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FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

DISCLAIMER

Specific hardware and software products identified in this report were used in order to perform the evalua-
tions described in this document. In no case does identification of any commercial product, trade name, or
vendor, imply recommendation or endorsement by the National Institute of Standards and Technology, nor
does it imply that the products and equipment identified are necessarily the best available for the purpose.

ABOUT THIS REPORT

This report is a draft NIST Interagency Report, and is open for comment. It documents the verification-track
of the ongoing Face Recognition Vendor Test. The report will be updated continuously as new algorithms are
evaluated, as new datasets are added, and as new analyses are included. Comments and suggestions should
be directed to frvt@nist.gov.
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1 Changelog

2017-08-22

> Added results for three additional algorithms, rankone-002, neurotechnology-001, and itmo-002.

> The algorithms dermalog-001 and rank-001 have been retired - FRVT lists only two algorithms per organization
> The algorithm tupel-001 has been retired as it is not operable on all datasets

> Clarified the tradeoff Figures 1 and 2 plot only genuine comparison durations.

> Corrected image type label in section 3.5

2017-08-07

> Added results for 5 new algorithms

> Added Figure 3 giving simulated example images.

> Added Figure 1 showing an alternative view of the same tradeoff data in Figure 2
> Added Figure 5 showing accuracy on visa images just for low FMR.

> Added Figure 20 showing impostor distribution shifts from certain country pairs. Section 4.6.1 in this and prior
reports documents high false match rates for individuals from certain countries. That effect, however, is often not
confined to anomalously high impostor scores in the tails of the distribution, but arises from systematic shifts of
the whole distribution. These shifts sometimes reach 2o.

2017-07-29

> Added results for 8 new algorithms

> Added results for a child-exploitation dataset

> Added Table 2 a standalone tabulation of false non-match rates

> We have received additional CPU algorithms - Results should appear August 4, 2017

> We have received additional GPU algorithms - Results to appear as computational resources are released from the
Face Recognition Prize Challenge

2017-06-19

> Added five new algorithms, three of which remain in-process
> Added results for a “wild” dataset of images similar to non-cooperative photojournalism images

> Added Table 3 a standalone tabulation of failure to enrol rates

v

Added Fig. 2 showing tradeoff between FNMR, template size, template generation time, and match duration.

v

Added Fig. 16 showing how FMR is concentrated in certain images.

> Restated cross-region false match rates at nominal FMR = 0.0001 instead of 0.001

v

Improved DET legends.
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https://www.nist.gov/programs-projects/face-recognition-prize-challenge

17:00:€T  ST/80/410C

(LN
(L)MANA

1Bl Ydjew as[e,],,

,,21eI UDJew-uou as[ey,,

l Developer [ Short l Seq. l Validation l Config" l Template l GPU [ Comparison Time (ns)

] Name ‘ Name ] Num. ] Date ] Data (KB) ] Size (B) ‘ Time (ms)? ] [ Genuine ‘ Impostor
1 3DiVi 3divi 000 2017-03-16 | 169360 51240 13285 +52 [ Yes 1378 + 20 7375 + 19
2 | Ayonix ayonix 000 2017-06-22 | 58505 771036 £ 0 T18£2 No 7621 + 23 7620 + 26
3 Cyberextruder cyberex 001 2017-08-02 | 121211 5256 + 0 78893 +25 | No 51083 + 16 1079 £+ 19
4 | Dermalog dermalog | 002 2017-02-22 | 0 1043 +0 [ T81+0 No 1822169 + 114 2122105 + 146
5 | Dermalog dermalog | 003 2017-07-10 | 0 210434+0 [ "121+22 [ No 1922957 + 93 2222808 + 131
6 | Digital Barriers barriers 000 2017-05-31 | 157794 772056 + 0 510440 No 1713232 £ 166 1713226 + 146
7 | Digital Barriers barriers 001 2017-07-20 | 236934 52056 + 0 17294 +1 No 1512311 + 164 1512347 + 197
8 | ID3 Technology id3 001 2017-08-04 | 225574 10520 + 0 10238 £19 | No °1058 + 32 71049 + 28
9 | ID3 Technology id3 002 2017-08-04 | 225574 9520 4 0 18482 +34 | No 71100 + 59 51048 + 32
10 | Innovatrics innova 000 20170725 | 0 5146 £ 0 19578 + 5 No 104964 + 63 114665 + 262
11 | Innovatrics innova 001 2017-07-25 | 0 284 £+ 0 73645 £+ 5 No 115506 + 131 124975 + 308
12 | IsIt You isityou 000 2017-06-26 | 48010 2919200+ 0 | 113 +5 No 39237517 + 1318 30237374 + 1279
13 | ITMO University itmo 001 2017-06-12 | 1923215 9137997 £0 [ 7959 £18 | No 2728901 + 1492 2327517 + 186
14 | TTMO University itmo 002 2017-08-07 | 1923215 4162 £0 [ "T611+£17 | No 127423 + 96 137451 + 94
15 | Morpho morpho 000 2017-07-11 | 100806 116+ 0 7109 & 1 No 7993 + 31 51000 + 34
16 | Neurotechnology neurotech 000 2017-03-22 | 62129 87148 £ 0 72611 + 48 No 2874288 + 2194 2872879 + 2640
17 | Neurotechnology neurotech | 001 2017-08-07 | 280771 12718 £ 0 75881 £ 46 | No 7769356 + 684 2769140 + 579
18 | N-TechLab ntech 000 2017-03-13 | 191530 72906 £1 | 278 +13 [ No | 2730787 & 142 7730846 + 77
19 | N-Tech Lab ntech 001 2017-05-10 | 691296 776744 £+ 1 2U587 £11 | No 7967692 + 833 2067486 + 244
20 | Rank One Computing rankone 000 2017-03-21 | 0 “144 40 782 +9 No 7739932 + 468 118722 + 171
21 [ Rank One Computing rankone 002 2017-08-18 [ 0 5224 £ 0 75+ 1 No 7569113 + 3802 1369 + 26
22 | Samtech InfoNet Limited samtech 000 2017-05-02 | 109774 702056 + 0 11262 +2 No 94550 + 26 104541 + 28
23 | TongYi Transportation Technology | tongyi 001 2017-04-01 | 625339 272058 + 0 15310 £20 | No 1017769 £ 74 1917750 £ 63
24 | TongYi Transportation Technology | tongyi 002 2017-07-15 | 625336 192058 + 0 16356 +35 | No 129816 + 281 2917799 + 127
25 | VCognition vcog 001 2017-03-28 | 86103 794126 £0 [ 108 £17 [ Yes 7516320 & 197 516426 £ 425
26 | VCognition veog 002 2017-06-12 | 3229434 5261504 +5 | 7357 £25 | No 51296154 + 3077 31296436 + 4183
27 | Vigilant Solutions vigilant 000 2017-03-30 | 352218 9931540 £ 0 | 7884 £23 | No 7718201 £ 94 7013030 + 83
28 | Vigilant Solutions vigilant 001 2017-06-13 | 344685 154440 | °R1+2 | No 5644 + 13 7649 + 16
29 [ VisionLabs visionlabs | 001 2017-06-12 | 343661 720440 7943+ 8 No 51395 + 45 71148 £ 53
30 | Vocord vocord 001 2017-04-21 | 616989 256194 + 0 29908 + 16 | No 571094730 + 64282 | “21107193 + 66523
31 | Vocord vocord 002 2017-06-07 | 918292 771330 £ 0 79782 £ 36 | Yes 2983063 + 517 2983072 £ 714
32 | Shanghai Yitu Technology yitu 000 2017-05-23 | 2211068 14130 +0 | *T672+2 | No 935352 + 114 2537848 + 1773

Notes

1 | The size of configuration data does not capture static data included in the libraries. We do not include the size of the libraries because
some algorithms include common ancilliary libraries for image processing (e.g. openCV) or numerical computation (e.g. blas).

2 | The median template creation times are measured on Intel ®Xeon®CPU E5-2630 v4 @ 2.20GHz processors or, in the case of GPU-enabled
implementations, NVidia Tesla K40.

3 | The median comparison durations, in nanoseconds, are estimated using std::chrono::high_resolution_clock which on the machine in (2)
counts clock ticks of duration Ins. Precision is somewhat worse than that however. The + value is the median absolute deviation times
1.48 for Normal consistency.

Table 1: Summary of algorithms and properties included in this report. The red superscripts give ranking for the quantity in that column.
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FALSE NON-MATCH RATE (FNMR)
Algorithm CONSTRAINED, COOPERATIVE ] LESS CONSTRAINED, NON-COOPERATIVE
Name VISA | visA [ MUGSHOT | WEBCAM | SELFIE [  WILD [ CHILD EXP
[ [ FMR [ 1E-06 [ 0.0001 [ 0.0001 [ 0.0001 [ 0.0001 | 0.0001 ] 0.01 |
1 3divi-000 0.133 0.029 0.037 0.002 0.055 0.547 0.553
2 ayonix-000 0.487 0.230 0.309 0.172 0.360 0.807 0.843
3 cyberextruder-001 0.255 0.076 0.165 0.029 0.144 0.853 -
4 dermalog-002 0.315 0.122 0.241 0.109 0.179 0.709 0.985
5 dermalog-003 0.280 0.112 0.202 0.041 0.115 0.693 0.845
6 digitalbarriers-000 0.463 0.161 0.184 0.045 0.170 0.741 0.771
7 digitalbarriers-001 0.502 0.155 0.041 0.029 0.115 0.678 -
8 1d3-001 0.250 0.063 0.036 0.002 0.040 0.765 -
9 1d3-002 0.239 0.057 0.032 0.003 0.037 0.810 -
10 | innovatrics-000 0.191 0.034 0.046 0.001 0.040 0.720 -
11 | innovatrics-001 0.183 0.034 0.043 0.001 0.043 0.643 -
12 | isityou-000 0.703 0.414 0.680 0.690 E 1.000 E
13 itmo-001 0.441 0.174 0.256 0.069 0.199 0.932 -
14 | itmo-002 0.287 0.050 0.047 0.036 0.069 0.892 -
15 | morpho-000 0.134 0.026 0.028 0.007 0.012 0.893 0.846
16 | neurotechnology-000 | 0.237 0.052 0.062 0.005 0.052 0.943 0.845
17 | neurotechnology-001 0.222 0.044 0.046 0.001 0.017 0.817 -
18 | ntechlab-000 0.086 0.027 0.044 0.003 0.014 0.367 0.533
19 | ntechlab-001 0.083 0.025 0.030 0.003 0.014 0.319 0.472
20 | rankone-000 0.276 0.071 0.177 0.021 0.092 0.723 0.787
21 | rankone-002 0.217 0.049 0.032 0.000 0.052 0.705 -
22 | samtech-000 0.443 0.161 0.044 0.021 0.063 0.878 0.765
23 | tongyitrans-001 0.072 0.038 0.041 0.009 0.063 0.704 0.743
24 | tongyitrans-002 0.066 0.030 0.039 0.010 0.063 0.725 0.746
25 | vcog-001 0.892 0.409 - 0.302 0.427 - 0.686
26 vcog-002 0.903 0.504 0.692 0.559 0.666 0.778 0.752
27 vigilantsolutions-000 0.688 0.415 0.595 0.401 0.643 0.915 0.894
28 vigilantsolutions-001 0.348 0.105 0.101 0.016 0.061 0.729 0.730
29 | visionlabs-001 0.180 0.030 0.024 0.001 0.014 0.591 0.561
30 | vocord-001 0.141 0.035 0.063 0.036 0.069 0.654 0.695
31 | vocord-002 0.034 0.013 0.019 - 0.012 0.948 0.762
32 | yitu-000 0.033 0.021 0.017 0.000 0.012 0.431 0.586

Table 2: FNMR is the proportion of mated comparisons below a threshold set to achieve the FMR given in the header on the fourth
row. FMR is the proportion of impostor comparisons at or above that threshold. Note that the webcam and selfie values apply to
images collected on the same day, and that will often yield optimisticlly low FNMR values.

FNMR(T)  “False non-match rate”
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2 Metrics

2.1 Core accuracy

Given a vector of N genuine scores, u, the false non-match rate (FNMR) is computed as the proportion below some
threshold, T:
XN
FNMR(T) =1 - Z H(u; —T) (1)
where H () is the unit step function, and H(0) taken to be 1.

Similarly, given a vector of N impostor scores, v, the false match rate (FMR) is computed as the proportion above T:
XN
FMR(T) = Z H(v; —T) )

The threshold, T, can take on any value. We typically generate a set of thresholds from quantiles of the observed impostor
scores, v, as follows. Given some interesting false match rate range, [FMRy,, FMRy/|, we form a vector of K thresholds
corresponding to FMR measurements evenly spaced on a logarithmic scale

Tr = Qu(1 — FMRy,) 3)

where () is the quantile function, and FMR;, comes from
k
log,o FMR}; = log,, FMR, + X [log;o FMRy — log,o FMR[] 4)
Error tradeoff characteristics are plots of FNMR(T) vs. FMR(T). These are plotted with FMRy — 1 and FMRy, as low

as is sustained by the number of impostor comparisons, N. This is somewhat higher than the “rule of three” limit 3/N
because samples are not independent, due to re-use of images.

FNMR(T)  “False non-match rate”

2017/08/25 13:00:41 FMR(T)  “False match rate”
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3 Datasets

3.1

3.2

3.3

Child exploitation images

The number of images is O(10%).
The number of subjects is O(10%).
The number of subjects with two images O(10%).

The images are operational. They are taken from ongoing investigations of child exploitation crimes. The images
are arbitrarily unconstrained. Pose varies considerably around all three axes, including subject lying down. Res-
olution varies very widely. Faces can be occluded by other objects, including hair and hands. Lighting varies,
although the images are intended for human viewing. Mis-focus is rare. Images are given to the algorithm without
any cropping; faces may occupy widely varying areas.

The images are usually large from contemporary cameras. The mean interocular distance (IOD) is 70 pixels.
The images are of subjects from several countries, due to the global production of this imagery.

The images are of children, from infancy to late adolescence.

All of the images are live capture, none are scanned. Many have been cropped.

When these images are input to the algorithm, they are labelled as being of type "EXPLOITATION" - see Table 4 of
the FRVT APL

Visa images

The number of images is O(10).

The number of subjects is O(10°).

The number of subjects with two images O(10%).

The images have geometry in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type. Pose is
generally excellent.

The images are of size 252x300 pixels. The mean interocular distance (IOD) is 69 pixels.

The images are of subjects from greater than 100 countries, with significant imbalance due to visa issuance patterns.
The images are of subjects of all ages, including children, again with imbalance due to visa issuance demand.
Many of the images are live capture. A substantial number of the images are photographs of paper photographs.

When these images are input to the algorithm, they are labelled as being of type "ISO” - see Table 4 of the FRVT
APIL.

Mugshot images

The number of images is O(10°).
The number of subjects is O(10°).

The number of subjects with two images O(10°).

2017/08/25 13:00:41
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3.4

3.5

The images have geometry in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type.
The images are of variable sizes. The median IOD is 104 pixels. The mean IOD is 123 pixels.

The images are of subjects from the United States.

The images are of adults.

The images are all live capture.

When these images are input to the algorithm, they are labelled as being of type “mugshot” - see Table 4 of the
FRVT API.

Selfie images

The number of images is below 500.

The number of subjects is below 500.

All subjects have a selfie image, and a portrait image.

The portrait images are in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type.

The selfie images vary: taken with camera above and below eye level, with one hand or two hands. Pitch angles
vary more than yaw angles, which are frontal. Some perspective distortion is evident.

The images have mean IOD of 140 pixels.

The images are of subjects from the United States.
The images are of adults.

The images are all live capture.

When these images are input to the algorithm, they are labelled as being of type “WILD” - see Table 4 of the FRVT
APIL.

Webcam images

The number of images is below 1500.

The number of subjects is below 1500.

All subjects have a webcam image, and a portrait image.

The portrait images are in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type.

The webcam images are taken with camera at a typical head height, with mild pitch angles, low yaw angles, but
some variation in range, such that low perspective distortion is sometimes evident.

The images have mean IOD of 68 pixels (sd=12).
The images are of subjects from the United States.
The images are of adults.

The images are all live capture.

When these images are input to the algorithm, they are labelled as being of type "MUGSHOT” - see Table 4 of the
FRVT APIL

2017/08/25 13:00:41
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' 4
4

(a) Visa (b) Mugshot (c) Webcam (d) Selfie (e) Wild

Figure 3: The figure gives simulated samples of image types used in this report.

3.6 Wild images

> The number of images is O(10).
> The number of subjects is O(103).
> The number of subjects with two images O(103).

> The images include many photojournalism-style images. Images are given to the algorithm using a variable but
generally tight crop of the head. Resolution varies very widely. The images are very unconstrained, with wide yaw
and pitch pose variation. Faces can be occluded, including hair and hands.

> The images are of adults.
> All of the images are live capture, none are scanned.

> When these images are input to the algorithm, they are labelled as being of type "WILD” - see Table 4 of the FRVT
APIL.

4 Results

4.1 Test goals

> To state overall accuracy.

> To compare algorithms.

4.2 Test design
Method: For visa images:

> The comparisons are of visa photos against visa photos.
> The number of genuine comparisons is O(10%).

> The number of impostor comparisons is O(101°).

an. FNMR(T)  “False non-match rate”
2017/08/25 13:00:41 FMR(T)  “False match rate”
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>

>

>

>

The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates. However, later analysis is conducted on subsets.

The number of persons is O(10°).
The number of images used to make 1 template is 1.

The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For mugshot images:

>

The comparisons are of mugshot photos against mugshot photos.
The number of genuine comparisons is O(10°).
The number of impostor comparisons is O(107).

The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

The number of persons is O(10°).
The number of images used to make 1 template is 1.

The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For selfie images:

The comparisons are of selfie photos against portrait photos.
The number of genuine comparisons is O(10?).
The number of impostor comparisons is O(10®) selfies are compared with portraits of O(10°) other subjects.

The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

The number of persons is O(10°).
The number of images used to make 1 template is 1.

The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For webcam images:

The comparisons are of webcam photos against portrait photos.
The number of genuine comparisons is O(10?).
The number of impostor comparisons is O(10%) webcams are compared with portraits of O(10°) other subjects.

The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

The number of persons is O(10°).

The number of images used to make 1 template is 1.

2017/08/25 13:00:41
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> The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For child exploitation images:

> The comparisons are of unconstrained child exploitation photos against others of the same type.
> The number of genuine comparisons is O(10%).
> The number of impostor comparisons is O(107).

> The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

> The number of persons is O(10%).
> The number of images used to make 1 template is 1.

> The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

> We produce two performance statements. First, is a DET as used for visa and mugshot images. The second is
a cumulative match characteristic (CMC) summarizing a simulated one-to-many search process. This is done as
follows.

— We regard M enrollment templates as items in a gallery.

— These M templates come from M > N individuals, because multiple images of a subject are present in the
gallery under separate identifiers.

— We regard the verification templates as search templates.
— For each search we compute the rank of the highest scoring mate.

— This process should properly be conducted with a 1:N algorithm, such as those tested in NIST IR 8009. We
use the 1:1 algorithms in a simulated 1:N mode here to a) better reflect what a child exploitation analyst does,
and b) to do show algorithm efficacy is better than that revealed in the verification DETs.

FNMR(T)  “False non-match rate”
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4.3 Failure to enrol

[ Algorithm ‘ Failure to Enrol Rate” |
| Name | CHILD-EXPLOIT | MUGSHOT |  SELFIES | VISA [ weBCAM | WILD |
3divi-000 0.2019 0.0019 0.0202 0.0008 0.0020 0.2070
ayonix-000 0.0000 0.0109 0.0751 0.0137 0.0109 0.0000
cyberextruder-001 - 0.0036 0.0376 0.0029 0.0205 0.5730
dermalog-002 0.9109 0.0045 0.0954 0.0013 0.0471 0.3979
dermalog-003 0.0434 0.0007 0.0000 0.0025 0.0007 0.0701
digitalbarriers-000 0.5469 0.0043 0.0925 0.0019 0.0184 0.5170
digitalbarriers-001 - 0.0044 0.0925 0.0018 0.0232 0.4593
id3-001 - 0.0043 0.0260 0.0043 0.0014 0.2090
id3-002 - 0.0030 0.0202 0.0032 0.0020 0.1496
innovatrics-000 - 0.0013 0.0087 0.0004 0.0027 0.3337
innovatrics-001 - 0.0013 0.0087 0.0004 0.0027 0.3337
isityou-000 0.4714 0.0022 0.0665 0.0010 0.0116 0.4586
itmo-001 - 0.0114 0.0694 0.0047 0.0546 0.7410
itmo-002 - 0.0068 0.0636 0.0029 0.0498 0.6985
morpho-000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
neurotechnology-000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0163
neurotechnology-001 - 0.0000 0.0000 0.0000 0.0000 0.0163
ntechlab-000 0.2496 0.0015 0.0058 0.0016 0.0007 0.1099
ntechlab-001 0.0926 0.0009 0.0029 0.0005 0.0007 0.0584
rankone-000 0.0187 0.0005 0.0000 0.0003 0.0007 0.2349
rankone-002 - 0.0001 0.0000 0.0000 0.0000 0.0855
samtech-000 0.5474 0.0052 0.0491 0.0042 0.0252 0.7023
tongyitrans-001 0.0000 0.0068 0.0462 0.0040 0.0055 0.0000
tongyitrans-002 0.3609 0.0078 0.0462 0.0040 0.0055 0.0000
vcog-001 0.1579 - 0.0058 0.0018 0.0000 -
vcog-002 0.2209 0.0021 0.0087 0.0019 0.0007 0.1672
vigilantsolutions-000 0.5580 0.0018 0.0462 0.0007 0.0109 0.5927
vigilantsolutions-001 0.3585 0.0010 0.0116 0.0004 0.0048 0.3262
visionlabs-001 0.2699 0.0014 0.0058 0.0014 0.0020 0.1803
vocord-001 0.4732 0.0158 0.0520 0.0038 0.0348 0.4494
vocord-002 0.3782 0.0015 0.0029 0.0037 0.0171 0.1992
yitu-000 0.3475 0.0015 0.0029 0.0013 0.0014 0.1591

Table 3: FTE is the proportion of failed template generation attempts. Failures can occur because the software throws an exception,
or because the software electively refuses to process the input image. This would typically occur if a face is not detected. FTE is
measured as the number of function calls that give a non-zero error code, OR that give a “small” template. This is defined as one
whose size is less than 0.3 times the median template size. This second rule is needed because some algorithms incorrectly fail to
return a non-zero error code when template generation fails.

! The effects of FTE are included in the accuracy results of this report by regarding any template comparison involving a failed template
enrollment to produce a low similarity score. Thus higher FTE results in higher FNMR.

FNMR(T)  “False non-match rate”
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4.4 Recognition accuracy

Core algorithm accuracy is stated via:

> Cooperative subjects

The summary table of Figure 2;

The visa image DETs of Figures 4 and 5;
The mugshot DETs of Figure 6 ;
The selfie-portrait DETs of Figure 7;

The webcam-portrait DETs of Figure 8;
> Cooperative subjects

— The photojournalism DET of Figure 9
— The child-exploitation DET of Figure 10;
— The child-exploitation CMC of Figure 11.

Figure 15 shows dependence of false match rate on algorithm score threshold. This allows a deployer to set a threshold
to target a particular false match rate appropriate to the security objectives of the application.

Figure 17 likewise shows FMR(T) but for mugshots, and specially four subsets of the population.

Note that in both the mugshot and visa sets false match rates vary with the ethnicity, age, and sex, of the enrollee and
impostor - see section 4.6.
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4.5 Genuine distribution stability
4.5.1 Effect of birth place on the genuine distribution

Background: Both skin tone and bone structure vary geographically. Prior studies have reported variations in FNMR
and FMR.

Goal: To measure false non-match rate (FNMR) variation with country of birth.

Methods: Thresholds are determined that give FMR = {0.001, 0.0001} over the entire impostor set. Then FNMR is mea-
sured over 1000 bootstrap replications of the genuine scores. Only those countries with at least 140 individuals are
included in the analysis.

Results: Figure 18 shows FNMR by country of birth for the two thresholds.

Caveats: The results may not relate to subject-specific properties. Instead they could reflect image-specific quality dif-
ferences, which could occur due to collection protocol or software processing variations.

.00- FNMR(T)  “False non-match rate”
2017/08/25 13:00:41 FMR(T)  “False match rate”
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4.5.2 Effect of age on genuine subjects

Background: Faces change appearance throughout life. Face recognition algorithms have previously beeen reported to
give better accuracy on older individuals (See NIST IR 8009).

Goal: To quantify false non-match rates (FNMR) as a function of age. We do not aim to quantify ageing effects here as the
separation between two samples is limited to just a few years.

Methods: Using the visa images, thresholds are determined that give FMR = 0.001 and 0.0001 over the entire impostor
set. Then FNMR is measured over 1000 bootstrap replications of the genuine scores.

Results: For the visa images, Figure 19 shows how false non-match rates for genuine users, as a function of age group.

The notable aspects are:

> Younger subjects give considerably higher FNMR. This is likely due to rapid growth and change in facial appear-
ance.

> FNMR trends down throughout life. The last bin, AGE > 72, contains fewer than 140 mated pairs, and may be
affected by small sample size.

Caveats: None.

FNMR(T)  “False non-match rate”
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4.6 Impostor distribution stability
4.6.1 Effect of birth place on the impostor distribution

Background: Facial appearance varies geographically, both in terms of skin tone, cranio-facial structure and size. This
section addresses whether false match rates vary intra- and inter-regionally.

Goals:
> To show the effect of birth region of the impostor and enrollee on false match rates.

> To determine whether some algorithms give better impostor distribution stability.

Methods:

> For the visa images, NIST defined 10 regions: Sub-Saharan Africa, South Asia, Polynesia, North Africa, Middle
East, Europe, East Asia, Central and South America, Central Asia, and the Caribbean.

> For the visa images, NIST mapped each country of birth to a region. There is some arbitrariness to this. For exam-
ple, Egypt could reasonably be assigned to the Middle East instead of North Africa. An alternative methodology
could, for example, assign the Philippines to both Polynesia and East Asia.

> FMR is computed for cases where all face images of impostors born in region r, are compared with enrolled face
images of persons born in region r;.

N f(s, — T
FMR(ry, 79, T) = 2 ~ (5i ) (5)
71,72

where the same threshold, T, is used in all cells, and H is the unit step function. The threshold is set to give FMR(T)
=0.001 over the entire set of visa image impostor comparisons.

> This analysis is then repeated by country-pair, but only for those country pairs where both have at least 1000 images
available. The countries' appear in the axes of graphs that follow.

> The mean number of impostor scores in any cross-region bin is 33 million. The smallest number of impostor scores
in any bin is 135000, for Central Asia - North Africa. While these counts are large enough to support reasonable
significance, the number of individual faces is much smaller, O(N°-5).

> The numbers of impostor scores in any cross-country bin is shown in Figure 91.

Results: Subsequent figures show heatmaps that use color to represent the base-10 logarithm of the false match rate.
Red colors indicate high (bad) false match rates. Dark colors indicate benign false match rates. There are two series of
graphs corresponding to aggregated geographical regions, and to countries. The notable observations are:

> The on-diagonal elements correspond to within-region impostors. FMR is generally above the nominal value of
FMR = 0.001. Particularly there is usually higher FMR in, Sub-Saharan Africa, South Asia, and the Caribbean.
Europe and Central Asia, on the other hand, usually give FMR closer to the nominal value.

> The off-diagonal elements correspond to across-region impostors. The highest FMR is produced between the
Caribbean and Sub-Saharan Africa.

> Algorithms vary.

IThese are Argentina, Australia, Brazil, Chile, China, Costa Rica, Cuba, Czech Republic, Dominican Republic, Ecuador, Egypt, El Salvador, Germany,
Ghana, Great Britain, Greece, Guatamala, Haiti, Hong Kong, Honduras, Indonesia, India, Israel, Jamaica, Japan, Kenya, Korea, Lebanon, Mexico,
Malaysia, Nepal, Nigeria, Peru, Philippines, Pakistan, Poland, Romania, Russia, South Africa, Saudi Arabia, Thailand, Trinidad, Turkey, Taiwan,
Ukraine, Venezuela, and Vietnam.

FNMR(T)  “False non-match rate”
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> We computed the same quantities for a global FMR = 0.0001. The effects are similar.

Caveats:

> The effects of variable impostor rates on one-to-many identification systems may well differ from what’s implied
by these one-to-one verification results. Two reasons for this are a) the enrollment galleries are usually imbalanced
across countries of birth, age and sex; b) one-to-many identification algorithms often implement techniques aimed
at stabilizing the impostor distribution. Further research is necessary.

> Inprinciple, the effects seen in this subsection could be due to differences in the image capture process. We consider
this unlikely since the effects are maintained across geography - e.g. Caribbean vs. Africa, or Japan vs. China.

FNMR(T)  “False non-match rate”
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39

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘sared 103sodwr a8e-awres pue xos-aures woy payndwiod st a8y sy ‘spoaffo Ajunod o3 aanIsussur jsowr sreadde
uny3rio8e sqejuoIsIA 9y ‘spos Sururen) pajySom Ajjeuoneu Jo asn Woij dALIDP Avew ‘Swy3LIoS[e 19yj0 jJsow 03 dAne[aI [esioadr siy suonemdod ueadorng ayj ur syrys
aanrsod Aq paruedurodoe st ‘sunprioSe sueil I Suol pue njrg ay3 yim suonemdod UeIsy Ul J1ys paonpai dy] ‘SHIYs uonnqrysip Jfoasodwr urefdxa jou saop auoje auoj
UDys Jeyl MOYs 0} Uasoyd ale sarnunod ayJ ‘samsy jusnbasqns oy ur 1eadde jey; sajer yojew asjey (Mof 1o) ySry Ajsnofewour ayj Se JSoJIULW Jey} SO0 [re} jsnf jou
‘uonnqrysip roysoduwir 2Iius 9y} UL SYIYS MOYS 0] pauSISap SIJISKeIs Sy uonnqLysip Iojsodwr [eqofs oy} jo SUOLEIASP pIEpUE)S JO IoqUINU B Sk passaldxe ‘uonnqrysip
103sodwir [eqofS ayy Jo uraw oy} 03 dARE[AI PayIYs SI (q*e) 1red Aunoo oy 1oj uonnqrLysIp 103soduwr 9y} Jo ueaw ayj Moy smoys deurjeay ayy ‘soSewr esia 104 g oSy

99]|0JU JO Yuig Jo uoibay

&0& TN 4&@@&umb &0& TN A&¢z&o
NVHO
vH
anN
NdrC
AN
N
VN
15%d
10d
snd

000 NIA 200 plodon

TOO™ suonnjosiuelibin

NVHO
AvH
ani
Ndr
ANIM
"o
VN
1SHd
10d
sny

TOO SUBJUOISIA 000" suonnjosjueiBIA 200 BooA 100 Boon

T00 PI020A

NVHO
1vH
anli
Ndr
ANIM
HOM
VN
1SHd
10d
sny

200 auoyuel 000 auoyuel

000 oydiow 200 owy TO0 owy

000 Souyerouul 200 €p! T00 €p!

000 Xiuoke 000 IAIPE

200 sueniAbuoy T00 sueniAbuo} 000" yosjwes TO0 qejyosu

NYHO
1VH
[e]\])
NdrC
AN
HOM
VN
1SHd
J0d
snd

Joisodwil Jo yuig Jo uoibay

000 gejyosu T00 ABojouyosjoinau 000 ABojouyoaloinau
NVHO
AVH
ani
NdC
ANIN
oy
VaN
1SMd
J10d
sny

91035~z

000 noAusi T00™ SoueAouUl T00™ siaLueqenbip

NVHO
IvH
ani
NE
AN
oM
VN
1SMd
10d
sny

T00 J3pnuixai1agho

000 sialeqENbIp €00 Bofewiap 200 Bofewiap

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



40

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULBIUL 3Y] J© SI YA S9IeJIPpUl A215) 'I10]0d ay3 Aq papod jeys se Ajpuenb swres ayg 9418 31 x0q yows ur steadde 3xa; T ‘suostredwod tojsoduwir (,,01)O I8
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSISJJIP WOf S90vf JO suostieduod 103soduwr 1oA0 paAIasqo sajel yojew asjey smoys deuneay ay ‘saSewr esia uo Sunerado gop-1AIpg WLIoS[e 10, (7 9INSL]

99]|0JUS JO YLIq JO uoiBay

=

27 5
O g8 o0

S
35 N\ 45> N
> O &3 W\ /@AO //WAO \v mA\W? dvA/\w /@A\w

o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = ()N Buiaib ‘000 1AIpE wiyiioble Joj 2G0°E = 1 ploysalys 1e YN uoibal sso1)

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



41

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JU2IdJIp WOy sadej Jo suosireduwrod 1ojsoduwlr 10A0 paAIasqo sajel yojewr aspe smoys deunpeay oy ‘saSewrr esia uo Sunerado gpg-xiuode unprioSe 104 :zg 9InSLy

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqolb 10000 = (L)dIN Bunib ‘000 x1uoke wyiioble 10) 6T6°0 = L PlOYsaIy) 1e YN uoibal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



42

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIyJIp Wy sa0ey Jo suostiedwod 103sodwr 19A0 paAIasqo sajer yojew asfey smoys deunjesay ayj ‘saSewr esia uo unerado [pg-1opnixa1aqAd wyjLiodye 10, g7 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:W\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Areqol6 10000 = (L)dN- Bunib ‘To0 1epnixaiagAd wiyoble 10y 29/2°0 = L PIOYsaiyl ¥e JINH uoibal ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



43

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JU2IdyJIp WOy Sadey Jo suosieduwod 103sodwr J10A0 paAIasqo sajel yojew asfey smoys deuneay ayp ‘sadew esia uo Sunerado [p-Sofeuriop wijrioS[e 10 Fg 9InSL]

99]|0JUS JO YLIq JO uoiBay

=

27 5
O g8 o0

S
35 N\ 45> N
2 e &3 N /.%o @AQ i~ m@é &o» o

o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)dN Bunib ‘100 Borewsp wyiioble 1) £90°T8 = L Ploysaiy) ye YN uoibal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JU2IdyJIp WOy Sadey Jo suosieduwod 103sodwr 10A0 paAIasqo sajel yojew asfey smoys deuneay ayp ‘sadew esia uo Sunerado zpp-Sojeuriop wirioS[e 10 Gz 9InSLy

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:W\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)dIN Bunib ‘200 Borewsp wyiloble 1) #9T°T8 = L Ploysaiy) ye YN uoibal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



45

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JU2IdyJIp WOy Sadey Jo suosieduwod 103sodwr 10A0 paAIasqo sajel yojew asfey smoys deuneay ayp ‘sadew esia uo Sunerado gpp-Sojeuriop wirioS[e 10 9z 9InSLy

99]|0JUS JO YLIq JO uoiBay

=

27 5
O g8 o0

S
35 N\ 45> N
2 e &3 N /.%o @AQ i~ m@é &o» o

o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqol6 10000 = (L)dN Bunib ‘€00 Borewsp wyiioble 10j 8T/ 78 = 1 Ploysaiy} ye YN uoibal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



46

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JUDIJJIp WOIJ S90ey Jo suostiedwod 103s0dul 19A0 paAIasqo sajel yojews asjey smoys deunyeay ayy ‘sadewr esia uo Sunerado gpp-siaLLreqeiSip wypLioSe 104 /g 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

Y
\vA ) N ) o)
o o o 0 o o ém% g8t

Am,
/mA\\v /,w\\vi

N
m&& JWA/& ) /@A\U

dldvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqol6 10000 = (L)Y Buinib ‘000 siauteqrenBip wyyiobie 10} 979°0 = L PIoYsaiy} Je JIN4 uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



47

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘apm 3o1d oy ur YA 19518 Ay 9IS 03 AJjeqol8 paxyy pjoysaiyy uonuSodar e jsureSe pajunod aie saydjewr aspe] red uordar usArLS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIaJIp woIy saoey jo suostiedurod 1ojsoduir 1940 paAIasqo sajel yojew asjey smoys deunyeay ayj ‘saewr esia uo Suryesado [0p-siorLreqreSip wnpriose 104 9z oSy

99]|0JU8 JO Yuig Jo uoibay

S
- \vAm O/JV \VA¢

e °

0] 5 © &
> N 77 o 3 R
MO o3 N1 d N

o) ) N > e} o)
") 7 o @ o e 0 o o 48 g8t

AN @
m& O/WA/

N V

- didvo

- VISVO

- OId3NVSO

- VISv3d

- 0odn3a

- 1SV3In

- VOI44VN

- A10d

- VISVS

- VOld4vsSs

- dldvo

- VISVO

Jo1sodwi Jo yuiq jo uoibay

- OI43INVSD

- VISv3

- 0dn3a

- 1SV3In

dN4 0Tho) - VOId4vN
- A10d
- VISVS

- VOId4vsSsS

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqol6 T000°0 = (L)YINH Buinib ‘100 stalreqrenbip wyloble Joj 002°0 = L ploysaiy) ye YA uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



48

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULIUI 3Y] J& SI YN S9IeJIpUL A215) 10[0d 3y) Aq papod jey; se Ajpuenb swres ayj 9418 31 x0q yoes uf siwadde 3xa) JT ‘suostredwod 1ojsodwir (,01)O [12
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSIJIP WO Sa0ej Jo suostiedwod 1ojsoduwr 19A0 paAIasqo sajel yojew asjey smoys dewgeay ay ‘saSewr esia uo Sunesado [00-gpr wiyrioSe 1o ‘6z 9In3L]

99]|04U3 JO YIq Jo UoiBay
S
27 e L

\Y
\vA o) ) 0 ) o
/@A //WA AO/ A/@ %/OW A mA\W /WA/\W A/@A\W O/:@\W A/@A @//WA

Am,
A/mA\w /,w\w/?

s

dldvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqolb 10000 = (L)YIN Buaib ‘To0 €p! wyiioble 1o} 000°TTIZ = L Ploysaiy: e YN uolbal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



49

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULIUI 3Y] J& SI YN S9IeJIpUL A215) 10[0d 3y) Aq papod jey; se Ajpuenb swres ayj 9418 31 x0q yoes uf siwadde 3xa) JT ‘suostredwod 1ojsodwir (,01)O [12
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSIJIP WO Sa0ej Jo suostiedwod 1ojsoduwr 19A0 paAIasqo sajel yojew asjey smoys dewgeay ay ‘saSewr esia uo Sunesado zop-gpr wirioSe 1o :0g 9InsLy

99]|04U3 JO YIq Jo UoiBay
S
27 e L

\Y
\vA o) ) 0 ) o
/@A //WA AO/ A/@ %/OW A mA\W /WA/\W A/@A\W O/:@\W A/@A @//WA

Am,
A/mA\w /,w\w/?

s

dldvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Aireqol6 T000°0 = (L)HINL Buinib ‘Zoo™ ep! wiyiioble Joj 000°6%92 = L PIoysaiyl re JA- uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



50

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIyJIp WO sa0ej jo suostiedwod 1ojsodwy 19A0 paAIasqo sajer yojew asjey smoys deuneay ayj ‘sedew esia uo Sunesado gpo-soLgeAouU] WYILIOS[e 10 :[¢ 9INSL]

99]|0JUS JO YLIq JO uoiBay

=

27 5
O g8 o0

S
35 N\ 45> N
2 e &3 N /.%o @AQ i~ m@é &o» o

o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)dNd Buiaib ‘000 souyeAouur wiyioble 10y 85Z°8S = L PIOYsaiyl ¥e JINH uoibal ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



51

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIyJIp WO sa0ej jo suostiedwod 1ojsodw] 19A0 paAIasqo sajer yojew asjey smoys deuneay ayj ‘sedew esia uo Sunesado [0Q-soLpeAOUUI WIYILIOS[L 10 7€ 9INSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:W\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)dNd Buiaib ‘o0 souyeaouur wiyioble 10y 9GT S = L PIoysaiyl ¥e JNH uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



52

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JUDIdJIp WOy Sadej Jo suosLiedwod 1ojsodwr J10A0 paAIasqo sajel yojewr asfey smoys deuneay ay ‘soSewr esia uo Sunerado gpp-noAjist ungrode 104 :g¢ 9InSLy

99]|0JUS JO YLIq JO uoiBay

=

27 5
O g8 o0

S
35 N\ 45> N
> O &3 W\ /@AO //WAO \v mA\W? dvA/\w /@A\w

o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)dN4 Bunib ‘000 noAus! wyiiobe 10y 86%°€Z = L PIoysalyl 1e HIN- uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



53

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULIUI 3Y] J& SI YN S9IeJIpUL A215) 10[0d 3y) Aq papod jey; se Ajpuenb swres ayj 9418 31 x0q yoes uf siwadde 3xa) JT ‘suostredwod 1ojsodwir (,01)O [12
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSISJIP WOIJ S30ef JO suosLIedwrod 103soduir 1940 paAIasqo sajel yojews asjey smoys deunyeay ayj ‘saSew esia uo Sunesado [0g-ounr wy3riode 10 ¢ 9InsLy

99]|0JU8 JO Yuig Jo uoibay

= = =
\W/%A_ ° 45 ,w\vA¢ o

)
o) o) S N > ) )
2 o @ o e 0 o P 5 P o

N\ ©
S
A/@A

9
&> o® A%%\,

N /@A\w

o

s

- didvo

- VISVO

- JI43NVSO

- VISv3a

- 0dn3

- 1SVvaiN

- VOId4VvN

- X10d

- VISVS

- VOld4vss

- didvo

- VISVO

Jo1sodwi Jo yuiq jo uoibay

- JI43NVSD

- VISV3

- odn3

- 1SVan

YN 0TBo] - VOId4vN
- X10d
- VISVS

- VOld4vsSs

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqolb 10000 = (1)HIN4 Buiaib ‘To0 owl wyiioble 1o} 06T 066 = L PlOYsaiy} e YN uoibal ssoi)

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



54

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULIUI 3Y] J& SI YN S9IeJIpUL A215) 10[0d 3y) Aq papod jey; se Ajpuenb swres ayj 9418 31 x0q yoes uf siwadde 3xa) JT ‘suostredwod 1ojsodwir (,01)O [12
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSISJIP WOIJ S30€f JO suosLIedwrod 103soduir 1940 paAIasqo sajel yojewr asjey smoys deunyeay ayj ‘saSew esia uo Sunerado zog-ounr wy3riose 10 :Gg 9InsLy

99]|04U3 JO YIq Jo UoiBay
S
27 e L

\Y
\vA o) ) 0 ) o
/@A //WA AO/ A/@ %/O& A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

Am,
A/mA\w /,w\w?

s

dldvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Aireqol6 10000 = (L)AL Buinib ‘2o ownt wyioble 10} £89°866 = L PIOYSIU} ¥e HIN- uolbal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



55

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIdyJIp W0y saoej jo suosLredwrod 1ojsoduwir 1940 paAIasqo sajel yojewr asfey smoys deungeay oy ‘saSewr esia uo Sunerado pgp-oydrow unprioSye 1o :9¢ 9InSLy

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

\Y
\vA o) ) 0 ) o
/@A //WA AO/ A/@ %/OW A OA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

Am,
A/mA\w /,w\%,/

s

a1dvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)dN Buaib ‘000 oydiow wyiloble 10) 802 978 = L PIOYSaIY) 1 YN uoibal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



56

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD Y UI SOSLW] 9snedaq dLIdUIWAS 93mb jou sp xriew sy A Ul 9seanur
01 0 10300] B 03 Spuodsaiiod YN (0150 ur asvamdur [+ yoey -93es prodssed e ‘opdurexs 1oy 03 Ajrjiqeiaumna Ajrmoas e juasaid siojod par 3ySry ‘[oA3] 1951e) YN papuadjur
a3 Ju SI YN Se3edIpul 431 10j0d a3 Aq papoo jeys se Ajpuenb swes ayj 9418 31 xoq yows u sreadde jxo3 J “suostredwos 1ojsodwr (,,01)0 [1e 3240 pandwiod ‘apn
jo1d oy ut YN 1951e) a3 9418 03 AJeqol8 paxy pjoysaiy uonrugodal e JsureSe pajunod aie saydjew asfe red uorSa1 UsALS oy} Ul UI0q 919M OYM S[ENPIAIPUL JUDISHIP
uroxy saoey jo suostredwrod 1ojsodurr 19A0 paAIasqo sajer yojewr asfey smoys deuneay ayj ‘saSewr esia uo Sunerado ggp-ASofoutpajoinsu unprioSye 104 /¢ 2Ly

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioys 018z "3°1) BuLred houmomE_ Auy
"Alreqol6 10000 = (L)dIN Bunib ‘000~ ABojouyosloinau wiyioble 1o} OTO'EY = L PIoysalyl 1e YN uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



57

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD Y UI SOSLW] 9snedaq dLIdUIWAS 93mb jou sp xriew sy A Ul 9seanur
01 0 10300] B 03 Spuodsaiiod YN (0150 ur asvamdur [+ yoey -93es prodssed e ‘opdurexs 1oy 03 Ajrjiqeiaumna Ajrmoas e juasaid siojod par 3ySry ‘[oA3] 1951e) YN papuadjur
a3 Ju SI YN Se3edIpul 431 10j0d a3 Aq papoo jeys se Ajpuenb swes ayj 9418 31 xoq yows u sreadde jxo3 J “suostredwos 1ojsodwr (,,01)0 [1e 3240 pandwiod ‘apn
jo1d oy ut YN 1951e) a3 9418 03 AJeqol8 paxy pjoysaiy uonrugodal e JsureSe pajunod aie saydjew asfe red uorSa1 UsALS oy} Ul UI0q 919M OYM S[ENPIAIPUL JUDISHIP
uroxy saoey jo suostredwrod 1ojsodurr 19A0 paAIasqo sajer yojewr asfey smoys deuneay ayj ‘saSewr esia uo Sunerado [gg-ASofoutpajoinsu unprioSye 104 :g¢ anSLy

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqol6 10000 = (L)HIN Bunib ‘100~ ABojouyosioinau wiyioble 1o} 009°GY = L PIoysalyl 1e HNH uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



58

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIdyyIp W0y saoej jo suostredwod 103sodwr 1oA0 paAIasqo sajel yojew asfej smoys deunesay oy ‘seSewr esia uo Sunerado gpp-qeryooau WyILIoS[e 10 6¢ 9INSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

\Y
\vA o) ) 0 ) o
/@A //WA AO/ A/@ %/O& A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

Am,
A/mA\w /,w\w?

s

dldvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
‘Alreqol6 100070 = (L)Y Buaib ‘000 gejyoeiu wiyiobe Joj GOT'0 = L Ploysaiyl e YN uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



59

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIdyyIp W0y saoej jo suostredwod 103sodwr 1oA0 paAIasqo sajel yojew asfej smoys deungesay oy ‘saSewr esia uo Sunerado [0p-qeryooau WyILIOS[e 10 0 9INSL]

99]j04UD JO YlIIq Jo uoibay
2 Q
o) o} 7 © ST

g e o e 00 o P «©

A
\VA
g8 0 o

AN @
m& O/WA/

| Ok

o

- VISVO

- JI43NVSO
- VISv3a

- 0odn3

- 1SVvaiN

- VOId4VvN

- A10d

- VISVS

- VOld4vss

- didvo

- VISVO

Jo1sodwi Jo yuiq jo uoibay

- JI43NVSO

- VISV3

- odn3

- 1SVan

YN 0TBo| - VOId4vN
- X10d
- VISVS

- VOld4vss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Aireqol6 T000°0 = (L)HINL BuInIb ‘100 gejyosiu wiyiobie 1oy €0T°0 = L PIoysaiyl re JiA- uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



60

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JU2IdJJIp WO Sa0ej Jo suosiieduwod 10jsoduwlr I9A0 PaAIasqo sajel yopewr asfey smoys deunyeay ayy ‘saSewrr esia uo Sunerado gpp-suoyuel wLoS[e 10, [ 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqol6 10000 = (L)dN- Buinib ‘000 duosuel wyiioble Joj #T9°0 = 1 Ploysalys 1e YIA- uoifial ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



61

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘apm 3o1d oy ur YA 19518 Ay 9IS 03 AJjeqol8 paxyy pjoysaiyy uonuSodar e jsureSe pajunod aie saydjewr aspe] red uordar usArLS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JURIdJJIp WO Sa0ej Jo suosiieduwod 10jsoduwlr I9A0 PaAIasqo sajel yopewr asfey smoys deunjeay ayy ‘saSewrr esia uo Sunerado [pp-suoyuel WLIoS[e 10 g 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S s}
° N ,w\vA¢ o

S
) ) S N ) D
g e o e 00 o P 0@ P e

23

NN
o > 2 P

o 2
7 0 o e o

o

- didvo

- VISVO

- JI43NVSO

- VISv3a

- 0dn3

- 1SVvaiN

- VOId4VvN

- X10d

- VISVS

- VOld4vss

- didvo

- VISVO

Jo1sodwi Jo yuiq jo uoibay

- JI43NVSD

- VISV3

- odn3

- 1SVan

YN 0TBo] - VOId4vN
- X10d
- VISVS

- VOld4vsSs

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqolb 10000 = (L)HIN Buinib ‘To0 suoxues wyiioble 1o} 269°0 = L Ploysaly} re YN uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



62

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JU2IdJJIp WO Sa0ej Jo suosLieduwod 10jsoduwlr I9A0 PaAIasqo sajel yopewr asfey smoys deunyeay ayy ‘saSewrr esia uo Sunerado zpp-suoyuel wiLoS[e 10 gf 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

\Y
\vA o) ) 0 ) o
/@A //WA AO/ A/@ %/O& A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

Am,
A/mA\w /,w\w?

s

dldvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqolb 10000 = (L)HIN Buinib ‘200 suoxues wyiioble 1oy 955°0 = 1 pjoysalys re YN uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



63

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘apm 3o1d oy ur YA 19518 Ay 9IS 03 AJjeqol8 paxyy pjoysaiyy uonuSodar e jsureSe pajunod aie saydjewr aspe] red uordar usArLS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIayIp woxy sadey jo suostiedurod 1ojsodwir 1940 paaIdasqo sajer yojewr asjey smoys deunjeay ayy ‘saSewr esia uo Sunerado ggp-yosyures unjriodre 10 FF amSny

99]|0JU8 JO Yuig Jo uoibay

=° N 4>
77 o 3 W70 o)
&5 & AT o

2
AN >
O 8T (0 o o g

e
- W

DO
SIS

%Am.m
e\

e °

N
WY 5 o%\w

| Ok

~ A

- didvo

- VISVO

- OId3NVSO

- VISv3d

- 0odn3a

- 1SV3In

- VOI44VN

- A10d

- VISVS

- VOld4vsSs

- dldvo

- VISVO

Jo1sodwi Jo yuiq jo uoibay

- OI43INVSD

- VISv3

- 0dn3a

- 1SV3In

dN4 0Tho) - VOId4vN
- A10d
- VISVS

- VOId4vsSsS

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
‘Alreqol6 10000 = (L)Y Buiaib ‘000 yosiwes wiyiioble 10} 997708 = 1 PIoysalyl 1e YN uoibai ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



64

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JUDIJJIp WO S90ey Jo suostieduwod 10jsoduwr 19A0 PaAIasqo sajel yojew asfey smoys deuneay ayj ‘saSew esia uo Sunerado [og-sueniA8uoy wiyprioSye 1o G 9InSLy

99]|0JUS JO YLIq JO uoiBay

=

27 5
O g8 o0

S
35 N\ 45> N
> O &3 W\ /@AO //WAO \v mA\W? dvA/\w /@A\w

o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Areqol6 10000 = (L)d4 Bunib ‘100 suenAbuol wyiiobie 1oy 0ZT 0T = L PIoysaiyl e HINH uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



65

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JUDIdJJIp WO S90ey Jo suostieduwod 10jsoduwr 19A0 PaAIasqo sajel yojew asfey smoys deuneay ayj ‘saSew esia uo Sunerado zpg-sueniA8uoy wiyprioSye 1o 9% 9InsLy

99]|0JUS JO YLIq JO uoiBay

=

27 5
O g8 o0

S
35 N\ 45> N
> O &3 W\ /@AO //WAO \v mA\W? dvA/\w /@A\w

o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Areqolb 10000 = (LN Bunib ‘200~ sueaAbuor wyiobe oy T26°€ = L ploysaiyl 1e HINH uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



66

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDIDJJIP 9I€ )9S UOHLIYLIGA pUr JUSWI[[OIUD dYj UI ST 9snedaq dLawAs aymb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
193101 YN PaPULSIUL 3y e ST YN S93edIpul Aa15) 10[0d 3y Aq papoo jeyy se Ajpuenb swes ayp 2418 31 x0q yoes ur sieadde 3x9; j ‘suostredwod 1ojsodwr (,,01)0O I1®
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSIDJJIP WIOI S0EJ JO SUOSLIeduiod 103s0duwr 100 paAIasqo sajel yojew asfey smoys deurjeay ayj ‘saSewr esia uo Surjerado [9o-fodny wiyprioSe 104 :/F 9inSLy

99]104U? JO yuIq Jo uoibay

o)
o
> N o) o)
A/m.A o/,%\, A/mA &/&A

o
]
RPN o5

%Am.m
e\

S
N
2>
el

Q
o) o

=3 N
5 \/OW AO/ V@A& OJVA/\W

45 &> D SR
O/WA/ A/@ A/@ X

NN g

- didvo

- VISVO

- OId3NVSO

- VISv3d

- 0odn3a

- 1SV3In

- VOI44VN

- A10d

- VISVS

- VOld4vsSs

- dldvo

- VISVO

Jo1sodwi Jo yuiq jo uoibay

- OI43INVSD

- VISv3

- 0dn3a

- 1SV3In

N4 010 - VOIHVN
- K10d
- VISYS

- VOId4vsSsS

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
"Alreqol6 10000 = (L)Y Buinib ‘'Too [2dn wyiioble 1o 000°T = L Ploysalyl 1e YiA4 uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



67

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULIUI 3Y] J& SI YN S9IeJIpUL A215) 10[0d 3y) Aq papod jey; se Ajpuenb swres ayj 9418 31 x0q yoes uf siwadde 3xa) JT ‘suostredwod 1ojsodwir (,01)O [12
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSISJJIP WOIJ Sa0e] JO suosLIedurod 1o3sodul I9A0 paAIasqo sajer yojew asfey smoys deunjeay ayy ‘saSewrr esia uo Sunerado 190-S0o4 wygrioSye 10 :gf 9InSLy

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/OW A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

&7 e o Sl

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Areqo)6 10000 = (L)dW4 Bunib ‘To0 BooA wiyiobe 1oy G05'8T = L PIoYsaiy} Je HINH uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



68

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULBIUL 3Y] J© SI YA S9IeJIPpUl A215) 'I10]0d ay3 Aq papod jeys se Ajpuenb swres ayg 9418 31 x0q yows ur steadde 3xa; T ‘suostredwod tojsoduwir (,,01)O I8
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSIDIP WO.Iy S90f JO suosLiedurod 10jsoduir 19A0 paAIasqo sajer yojewr asfey smoys deuneay oy ‘saSewr esia uo Sunerado zpp-8ooa unparro8ye 104 6% 91nSLy

88]|01UB JO YMIq Jo uoiBay

S 8) S
Ao/ \vAmA/mAm %/Oﬁv 5 \VA¢ o A\\v,_p &O\\v A/m.A\w g @&?&M@Ao &/«VAO AO/ \VA&A/m.Am. %/Ow ® \vA¢ ° A\w? &O\w A/mA\\v o/,w\\v A/on 0/,%0
dlidvo
VISVO
OI43aNVSD
YISv3
odn3
1SVv3an
YOId4VvN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOId4vSs

*Alreqol6 10000 = (L)HIN Bunib ‘200 BooA wiyobe 10y 8240 = L PIoysaiy) ¥e HINH uoibal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



69

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD Y UI SOSLW] 9snedaq dLIdUIWAS 93mb jou sp xriew sy A Ul 9seanur
01 0 10300] B 03 Spuodsaiiod YN (0150 ur asvamdur [+ yoey -93es prodssed e ‘opdurexs 1oy 03 Ajrjiqeiaumna Ajrmoas e juasaid siojod par 3ySry ‘[oA3] 1951e) YN papuadjur
a3 Ju SI YN Se3edIpul 431 10j0d a3 Aq papoo jeys se Ajpuenb swes ayj 9418 31 xoq yows u sreadde jxo3 J “suostredwos 1ojsodwr (,,01)0 [1e 3240 pandwiod ‘apn
jo1d oy ut YN 1951e) a3 9418 03 AJeqol8 paxy pjoysaiy uonrugodal e JsureSe pajunod aie saydjew asfe red uorSa1 UsALS oy} Ul UI0q 919M OYM S[ENPIAIPUL JUDISHIP
woy saoej jo suosiredurod 103soduwr 1940 paAIdsqo sajel yojewr asjey smoys deunpeay ay ‘sadewr esia uo Sunerado gpp-suonnjospueiSia WpLoS[e 10 06 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Aireqolb 10000 = (L)AL Buinib ‘000 suonnjosiue|ibiA wyiioble 1o} $TT°0 = L Ploysalyl Je YAH uoifial ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



70

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD Y UI SOSLW] 9snedaq dLIdUIWAS 93mb jou sp xriew sy A Ul 9seanur
01 0 10300] B 03 Spuodsaiiod YN (0150 ur asvamdur [+ yoey -93es prodssed e ‘opdurexs 1oy 03 Ajrjiqeiaumna Ajrmoas e juasaid siojod par 3ySry ‘[oA3] 1951e) YN papuadjur
a3 Ju SI YN Se3edIpul 431 10j0d a3 Aq papoo jeys se Ajpuenb swes ayj 9418 31 xoq yows u sreadde jxo3 J “suostredwos 1ojsodwr (,,01)0 [1e 3240 pandwiod ‘apn
jo1d oy ut YN 1951e) a3 9418 03 AJeqol8 paxy pjoysaiy uonrugodal e JsureSe pajunod aie saydjew asfe red uorSa1 UsALS oy} Ul UI0q 919M OYM S[ENPIAIPUL JUDISHIP
woy saoej jo suosiredurod 103sodwr 1940 paAIasqo sajel yojewr asjey smoys deunpeay ay ‘sadewr esia uo Sunerado [op-suonnjospue[iSia wWyLoS[e 1o G 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioys 018z "3°1) BuLred houmomE_ Auy
*Aireqolb 10000 = (L)AL Buinib ‘To0 ™ suonnjosiue|ibin wyiioble 10} 0ZE'€ = L Ploysalyl Je ¥AH uoifial ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



71

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JuaIdyJIp WOy sadey jo suostiedwod 1ojsodwr I9A0 paAIdsSqo sajel yojew asjey smoys deuneay oy ‘soSewr esia uo Sunerado [)0-SqeJuoISIA WILIOSe 10 76 9INSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

\Y
\vA o) ) 0 ) o
/@A //WA AO/ A/@ %/O& A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

Am,
A/mA\w /,w\w?

s

dldvo
VISVO
OI43INVSO
VISv3a
odn3a
1SVaN
VOId4vN
A10d
VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
‘AlreqolB 10000 = (L)HIN BUIAIB ‘TO0 Sge|uoIsIA wiyiioBle 10} 080°0 = L PIoYsaiys ye HINH uolfbal ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



72

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JURIdJIp WOy Sadey Jo suostiedwod 103soduWr I19A0 paAIISqo sajer yojewr asfey smoys deuneay ayj ‘soSew esia uo Sunerado [)0-pIod0A unjLIoS[e 104 :gG¢ 9InSL]

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/OW A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)HING Buinib ‘100 p1020A wiyiioble 10j €06°0 = L PIOYSaIY) 1 YN uoibal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



73

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}9S UOLLIYLIDA pUE JUSWI[[OIUD dY} UI SOSLWI 9Snedaq JLIWWAS 93mb jou St XLew sy [ M Ul
aseaIdur ()] JO 10308f B 0} spuodsarrod YN 0180 ur aseamdur [+ yoeq ajes jrodssed e ‘ojdurexs 1oy ‘03 Aiqeraumna A)rmoas e jussard siojod par Jy8r oadf 3081e) YN
papua3ur 3y Je ST N S91edIpul 4915 10[0d ay3 Aq papood jeys se Ajguenb swes oy 9418 31 x0q yoes ur szeadde 3xa} J] “suostredwod 1ojsodwt (.0T)O e 1940 paanduwiod
‘opn 3o1d oy ur YA 198181 9y 2418 03 AJfeqor8 paxy pjoysaiy} uonudodal e jsureSe pajunod are saydjews asje red uorSar usAIS oy} Ur UI0q aIoM OYM S[enpIAIpUL
JUDIdJIp WOy Sadey Jo suostiedwod 103soduWr I19A0 paAIISqo sajer yojewr asfey smoys deuneay ayj ‘seSew esia uo Sunerado gpp-pIodoA unLiode 104 G 9IndLy

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:@\W A/@A @/IWA

\VA@ \VA4/ 4/&@

4o

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = ()N Buinib ‘200 p10o0A wiyiioble 1oj 298°0 = L Ploysaiy} 1e YN uoibal sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



74

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91€ S}9S UOLIEIYLIDA pUR JUIWI[[OIUD dY} UI SaSeWI 9snedaq dLawAs a3mb jou st xrpew
S L "IN UI dSe2IdUI ()] JO 10308f b 0] Spuodsariod A 01.50] ur aseamur [+ yoeq -ajed prodssed e ‘opdurexs 1oy ‘03 Ajjiqerauna Ajrmoas e juasard s10[0d par JySIT ‘[oAdf
198101 N POPULIUI 3Y] J& SI YN S9IeJIpUL A215) 10[0d 3y) Aq papod jey; se Ajpuenb swres ayj 9418 31 x0q yoes uf siwadde 3xa) JT ‘suostredwod 1ojsodwir (,01)O [12
1940 pandwod ‘opn jo1d ayy ur YA 195.1e) a3 9418 03 A[[eqorS paxiy pjoysaiy; uonruSodai e jsureSe pajunod are saydjewr asye Ired uordar usALS oy} ur UI0q dI9M OYMm
S[ENPIAIPUI JUSISHIP WO S30ef Jo suostiedwod 1ojsodur 19A0 paAIasqo sajel yojew asfey smoys deweay ayg ‘saSewr esia uo Sunesado goo-mif wyjLiosye 10 66 9InsLy

99]|0JU8 JO Yuig Jo uoibay

S
27 e L

S
o) D A ) )
/@A //WA AO/ A/@ wM/O@ A mA\W /WA/\W A/@A\W O/:W\W A/@A @/IWA

&7 e o Sl

N
O ¢ 0 o o P o P

a1dvo

VISVO

OI43INVSO

VISv3a

odn3a

1SVaN

VOId4vN

A10d

VISVS

VOld4vss

a1dvo

VISVO

Jo1sodwi Jo yuiq jo uoibay

OI43NVSO

VISV3a

odn3a

1SVaN

YN 0TBo| VOId4vN
A10d
VISVS

VOld4vSss

Joysodwi abe swes (1ioye 019z -a°1) Huured Jo1sodwi Auy
*Alreqol6 10000 = (L)dN Bunib ‘000 NiA wiyioble 1oy 860°0T = L PIOYSaIy) ¥e HINH uoibal ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



75

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 1€ S}9S UOLLIYLIDA pUR JUSWI[OIUD 9y} UI SaFew] asnedaq dLauwiAs a3mb jou st xigew
AL I UI 3seaIdul (] Jo 1030ef e 03 spuodsaliod YAl (1 S0] ul asea1dur [+ yoeyq -ajed prodssed e ‘ojdwexs 1oj ‘03 Ajjiqerauna A11moas e juasard s1o[od pal JySry ‘[oAd]
19318} YN POPUSIUI 3} J& ST YN SoFedIpul A315) 10]0d 9y} Aq papod jey; se Ajpuenb awes ayp 2a13 31 x0q yoes ur steadde x93 J] ‘suostredwod 1ojsodwr (,,01)0O 18
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[ENPIAIPUI JUSISJJIP WOLf S908f JO SuosLieduiod 103soduwr 1040 paAIdasqo sajel yojew asjey smoys deurgeay oy ‘saSewr esia uo Sunerado )o0-1AIpg WPLIOS[e 104 :96 9InSL]

99]|0JU3 JO Yuliq Jo Anunod

= 19 o = _ I [ o) mm8 oo = o o = _ -z [2J} mm38oo0
3853727%%2838232755000553:522:89880000CRE02085; 253927842338 2355550505532522:83820088808802¢2333
SR222225365224F23008R2%222256%56533032023553068327FN7F0 2R22222835zRP47C830aR23222RP68653303253235530%327~r"0

oV
sy
“““““““““““““““““““““““““ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
“““““““““““““““““““““““““ dA93
1s13
¥39
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
advs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - - V- G- 9-

BT

*AlreqolB 1000 = (1L)HIN- BuInB ‘000 IAIpE wiyiioble 10} 6982 = L PIoysaiyl e dIN- Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



76

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUDISJIp WOy Sadef JO suosLiedwod 103sodull 1oA0 paAIasqo sajel yojewr asfej smoys deuneay oy ‘saSewrr esia uo Sunerado gpg-xiuode unprioSie 104 :/G 2inSLy

99]|0JU3 JO Yuliq Jo Anunod

y
>
Pl
@

=
E
Joisodwil Jo yuig Jo Aiunod

;

..

FaLt

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

-

*AlreqolB 100°0 = (1L)HINL Buinib ‘000™ xiuoAe wyiloble 10} 008°0 = L PIoYsaiy} 1e YN Aiunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



77

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JURIdJIP WOy S90vf Jo suosLiedwod 103sodwr 19A0 paAIasqo sajer yojew asjey smoys deunjesay ayj ‘seSewr esia uo Sunerado [gg-1opnixa1aqAd wyjriosye 104 :9G anSLy

11qg Jo Anunod

< = [ e [ ey —
38532478%2838283253058553
£R2z22zz2a352247283088R2%22<2
1 1

=
g
Joisodwil Jo yuig Jo Aiunod

3

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

-

*AllreqolB 100°0 = (1L)"IN- Buinib ‘'To0 Japnaxalagho wyiiobie 104 2020 = L PIoysaiy} ¥e HINH Anunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



78

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jord ayy ur A 19818} a3 2AIS 03 AJreqo[8 paxy proysary; uonudodar e jsureSe pajunod are saydjewr asjeq red Aunoo usArS ayj ur UIoq aIom Oym S[ENpIAIpUT
JUDIDJIp WOI S9dBf JO SUOSLIEAWOD 103SOdWI 10A0 PaAIdSqo sajel yojewr asfey smoys deunyeay ayp ‘saSew esia uo Sunerado [(0-Sofeuriop unjriosye 10 66 9InSLy

99]|0JU3 JO Yuliq Jo Anunod

= 19 o = _ I Q0 mm&8o00 = o o = _ -z [2J} mm38oo0
38c85375%283%8282555020552:5223:829880088SR8029%%3 35:32375%28332855550580453:-532:828297888R58208%2
SR222225365224F23008R2%222256%56533032023553068327FN7F0 2R22222835zRP47C830aR23222RP68653303253235530%327~r"0

oV
sy
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ dA93
1s13
¥3ao
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
auvs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - €- - s- 9

BT

*AlreqolB 100°0 = (1)dIN- Buinib ‘To0 Borewusp wywioble oy TZ0'8. = 1 Ploysaiyl e JNH A1unod ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



79

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jord ayy ur A 19818} a3 2AIS 03 AJreqo[8 paxy proysary; uonudodar e jsureSe pajunod are saydjewr asjeq red Aunoo usArS ayj ur UIoq aIom Oym S[ENpIAIpUT
JUDIDJIp WOI S9dBf JO SUOSLIEAWOD 103S0dWI 10A0 PaAIdSqo sajel yojewr asfey smoys deunyeay ayp ‘saSew esia uo Sunerado ggo-Soreurop ungjrioSye 1o 09 ainSLy

99]|01UD JO

11g Jo Anunod

y
> 3
0] =z

-
Scz3
z = =
N D =<

:

=
3
Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - €- - s- 9

BT

*AlreqolB 100°0 = (1)dIN- Buinib ‘200 Borewssp wiywioble oy T2T'8/ = 1 Ploysaiyl e JNH A1unod ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



80

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jord ayy ur A 19818} a3 2AIS 03 AJreqo[8 paxy proysary; uonudodar e jsureSe pajunod are saydjewr asjeq red Aunoo usArS ayj ur UIoq aIom Oym S[ENpIAIpUT
JUDIDJIp WOIf S9dBf JO SUOSLIEAWOD 103S0dWI 10A0 PaAIdSqo sajel yojewr asfey smoys deunyeay ayp ‘saSew esia uo Sunerado gop-Soreuriop wnyarioSye 104 :19 ainSLy

99]|0JU3 JO Yuliq Jo Anunod

= 19 o = _ I Q0 mm&8o00 = o o = _ -z [2J} mm38oo0
38c85375%283%8282555020552:5223:829880088SR8029%%3 35:32375%28332855550580453:-532:828297888R58208%2
SR222225365224F23008R2%222256%56533032023553068327FN7F0 2R22222835zRP47C830aR23222RP68653303253235530%327~r"0

oV
sy
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ dA93
1s13
¥3ao
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
auvs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - €- - s- 9

BT

*AlreqolB 100°0 = (1L)dIN- Buinib ‘€00 Borewuap wywiobe 1oy 079°6/ = 1 Ploysaiyl e JINH A1unod ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



81

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUS d} UT SaSew] asnedaq JLjauwriAs a3mb jou st x1njeus oy [ YN ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUBIaJJIp WO Sa0ef JO suosLIedurod 10)sodl] 19A0 PaATaSqo sajel yojew asyey smoys deunjeay ayj ‘saSewr esia uo Sunperado gpp-siorireqeyrSip wyjrroSe 104 :z9 amsLy

99]|0JU3 JO Yuliq Jo Anunod

y
>
Pl
@

00 @ >
colQ30n
mH=I
FI3ZFRA
[

=
E
Joisodwil Jo yuig Jo Aiunod

Burired Joysodwi Auy

€- - - 9-

B R

*AlreqolB 100°0 = (1L)dIN- Buinib ‘000 sialeqenBip wyiioble 10} $G5°0 = L Ploysaiyl e dIN- Anunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



82

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papusIuI 33 Je ST YN S91edIpul 4915 10[00 9y3 Aq papod jeys se Ajguenb swres a3 9418 31 x0q yoes ur steadde 3xa} J] suostiedwod 1ojsoduwr (.0T)O [[e 1240 pandurod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUSISIp WOy Sa0kf JO suosLiedurod 103soduw 1940 PaAIdSqo Sajel yojew asfey smoys deuneay ayj ‘seSewr esia uo Sunerado [(0-SIoLLeqerSIp wiyjriose 10, :¢9 amsiy

=
5,
Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

I -

‘Alreqol6 1000 = (L)HINA BuiniB ‘10 siaureqrenBip wyiiobe 1of 7260 = L ploysaiyl e JNH Anunod ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



83

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP oI $79S UONRIYIIDA pUR JUSW][OIUS df} UT SaSewT asnedaq dLyawrwiAs aymb jou sy xigeur
AL I UI 3seaIdul (] Jo 1030ef e 03 spuodsaliod YAl (1 S0] ul asea1dur [+ yoeyq -ajed prodssed e ‘ojdwexs 1oj ‘03 Ajjiqerauna A11moas e juasard s1o[od pal JySry ‘[oAd]
1981) I PapULIUL 33 Je SI YN S9FedIpul A215) 10[0d 3y} Aq papoo jey; se Aypuenb swes ay 9IS 31 x0q yoes ur steadde 3xa3 j “suostiedwos 1o3sodwir (,,01)O [1e
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[eNPIAIPUI JUBISJIP WOy Sa0ef Jo suosLredurod 10)sodu] 19A0 paAIasqo sajer yojew asyey smoys dewgeay ayy ‘saSewr esia uo Sugerado 190-¢pr wiyrioSe 104 9 oSy

99]|01UD JO

11qg Jo Anunod

<
3
z
<

[

c
=
el

- oYV

o0 o] <
nsmmaw o
mHd=I N4 z
PrxzFMA N
.

:

h

=
E
Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

B R

"Aireqolb 100°0 = (L)HINL Buinib ‘To0 gp! wiyiobe 1o 000°ELTZ = L Ploysaiyl 1e JiN4 Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



84

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP oI $79S UONRIYIIDA pUR JUSW][OIUS df} UT SaSewT asnedaq dLyawrwiAs aymb jou sy xigeur

AL I UI 3seaIdul (] Jo 1030ef e 03 spuodsaliod YAl (1 S0] ul asea1dur [+ yoeyq -ajed prodssed e ‘ojdwexs 1oj ‘03 Ajjiqerauna A11moas e juasard s1o[od pal JySry ‘[oAd]
1981) I PapULIUL 33 Je SI YN S9FedIpul A215) 10[0d 3y} Aq papoo jey; se Aypuenb swes ay 9IS 31 x0q yoes ur steadde 3xa3 j “suostiedwos 1o3sodwir (,,01)O [1e
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[eNPIAIPUI JUBISJIP WOy Sa0ef Jo suosLredurod 10jsodu] 19A0 paAIasqo sajer yojew asyey smoys dewgeay ayy ‘saSewr esia uo Sugerado zop-¢pr wiyrioSe 104 :69 oSy
99]|0JU3 JO Yuliq Jo Anunod

:

c
=
el

- oYV

00 @ >
cul2nn
w43
FI3ZFRA
[

<
m
z
N

. WNLA

vno
m o mim o

| — anor
B amEm =w . avo
| m an

. . WvC
Ill ll e

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

B R

*Aireqolb 100°0 = (L)HINL Bunib ‘200 ep! wiyiiobe 1oj 0007022 = L Ploysaiyl re JiNd Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



85

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUS d} UT SaSew] asnedaq JLjauwriAs a3mb jou st x1njeus oy [ YN ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jord ayy ur A 19818} a3 2AIS 03 AJreqo[8 paxy proysary; uonudodar e jsureSe pajunod are saydjewr asjeq red Aunoo usArS ayj ur UIoq aIom Oym S[ENpIAIpUT
JUaIaIp Woij saoey jo suosLiedwod 10jsoduwr 19A0 PaAIdSqo sajel ydjew as[ey smoys deuneay ayj ‘saSewr esia uo Sunerado gpp-soryesouur ungroSye 1o :99 ainsLy

99]|0JU3 JO Yuliq Jo Anunod

NVML
AMHL
ZN3AA
ain
NYML
AMHL
NIidL
IVHL
advs
d4vs
sny
Wod
10d
1SHd
THd
nd3d
ViaN
daN
SYIN
X3IN
Ng31
HOM
AN
NdC
Ve
ds|
ant
vsai
¥39
1s13
UHD
1zdg
sy
odv

@ >
223242
ZFERFO

INNIA
ZN3A
ain
NidL
IVHL
ayvs
y4vs
sny
WOy
1od
1SHd
THd
nyd3d
viN
d3aN
SYIN
X3aw
NE31
HOM
AN
Ndr
WvC
TS|
ani
vsai
NVHO
EER]
1s13

oV
sy
“““““““““““““““““““““““““ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
“““““““““““““““““““““““““ dA93
1s13
¥39
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
advs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - - V- G- 9-

BT

*Alreqolf 100°0 = (1L)HINL Buinib ‘000™ souresouul wiyloble 10) G9Z°Gi = 1 ploysaly e Y4 Anunod ssoip

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



86

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jord ayy ur A 19818} a3 2AIS 03 AJreqo[8 paxy proysary; uonudodar e jsureSe pajunod are saydjewr asjeq red Aunoo usArS ayj ur UIoq aIom Oym S[ENpIAIpUT
JURIdJIP WO S90vf JO suostiedwod 103Sodul 19A0 PIAISSqO Sajer ydjew as[ey smoys deunjeay ayj ‘safew esia uo Sunerado [(-soLpeAouUl WYILIOS[e 10 (/9 2InSL]

99]|0JU3 JO Yuliq Jo Anunod

= 19 o = _ I Q0 mm&8o00 = o o = _ -z [2J} mm38oo0
38c85375%283%8282555020552:5223:829880088SR8029%%3 35:32375%28332855550580453:-532:828297888R58208%2
SR222225365224F23008R2%222256%56533032023553068327FN7F0 2R22222835zRP47C830aR23222RP68653303253235530%327~r"0

oV
sy
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ dA93
1s13
¥3ao
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
auvs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - €- - s- 9

BT

*AlreqolB 100°0 = (1L)HINA Buinib ‘“To0™ souresouul wiyioble 10y 9/ Tt = 1 Ploysalyl e Y- Anunod ssoip

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



87

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jord ayy ur A 19818} a3 2AIS 03 AJreqo[8 paxy proysary; uonudodar e jsureSe pajunod are saydjewr asjeq red Aunoo usArS ayj ur UIoq aIom Oym S[ENpIAIpUT
JuaIayIp woly saoey jo suostredurod 10jsodwr 19A0 paAIasqo sajel yojewr aspey smoys deuneay ay) ‘saSewr esia uo Surerado gop-noAst wiyjrioSre 104 99 ainSLy

99]|0JU3 JO Yuliq Jo Anunod

NVML
AMHL
ZN3AA
ain
NYML
AMHL
NIidL
IVHL
advs
d4vs
sny
Wod
10d
1SHd
THd
nd3d
ViaN
daN
SYIN
X3IN
Ng31
HOM
AN
NdC
Ve
ds|
ant
vsai
¥39
1s13
UHD
1zdg
sy
odv

@ >
223242
ZFERFO

INNIA
ZN3A
ain
NidL
IVHL
aydvs
y4vs
sny
WOy
1od
1SHd
THd
nd3d
viN
d3aN
SYIN
X3aw
NE31
HOM
AN
Ndr
WvC
TS|
ani
vsai
NVHO
EER]
1s13

oV
sy
“““““““““““““““““““““““““ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
“““““““““““““““““““““““““ dA93
1s13
¥39
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
advs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - - V- G- 9-

BT

*AlreqolB 100°0 = (1L)JIN- Buinib ‘000 noAus! wiyiioBle Joj 8179°02 = L Ploysaiyl e dIN- Anunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



88

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

JUSISJIP dIE S}9S UOHRILLIDA pUR JUSWJOIUD Y} UT So.Sewr asnedaq dLawwiAs a3mb jou st xrewr
AL NI UI 9SeaIdul ()] JO 1030ef e 03 Spuodsariod YA (01 80] ut aseadur [+ yoeq -o3ed prodssed e ‘opdurexa 1o ‘03 Ajiqerauna A3Lmoas e juasard s10[od par JySry ‘[oAd]
1981) I PapULIUL 33 Je SI YN S9FedIpul A215) 10[0d 3y} Aq papoo jey; se Aypuenb swes ay 9IS 31 x0q yoes ur steadde 3xa3 j “suostiedwos 1o3sodwir (,,01)O [1e
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[ENPIAIPUI JUSISJIP WOIJ S30Bf JO SUOSLIEAW0D 10350dWI 19A0 PIAIISqO Sajel yojeu asjey smoys deunyeay ayj ‘seSewr esia uo Suneiado [0-ounr wyiriode 104 69 9InSLy

99[|04us JO yuiq Jo ?.«CJOO
< = % b} = _ -z [2)e] mm8 00 < = % e} = _ -z (20 mm8o0o0
S8:3327%%2833282753058557:522:238200080CR80298%3 $0:39275%283282355555858532532:828500080880022853
£58%522228365=228=838035 025222288855 3852582355588325070 £R8532222836z22%z8305R23222R82855353835252355388322RA0
y y [ R A R R A AR A R y y y y AR y [ AR

oV
aisv
1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
dA93
1s13
¥3ao
NVHO
Hgdo
je-b}
vno
AvH
MNH
ANOH
vsai
anli
S|
WvC
NdC
AN
(o))
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
Wod
sny
y4vs
advs
IVHL
NIdL
ANYL
NVML
win
ZN3A
NLA

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

-

*Alreqolf 100°0 = (L)HIN- BuIAIB ‘'TO0™ owi wiyiobe o) #20°TE6 = L PloYsaiyl ¥e HINH Anunod ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



89

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDIDJJIP 91 S}9S UOYLIYLISA pUr JUSWI[[OIUD dYj UI SoSew] asnedaq dLpaunuds amb jou st xipew

AL NI UI 9SeaIdul ()] JO 1030ef e 03 Spuodsariod YA (01 80] ut aseadur [+ yoeq -o3ed prodssed e ‘opdurexa 1o ‘03 Ajiqerauna A3Lmoas e juasard s10[od par JySry ‘[oAd]
1981) I PapULIUL 33 Je SI YN S9FedIpul A215) 10[0d 3y} Aq papoo jey; se Aypuenb swes ay 9IS 31 x0q yoes ur steadde 3xa3 j “suostiedwos 1o3sodwir (,,01)O [1e
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[ENPIAIPUI JUSISJIP WOIJ S30Bf JO SUOSLIEAW0D 10350dWI 19A0 PIAIISqO Sajel ydjeu asjey smoys deunyeay ayj ‘saSewr esia uo Suneiado gg-ounr wyyrioSe 104 0/ 9inSLy
99]|0JU3 JO Yuliq Jo Anunod

y
>
Pl
@

@

25
N4
-

Joisodwil Jo yuig Jo Aiunod

gl g o e
§ o LT T

Burired Joysodwi Auy

€- - - 9-

B R

*Alreqolf 100°0 = (L)HIN- BUIAIB ‘200 owi wiyioble 1oy 2T6°0ST = L Ploysaiyl ¥e JINH Anunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



90

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JuaIIp WO Saoey Jo suostiedwod 103soduwil I9A0 PaAIdsqo sajel yojew asfey smoys deurjeay ayj ‘soSewr esia uo Sunerado gpp-oydiow uyyrioSre 1o :1/ amSiy

99[|04us JO yuiq Jo Anuno)d
< = % b} = _ -z [2)e] mm8 00 < = % e} = _ -z (20 mm8o0o0
S8:3327%%2833282753058557:522:238200080CR80298%3 $0:39275%283282355555858532532:828500080880022853
£58%522228365=228=838035 025222288855 3852582355588325070 £R8532222836z22%z8305R23222R82855353835252355388322RA0
' y ' [

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

-

*AlreqolB 1000 = (1L)HIN- Buinib ‘000 oydiow wyloble 10} Z/7°982€ = L Ploysalyi re Y4 Anunod ssoin

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



91

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUD dY} UT saSew] asnedaq dLgauwriAs a3mb jou st Xprjeur oy ] N Ul 9Searour
0 JO 1030e] © 0] Spuodsarrod ] (150] ul asealdul [+ yoeyq -o3ed prodssed e ‘ojduuexs 1oy ‘03 AjjIqesauna Aj1moas e juasard s10[0d par JYSr] ‘oA 1931e] YN papussur
a3 3e SI YN s9redIpur A1) 10]0d a3 Aq papod jeyy se Ajpuenb swres ay3 2AL3 31 x0q Yowa ur sieadde x93 j] suostredwod 103sodwir ((,0T)O [[e 1240 pandwod ‘opn joid
ay} ur YN 1981e] a1 2418 03 AJeqo[S paxy proysaiy; uonruSodal e jsureSe pajunod are saydjeu asfe] Ired A1junod usAls ay) ur UI0q aIom OYM S[eNPIATPUT JUSIIJJIP
woxy saoey jo suostreduwrod 1ojsoduwr 19A0 paAIasqo sajer yojeur asfey smoys deuneay ayj ‘saSewr esia uo Sunerado gop-ASofoutpajoimasu unpriode 10 :z/ 9indLy

99]|0JU3 JO Yuliq Jo Anunod

NVML

AMHL

o
<
z

AMHL
NIidL
IVHL
advs
d4vs
sny
Wod
10d
1SHd
THd
nd3d
ViaN
daN
SYIN
X3IN
Ng31
HOM
AN
NdC
Ve
ds|
ant
vsai
1zdg
sy
odv

@
23 g 3
=N -
FRAO

INNIA
ZN3A
ain
NidL
IVHL
ayvs
y4vs
sny
WOy
1od
1SHd
Hd
nyd3d
viN
d3aN
SYIN
X3aw
NE31
HOM
AN
Ndr
WvC
TS|
ani
vsai
UHD

oV
sy
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ dA93
1s13
¥39
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
auvs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - €- - s- 9

BT

"AlreqolB 1000 = (L)YINA Buinib ‘000~ ABojouyaaloinau wiyiioble 1o} 092 0€ = 1 Ploysalyl 1re Y4 Anunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



92

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUD dY} UT saSew] asnedaq dLgauwriAs a3mb jou st Xprjeur oy ] N Ul 9Searour
0 JO 1030e] © 0] Spuodsarrod ] (150] ul asealdul [+ yoeyq -o3ed prodssed e ‘ojduuexs 1oy ‘03 AjjIqesauna Aj1moas e juasard s10[0d par JYSr] ‘oA 1931e] YN papussur
a3 3e SI YN s9redIpur A1) 10]0d a3 Aq papod jeyy se Ajpuenb swres ay3 2AL3 31 x0q Yowa ur sieadde x93 j] suostredwod 103sodwir ((,0T)O [[e 1240 pandwod ‘opn joid
oy ur YN 128181 ayp 2418 03 A[jeqorS paxiy pjoysary; uonudooar e jsureSe pajunod are saydjew asped red Aunod usAr8 ayj ur UI0q a19M oYM S[ENPIAIPUI JUIIDJJIP
woxy saoey jo suostredurod 1ojsoduwr 19A0 paAIasqo sajer yojeuwr asfey smoys deuneay ayj ‘saSewr esia uo Sunerado [gg-ASofoutpajoimasu unpriode 10 :g/ ainSLy

11qg Jo Anunod

< = [ ] = —
38<3337%%28382837536585353
£R2z22zz2a352247283088R2%22<2

1 1

"W s

=
E
Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

-

*Alreqolb 100°0 = (L)dNd Bunib ‘100 ABojouydaloinau wyiloble 1o) 0ST'ZE = 1 Ploysalyl 1e diAN-4 Anunod ssoi)

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



93

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papusIuI 33 Je ST YN S91edIpul 4915 10[00 9y3 Aq papod jeys se Ajguenb swres a3 9418 31 x0q yoes ur steadde 3xa} J] suostiedwod 1ojsoduwr (.0T)O [[e 1240 pandurod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUSIIp WL Sa0ef JO suostieduwod 103s0dWl I9A0 PIAISSqO Sojel ydjew asfey smoys deunjeay ayj ‘saSewr esia uo Sugeiado gpo-qeryodiu unprioSe 1o 7 amsiy

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

I B

"AllreqolB 1000 = (L)YINL Buinib ‘000 gelyosiu wiyioble Jo) T60°0 = L PIoYsaiyl Je HINH Anunod ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



94

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUS d} UT SaSew] asnedaq JLjauwriAs a3mb jou st x1njeus oy [ YN ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papusIuI 33 Je ST YN S91edIpul 4915 10[00 9y3 Aq papod jeys se Ajguenb swres a3 9418 31 x0q yoes ur steadde 3xa} J] suostiedwod 1ojsoduwr (.0T)O [[e 1240 pandurod
‘apm 301d oy ur YA 19818 a3 2418 03 AJeqolS paxy poysary; uonrudodal e jsurede pajunod ale saypjew asjey Ired Anunod usALS oy} ur uroq 919m oym S[enpIAIpul
JuaIafIp woj saoej jo suosireduwod 10jsodwy 19A0 PaAIasqo sajel yoyew asfey smoys deuneay oy ‘saSewr esia uo Sunerado [0p-qeyossu wirioSe 10 G/ amsLy

||
X
z
I

L
|l |
| |
Hn

r .II
iz

=g

|| | [l W |
z z
z g
Joisodwil Jo yuig Jo Aiunod

II
N
a3
>

||
=
|
o
H E
]
- o
- o el
* |
m e -
" "
| O

Far

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

I -

"AllreqolB 1000 = (L)YINL Buinib 'To0™ gelyosiu wyioble Joj 680°0 = L PIOYSaiyl Je HINH Anunod ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



95

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUS d} UT SaSew] asnedaq JLjauwriAs a3mb jou st x1njeus oy [ YN ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUBIafJIp WO Sadef Jo suosLredwod 10jsodwr JoA0 paAIasqo sajer yojews asjey smoys deuneay ayy ‘safewr esia uo Suneiado gpp-suoyuer ungrode 104 9/ amsLy

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

€

- z- - - = 9-
N S

*AllreqolB 1000 = (L)HIN- BuinB ‘000 suosuel wyuloble 10} Z8S'0 = L PIoysalyl e AL Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



96

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JURIdIp WOy S90vf JO SuosLiedwod 103soduwlr 19A0 PaAIdsqo sajel yoyew asfey smoys deunpeay ayy ‘saSewr esia uo Sunerado [gp-suoyuerl unjriose 10 :// 9inSLy

99]|0JU3 JO Yuliq Jo Anunod

:

Y

<

> m

& ER
'

c
=
el

. . vno
B
e owEmy m S Cwews ow etk
. ant
[
AN -
e .
|

SYIN
- d3aN

=
E
Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

S

*AllreqolB 1000 = (L)HIN- BuinB ‘'To0™ suosuel wyiloble 1o} +T9°0 = L P|oysaiyl e YA Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



97

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JURIDIPp WOy S90vf Jo SsuosLiedwod 103soduwlr 19A0 PaAIdsqo sajel yoyew asjey smoys deunpeay ayy ‘saSewr esia uo Sunerado zop-suoyuerl unjriosye 10 g/ 9inSLy

99]|0JU3 JO Yuliq Jo Anunod

y
>
Pl
@

=
E
Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

B R

*AllreqolB 1000 = (L)HIN- BuInB ‘200 suosuel wyuloble 10} 9€G°0 = L PIoysalyl e AL Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



98

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

“JUDIDJJIP 2I¥ S}OS UOHLIYLIdA PUR JUSW[OIUD 9y UT SaSewr asneoaq dLgawrwiAs a3mb jou st xinews oy ] N4 Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papusIuI 33 Je ST YN S91edIpul 4915 10[00 9y3 Aq papod jeys se Ajguenb swres a3 9418 31 x0q yoes ur steadde 3xa} J] suostiedwod 1ojsoduwr (.0T)O [[e 1240 pandurod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUBIafIp WO sadej Jo suosLredwod 10jsodwr JoA0 paAIssqo sajer yojews asjey smoys deuneay ayy ‘safewr esia uo Suneiado gpp-yoojuwres ungriode 104 6/ am8Ly

99]|0JUd JO yuig o Anunod

@
bl
N
N

<
3
z
<

1

BEN:ER]
_ HOM
_ AN
_ NdC
_ v
_ usI
_ QNI
_ vsai

odv
aisv
zyg
UHD
NIHO
d1so
vand
03720
dNOa
vno3
dA93
1s13
439
NVHO
Hgdo
249
vno
AvH
MNH
ANOH
vsai
anli
S|
WvC
NdC
AN
(o))
Ng31
X3aw
SYIN
d3aN
VN
nd3d
TIHd
1SHd
1od
Wod
sny
y4vs
auvs
IVHL
NIEL
ANYL
NVML
win
ZN3A
NLA

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Buured 1oi1sodwi Auy

- z- €- - s- o

1 R

*AllreqolB 1000 = (1L)"IN- Buinib ‘000 yosiwes wyiioBbre 1oj 090°7/2 = L Ploysaiyl e JINH Anunod ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



99

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUS d} UT SaSew] asnedaq JLjauwriAs a3mb jou st x1njeus oy [ YN ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUBISJIP WO Sa0rf Jo suosLredurod 103soduwr 1040 paAIasqo sajel yojewr asfey smoys deuneay ayy ‘saSeur esia uo unerado [gp-sueni{Suoy ungprioSe 1o :0g amSny

99]|0JU3 JO Yuliq Jo Anunod

U
@ >
00

Pyl
)]

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

B R

*AlreqolB 100°0 = (L)HIN- Buinib ‘'Too sueniAbuol wyiioble 10} 2/6'6 = L PIOYSaIyl 18 YA Alunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



100

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUS d} UT SaSew] asnedaq JLjauwriAs a3mb jou st x1njeus oy [ YN ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jord ayy ur A 19818} a3 2AIS 03 AJreqo[8 paxy proysary; uonudodar e jsureSe pajunod are saydjewr asjeq red Aunoo usArS ayj ur UIoq aIom Oym S[ENpIAIpUT
JUSISJIP WOIj Sadkf Jo suosLIeduwod 103soduwll 1oA0 PaAIdSqo sajel yojew asfey smoys deunesay ay ‘saSew esia uo Suneiado gog-suenif8uo) unprioSye 1o, 1§ ainsLy

99]|0JU3 JO Yuliq Jo Anunod

NVML
AMHL
ZN3AA
ain
NYML
AMHL
NIidL
IVHL
advs
d4vs
sny
Wod
10d
1SHd
THd
nd3d
ViaN
daN
SYIN
X3IN
Ng31
HOM
AN
NdC
Ve
ds|
ant
vsai
¥39
1s13
UHD
1zdg
sy
odv

@ >
223242
ZFERFO

INNIA
ZN3A
ain
NidL
IVHL
aydvs
y4vs
sny
WOy
1od
1SHd
THd
nyd3d
viN
d3aN
SYIN
X3aw
NE31
HOM
AN
Ndr
WvC
TS|
ani
vsai
NVHO
EER]
1s13

oV
sy
“““““““““““““““““““““““““ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
“““““““““““““““““““““““““ dA93
1s13
¥39
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
advs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - - V- G- 9-

BT

*AlreqolB 100°0 = (L)HIN- Buinib ‘200 sueniAbuoy wyiioble 1o} 0T8'E = L PIoysalyl 18 YA Alunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



101

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDIDJJIP 91 S}9S UOYLIYLISA pUr JUSWI[[OIUD dYj UI SoSew] asnedaq dLpaunuds amb jou st xipew
AL NI UI 9SeaIdul ()] JO 1030ef e 03 Spuodsariod YA (01 80] ut aseadur [+ yoeq -o3ed prodssed e ‘opdurexa 1o ‘03 Ajiqerauna A3Lmoas e juasard s10[od par JySry ‘[oAd]
198101 YN POPULIUL Y3 e ST YN So3edIpul Ao15) 10[0d a3 Aq popoo jeyy se Ajpuenb swres oy 9418 11 x0q yoes ur steadde 3x2; j “suostredwod 1ojsoduwr (,,01)0O I1®
IaA0 paindwod ‘apy jord ayg ur AL 1981e] 93 2418 03 AJeqo[8 paxy proysary} UonIUS0Ial e Jsurede pajunod are saydjewr asfe red Anjunod usArS oy ur uIoq a19m oym
S[ENPIAIPUI JUSISJJIP WOIf S908f JO SUOSLIeduwion 103s0duwr 19A0 paAIISqO Sajel yojeut asfej smoys deuryeay ayy ‘soSewr esia uo Sunerado 100-odny unprioSe 104 :zg 9inSLy

99]|0JUd JO yuig o Anunod

< < = w0 o - _ = - Q0 mmZ2o000 < < = "% - - _ = _ -z Q0 mmY%2o000

032278828382 335555020552:322:83880000¢SRC0208% 285532782838 28375505085552722:8983200882R8829873
£R222z22036:2P4FC200R2222zP560565530820235%30%327F70 2R322225886zP 4723808 R2522zR256%65330%32023553060%327FNF0
y y TR T A R R A R y y y y R y y

odv
aisv
zyg
UHD
NIHO
d1so
vand
0320
dNOa
vno3
dA93
1s13
439
NVHO
Hgdo
je-b}
vno
AvH
MNH
ANOH
vsai
anli
S|
WvC
NdC
AN
(o))
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
Wod
sny
y4vs
advs
IVHL
NIdL
ANYL
NVML
win
ZN3A
NLA

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

I -

*Alreqol6 100°0 = (L)HIN- BuIAIB ‘To0™ [9dn) wyiioBle 10} 000'T = L PIoYsaiy} e YN Aunod ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



102

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

JUSISJJIP 21 S)9S UOLROYLIDA pUR JUSWOIUD dUj UI Safewr asnedaq dLyaunuAs aymb jou st xrgew
AL NI UI 9SeaIdul ()] JO 1030ef e 03 Spuodsariod YA (01 80] ut aseadur [+ yoeq -o3ed prodssed e ‘opdurexa 1o ‘03 Ajiqerauna A3Lmoas e juasard s10[od par JySry ‘[oAd]
19810) YN PIPULIUT Y} e ST YN SIedIpur A919) 1000 33 Aq papoo yeyp se Ajguenb awres ayp 2418 31 x0q yows ur sreadde 3xa3 J “suostredwrod ro3sodur ((,0T)O [1e
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[ENPIAIPUL JUSISHIP WO S908f JO SUOSLIEdWOD 103S0dWl I9A0 paAIdsqo sajel ypjew as[ey smoys deunesy ayj “saSewr esia uo Sunerado 100-800a wnrioSye 104 :¢g 21nSiy

Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

-

*AlreqolB 1000 = (1L)"IN- Buinb 'To0™ BooA wyiobe 1o) OTH'9T = L Ploysaiyl e JINH Anunod ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



103

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 1€ S}9S UOLLIYLIDA pUR JUSWI[OIUD 9y} UI SaFew] asnedaq dLauwiAs a3mb jou st xigew
AL I UI 3seaIdul (] Jo 1030ef e 03 spuodsaliod YAl (1 S0] ul asea1dur [+ yoeyq -ajed prodssed e ‘ojdwexs 1oj ‘03 Ajjiqerauna A11moas e juasard s1o[od pal JySry ‘[oAd]
19318} YN POPUSIUI 3} J& ST YN SoFedIpul A315) 10]0d 9y} Aq papod jey; se Ajpuenb awes ayp 2a13 31 x0q yoes ur steadde x93 J] ‘suostredwod 1ojsodwr (,,01)0O 18
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[ENPIAIPUI JUSISJJIP WOIy S9oef Jo suostiedurod 10jsoduir 1940 paAIasqo sajer yojew asfey smoys deuneay oy ‘seSewr esia uo Sunerado zpp-80oa unprro8ye 104 F 91nSLy

99]|0JU3 JO Yuliq Jo Anunod

= 19 o = _ - Z [ o) mm8 oo = o o = _ -z [a}o] mm38oo0
$8532375%2832828525505055323252:8288p00C8R002¢08%3 I0582775%283828555302508552:522:838350882R¢882¢2873
SR222225365224F23008R2%222256%56533032023553068327FN7F0 2R22222835zRP47C830aR23222RP68653303253235530%327~r"0

oV
sy
“““““““““““““““““““““““““ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
“““““““““““““““““““““““““ dA93
1s13
¥39
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
advs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - - V- G- 9-

BT

*AlreqolB 100°0 = (L)HIN- Buinb ‘200 Booa wiyiioBble 1oj 0TE 0 = L Ploysaiyl 1e JINH Anunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



104

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJJIP 21k §}9S UONLIYLIdA PUE JUSW][OIUD dY} UT saSew] asnedaq dLgauwriAs a3mb jou st Xprjeur oy ] N Ul 9Searour
0 JO 1030e] © 0] Spuodsarrod ] (150] ul asealdul [+ yoeyq -o3ed prodssed e ‘ojduuexs 1oy ‘03 AjjIqesauna Aj1moas e juasard s10[0d par JYSr] ‘oA 1931e] YN papussur
a3 3e SI YN s9redIpur A1) 10]0d a3 Aq papod jeyy se Ajpuenb swres ay3 2AL3 31 x0q Yowa ur sieadde x93 j] suostredwod 103sodwir ((,0T)O [[e 1240 pandwod ‘opn joid
ay} ur YN 1981e] a1 2418 03 AJeqo[S paxy proysaiy; uonruSodal e jsureSe pajunod are saydjeu asfe] Ired A1junod usAls ay) ur UI0q aIom OYM S[eNPIATPUT JUSIIJJIP
woly saoey jo suosiredwod 103soduwr I9A0 paATasqo sajel yojewr asfey smoys deuneay oy ‘saSewr esia uo Sunerado ggp-suonnjosjueiSia ungrioSe 104 68 oSy

99]|0JU3 JO Yuliq Jo Anunod

NVML

AMHL

o
<
z

AMHL
NIidL
IVHL
advs
d4vs
sny
Wod
10d
1SHd
THd
nd3d
ViaN
daN
SYIN
X3IN
Ng31
HOM
AN
NdC
Ve
ds|
ant
vsai
1zdg
sy
odv

@
23 g 3
=N -
FRAO

INNIA
ZN3A
ain
NidL
IVHL
ayvs
y4vs
sny
WOy
1od
1SHd
Hd
nyd3d
viN
d3aN
SYIN
X3aw
NE31
HOM
AN
Ndr
WvC
TS|
ani
vsai
UHD

oV
sy
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1z4g
UHD
NIHO
d1so
vand
0320
dNoa
vno3
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ dA93
1s13
¥39
NVHO
Hgdo
je-b}
vno
AvH
MINH
ANOH
vsai
ani
S|
WvC
NdC
AN
HOM
Ng31
X3aw
SYIN
d3aN
VN
nd3d
Hd
1SHd
1od
oy
SNy
d4vs
auvs
IVHL
NIdL
AMHL
NYML
ain
ZN3A
INNIA

Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - €- - s- 9

BT

*AlreqolB 1000 = (1L)"IN- BuiniB ‘000™ suonnjosiue|iBia wyiiobe 1) G60°0 = L Ploysaiyl e JINH Aunod ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



105

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP Ik S}3S UOLLIYLIDA pUE JUIWI[OIUD dYj UI SOSLW] 9snedaq dLounuAs a3mb jou sp xpgew sy A Ul 9seanur
0 JO 1030e] © 0] Spuodsarrod ] (150] ul asealdul [+ yoeyq -o3ed prodssed e ‘ojduuexs 1oy ‘03 AjjIqesauna Aj1moas e juasard s10[0d par JYSr] ‘oA 1931e] YN papussur
a3 3e SI YN s9redIpur A1) 10]0d a3 Aq papod jeyy se Ajpuenb swres ay3 2AL3 31 x0q Yowa ur sieadde x93 j] suostredwod 103sodwir ((,0T)O [[e 1240 pandwod ‘opn joid
oy ur YN 128181 ayp 2418 03 A[jeqorS paxiy pjoysary; uonudooar e jsureSe pajunod are saydjew asped red Aunod usAr8 ayj ur UI0q a19M oYM S[ENPIAIPUI JUIIDJJIP
woly saoej jo suostredwod 10jsoduWr 1940 PaAIdSqo sajel yojewr asjey smoys deunjeay ayj “‘sofewr esia uo Sunerado [og-suonnjospueidia wygpriodfe 1o 99 anSLy

=
Y
Joysodwi Jo yuiq jo Anunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- - €- - s- 9

-

*AllreqolB 100°0 = (1L)HIN- BuiniB ‘'Too™ suonnjosiue|iBin wyiiobe 1o) GGT'E = 1 ploysaiyl e JINH Aunod ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



106

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUSISJIP 21k S}9S UOHEILLIdA pUR JUSWJJOIUD 9y} UI SaSewr asnedaq drawrwiAs 93mb jou st xtgewr sy N ur

aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUBIaJIp WOl saoej Jo suosLreduwiod 103s0duWr JoA0 PIAIaSqo sajel yojews asfey smoys deuneay ayp ‘saSewr esia uo Sungerado [0p-sqejuorsia wyjLroSye 104 /8 amsLy

Joisodwil Jo yuig Jo Aiunod

HE HEE = H H Ham
Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

. B

*AllreqolB 1000 = (1L)"IN- BuInB 'TO0™ sge|uoisia wiyioble 10} 600°0 = L Ploysalys 1e Y4 A1unod ssoip

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



107

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JuaIIp WOy 908y Jo suostieduwod 103sodwil 19A0 PaAISSqo sajel yojewr asjej smoys deuneay ayp ‘seSewr esia uo Superado [(0-piodoa unprioSe 104 g9 amSiy

99]|0JU3 JO Yuliq Jo Anunod
< o _ I (2l mm 8 < el _ I (2]} mm g
S8:3327%%2833282753058557:522:238200080CR80298%3 $0:39275%283282355555858532532:828500080880022853
£58%522228365=228=838035 025222288855 3852582355588325070 £R8532222836z22%z8305R23222R82855353835252355388322RA0
[ ' y L ' [

|

| N
b

8

| |
z
o
5

|
|
"
| |

x z
wm
=g

=
E
Joisodwil Jo yuig Jo Aiunod

N
n
2
x
w
a

N
|
|
||
L[
<
o
z

||
2
I
o

|
o
o
x W
55

| | NYML

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

S

*Alreqolf 100°0 = (L)HIN- BuIAIB ‘'TO0™ p1od0A wyiloble 10} €970 = L PIoYsaiyl 1e YN Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



108

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDISJJIP 91k S}3S UONLIYLIDA pUR JUIWI[[OIUD dY} UI SOFLWI aSNedaq JLIWWAS 93mb jou st xrgew sy M Ul
aseaIdul ()] JO 10J0ej e 0] Spuodsariod A (01S0] ul asearour [+ yoey -aped prodssed e ‘ojdurexa 1oy ‘03 Ajjiqerauma A31moas e juasard sI10[0d par JySIT ‘[oAd] 3951} YN
papudiur a3 Je ST YN SpedIpur A1) 10]0d 3y} Aq papoo jeys se Ajpuenb awes ay3 2418 31 x0q yoes ur steadde 3xa3 J suostredwod 1opsodw ((,,01)O [[e 1240 pandwod
‘opn jo1d ayy ur N 1981e) a3 9418 03 AJjeqOS paxiy pjoysaiy) uonSooal e jsureSe pajunod are saydjewr asyeq red Ajunod usAI8 ayj ur UI0q I9M OYM S[ENPIAIPUL
JUDIDJIp WOy Sadef JO suosLiedwod 10jsoduWr 19A0 paAIdsSqo sajerl yojew asfey smoys deuneay ayj ‘soSewr esia uo Superado zpg-plodoa wiyjLioSe 104 :68 9inSLy

11qg Jo Anunod

= 7R% o [ _
nwamw.vvuadeaNN_mwaxarrS
222223 7C20uLInTIMPpTIEOZI 23
1z2XZ2@030IFAFCPO00X2Z20<2ZF
1 1 1

L L T
u | |
" |
Joisodwil Jo yuig Jo Aiunod

Joisodwi abe Aue 1ng xas swes Bunred 101sodwi Auy

- z- €- - s- o

-

*Alreqolf 100°0 = (L)HINL BUIAIB ‘'200™ p1o20oA wyloble 10} €T9°0 = L PIoysalyl 1e YN Aunod ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



109

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘JUDIDJJIP 91 S}9S UOYLIYLISA pUr JUSWI[[OIUD dYj UI SoSew] asnedaq dLpaunuds amb jou st xipew

AL NI UI 9SeaIdul ()] JO 1030ef e 03 Spuodsariod YA (01 80] ut aseadur [+ yoeq -o3ed prodssed e ‘opdurexa 1o ‘03 Ajiqerauna A3Lmoas e juasard s10[od par JySry ‘[oAd]
1981) I PapULIUL 33 Je SI YN S9FedIpul A215) 10[0d 3y} Aq papoo jey; se Aypuenb swes ay 9IS 31 x0q yoes ur steadde 3xa3 j “suostiedwos 1o3sodwir (,,01)O [1e
1240 paynduwod ‘opn jord ayy ur I 12518 a3 9418 03 A[Teqo[8 paxy pjoysary; uogru8odar e jsureSe pajunod are saydjew asjeq red Aunoo usArS ayj ur uroq aram oym
S[ENPIAIPUI JUSISHIP WOy $308f jo suostiedurod 103soduir 1oA0 paAIasqo sajel yojew asjey smoys deuryeay sy ‘soSewr esia uo Sugerado goo-mif wyprioSye 10 06 91nSLy
99]|0JU3 JO Yuliq Jo Anunod

:

oV

5c
z =
N =T

<
3
z
<
' __'

Joisodwil Jo yuig Jo Aiunod

Joysodwi abe Aue 1ng xas awes Burired Joysodwi Auy

- - -

- = 9-
. B

*AlreqolB 100°0 = (L)HINL Buinib ‘000 niA wiymioble 10} 2¢6°6 = L Ploysaly e Y4 Anunod ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2017/08/25 13:00:41



110

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

3
<

- ZN3A
. in

. NVML
. AMYL

ared Aunod uaALS ayj UI UI0q 919M OYM S[ENPIAIPUL JUSISJIP WO Sa0e] jo suosLiedwrod 103soduir Jo junod ayj smoys deuneay ayj ‘soSew esiA 10, (16 2In8L]

99]|04UD JO y1liq Jo Anunod

[N ) o @
IF2r R0 ATmz ]
II3RC08HIIS 892
S35 %=282 ERA

L .

. Ng31

- AN3Y
BN
N
vsai

odv
sy
zyg
TUHD
NIHO
d1S0
vand
0320
dANOa
vno3
dAo3
1s13
EER]
NVHO
dgdo
eSb}
1vno
IvH
ANH
ANOH
vsai
ani
TS|
Ve
NdrC
AN
O
Ng31
X3aw
SYIN
daN
viN
nd3d
Hd
1SHd
71od
Wod
sny
y4vs
advs
IVHL
NidL
AMHL
NVML
ain
ZN3A
NLA

Joisodwi xas awes Burired Joysodwi Auy

6 8 L 9 S 14

mmEm———

1UN0J Jojsodwi A1JUNo9 SS0ID

Joysodwil Jo yuiqg Jo Anunod

2
<
<
s
52
2w
c =
+
S|
g E
TR
<z 9
< ©
SEy

FNMR(T)
FMR(T)

2017/08/25 13:00:41



FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION 111

4.6.2 Effect of age on impostors

Background: This section shows the effect of age on the impostor distribution. The ideal behaviour is that the age of the
enrollee and the impostor would not affect impostor scores. This would support FMR stability over sub-populations.

Goals:
> To show the effect of relative ages of the impostor and enrollee on false match rates.

> To determine whether some algorithms have better impostor distribution stability.
Methods:

> Define 14 age group bins, spanning 0 to over 100 years old.

> Compute FMR over all impostor comparisons for which the subjects in the enrollee and impostor images have ages
in two bins.

> Compute FMR over all impostor comparisons for which the subjects are additionally of the same sex, and born in
the same geographic region.

Results:
The notable aspects are:
> Diagonal dominance: Impostors are more likely to be matched against their same age group.

> Same sex and same region impostors are more successful. On the diagonal, an impostor is more likely to succeed
by posing as someone of the same sex. If Alog;, FMR = 0.2, then same-sex same-region FMR exceeds the all-pairs
FMR by factor of 10°-2 = 1.6.

> Young children impostors give elevated FMR against young children. Older adult impostor give elevated FMR
against older adults. These effects are quite large, for example if Alog,, FMR = 1.0 larger than a 32 year old, then
these groups have higher FMR by a factor of 10* = 10. This would imply an FMR above 0.01 for a nominal (global)
FMR = 0.001.

> Algorithms vary.

> We computed the same quantities for a global FMR = 0.0001. The effects are similar.

Note the calculations in this section include impostors paired across all countries of birth.

FNMR(T)  “False non-match rate”

2017/08/25 13:00:41 FMR(T)  “False match rate”
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