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Survey on unsupervised spoken term detection for low-resource languages

Yang Peng, Xie Lei, Zhang Yanning
Shaanxi Provincial Key Laboratory of Speech and Image Information Processing, School of Computer Science ,

Northwestern Polytechnical University, Xi'an 710129, China

Abstract: Objective Query-by-example spoken term detection for low-resource languages has recently drawn considerable
research interest. For low-resource languages that lack sufficient annotated data and related expert knowledge, spoken term
detection techniques based on traditional large vocabulary speech recognition cannot be directly used. Researchers have re-
cently attempted to determine an unsupervised technique to perform this task for low-resource languages. Method In this
study, we first present the challenges confronting this task. We then introduce the algorithm framework based on dynamic
time warping (DTW) commonly used in this task. We finally present the recent research devoted to feature representation,
template matching, speed-up, and other related topics. Result Although the research of this technique on low-resource
language has got much progress, there are not real-life applications. Some unified feature representation and indexing meth-
od must be proposed to attain both good effectiveness and efficiency. Conclusion We present the commonly used perform-
ance evaluation standards. The conclusion of our investigation is presented, and possible future research directions are dis-
cussed.

Key words: spoken term detection; low-resource; dynamic time warping
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Fig. 1 The DTW-based spoken term detection framework
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Fig.2  The posteriorgram dot-plot of one speech segment
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S5 J P T SRS DA 23 O /N B R HE Y, B R iR
EIESE

4 WEREF

IF T 2 370 8 G i O B TR AG  E ARAR  3
T BRI TR A TL 1Y, T ) 25 I [ 0o 3 A o
RIS ZRE D O (mn) %o F KRB (4 S B Al K A 2
75 A, I AR AR 1 R BRAE S A N J5 3%
G WA — P R R R B e AR R
w5 A ) S B A AR LA PR A DX 3, R P8
DTW Bkt XS FAL BT 000 o — 5 i
TEXTTRRLZE B L ST R TG, KR AR AR LA
STt o
4.1 HELKTTE

R BET 22 B Zhang 55 AR H T 2T DTW
5 (lower-bound ) Fiy ik Jy 3 LA Kok R4
PR GPU HEATHEUCHIE ™ o i SCik[ 26 1 #24
TR RS R ILT AT LU S PR
AR, 1T LA A 25 18] A e B R 1Y
IR . SCHR[23-26 ] 1iX Flk T DTW S5 %
(1 132 568 W #0251 % segmental DTW!' S35 422 )
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1o XRBE B e bR T 5 A iR DG A 45
K& i Bt —4 DTW 7431 F F Ak 11, S8
JE 8 FAG R TR 1 R BT R R
—MLSEBAF R B TR R B BB,
AL SER) DTW 53 E AT AL BE 4T 45, 24 Rl
R AR kAR 25 R, A LR S /i e 56 BR 31
AR B R S T A Y R [ 45 R 2R k
7 TR E R B DTW T 20 3647 F A, A 2R A
THEARB, Y iR [ BAS v i & A R Bl
SEVE R P AR RT & A 185 R B, T Ik
R, XA —Fh A LU R R DTW 47
SRR AT, Ok kA segmental DTW 550355 22 5
TR T A 1 B BOE AT DTW S35 A 5 A5, I
AT DTW SR AT B OB, AT 8 1 308, T
BT, Lk [27 ] 48 H, segmental local-normalized
DTW 7ERE A % FE AN B T 42 3 ) 55 7 ey
M REHRER, WA AT IR TR @
AT B S ) s RS Tk TR O 4 DTW
SR R RS TS A ) BRI, AR DG TE B AR R T B
TRF A9 18 B SO B AT AT — ol JBE R segmental
DTW' ! {8 3 7 11 S0 2 DTW 157, 32
T RCR, RN THIERCRCR
4.2 BERFE

e YR xRS LBUD N ey o YL Ao A E VA LA I [
IR ARATAE LA 2% f 1) 2 BE $ 7. SCk [ 28 ] Hpfilf
FHY — ML = 4048 s AB M RO, H G,
R R D7 WG U T 53 %0, 6 B4~ 43
H Bl P SRR AL 1) B A B R, B 0T
T BERAET R SORY o FEIX AN FERAE T 1 3C
B BT MY, Bl segment-based DTW, 4% K #
. mE, G g R DIW Bk TRiZ i s bt
A S5 X R IR AT LLUB O 1 T BT 4L (off-
line ) B FHAL FEXSTERLE QAL R G|, SR G LA B 4 i
)V FERATIAE 2 (on-line ) K5 IR A4 3R 52 T, 3C
BR[29 Jfd FHJZ IR k-means B4 T5 02 Hh 1 5 %
PaMHEA TR T — D RARGE A , 75 S B ] p )
5 R T R LA T S O R 4 T e 3] 5 R AL ) 1
T, TN 1 SR 29 ] s T B R 3301 . STk
[30 ] X i 2 Hh B 1 SORY AR A Y I
Iy AR Z b B IR R LAk B8 R B s U — A
i JH 5700 1% K (greedy search) F1J™ B2 41 56 1% &
(breadth-first search) , %t F 47 & 18 £ 5% 58 1A 7E 13X 4>

B L TR R . L, B e — MR 5. SEPRIE
R TR SR AR B AR BOR, BT ATE RS
U T SOR 0 AR 2 7 B i e, 2> 1 2
IR, BT LU SE Z ARG, G4 E 1
BRI R R G, PR 5 I H SR 1 R
AR R G AT R o

5 REWNIRESIERE

X TR AR AP, SCHR [ 28 ] $2 38 fl P14
A A [R] AR R 2R SRS Y e R ok i R, (2, B
HI R Z 08 3C R R AT 251 1) 266 %8 i 8] K % b
BMEIESCRIES

XFFRCR AR, B i 2 MAP (mean av-
erage precision) Al ATWV (actual term weighted val-
ue ) KA, X TR SORY, A IE SR A R
J7 AT O] WRR Ay v, 5 RR i Aer . MAP
S5 B R 55 b i I — R PPN A v, 2 X Hs U
FER— PRI RS . MAP 57, 7R 52T Y & 5]
g2 MR R . MAP fYTT5
] LU A trec_eval T.H (http://trec. nist. gov/trec_
eval/ ) R5EM . ATWV g S )AL I AT 55 v i HT 1
PRBRIE. NIST 28210 1% 5 ) 56 T U5 0] 19 4% 14
SRAR AR INATE: 55, — L 2 A vHE R A e R G A 1
fiE. ATWV JZ X A% 1 B ( precision ) Fl 4 [B] B ( re-
call) lg— 4, 1] LAR A Mediaeval 2013 workshop
KA B T B (http ://www. multimediaeval. org/medi-
aeval2013/) Kit%#,

AEVFINECHR P 7 T, 6 iy TIMIT i
2o R B E & Fh AR M ROCR . BRIz 4h, H i
Mediaeval 2013 [ Jg Wi G 8 i) 46 0 T 55 SWS, H
BARERO 2/ . SR a4 20 h 19k
BE.S500 A AR A7 1) T G BER] (500 A>T 4R Ay
TITE B O] PP RAS R AR OG22 BTk, I8
oA 2 A1 45 TC W B O BRI AT 55 B IR 3l ok
TAEA AFFE AT LA {5 st Al P 5 S K008 I 2
ARG, 5 HAL R G LR

Mediaeval SWS 2013 P, SCERL 6 | Hr gl ik 1)
RGUWAT T IR E5 0, H ATWV G5 3] 1 dg
0.444, ZAG TR T A2 5" TR
TS 1Y R AR B PRI B 1) 2 Bl U5 SRR
N AR E R AN RS B ik Z (A1 B AME B B[R]
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WS, %, KiET / RBRESHATREESXBIRNRALZIR

FHIEZN T B R Gt 25 R b A7 Rl &, DT RS
RIS —AFAE A 25 R . (HAHTE R, i) 5
RFAEDF AT R 1 ROCRAR T, I B0A T B (9 R G800
B BORAT

6 % &

To B T R SRR, B e AR B,
FEAE BT SRR B S8 R BT I &
BRI . XA EOARHES L G T R GE R
TRENCETEF IR SR 00V [alE, [F]i b T
BORMIEF AL, (8453 & T UM A AT A7 4% 53 U5
T, AN SR Bl & SR Bk ) R . AN T A%
LTI PR 19 7 3k, X PP B SR B
R RO B H TR BRI OSSR 2
R ISR A R AR AT AR K AR T} 25 1]

RAEAERIIETETT 1A - 1) MR 2~ oK 4R
G MR AR T 3 P 2 AR B AR . 2) 223 GPU
B A AT AF B B e B e o M B S B i) Ak
AR GER IS A TR T T 5 ) R B AT
%o 3) Sl TG B B AR 2 L EOR SRl ST i
Fr U, DA AR) 8528 118 2 T3 0] P A% ) B R
K 5E O HE RIS I
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