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Ear Canal Transfer Function-based Facial Expression Recognition
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Abstract: In this study, we propose a new input method for wearable computing using facial expressions.
Facial muscle movements induce physical deformation in the ear canal. Our system utilizes such character-
istics and estimates facial expressions using the ear canal transfer function (ECTF). Herein, a user puts on
earphones with an equipped microphone that can record an internal sound of the ear canal. The system
transmits ultrasonic band-limited swept sine signals and acquires the ECTF by analyzing the response. An
important feature of the proposed method is that the microphone can also be used for other purposes, such as
noise-canceling. Therefore, we consider that the proposed method is reasonable to be used in earphones. We
investigated the performance of our proposed method for 21 facial expressions with 11 participants. More-
over, we proposed a signal correction method that reduces positional errors caused by attaching/detaching
the device. The evaluation results confirmed that the f-score was 40.2% for the uncorrected signal method
and 62.5% for the corrected signal method. We also investigated the practical performance of six facial
expressions and confirmed that the f-score was 74.4% for the uncorrected signal method and 90.0% for the
corrected signal method.
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Fig. 11 The manner of wearing device.
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Fig. 12 Confusion matrix of all facial expressions.
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Table 1 Recognition accuracy of all facial expressions [%)].

(a) RHIEAE %

(b) #HILAE %

Wl | P | R2 | F3 P R F
P1N | 56.1 | 61.6 | 58.7 | 82.5 | 84.7 | 83.6
P2N | 25.7 | 37.1 | 30.4 | 39.1 | 41.3 | 40.2
P3N | 488 | 54.5 | 51.5 | 59.5 | 63.0 | 61.2
P4N | 40.9 | 49.0 | 44.6 | 47.2 | 50.3 | 48.7
P5N | 44.4 | 50.1 | 47.1 | 65.5 | 69.2 | 67.3
P6N | 48.2 | 54.0 | 50.9 | 51.2 | 54.5 | 52.8
P7F | 24.0 | 29.3 | 26.4 | 59.4 | 63.4 | 61.3
P8N | 34.3 | 40.8 | 37.3 | 62.6 | 69.0 | 65.6
PON | 25.2 | 31.4 | 28.0 | 67.4 | 69.2 | 68.3
P10~ | 60.3 | 63.8 | 62.0 | 51.2 | 54.5 | 52.8
P11V | 244 | 29.3 | 26.6 | 61.2 | 64.5 | 62.8
¥y | 37.7 | 43.1 | 40.2 | 60.8 | 64.2 | 62.5

L#Eas 2HHE P N EEEy FHENT

WiBRE L IR R R L T, TOMRET IO L. B
W7 1E Leave-One-Set-Out-CV CTfro 7z, Alff7T— 4 &

E 525 FEIDOR AL 4T\,
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1 — AOVESEIIHIE A — AoV (C 10, 100, 1,000, 10,000)
& RBF % — 4V (C:10, 100, 1,000, 10,000/~ : 0.01,
0.001, 0.0001) D 2HEFHTH 5. KHIEE 512 X B FPIE

BT OB D BAMIEIE DT %R 1 (a) |

MHIEETIC L B FEBETRDE

I X B REBI IR T O K HEERIRRE =

FEA5 b Edr o 7237
MG W72

WSV S

DRk T W B (L F
mﬁm%,ﬁww%ﬁimeM%ﬁﬁot.%ﬁﬁﬁﬁ

-
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DERHAEE =X 12 (a)
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77Nybtﬂﬁt,%mi%ﬁwﬁyfw%%%%’ﬁ
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D VEEERIRAE L [FH2 451 ?%TJTP@?M%,ﬁw
SHERIRAEX [MHZB L 5] CTFAE194%& % - 7.
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b, WE2HEIC3 Y b, MARICHIES HEIZ3S Y k
DT — 5 WERIT, BHERE 1,323 #4550/ H B nER
B (THVEGEEER L « 21 REE x 9k v b)) HAED.
FNLANE R ERE T2 L 2N EB L FAETH 5.
5.2.2 FERIER

HIEE SIS X 2 ERTHIEG LT = OB ML
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2 ML OB\ B LA 7 A (%)
Table 2 Top 7 facial expressions with regard to recognition

accuracy [%)].

UEERIREE (F fi)
JERL | (a) REHIEES (b) #WILE%
1 #ig8 (71.0) k& (93.7)
2 k& (67.5) | FriZ (88.9)
3 LEME (66.2) | AEME (85.1)
4 fEME (65.4) | AiEfE (84.0)
5 Tam< (63.9) | £A%E (81.92)
6 Kl E (57.0) KEs (81.91)
7 AHiE (54.2) | A& (79.3)
% B RAE DRI FRFRAS B & 1) R &€ 5 2 & DHERR
T&7-.
53 77U — /a/%%ﬁbt\ﬁﬁhé%

518k 5.2 HiDFEERTIX, COHIMIREIIRET I
BT D0 %A T 572012 21 FHEOTHEIKAE % &
L7z, LdL, PN ADBERATIA v 72— L
TOERUEE 25 L BB 625% (fWiEEZI2L 5
RN Tk aEiRWRRWw, F2T, BMET LM
Vvl ZOLEICLELREPIRELYRS Z L TRE
%&@%ﬁﬁ%%mﬁé.ﬂmy—/kbf , NV X7
) —TOREI RO SN EFER T L —YRarrry 1) —
TORMEERET S, 5 HEOHEIIRET 50T 7
r—aroavwry FELTEEL, RBBEOREE
To7z. GHEBIREEDETICH 72 o T, BRkiEE, Hix
B TLEOLE, NLOWTOMHD 3 HEEE L.
R 2 ([IKAHMFEERC ORERNSEE OB\ AL 7 R O TR IR
ﬁﬁ%ik&)t. K2b ERoBREREZEEL T, 4

, KEEE, AEE, EEME] o4 EEOETIRE Y #E L

720 2RI 12 £, B-ROE MHFRITIEZENRZENER
[ AN H B EHDhs. M=HREIMZAEDOET
DA L\ 7coBENEHH L, B-ROEZRED S
T H OTEEIRE L T 5. %@%D,%n%ﬂmﬁ%ﬁ%
FIRFETEI DR bz, B-RMNORBREEIX
WhrEzzonsb, DEoEEIY), sHHE [, 7(5\
fesf, AEE, AEtE] OEREL g~y FE L GEE
L, 7707 =2 a v OIREREE LT A-PALKELE
Mz 7 6 fEDOT— & O HESHEE TR L, RiEE

DOFEERATo 7.

FHBRET L ORBRBEDOTHER I ICELD L. &K
WIEESIC X 2BUS T — ¥ TORBRIE L P 74.4%, H
EEFICE ST — & TORBRIERE TS 90.0%Td -
72, REEES T T P10 @ & 85% DL o d8ik ki s % 7R
L7z, —hT, MERETTTIRE L OWEE (9/114) 4
5% L DFFIEEZ R L. 72K 13 12 6 FHO KU
HARREDFMIEE % T L 0. KRMIEES F Tl BB
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+ 3 6 MMHDUHIRIRGE T O KPERE OB (%)

Table 3 Recognition accuracy of 6 facial expressions [%].

(a) KHERES (b) #iIEE
W | P | R?2 | F3 P R F
P1YN | 73.4 | 79.6 | 76.4 | 96.5 | 96.0 | 96.2
pP2N | 76.1 | 80.6 | 78.3 | 67.5 | 72.8 | 70.0
P3N | 79.3 | 84.7 | 81.9 | 94.2 | 96.0 | 95.1
P4N | 76.5 | 80.6 | 78.5 | 92.8 | 90.5 | 91.6
P5N | 70.7 | 742 | 72.4 | 88.2 | 90.5 | 89.3
P6F | 75.8 | 81.0 | 78.3 | 78.1 | 82.3 | 80.1
P7TN | 70.5 | 76.0 | 73.1 | 99.5 | 99.5 | 99.5
P8Y | 61.9 | 70.8 | 66.1 | 87.7 | 90.7 | 89.2
PO | 60.3 | 68.8 | 64.3 | 92.1 | 92.9 | 92.5
P10Y | 86.7 | 89.9 | 88.3 | 99.6 | 99.5 | 99.5
P11Y | 55.8 | 61.5 | 58.5 | 86.1 | 87.3 | 86.7

P | 71T | 772 | 744 | 89.3 | 90.7 | 90.0
WA 2 EBE SFH N iy P HENT

1

FRIZ NN

FRIZ NN

KABEESIC & 3HBIER WEESIC L ZHAIER
13 6 FEFHOEAIRGE T ORFLTH

Fig. 13 Confusion matrix of six facial expressions.

DAL O GEFRIRFE D REREAE BE A 85% % T Il - 72D 124 L T,
FHIEE S T TR TOUEEIKED 85% L O RR#RNKEE T
Holz. DLEORRID, WiEES T TIEE  OREED
KEFHRET a~ Y FE LT 2 2 fetkrsEv 2 & 2%
noiz.

6. EE

6.1 BEIPREBODHEE

TP O \THVE E B & A B GRRE DRI H B
W& EFNLEHIERZEOE N X

(a) WHEMETRLELN /A X & OMEG VRS

(b) A ¥Ry OEEBALEICRNT A2EHES &

() T—FOBXILET—F 7727 b
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WZhbEEZONDL. (a) 12X 58O MR 1Z A K
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T TICE DN EEATILEDS DL, () 1L BREEICH
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B, —F, [IROZIIERIEET L0, SHROWAE
WLETHLH, MEFHEOBEMIELIHT 52 & TR
BABEORTEMZONLEEZ LMD, b RKEVGE
ZRIE (b) 12k 2bDELEZ LN, TOMREE L TR
FTIMERT ITHIEZ I 5 FEeitf L, £Bitiro
7. BRI B L7270, REFEIAMLZLEEZDS
nas.

VHEBIRRBIC L 2 REAEE 02 2 X 12 2 HRERE T 5 &,
C, DR N-SD L) LERLHEEENTENEDSE TN 5T
WRESEREMIE DS <, FK O X9 2 HRLHEOBIEI & F
N % BHERIRRE CIIRBRM MK o 72, 2 DR HNIIEIED
REVEHBIREO T PHFBEOLEAL L ) KE L, HEM
&S RELBILT 2720, BHBENEL Lot/
LEZONL. Hehd (FH) KEOEFHEED -
PoHHIBICIREE L RF SR T h ol b EZ NS,

6.2 BIEESDBHHE
AIFFECIRMER T ORMIEEITH 2 & TRMEE oM L
FREBLZD, &MhE LT —EOEIRIRRE RIF5E I3
F1REE) O & ZITHIIELRAT ) LEPH S, AWFZE TN
RELHER L CFRFBICHIEZ T o728, EMBELEET S
CHBITHIEY 4 I v 72t T 2L ENH L. HiIES A
IV OEBBEICIE, BUEOEIIRREEDS AT TIREE A IR
RETH L0 2Bl T2LENH L. ZO%E, VAT
L DGR L — FASBIREE O & X ICIRRHIIRGE & i
RERLCLEOWAE L, EMOIRED & XICB OIS L
BHLTCLEOBHED 2 MHOBEBIGAET S, BiEC
ML TOEBRE, BFomErlfTbanwiEZigTdl,
VATLAELTIRKELZBEIZE LR, —F, BEIC
B L C ORI IR TR I E B DM EA T b B 72
0, BEEBRENHEZ LA REMATE C, AARBEE L (K
TEREEEZONDL., 20720, HILIREE% Positive, JF
FELIRAE % Negative &% 2 72354 TNR (True Negative
Rate) (& 100%IZEWIEETH A Z LARO LN A,
FEBICFEH 2 ZRE L7 6 FEOHEERIRAE IS LTIk
BE L IRRHILIREED 2 77V — FI2 8 L, THEE ARSI O A
AT o7z, AT 5.3 i & A U & i & v 7
FAEDOREF, TPR (True Positive Rate) 13 79.7%, TNR
13 93.7%CTH -7z, TPR I, @Y RHEE CRESOMIEE1T
IO R L E 2 51 s, TNR X 90%LL E
Tldd 505, FREICHIEHE 2179 e, o oHiiE %
T WREMD E L B, 72k 218, JEFTIIRAEDS 7 B <
Wt 428X VAR 0.68 T ITiThILA -0, MIE
FEE 10 \EET 5. 10 [\ _TTIE LWHE 217 i
3K 52.2%TH Y, i B IEMITIRREDOBICIERE - 7
HIE&2AT ) WReEA E . WEE T HEITHIIEST 2729
I2iE, INR z L2 L8P H 5. £72, [F5OFRMIE
W o 7B G OB BT LS ERT HLENDH 5.
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6.3 ERREBECORRBEE
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