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Investigation of Features and Learning methods
Used for Spoken Term Detection of Zero-Resource Language

1. ELC®IC

BUE, 2 < ODHEFEIMEMOEIZIEL TnWD. iR
HZ 1% 4000~6000 DEFENH D L HEINTVWED, %
N5 D% <13 100 FRETHIRT S e EXAoNTWS [1].
ZDEIREEDOHEWE LD D Z L IIWREETH 208,
fEE S FEDFEH DN BRI FRE T 72012% < DA
BRINTWVWD [2-6]. ZOHTH, XFEFHEL T TIEERL,
EHESHEABELTCT —AR—AZERT S I HNHEET
HY, EBRIZZOFEEMREFET 28 TbhTwa.
HRFDTRTDEFER 7 —H 1 73 % Human Language
Project [7) D & 5 B OLHZHAADH Y, DX S ITEK
INFEaA—R2EFMALES L T2RALH S [8).

ZDE5RT—EZR=ATIE, FELSEEFIZHELT
ARATT BT TIERL, BEETT — A R— A% RER
TEDIENEELW. BFRT—XIINUTHREELITS T
i THER R XAy MREK] EREN, RHIZRED HiEE
T 5 X A2 1% “Spoken Term Detection (STD)” &
X5 [9]. STD 2FEA79 5720121%, WL 29D HE
BHd. 1 20HEE, EFRBIIL>TERT —XR—
AeEESEIL, TFAMRREFETTHILTHS. Z
DSiiklE, EERICRBENETTELD, ZOHEEMAT
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51213, HWNSFED EMREFHMNEPBETH 5. ik
a0 L 51, SHEFEIFHTELRVWIHEOEHRA
WY AT LORFICET %S H B A (10, —fkiZ, Z
DESBEFHIIH LU TEMEDOSFRMELEBT LI LR
WfECThHs. MOFELLT, REINIEHT —XR—
A% R TITMB LTS HiEDVH D, TOFHIEIE, MR
FoLUTEFAEZMAL, FELEKRAETT —RR—
A% RET B [11-13]. HRENEHEOMRBFIEIZSIEITK
FLRWED, YATLEBDO-ODSEERDRIZKTF
HPICHEBT LI LN TES.

INETIIHRAIE, NRSFHL IR LB -FHEOEHR
A ER D 513 5 N7z Posteriogram 3 X VR Lk y J I
BEE SRR U@ DP vy F v 7 [14) 2HAV5
FHEMBRFIEE MG U7 [15-18]. Xk [15] TI&, HARGE
Posteriorgram # i\ % Z & T, MFCC & b H & WEE T
HEMHTEEZ 2R LAEDDOD, SEOAL—HH M
EETIER I 2RI Nz, Sk [16,18]) TIX, HA
7% Posteriorgram & JiE Posteriorgram % 7 L — A HAL T
WEUEHBEZHWEZ T, SEOA—BUT X B MEE
DIET 2T E S Z RSz, ik [17) Tk, H
AREBICRETENETNFEH UZET VN S/ 607K
VAo 2 REE OB Z MG L7208, HEERIEREE XM
EUZh o7z,

AWFETIE, POEFRSHEDOT — X R—ALBIT2ER %
W72 STD OfiEDM L2 HIE U, MatFike LT, #
BEFETHEFHLUZET VA 5/ 572 E Posteriorgram
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1 %3% Posteriorgram % A\ 7z STD DHERE
Fig. 1 Outline of STD using phonemic posteriorgram

Posteriorgram

I

BEOR MV Ay 7R & Z2 SRS L U2 DP
Xy FUT (14 ZHWTSTD 2175. £7-, HNSFEIX
H 2 F o IVEE [19,20] Z V5.

AT FrNGEETT T I THINT WS VIEKED S
FET, #9450,000 ADFEER WD LHEINTWS. KR
CHATE 2 SEEREILME»RoT, EAMIZINSG
DEFEERIZFHCOAH, VAT LOBFKICIIMDE
i (HAGE, 2455 oAzHW5.

2. BEEREOHMESLVERY FHE

2.1 3 Posteriorgram % W\ /- EEIRTER

FREEX—LULEAT — X X— A% (Query by Ex-
ample) XA K WFEDTONT WA, B, FEEMEDOF
AT 5720, R % Posteriorgram D K 5 72555
IARAF 7R R BUT WL T S JRE A W 2 RV RRE I T
W3 [21]. L2LADS, YuEFRSEOEHEMRETIE,
NRSFHEOERMIELZHRET L I 2 iFTERW,. 22
TH &L, HAGEEZENERD? 518 5 N7z Posteriorgram
EXNREFFOFTFEMRBIZHV S FEERG L2 [15]. X
Mk [15] TGS U 72 STD OFEOMIE 2B 1 12R3. 7—
AN—ZHDOEFE L7 LY EFEOMAIZN LT, £9 5%
REEzmMmt 2. 22T, HEENEMEIX MFCCI12 KT
EEDANRTA—ZDE 24 RGETH S, IRIT, HERE
R % B4R % W T H % Posteriorgram (24519
5. TDH, T—RAR—AFOZFHELITVEENLHES
N 72 % 3 Posteriorgram O 1 —27 Vv NiE#EZ=HH L,
it DP v F U7 %75 L THIEOKMHE 2175, ik
DP ¥ v #2712 &% STD Ti& DP A2 7 ORUMED AL
ERHEM R E L, RELUZBEL DN WA DT O
R R RS IR &35, ik [15] Tk, MEtFEIC L -
T MFCC 2R & LB & 0 b EWREREE NG S
N5 Z DR TERD, SFHEOAR K HEBERHGE %
BETFEEEZEVRBE N

2.2 Kby IBHEE*AVEEERER

SCHiR [22,23] TldR MV 3y 7 R % 72 3% 7 R
BIOHEEMRBVIREINTVS., Ry 7H#E
X, DNN OBENWED > LtoEnE L b £ ) — NEE /N
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Fig. 2 Bottleneck feature

U772 (KRhvxyZizU7z) BhE» 5B S N2 R
BTH5 (K 2). R [22] 1, FEDSECR S 4\
BEZILT 272012, BHRSHETEHLEZET VLG
SN MLy VREEZ AW TERER#BITTh Nz,
REINZETNVIILIERSEI L IZaPNT VWS, €
TVDFERIH D EENATINZEEIZIE, TOEFE
IS B HIED ) — FOFAEDAZHANTNAT X =&
EHEHFTS. MR LT, Z70R) UHILVAEEBHICE
WTC, HBESETCFELEETADSEONEZR ML LY
VREE NS Z L THRMMEEN W LTS Z LRI
7z. F7z, SCHR [23] Ti&, Stacked & M v 7 RiHE%
HAuTtFEINEZET AP oo REEEZ2 70
VHNBEERRBICHC D FEPREINZ. ZOFIET
&, ETERDEEEVREE L F U BEEE Gk [22) & H
BRIZHEEUEZETVZHWTE MLy 27 R o4
T4, Wz, TRENEMUZKR MV JRiES AN
& HIIIZ W T autoencoder 2#E 4 5. LT, B#HEX
N7z autoencoder DERNE N 5156 N7 FEEZ HWTA
A7 EEHL, BEMHEZTD. 20 VAV HEEER
HIZBWT, LEOFEEZHWS I & T MFCC & XUH
—EBETFEUAEETARLELNZE ML R Y JREE
% autoencoder D FEFIZFAWZIGEITHA, HEDRM LD
RENT. HR [22,23] &b, EESECTEFELEZET IV
PoonzR M ary JRBEEZHWSI LT, 7B
VYNGR EFERBS LCEFRRIIB VW TEWHEEZ R
TIEeWnhD. TITRXIE, B—SFEORMLAY Y
HHETH-> THEEEHEDIFHRE STEOMIBEICHT 5 EHRE
B0 BRWTEHEOEROAEZ 22T OREIZHEHATES Z
LEMFL, B—FETEELEET AR LELNZKR
VAo 7R R % SR RBICH W S FIEE MG L7 [17).
SCHR [17) THGET L 72 STD O FEOBIMK 2B 3 12/xR9. H
FERMHL DAL 2.1 i D ¥ & Posteriorgram % AW 53556
CIFEALHEKTHY, HERBANFOR V2w I fF»
SIE R HOARLS. U EORFTIETIE, HE
Posteriorgram % FH\\ 72356 & g U CHFERLEE DM
LERHRT LN TE RN T2
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Fig. 3 Outline of STD using bottleneck feature
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2.3 BEHEZOHHEZAVLEFRE

2.1 i L 2.2 fiDFEIL, H—SFEORMEEBHET
2HDTH5. £IT, HEMIBIZB TS E5FOERDY
Br T 5720, BREFEORHBEZMHT 5 HEEZM
RSP
2.3.1 BHEOER

R [16,18] TiE, FFEOA—HIC L 2 BFEMRLKEE D
TN ZARHT 572012, HESFEDEF Posteriorgram %
WS ke REr U7z, Xk [16,18] THES L 72 STD
FHEOWEZR 4 127R7. ZI T, HELHAGEOEH
Posteriorgram % BEfEDFHFIZH WS, £9, 2.1 i & [k
2, TNENDEFOERMNGEHNT, T-EZR—2
FOERE 7T HE % HZE Posteriorgram TS 5.
RIZ, & S5EDE FE Posteriorgram % 7 L — L BA Tkl
T5. TDH, T—RAR—AFOZFHEL 7TV EEN LR
SNREHRBR O —2 ) v FEREEZ B H U, #ifk DP
RYFUTERITIZETHEOKREEZITS. M EOKETF
EBIZE - T, SFEOFR—HT & 5 BIEREEREDIK T %K
WTEBZLAREBINT.
2.3.2 BEEFZAVHESZOEE

Tz ix, X [15-18]) TH—SEETEELZET AN
1350 2 R 2 W - BB EBR 21T o 7228, 2.2 fi
THRAR7Z@Y, R [22,23] CIIEHREFHECFELZET
AMOESNTZR MLy ZRiEZ AW SRS &
UEFEMBEMREINTWS. ZZTARTIE, BHSHE
THFEUET VD 5/ 5175 % Posteriorgram $ & T
Ay 7REELZBERLEICHVS FEZRETT 5.
BHESHETETVEFETLILI0L-T, SREBITKEFL
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Fig. 5 Method of learning model
using multiple languages (ALL)
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Fig. 6 Method of learning model
using multiple languages (DIV)

DHWRHHENMESND Z L 2T 5.

BHEELEMVEZETVOERIZH-->T, EFILDN

FSA—RDEHFRDOHEL UTATD 2@ ) OFE%2 KR

T5.

ALL H£hEOE£TD /) —FOH T Loss 258 L TN
TA=REFEH (K 5)

DIV ANINESZFEIIHIET S/ — KOHIIDAT Loss
BEHELTANIA—R%2EHE (K 6)

JilE ALL T, HAGEEHED /a/ & HFEEHED [a) % HIE

AT 2 LB EITO> B, — AT, Ak

DIV Tl&, HAGEERD /a) L HiEEFED /a/ DSAREZ A

INHBWEDIZEEEITS.

3. BFERHRER

AMTH, ke UTMFCC, HAGELHEEZNE
NoHhL #5185 N 72 % F Posteriorgram 3 &K UK ML
v 7REE, HARGELEEENEZNOMEH» /o
TR 2 RS U 7 R, MG ik e U THESET
FERULET AP SGoNTRMEE AT ORHIZHM
U756 O BEEM I MERE 2 ik d 5.
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3.1 HHHEROFE
3.1.1 2¥/5—%

HAGES ZBAIss 0% F 21X INAS 2 W2, JNAS D

BHRENTUVAXDS b, %ﬁ%u7%#%%btwmi
BT R, BLE 13 LDBHEE L T2 286 XEHFKT —
R, B 13 LDFEHU T2 286 X2 FHliT— & & U7-.

PEFES FAA AR D FEIZIE TIMIT % W7z, TIMIT ®
HHET—RAR=ADSH, B 344 %, 20N 146 0 FRG
U7- 4900 X2 FH T — X, Fik27 £, = 13 ZH083FEE
U7- 400 XZ2BFET — &, Bk 27 %, M 13 ADFHEEL
7= 400 X E&FiT— X & L 7=,

BHEEOGEBNEROEZ X, HAES RS
FOEESFBANBROFHIZ AW ZT—X 2y bOM A%
ffiALU 7.

3.1.2 &3 Posteriorgram DiH 2%

AR TlX, &3 Posteriorgram OffiiHas & LT, HAGE
TR, JEEE RBAEL L OCEREEO T ERA
BEHAWVWDS., 22T, ESEOFEBNBF T LMEED
Multilayer Perceptron (MLP) ZFIH U7-. HIE&SEE
BB EEDIIAELL, Y7L —L0O MFCC (2l
AT, B 7L —L0 MFCC 246 L72d D% AL
U7z, MFCC X 12kt & ZFD A XT A —XDEF 24 IR7T
U, BEAR(EEE 16 kHz, BE 25 msec, 7LV —L T 7
b 10 msec DEETHIH L7-. FEFECHEBOLLEEZEK 1
WWRT. BhER, BhED/ — REIZE 1 &bk
MORBERNAN=NRITA—RERERTEY—=ILTH?
Optuna [24] # W TaEdfb U7z, IS FED & R4
DETNDNTA—RDFEHIX, 2.32THIZRALZ2ED
DFETIT - 7.

SHEB LRI A—RDOEH FEB VT, T 2~51C
RIANTV—LEOELB 4D0D aﬁﬁ%ﬂ%ﬁ%%m%m
FEU, BFERHICHW.

3.1.3 HRPMILRy IFEHEOHHS

AFTI, R ry 7REEomMtste UT, HARGES
FiBAAB KO HESEBNREH VS, 22T, &55E
DEEBH I 2RSSO MLP 28 L, €7V OME
ECHR [22] 25F L Uz, AR 312 HEFAKDE D
W, KEFECHEDERMEEKR 61T, Fhbry
I BUSNDEENED ) — NEIZER 6 OO hh & Fd 7
NANR=NITRA =R EHRT 5V —)LTH 5 Optuna [24]
EHWCREMLZ., BREF BT 2FEDOLEMIT3.1.2
HEFRBRE Uz,

BEEBIUONRIA—ROEHHEB VT, R 7~1012
REANTV—LBOERL S 4 DOEEBIEGEThEN
FEU, BFEREICHW.

3.2 FHEDEERYE
FEMUHEERRIZ B W TIE, 2 E350D % % Posteriorgram
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xR 1 SEIricibmny LM (53 Posteriorgram)
Table 1 Common condition of learning in each language

(phoneme posteriorgram)

FRAEEL 2~7
BnEo / — R | 512, 1024, 2048, 4096, 8192, 16384
TS ML RS ReLU
Koy 77 MR 0.5

* 2 HAFEDOY¥E &M (&3 Posteriorgram)
Table 2 Condition of learning in Japanese

(phoneme posteriorgram)

A 1 9 15 17
TU—LE | (HFDA) | (AT 4) | (BT 7) | (FT# 8)
FRNEE 4 3 5
i O 1024
J— K
o 36 75 A

R 3 HIEDOFESM (EHK Posteriorgram)
Table 3 Condition of learning in English

(phoneme posteriorgram)

AN 1 9 15 17
TU—L8 | (MEOA) | (FifE4) | (HikT7) | (Rt 8)
FanfE L 4 3 4
(=¥ 00=10)
1024 2048 1024
J—F¥
Bh 46 7 5 A

x4 EHSEOFELM : ALL (%3 Posteriorgram)
Table 4 Condition of learning in multiple languages : ALL

(phoneme posteriorgram)

A 1 9 15 17
TU—LH | (4FDOA) | (AiE4) | (R T) | (ATE 8)
PR E 3
B D 1024
J =R
I 81 275 A

*® 5 EHSFEOFESLM : DIV (F 3 Posteriorgram)
Table 5 Condition of learning in multiple languages : DIV

(phoneme posteriorgram)

A 1 9 15 17
TU—L8 | (4EDA) | (Hifk4) | (Wi 7) | (Fifk 8)
FRJE 5 3
i & 2048 1024 2048
/=R
Hh 82 7 I A
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® 6 SHEIricEREESEME (Rhvxy ZRERE)
Table 6 Common condition of learning in each language

(bottleneck feature)

PRI EEL 3
BAED ) — R | 512, 1024, 2048, 4096, 8192, 16384
AhVxy 7@ BhE 2 EH
NI SR 1)) 30
VAR -
TEMEALBE A ReLU
Ray 77 MR 0.5

R T HAGBOZEEZM (K Eviy 7 FR#E)
Table 7 Condition of learning in Japanese

(bottleneck feature)

A 1 9 15 17
TU—L8 | (MEOA) | (Hik4) | Witk T) | (R 8)
fanfEo

) 8192 4096
J— R
Hh 36 75 A

xR 8 LFHEOFEEM (R b iy 7RHEE)
Table 8 Condition of learning in English
(bottleneck feature)

A 1 9 15 17
TV—LE | (MEOA) | (Hitk4) | (Fik7) | (it 8)
FRE D

- 4096 2048
J— R
H 46 7 5 A

xR 9 BHEFEDOEEEM : ALL (R bMvay 7 RE)
Table 9 Condition of learning in multiple languages : ALL
(bottleneck feature)

AH 1 9 15 17
TV—LH | (MEOA) | (Wit 4) | (R T) | (AT 8)
fRnE D

. 4096 2048 4096
J— K
o 81 75 A

xR 10 HHSFEOYEEEM : DIV OR v 2y ZREE)
Table 10 Condition of learning in multiple languages : DIV
(bottleneck feature)

AT 1 9 15 17
TU—LB | (HFOA) | (Hifk4) | (HIFRT) | (Hi#%8)
B 4096 2048 4096
J =R

o 82 75 A
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BRI Ay 7R EZEELZEDE2 XA TEHED
HEE L THWS., 22T, ThENOSEIIBITSH
FEMHKEE XS RZBNBOA N 7LV — L8 & > TR
5. TD®, 31HTHRILZATT 7 L —LEBDEMI
LT, $RTOMAEDLETHREFAZ2ITS. BRDEANT
U — LB OEFERZRO ) &2 ERE T 2R, b7 LV —
LOWAIDNRUIZ A5 XS ITkEE L7z,

3.3 BERHEROFZM

PO F T, DUNOREEZFAL -,
MFCC MFCC12 ¥Ryt & 1 IREIRHEE 12 ot
PPG %3 Posteriorgram

BNF &R bhxw ZEEE

JP HAETFEZHUEETLADSES N-RHE
EN HFETHEEHUZET VRS0 N REE
_CONC Elzlgnn; TLFH ’C%ﬁ’b%ﬁ’b E? 71_\_:{::7—)1/73)6?%"

S N7 REEUR & A U 72 Rk B
_MULTI_ALL T ALL 2V CHEBSECTEE L

TV & AHH
_MULTI_DIV F¥ DIV 2fHWTHEBSETEYELE

E 7 A

HAZEDFHI T — Z121%, JNAS OFE G FHRA LIPS
FDS 5, HHERBGOFEHE, FMIZHWTWIRWFEEE X
MO TVYXLTER U 400 FEEEEFIH L. 2205,
Al T — ZUTAFAE LR VGRS IC K 5 6 Fahxe s o) S L
U7z, SFEOFEM T — 2 12i%, TIMIT OFFT — X X—
ADS5H, HHRMNFEOFE, FMIZHWTWRWIEEGE X
Mo T UXLTERUZ 400 FaG2FHALZ, 72V &H
EUTHFMiT — X IZFELRWEEENFKIE L /- 6 Fit %
Wiz, A7 F 7 IVEEOGFHET— 2121, B BRE TN
FkU72Hh o Fr VEEREEE A 16 XEE 347 Fah (9 14 43)
ZRMALZ. 7Y EFAIL “achike”, “matyox”, “peraj”,
“richin” ® 4 FFETH Y, TNSDIHEFHIFTL T — R 121
BENTOWARV., 7T FFEICE, dERkE»500HL
DRV, EBOY AT ATIZZ ) EFITHRIC
\E 2 EATRINIRT TH B EBE W, AT
DI N7 FEKE ORI & 7L bit 28 16 bit THRIE 1
DOPfaMEE %, TRBIBOANIEEST L7 -0
DEFHRALU .

22T, MHBEEDFNIXFGEEA TITS. Lizdo
T, JZVERPZOEREGEUHEMESORhT—ET
LRI NNIXEM e U7z, FHEFEENIZ X Mean Average
Precision (MAP) Z W7z, MAP I&, &2 TV IZLT
RO EEHHEEERDOEI Y TH D, BUENPKEWVIZ
CHENEWI EE2mRT. AP, MAP ZzhTh (1), (2)
TRINS.
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AP(q) = clz 0; x precision(q,1) (1)
9 =1
1 Q

MAP = =" AP(q) (2)
Q 2

CIT, qEBBITY, o) RS NARFEDOHTY T
Y q 2 EUFEFER, N IS NZFEEE, precision(q, 1)
7T qIZBVWTHG  YHRHI W ZTOMEEER, Q
7TV ofiERT.

3.4 HEBER

BEEMRHEROMEREZE 7B LU0H 812RT. ZThHD
T 7R USRI, RO RICEA L - S REED
‘:F"Cﬂ“ttiﬁﬁﬁtﬂ**)#ﬁ‘ G0 fERTHB. MTHh5,
wa;&» B 2 HEEMHTITIE, FEDIV 2 HWTHE

SETYEUZETNVD S5 5 N7 F # Posteriorgram
’Eﬁb‘% Z & T, B—FiEDHE Posteriorgram % F\\ 7z
Gt & IR THEEREREE O EBHERI N, ULr LR
N5, HARFEL XKEEDHF Posteriorgram % 3845 U 72 Rl
KIEHNZIGE RS &, BB DMEM KL
Wotz, —HAT, FIEALL ZHVWTHBESETEE L
ETFND 5185725 F Posteriorgram # FHWTH, H—
S D & # Posteriorgram % W 728556 & A THEEMR T
BEEMELURPo72. ik, FHEALL TRERBD
LVWH-SEOREMESREFE L TVWE I L EH U&ME
Ko eDFNEZEEZONS. £72, M8iHB L,
Ry 7REEZHVIHEIEROSHELH VT
HHEERHBEIIM ELARVWZ EBERINZ. 51T,
M7eH8%ILNDE, YOXBIZEVTHERMNLRY Y
Fig & 0 © %3 Posteriorgram % 72354 T HGERMU
HENE S Ro7z. 2ROFERE LT, 2 TORNREIEIC
BOTHD FEEREREED SO, HARGE L HiED & %
Posteriorgram % % U 72 RERH 2 WG ETH - 7.

4. F&H

AT, EoEFESHOEFARRBEEHEL LT, HWF
FELEIFE L DZEBDFFEN 518 572 % 3 Posteriorgram
BEITFR ML Ry ZREEE W2 BEERHIEZ BET L 72,
FKERDOKER, %3 Posteriorgram % A\ A METFIETIX
i* = .m(D &% % Posteriorgram % ##% U 7= %ﬁﬁi@fﬁ’i’ﬁﬁb‘
FBELEVEEERHERT I LIETERY, ToR5H

wbbn&#o# 72, R bhv oy ZREEZ W
Eﬁﬁﬁﬂtiﬂ%’@ , BEEMHREE O EIER T E R o 72,
S, ETNVOEBFIMHT 5 S5E0EMPRERSID
WBAEOERZMG L TW FETH 5.

BiEE AEERIEBEZSR (Fuv s v ) T3y
RA VT F T A 7 A Y R—DFNLFE] B LOR
W& 19H05589 DX g% 1) 7=.
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90 = MFCC

m PPG_JP
PPG_EN
PPG_CONC

m PPG_MULTI_ALL

® PPG_MULTI_DIV

70
K60
<
< 50
40
30
20
10 I I

HAEE iR N FTIVER
WMREE
B 7 &3 Posteriorgram % A\ 723546 OFEHR

Fig. 7 Result using phoneme posteriorgrams

80

o

%0 m MFCC
80 W BNF_JP
BNF_EN
70 BNF_CONC
B BNF_MULTI_ALL
< 60 ® BNF_MULTI_DIV
Y
s 50
40
30

1°I| [ |||||
) ||I l

Eaes HhoFIVEE
WNREE
B 8 &bty Rk E W5 E ORER
Fig. 8 Result using bottleneck features
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