-000 2024-11-08 0.00 0.9114 0.00 52000319
dermalog-001 2023-11-02 0.00 0.9715) 0.00 5.41+0.0312
dermalog-002 2025-01-13 0.00 1.09(16) 0.00 13.43 +0.07'18)
unissey-001 2023-09-19 0.00 1,327 0.00 4.84+0.03%
cvut-002 2024-11-04 0.18 2.05018 0.01 6.01+0.10114
cvut-001 2024-06-14 0.18 4,14019) 0.01 7.18£0.12!19)
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Resource Cost MAE By Dataset and Variability Challenge-25 & MAE Across Geography
Child Online Safety (13-16)

Challenge-25 and Child Online Safety (13-16)

The table shows accuracy measures for 2 common applications, Challenge-25 age-restriction and children age 13-16 online chatroom
access. False positive rates quantify how often people outside the allowed age range are estimated to be within required category. True
positive rates quantify how often children within age 13-16 are estimated to be within that age range.

Challenge 25:
o [Dataset: Application (good quality), Border (medium quality)]
e Application - False Positive Rate (FPR) values are averages of 12 FPR estimates from two sexes and six regions-of-birth for subjects
aged 17.
e Border - False Positive Rate (FPR) values are averages of 12 FPR estimates from two sexes and six regions-of-birth for subjects aged 17.

Child Online Safety (13-16):

o [Dataset: Visa (good quality)]

e Age 13-16 - Mean Absolute Errors (MAE) are averages of four MAE values for age group 13, 14, 15, and 16 (below 17).

e Age 13-16 - True Positive Rates (TPR) are proportions of subjects aged 13 to 16 whose age is correctly estimated as 13 to 16 (below
17).

e Age 13-16 - False Negative Rates (FNR|) are proportions of subjects aged 13 to 16 whose age is incorrectly estimated as 8 to 12.

e Age 13-16 - False Negative Rates (FNR1) are proportions of subjects aged 13 to 16 whose age is incorrectly estimated as 17 to 22.

e Age 8-12 - False Positive Rates (FPR) are proportions of subjects aged 8 to 12 but whose age is incorrectly estimated as 13 to 16 (below
17).

e Age 17-22 - False Positive Rates (FPR) are proportions of subjects aged 17 to 22 but whose age is incorrectly estimated as 13 to 16
(below 17).
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Showentries Search: |ex. 2023

Challenge 25 Child Online Safety (13-16)
Algorithm Application Border Age 13-16 Age 8-12 Age 17-22
FPR FPR MAE * TPR FNR| FNR? FPR FPR
yoti-002 0.072+0.018" 0.190+0.029" 20629 0.569023  0.100812Y 0.3303Y 0.21540 0.0685%)
idemia-001 0.024£0,011Y 0.044£0,015% 2460112 049541220 0,1475(23 0357212 012131 0.0609%?2
incode-000 0.047£0.017% 0.254+0.03319) 272679 03678119 0.10271?2 05295 0.14091 0.030918)

yoti-001 0.110+0.02412) 0.223+0.032114 2.85159 0.4774121) 0.0952(20) 0.42739) 0.234249 0.043421)
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Resource Cost MAE By Dataset and Variability Challenge-25 & MAE Across Geography
Child Online Safety (13-16)

The table shows mean absolute error (MAE) for men and women born in six regions of the world. See the AEV report for discussion of how
these regions were selected and grouped. Lower values of MAE indicate better accuracy. Low variation across columns indicates level
accuracy across countries of birth. MAE is estimated over high quality visa-like immigration office application photos. The uncertainty
estimates span 95% of bootstrap estimates of the mean. The table can be sorted on any column by clicking the small arrows in its header.

Show entries Search:

Region of Birth and Sex

Algorithm E Africa E Asia E Europe S Asia SEAsia W Africa
Female * Male Female Male Female Male Female Male Female Male Female Male
S 3.3+ 3.2+ 245+ 219+ 29+ 21+ 273+ 2,60+ 27+ 23+ 33+ 30+
el Re O 0.2 0.2 0,072 0,08 0.1(10) 017 0,091 0.09/¢) 0.12 0.1@ 020 0.2
M. 34+ 30+ 2.80+ 252+ 2.6+ 21+ 2.89 + 249+ 28+ 2.4+ 42+ 3.1+
Ll 022 0.2 0.075 0,08 0.14 0.1 0.0813 0,08 0.10 0.14 0.2 0.2
neurotechnology- Efo) = 404+ 414+ 385+ 3.5+ 30+ 3.8+ &h/ o= 39+ &7/ = 40+ 38+
001 0.2®) 0.2(15) 0.12D 0.0920) 0.2(1¢) 0.2(19) 0.1(17 0.119 0.2(16) 0.2(18) 0.2 0.2(15)
002 3.8+ 3.3+ 3.06+ 260+ 2.7+ 23+ 2.97 + 2,68 + 31+ 2.5+ 3.9+ 33+
cvut- 0.24 0.2 0.0817) 0.08® 0.1 0.1(10) 0.1014 0.10/®) 0.1 0.16) 0.24 0.264)
40+ 35+ 3.09+ 292+ 27+ 25+ 3.1+ 3.2+ 30+ 28+ 48+ 3.6+

nominder-000 0.2 0.2 0098 0101 0.1 0.2(13 0.1 0.114 0.1 0210 031 204
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High Medium Low Very Low
Resolution Resolution Resolution Resolution
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ljaw/Izon 1.8% Liberia Sierra Leone o
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Fulani 6‘;, Ethiopia  Sudan D 3 C
Kenya Tanzania . E. AFRICA
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Thai 1.9% s e T ASIA
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Khmer 1.4% Indonesia  Thailand 5.SE. ASIA
Ml\:ong 12://) Vietnam |
ong L. 00 Afghanistan Pakistan \
Nung 1.1% India Bangladesh 6.S. ASIA
Tho (Tay) 1.9% Myanmar T
Other 5.5% Nepal | — | —

Source: htt ps: //www.cia.gov/the-world-

factbook/countries/vietnam/




MAE Across Countries of Birth

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE

Region of Birth and Sex
Algorithm E Asia E Europe S Asia SE Asia W Africa
Female Male Female Male Female * Male Female Male Female Male Female Male

innovatrics-000 411027 35£020 24310070 205+0.07% 24£010 20£0.1@ 2.84+0,09%? 2.54+0,08% 241010 2001 43102010 341027
yoti-002 40+0.2 32+02? 3.44+0.10'9 2.43+0.08% 25+010 18+0.11 3540100 252+009% 3.9+0.219 2.5+0.1 42+037 3.3+020
nominder-001 34+02@ 30020 2.80+0.07% 2.52+0.08" 26019 21:01° 2.89+0.08% 2.49+0,08@ 28+0.1%@ 24+01% 4.2+0.2" 31+029
idemia-001 33+020 32£029 245+0,07@ 2.19+0.08@ 29010 21£01@ 273009 260009 27019 23019 33+020 30020
incode-000 421028 33+029 2.80+0.09% 2.24+0.07¢ 30£0210 21£017 30£0.16 2431009 294014 22+0.41% 3.8+0.2% 3.0+02%

A: Application Photos

B: NOTABLE:
= BEST MAE IN E. EUROPEAN MEN, 1.8 YRS

MAE IN WOMEN > MAE IN MEN

S

WORST MAE IS E. AFRICA WOMEN, 3.3 YRS

INNOVATRICS 2025 OVERALL LOWEST MAE
IDEMIA 2024-08 LEADER, NOW #3

MAE values are averages of MAE measured over persons 14 ... 30 estimated in good quality a visa-like application photos
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Estimate Age Image

Function #1
estimateAge()

—_— —> Age =42.43

|
oo |

Verify Age > 25

Function #2 =P > 25 =True

verifyAge()

—
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Estimate Age Image

cvut_001 cvut_002 cyberlink_000 dermalog_001

Function #1

—p Age =42.43

I . )

: ~ . >
- estimateAge()
dermalog_002 idemia_001 inbut_000 incode_000 k& :

6- A0y

. 4 !

4- . .

s é sex Given Known Image Estimate Age Image

2- 0,7 ® Female

A
= A Male

% jumio_000 neurotechnology_000 neurotechnology_001

6 o

East Afri 1

% ¢ ’ L, ot temm o astimateAge()
c 3 & ~ a © EastAsia
(@] ®
= 2 A © East Europe
Q )
g nominder_000 nominder_001 ondato_000 ondato_001 . South Asia : L
= 6 © South East Asia Age; 32.89
% 5 West Africa
< .
£
£ MAE
e}
8 roc_000 roc_001 unissey_001 viante_000

Function #1 IFunction #3
Idemia-001 3.02 N1.99

/ / ESE=ES Dermalog-002 4.80 13.80

1 . estlmateAge(functlon #1) MAE Yoti-002 3.00 I2-61
Jumio-000 3.34 2s:

Neurotechnology-001 5.49 I3.63

\

O N
M-
. »
N ®

2
o=
@-
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2025-04:
Publish v2 API
APl Change :
CHANGES:
#1: ESTIMATE_AGE 1. None

FROM SINGLE IMAGE

2. MUST implement function

CHANGES:
1. Optional function

: ' 2. Specify limited set of key ages instead of any
#2: VERIFY_AGE integer e.g. {13,16,18,21,25}

3. Return a score instead of a true/false

FROM SINGLE IMAGE 4. Only implement |F adopts a more

sophisticated method than simply
comparing AE to the specified threshold.

#3 GIVEN

#3: ESTIMATE_AGE \ ' j

CHANGES:
1. Optional function
2. Only implement |F a) Effectively leverage

the known-age image for gain, b) Articulate
a real-world case to us

BEYOND SCOPE: AGE ASSURANCE — TRUSTED AV including LIVENESS + PAD + FALLBACKS



Summary

Performance
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Next steps

» Mean absolute error is a generic performance indicator
* Error distributions can be asymmetric
» Application-specific performance metrics:
* Challenge-T FPR
e Chat room FPR rates.
» Accuracy varies across algorithm
* Most algorithms superior to the 2014 best

» QOperationally Presentation Attack Detection is usually
required
* Coupled to the AE system

»

»

>

A4

>

A\

Accuracy today != accuracy tomorrow.
Work needed on

FATE AEV is an ongoing resource available to developers
+ purchasers + policy makers

FATE AEV status

Nuisance variables
Reduced quality photos

We’re open

New API

New global dataset 0 — 99+ expected 2025 Q3.

New high-resolution dataset 14 — 99 expected 2025 Q2
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