PIC-Score: Probabilistic Interpretable Comparison Score for Optimal Matching
Confidence in Single- and Multi-Biometric Face Recognition

Pedro C. Neto!?, Ana F. Sequeira'?, Jaime S. Cardoso'-? and Philipp Terhorst?
'INESC TEC, Porto, Portugal
Faculdade de Engenharia da Universidade do Porto, Porto, Portugal
3Paderborn University, Paderborn, Germany

1. Supplementary

In the following, we will provide more information on
the face recognition systems and confidence estimation
methods used in the experiments. This aims to make the
experiments more comprehensible.

1.1. Face Recognition Systems

To show that the used FRS work properly, Figure 1|
shows the ROC curves for each FRS on the different
databases. The performance of these SOTA systems is
highly accurate. Moreover, these systems do barely any
errors on the less challenging LFW [3] and Morph [6]
databases. The same can be concluded from the first row
of Figures 2, 3, 4, 5 and 6. There, the comparison score dis-
tributions are shown for all face recognition systems. The
genuine and imposter distributions are highly separable on
LFW and Morph. On the other side, the genuine and im-
poster distributions have less separability on Adience [2]
and ColorFeret [8]. Thus, for some FRS there is a visible
overlap between a portion of the samples in both distribu-
tions.

1.2. Confidence Estimation Methods

To get a better understanding of the confidence esti-
mation methods from previous works, Figures 2, 3, 4, 5
and 6 show confidence score distributions of all baseline
methods, PIC scores and comparison score distributions.
Each figure has these scores shown for a specific FRS. It
is visible that independently of the FRS used, only PIC
and ERBC [5] show a probabilistic interpretation of the
confidence. Nonetheless, the probabilistic interpretation of
ERBC is not as insightful as PIC interpretation as seen in
Figure 3i and 3e. In this previous example, the ERBC con-
fidence for impostor images is spread across the entire range
of values.

Furthermore, the x-axis of LRC-based [12] confidence
score distributions indicates a wide range of confidence val-
ues. This removes any capability of interpreting the con-

fidence values. Moreover, despite the wide range, the ma-
jority of the values lies between larger numbers which, as
seen in Figure 3m, might impact the separability. DTC [4]
score distribution strongly resembles the comparison scores
distribution. Besides not having a probabilistic interpreta-
tion, the range of confidence values varies with the scores
produced by each FRS, as seen in Figures 6q and 5q.

These plot demonstrate that most methods do not possess
a probabilistic interpretation. Whilst PIC shows a strong
separability for every dataset and FRS tested. Moreover, the
values of PIC do not vary across datasets and FRS, which
potentiates its usage as a tool to effectively verify and in-
form a human operator of low-confidence samples.
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Figure 2. Score Distribution Analysis - The original (first row), the PIC (second row), the ERBC (third row), the LRC (fourth row) and the
DTC (fifth row) score distributions are shown for ArcFace. Based on the original score distributions, also the corresponding probabilities
for genuine and imposter are shown at the top.



1.0 1.0 1.0 1.0
= Genuine Dt = Genuine Distution = Genuine Disrbuton Aot} = Genuine Disrbuton Pg(s)
3.0, = mpasterDirbtion AT 20/ = Imposter istrbuton M) . = mposter Disriuton s
“07 — Genuine Probabilty Sc = -07 __ Genuine Probabilty Sac —— Genuine Probabllity Spe = P(slg) — Genuine Probability Sa = P(slg)
—— imposter Probabilty Psln — mposter Probabilty P(sin) 5 — mposter Probabilty P(s|) —— imposter Probabilty sl
08 0.8 0.8 0.8
25 25 6
4 5
2.0 0.6 2.0 0.6 0.6 0.6
2 2 2 2
2z =z 2 =z 2 z 2 =
@ 2 G 5 B3 S a4 2
& ] 825 2§ 2
315 g 815 538 538 g
o4& 04& 04& 4 045
2
1.0 1.0
2
0.2 0.2 1 0.2 0.2
0.5 05 1
0o 050 075 100 %0 00 100 %00 000 50 Z025 000 0 00 075 100 00
core

(a)

" -050 -0.25 000 0.25
Score

Adience -

Scores

= Genuine Probability Snc = P(slg)

" -050 -0.25 000 025 050 075
Score

= Genuine Probability Snc = P(s|g)

-0.50 -0.25 0.00 025 050 075 1.00
Score

Comparison(b) ColorFeret - Comparison (c) LFW - Comparison Scores
Scores

= Genuine Probability Spc = P(slg)

(d) Morph - Comparison Scores

= Genuine Probability Snc = Plslg)

17.5 e imposter Probability Ps|f) = Imposter Probabllity P(s|f) 100w imposter Probability Pls]) s Imposter Probability P(s)
30 80
15.0
25 80
125 60
20
Z100 2 g® 2
g H g H
8 815 8 840
75 a0
10
5.0
20
20
25 5
"“6.0 0.2 4 0. 0.8 1.0 %.D 0.2 0.4 0. 0.8 1.0 %.0 0.2 0.4 0.6 08 1.0 % 0 0.2 0.4 0.6 0.8 1.0
Score Score Score Score
(e) Adience - PIC (ours) (f) ColorFeret - PIC (ours) (g) LFW - PIC (ours) (h) Morph - PIC (ours)
= Genuin Proabity = g = Genuine robabiiy S iso) 5 = Genune Probabiy S o) 20,0/ Gemine Prababiey S = i)
W Imposter Probability P(s|f) 100 == Imposter Probability P(s|f) s Imposter Probability P(s|f) W Imposter Probability P(s|f)
20
17.5
5
8 15.0
15 4
125
z 2 60 2 >
i [ 2, % oo
810 a8 8 3
40 75
2
5 2 5.0
1
25
0 0.0 0.2 0.4 0.6 0.8 1.0 0 0.0 0.2 0.4 0.6 08 1.0 0 0.0 0.2 .4 0. 0.8 1.0 00 0.0 0.2 0.4 0.6 0.8 1.0
Score Score Score Score
(i) Adience - ERBC (j) ColorFeret - ERBC (k) LFW - ERBC (1) Morph - ERBC
e Genuine Probability Spc = P(s|g) 0.7 ‘e Genuine Probability Spc = P(s|g) 0.7 wem Genuine Probability Snc = P(s|g) ‘= Genuine Probability Sac = P(s|g)
0.5 ww Imposter Probability P(s|f) " wes imposter Probability P(s|f) 10
0.6 06
0.4
0s 05 08
203 204 204 2o
g g g g
H H & &
0.3 0.3
0.2 0.4
0.2 0.2
01 0.2
0.1 0.1
00 01 1070 1070 20 107 207 105 100 %0 10776 1065 105 104 10 107 100 10° 00 409 107 1077 10 107 1074 20 100 %0 102 100 10 10° 10° 107
Score Score Score Score
(m) Adience - LRC (n) ColorFeret - LRC (o) LFW - LRC (p) Morph - LRC
‘e Genuine Probability Spc = P(s|g) e Genuine Probability Spc = P(s|g) s Genuine Probability Spc = P(s|g) s Genuine Probability Spc = P(s|g)
3,0 " Imposter Probabilty P(s|) 30 " mposter Probabiity P(sif) = Imposter Probability P(s|f) o Imposter Probabilty Pis|)
5
25 25 6
4 5
20 2.0
a ] 23 24
815 S1s 8 8
3
2
1.0 1.0
2
05 05 1 N
0.0 0.0

-14 -12 -10 -0.8 -0.6 -0.4 -02 0.0 0.2
Score

(q) Adience - DTC

-12 -10 -08 -0.6 -04 -02 00 02 04
Score

(r) ColorFeret - DTC

0.2

%2 -10 08 -06 -04 -02 00
Score

(s) LFW - DTC

012 -10 -08 -06 -04 -02 00
Score

(t) Morph - DTC

Figure 3. Score Distribution Analysis - The original (first row), the PIC (second row), the ERBC (third row), the LRC (fourth row) and the
DTC (fifth row) score distributions are shown for FaceNet. Based on the original score distributions, also the corresponding probabilities
for genuine and imposter are shown at the top.
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Figure 4. Score Distribution Analysis - The original (first row), the PIC (second row), the ERBC (third row), the LRC (fourth row) and the
DTC (fifth row) score distributions are shown for MagFace. Based on the original score distributions, also the corresponding probabilities

for genuine and imposter are shown at the top.
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Figure 5. Score Distribution Analysis - The original (first row), the PIC (second row), the ERBC (third row), the LRC (fourth row)
and the DTC (fifth row) score distributions are shown for QMagFace. Based on the original score distributions, also the corresponding
probabilities for genuine and imposter are shown at the top.
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Figure 6. Score Distribution Analysis - The original (first row), the PIC (second row), the ERBC (third row), the LRC (fourth row) and
the DTC (fifth row) score distributions are shown for PFE. Based on the original score distributions, also the corresponding probabilities
for genuine and imposter are shown at the top.
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