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Abstract: With the spread of smartphones, they are used for various purposes and the need for highly ac-
curate personal verification is increasing. Therefore, biometric matching that uses physical and behavioral
characteristics as biometric information is attracting attention, and biometric matching is currently used
when logging in to a smartphone. In this study, we focus on calls that are one of the uses of smartphones,
and perform multimodal biometric matching using speech, which is biometric information that can be ac-
quired during calls with smartphones, and pinna that can be acquired from a touch screen. We propose
acquisition of pinna data simultaneously with voice from the touch screen of the smartphone during a call
makes it possible to perform seamless and high-precision collation without burdening the user using natural
daily operations. We evaluated and compared the performance of the proposed method with that of the
speech and pinna alone, and confirmed the effectiveness of the proposed method. The effectiveness was
confirmed under the influence of noise.
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®1 FHA, B, COEHOEN

Table 1 Experimental conditions of voice.

EBGLT | FET—Y FANTF—%
A MES 7 L Mem 7 L
B 30dB OMiE 1 30dB OMEE 1
C 30dB OHE 2 30dB DM 2

4.4 BEELENOHKE
AATHEAECLDHEDORNEZR 3 IR, 4 & Hay
FNENOHPGEPOER LA a7 2 L, 2 KEN
JPUVTELZ. ZO2RILERZ PVDOZEMIZBWT, K
NEMBANDT— & %558 A & 9 kBl & mk 58 % H
WTEE L, RAPMMA»HE L7z, RO TlE, ATl
72 [9], [10] THW SN TWAEAMITFIIMAZ T, B
BTLLHWHENTWAS SVM (support vector machine)
& KNN (k-nearest neighbor) % fv»7z.

5. #ER

RIFFETIE, HEFEOFMHEER 1 O L) IS, 35
HOERZITo7. LTIC3HMEOERMERYRT. &
B, BAMETRTOERBICBWETH L, T2, DT
TlE, HFEHA% SVM THA L72#EE% MM (SVM),
KNN T L7zfER%2 MM (KNN), EAMNITACHRE
L7zfiR % MM (WS) EKild 5.
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2 FEBA ORGHEORR
Table 2 Result of Experiment A.

HAL L % Accuracy Precision Recall Fl-score EER
HIr 93.15 52.21 90.43  65.59 11.3
H 97.23 76.20 89.43 82.21 4.34
MM (SVM) | 99.50 98.49 94.57  96.41 1.40
MM (KNN) | 99.42 99.28 92.57 95.68 3.71
MM (WS) 99.29 95.85 94.43  94.96 2.23
0.5
— H
=1
0.4 ——  MM(SVM)
ar
s ——  MM(KNN)
503 —— MMWS)
$
Z
)
x 0.2
@
L]
i
0.1
0.0 . : . ,
0.0 0.1 0.2 0.3 0.4 0.5

False Accept Rate

4 FEE A © ROC i
Fig. 4 ROC Curve of Experiment A.

5.1 XE A OEERER

R2IHELMATCRWEN, BAtENEHEAT
AwlBag Ltz o 2 filhGbEBEDORHELRT. £
72® 4, ® 5 12 ROC Hfi#, CMC Hi#iz 7R3, ROC Hiff
L, x B, yEC FRR, FAR 2 & 0, B2 283872k
EOMERE Ty P LICREMEREE KT 77 7THS [19].
FAR (False Acceptance Rate) & (%, i A%k o> Tlr
ANLIERTH Y, FRR (False Rejection Rate) & IZA
NE#Ro THESTAMEETH L. F72 CMC (Cumulative
Match Characteristic) RifE & 1%, NEM{EZ x fililc, o
NERL LN TOIE L WikblE % y ilicse A L7z, @R
WRxRT 77 7TH5D [20].

3 2 &V, Accuracy, Precision, Recall, F1-score, EER
DFRTIZBNT, BERTORE LY bHH, HAxillh
EOIMEFEOHIREENM L. kb EHETH-
TemAEFEE, HAo, TFoshEFnsHw/-BeL
N5 E Accuracy TIEB L7 6.35%, 2.27%, Precision T
3B L #47.07%, 23.08%I L L7z, F72 EER TldHr,
BROZNZENZ WG BT 5 LB X £ 9.90%,
2.94% M L7z, S5 4 25 EHATORA LD b
A%&@i%ﬁ%ﬁﬁﬁ:bfwé:aﬁ%%cs,m5
TlE, HAH, MM (SVM), MM (WS) OkBIFEITE 2
EHHERET % 7.
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Fig. 5 CMC Curve of Experiment A.
= 3 FER B ORAKEE O H
Table 3 Result of Experiment B.
HAT L% Accuracy Precision Recall Fl-score EER
HA 93.15 52.21 90.43  65.59 11.30
HH (M 1) | 97.81 81.57 89.86 85.43 3.41

MM (SVM) [99.53 98.66 94.86 96.63 1.33
MM (KNN) |99.42 98.98 92.86 95.70 3.36
MM (WS) 99.29 95.85 94.43  94.96 1.61

05
— H
EEGEE)
0Q4 ——  MM(SVM)
3 ——  MM(KNN)
503 — MMW5)
-15,1
2
& 0.2
2
i
0.11
0.0 T T r -
0.0 0.1 0.2 0.3 0.4 0.5
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Fig. 6 ROC Curve of Experiment B.
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Fig. 7 CMC Curve of Experiment B.
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Table 4 Result of Experiment C.
WAL % Accuracy Precision Recall Fl-score EER
HIr 93.15 52.21 90.43  65.59 11.30
FE (T 2) |98.15 84.97 90.14 87.43 3.05
MM (SVM) |99.58 99.71 94.43  96.94 1.01
MM (KNN) |99.54 99.57 94.00 96.58 3.36
MM (WS) 99.45 97.27 95.14  96.09 1.51
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Fig. 8 ROC Curve of Experiment C.
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Table 5 Experimental conditions of voice.

EWGy | FET—5 FANF—=%
al Mgz L 5, 10, 20, 30dB Ok 1
a2 Mg L 5, 10, 20, 30dB OHEF 2
b 30dB O 1 5, 10, 20, 30dB M 1
c 30dB OMEE 2 5, 10, 20, 30dB OMEE 2

BREEOEAEFML. 2B, TAN T =% 4E L[

Z10fETH Y, 5-fold cross-validation 47 - 72. &5
W7 =213, TAMT =8 2B\ T7—5DRPrbT >
FAEE LT, BF, B0z eng JRTHW I
L, EEEENEHAGDELRED Accuracy DZAL
%X 13 IZRT.

13%0, FHTF—INPLVEEERBETHLEV)
HMDSHERTE 5. T2, PET—IHIIhrrDbOT, &
FEHNZMAGHOETRET HZ LT, &5, HAHDH
HCTOREL Y QBEIIEL TS, Lo TREFEI
FH T = S BOEN b ST, BIKTORELY b5
WELZREZIT) TEDVTRTH L. SHIZ1 AH7D 40
BOFEET =y BE MG eE0BEFROREL, 1 AH7:
D 5 EOEE T — 5 BERACIGEORETHORBE % I
Byhe, BIZRABETHSL. Lo TRETFHEICL-T
FERF =S OBEHET LI EDVAETHY), 21— DHE
PP %5,

6.3 HEBOE

4TI, HEPRBI/NSWEREEEZEEL, HEok
WEFEFR SN W25 30dB & %5 X ) M AR L 22 e
W, L LAY =7+ I3k A R BRET CTHET
b7, RERD L) BHEET /NS VEEIZIT TR, M
TOEREVEETHAZITTO LGOS L. 22T, HE0
RESOEALIZ L DBEREEOE ZITo72. |5 1T, E
B OEFROMEICETASLNE T oD, HFIIES
25 SN HIZ% A &) ICHEE ML, HAldd Tk
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Fig. 14 Effect of noise size on authentication accuracy (Exper-

iment al).
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Fig. 15 Effect of noise size on authentication accuracy (Exper-
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