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Spoken Term Detection Based on Feature Space Trajectory Information
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Abstract: The current technique of spoken term detection is dominated by deep learning, which requires large anno-
tated data for training, and is difficult to be applied in limited-data scenarios. In this paper, a feature trajectory based meth-
od of spoken term detection is proposed for limited-data scenarios. The method originated from the fact that a word is a
structured organization of small units such as syllable or phoneme and any language unit has steady statistical audio feature,
based on the principle of physical location, feature distribution, temporal information of keywords, and local distinguishing
information are constructed with speech examples. Spoken keywords are searched with the feature trajectory information of
the detected speech segment in hierarchical decision strategy. The method works on a audio feature space defined by a iden-
tifier set trained with a large unlabeled speech dataset. Several experimental results show that the proposed method is evi-
dently superior to HMM and CRNN when the training samples is less than 100. For example, when 10 samples are used for
training, FRR and FAR of the propose method are absolutely decreased by 20.5% and 8.7 FP/hour respectively compared
with HMM-based system. On the other hand, the proposed method achieved the comparable performance v.s. CRNN-based
system when the training samples is more than 300.
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FIk S BR TA] 14 23 8] 3 A RF AR RN P RRAE AT B 58—
A . T IR R S AR AU TR IO R
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MFEAALE — AT, IO 1 s, SRR 16 kHz, A
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18 123, Bk 4R vh 5C 8 3R] 5 3E SC TR AE AR 19 B 451 Ay
11, AR A0 35 3 200 AR, S i) 55 A1 S B Tl A
ABILEHI R 121,

4 LWHERKRSHT
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I EUERI R (Ace) FE XUNT .

TP+TN ,
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Horb, TP 3R 7R w5 A %0 43 oA A9 )55, TN R R B E
B30 43 Sy 545 ) B, PR S BRI IE A B, N FROR
SEBR R B4

A 5 HE 4t 2R (False Reject Rate, FRR) Fl i 2 3R
(False Alarm Rate, FAR) /2 5% 58 18] %6 I & FH i) P GE 45
PRUO A SCAE

Acc=

P-TP
FRR=-"— (10)

FP
FAR= #KW x HR x C (1D

Hop, P — TP /R S HER] T K N, P 3 s S B I] 80

TR B, FP 3278 A1) R U B, #KW 26 7 G B 1) 11

AN, HR FoR MR REA BT K (BT h) , C R — A

B, A C=1. FRR 1 FAR A9 R B AR M -
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W 2 WK B 20 ms, WA 10 ms, FIIH librosa £ 45
b BRI 12 A (A A R A B 3 R B (MFCC) RRAIE , B
2.2.1 TR EN Y D HR 12, 4 E VR A 23 (8] 2 3K 1 B
3K [ AISHELL-1 Fll AISHELL-2 %4 4 , 3£41 24 000 4%
FEAS  FEAS 5 R N 2545 REE R T A, B IR IE
235 [ AR R T2 K B4 096. R4 R 25 L1~ SVM —
Ity AN SCLELS. [ Python "' Scikit-learn &t 1)1|
YR SVM, B sREGEPELMEAZ sR B . FRIEZS [B]32 SR Y
FAIPERS 33T FINAL R K p IR 0.2, 48 1 SRy P IX 43 PE A
S, KRR M=256.

ARSCHET VAD & 19 D) 43 S A i St h i g
B AN B R AR WU AR A T i (] R RE
TRV I ek 2 238 14 718 Ak ) T 0 o A AR A6 A, S8 AR
TR B 0 AR S Y kR T AR
WS R MOl BOE AT A A AR B, NI S
YRS . N AISHELL-1 %5408 45 v B AL 6 B 100 4~
R, B DAAE AR B AR BEGE A FEAS B
KZ5H 6 min, FFXFEA R E T FHAT N TARE, BT
A U1 Bk R RE . U1 D IE R R SO IR
Y143 08 17 i A S I T AT & i s R L
o BRI ST A R S N AR R I A 2
FEAE 50 ms LLNE SO IERA DI 43 . & 15 U153 I IR 8 500
90.2% , - TE ML LR 1 HEFT 5250

SEas T LR R G A 3 (1) w2 i Y
CRNN R4t , M 24805 ik [16] — 2, @45 3 )2
CNN,2 ZRNN LI K2 B4 &EH#)Z, % H CTC (Connec-
tionist Temporal Classification) 1 2% B8 % ; (2) HMM %
8t , REES BRI 2R — 1~ HMM L7 Sk Hofth T 5 1)
A AR 2 — > HMM 7 AR A 03 s b A 1 A
B BAE S SR AL AN B AR A | A 43 AT R 5 (3)
B E RGN IR GMM A5 R 42 B 5 [ 2%
s ACRINL 0], SVM AVE R IS 1) 43 284, XU RE A
113 Beisl .

x 100% (12)

J SCH T FSD R A 1 AR UL T SVM AT
) B 5 O B IR AR AIE 4 [R) 43 A5 0 AR BLE AR 5 SVM
B3 25 B2 R R D BE A TR I 45 2 . fdfi ] FST 3%
7 AN I AR A FSD B LA T, 3 0 3 B R 25 (6] 42 5l
B3I 1 AR DL SR AT B 0 531 A A 0 3 e v A
JRFR X Ay AR BT it — 2D ) . FST_D Rk
I3 FRAE FST 9 IERH_E AN A SR8 X M1 B 51, 75
o B TR T AR AN 1] 2 s
4.3 EEXEBIIEWIUE

H AR SO A A R AT 4 B 1), BRI ST 1]
O3 FRAERR R AT LA AR A RO, 40 A S SR
1) IR0 B 24 10,50, 100,300, 500 i, % [ FSD 5
HMM £ %t | 55 K R G891 7 28 MR R Ace, W14 3
FR .

F3 MRS EERR A %
Tk LS
10 50 100 300 500
HMM 50.3 64.9 77.6 86.5 92.6
HITH 70.1 78.6 83.9 86.6 87.2
FSD 735 82.3 88.7 91.3 922

HR 25 3 T s, FSD ZE RN 2R84l 12 F , K7 0]
Acc TR W . FE VI 2R84 12 10 1), FSD AH [ T
HMM 2%t , Acc 418 T 23.2% ;ML T H B & %%, Ace
PEE T 3.4%. BEE VIZREE S R, FSD 987 18] 43
HAERR R 2 0m T B B R GE, I 2800 & 1 m 3
500 B} , HMM ZR 45 (1) Acc 1 /= , 4 EL T HMM & %t , FSD
ANFEA P AEPEREA Y . D IAS SCHRE H A R AE 55 1]
Oy A REAE B X 00 AN TR IA) 7 1 g 1, ELTE AR B0 9% IR
T, FSDAHLL TR R G, Ace $EFHIH .
4.4 I ZREHREE 3T K 1R N A 22 0E

T B UE FST_D FEAREHE 52 T py A, 43 i 7E
B AR B 28R = 1,10, 50, 100,300, 500 B,
XF H FST_D 5 B4k 3 G i SC m] A I PR B . A 3 40
IR B A5 2] AR ARG ] 14 30 3 B0 2047 B 1) 4G
A3 3 AR ZE R, 3 MR LS RAFAEEH  (H2ERA
K. AT S 5350 A RN SR E T A O B i) A6 )
FRR FIFAR AP 3018, IR &S Ay e 2 5

R4 ARIGHEE T XEIARNEIRIERE R

, B dhe
Ik
1 10 50 100 300 500
CRNN — — — — 0.662 0.105
HMM — 0.521 0.375 0.257 0.165 0.106
HAH 0.568 0.356 0.268 0.195 0.152 0.150
FST_D 0.527 0.316 0.217 0.150 0.124 0.116




%10 FH 5850 2 5 TR IR 2 (R 030 15 2 5 5 D S R ARG Jr vk 2921
x5 AEIIGHEE T XBRGNEEER {3 :FP/h
ik A
1 10 50 100 300 500
CRNN — — — — 0.66 3.14
HMM — 21.22 15.95 10.76 7.62 6.17
HHIE 28.31 18.24 13.47 9.92 7.68 7.09
FST_D 20.07 12.52 7.89 5.13 4.08 3.71

FEFFARFR S EHE , AEAR TR (100 M AR LL
T ), 48tk HMM F1 CRNN, FSFD A & 2k 3, tnilll 4551
P 10, FST_D A H HMM & 48, FRR 48 % R [ 1
20.5%,FAR 4% R & 1 8.7 FP/h. 1fii CRNN % 4 7 Il 4
B KT 300 B, OB ) A AR R /D 3 BOURE  TE 5 k
S WA RIS R . FEAN R B &R, FST_D /% G i)
K PERE G 2R T BT R RS . fEREA iR e o, Ul 25
B BB 3] 500 B, FST_D (9 56 4 307 £ T v fE 5
CRNN Z %4024, FST_D () FRR #1 FAR % 5 T CRNN &
45 ,FST_D () FRR W% 5 T- HMM Z %, FAR #H Lt HMM %
G547 A SRR ALK

MR 5, S UI 2% M 300 3% /i %] 500 i, CRNN
RGN FARAE K, Ryt — 25 20T, J 7 e B — 21 3 8
P, 7 I 2R B & 4 51 2R 300, 400, 500, 600 Fif il i
CRNN RS PERE, K 6 iR .

F*6 AEHIEET CRNNERE

B ol
bR
300 400 500 600
FRR 0.677 0.235 0.107 0.103
FAR 0.550 3.570 3.040 2.780

YRR PE , FE R B DI, SVM J3 e Sl e IR0
I PERE .

SEERE, EAR BT IR S (100 N HEA LLR ), FST_D
HH HE HMM A1 CRNN A7 8 38 00 3, 1 76 B A 1 A 5E oy
i, 5 CRNN REH HMM R GEAR L, FST_D A AA
P AHVERE B,
4.5 MEEEWNER

AR SO P AR 25 (8] 32 Bl 0008 2 18 DB R] 1) I P43
B TR 25 W) 5 S B0 B AR 2R A T s e ) . A
SCHEHL 4 2 B I 22 S 3R], BPC 1 shang hai”
F1“WF I hai shang” , “ & F nil 28” F1“ T4 21 nil”, “HE PR
shéng chan” #1474 chan shéng” s “%?]\jid rén” F1“ ANF
rén jia”. X [ ¥ shang hai” “ 22 F nit 217 “ 4 7= shéng
chan”“ & N jia rén” @7 BERY, X542 5 “¥E |- hai shang”
“FAr 71 nti”“T72E chan shéng”%ﬂ“/\% rén jia” At 4% 100
BT AEA TR, 32 7 R 45 Fh 7 v i U R 1R
IS R R W], FST I BT A5 8 R MR REAR T 4 52
R AR B DORE T B T 60% 2247, AT LA H]
F A 2 B4 R X DG B ) A DU AT 55 I S %2, AT LAAE
RGN Ao i v AT R

HRHE 3% 6, Bl & YN 285048 = A9 34, CRNN R 4L 11
FRR & F a3 FAR S At 52 S pE ka3

T CRNN ZR G0 2 25 M 45 B0 | 705 82 90 JE R B
A BE MBI SRR RS . CRNN REMPEREZ 2L
Pt gt R . YN SRBE IS e, SR PR R 1R
PR T SR (15 €1 S S i1l v | 2/ M €
AEAR 2= . HMM R 45 A FE 75 22 70 2 1500 A Be A A 7Y 1]
Yr3e sy, R R S U 20 0 38 n L FRR T R A &
IR, fF HMM 5 40 5 — () B S B R AR MEA R Ir
By AE g, R RS0 FAR A& s . AR &
G5 AH X o0 PE 7 e, eI e i e A b I L
5 CRNN RGE M HMM RS AH L BAT RS (HERH T &
Sl VA — Ak 5 1 55 81 % AR R IR 0], 22 W ST
AR B I R G FAR B LA, FST_D R 4%
PEREIR LA T H RS . A FST_D ikt i %
O FER] (0 B8 T HAE LA B2 6 R AE | 6] B SVM 432 2%
) R SR S g ) i, LA M e B e A —

F7 RAERE Hfi:%
‘ ik il
Irik
hai shang z{ nii chin shéng rén jia

HMM 86.0 78.0 71.0 79.0
HITH 84.0 90.0 75.0 86.0

FSD 82.0 88.0 75.0 82.0

FST 17.0 21.0 16.0 18.0

4.6 FREXoMEEBERIE

AR S o A Ry S XA M AR RO X LA R AR
M0 D R AT ) O B UE R X A M A B A
ROME AR SCIR I 4 2 HLA 75 A IRV MR R TE ), B2
F] gong s1” Fl “eong shi”, “ H I M hit lian wang” Fl“wi
lian wing”, AT zhi xing” Fll“z xing”, R 71 Zh”
“zhi zhi”. FH“/Z A gong s1”“ BB hit lian wang” “I
AT zhi xing” “ B T 71 zhi ™ AR A0 5 A HA 22 1R VA 1)
Y 38 B AR AR SR AT O B TR A I . g A3 3 1 DN AR AR
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I 200, & 8 Ry 45 P 5 B RN A I A IR L 1K
g LB, FST_D 0] A5 %50 s B A 7 2 TRV 1) TR0 A %
] |

F8 RERIAMEIRE BT %
izt im]
VRS wit lian
gong shi 5 71 xing zhi zhi

wang
HMM 70.5 96.0 82.0 72.0
B KE 64.5 92.5 76.5 80.0
FST 55.0 90.5 78.5 82.5
FST_D 4.0 20.5 21.0 185

4.7 B EZERENATEB L

AR SCEE T BAURE I 245 [ 3R 5 A A OC S 1) 1 THL Ay ok
i 5 TR R 4 5 o DU 38 R T A 5 R 2 (] v
PR B S — AR A A5 PR I, 8 AR AIE 25 B) e 3K 11
et AT LAAS 32 08 1 29 3, AR S 3t S B 1 H0080 R0 R Y
A% . IR S UREAE 25 R] 235 M AT AR A M 7E GSC
B 42 b Xt e 43 34 B AISHELL 1 LibriSpeech % 4f
A g 5 B 2 ] 2 I I 0 S B TR R PR BE L 9
Ry A O BER] Y DI R 5= Sl 100 #1300 B ) 43 2K 1
R

R XERSLERE A%
Jrik
100 300
GSC(A) 82.6 83.5
GSC(L) 834 83.9

IR 9 Fr/R , GSC(A) IR GSC HUHE A4 2 5 Hl i) 1
TR A A4 AR A1 28 (] 235 J2 o ATSHELL H S0 8K
PEAEA Y, GSC (L) 7% GSC B # 1 56 ) L
e FH %) & ABUREAE 25 1] 2% 35 J2 f ] LibriSpeech 5% 3C 4K
PR Y . R g T AL, RIS BT, #E GSC
IR b Y S8R A) S MER R A 22 R K. A e
1) 1Y Y1 25 00 1A 100 B, GSC (A) AH e T GSC (L),
Acc HH 22 0.81%. it W fft B v SC i i 4 44 2 1Y) 2 i
fiE 28 18] 2 35 HLA X 43 A [ 28 1) 0 SCB0HE (9 6 L 35 45
FRIE 25 (0] L 38 i FH AT LIS 2 0B R 29 0, B ) i
Bk,

5 #FRiE

ARSI TR ik 5 T] 938 1 6L A T O ) A )
D7k R T S BER B 5 SRGETHRRAE I AR DL
5 AR 7 A AR O R IX A E B . 25
R W, %07 1k B B A9 3 A [ U A e
U R ) X TR 5 5 . T BIE 7 )5 PR Y e

THRRAE B SCHik [ 18 ] /% By I 3¢ 3K B8 ME A, i B )7 A
SR DX 3 i 43 AR R L BsE AN [R] 8 4] B EL A ) 5] AB
5 BARYRE ST . AN [R]85 43 28 22 1) 1) Jmy 35 DX o0 1k 1
B X HE B A AT 5 TR VE RE A R . 5 AR AR
235 (6] 1 8 ST P T AN LA G B ) A AR B i, A T
5T BN R AE 2 ) Rk A 1R S T B
PR SCHETRRE A SR bR 0 % 2 s sh k(5 B, BP
fiff A A Y REAS AT 45 31 B 28 KA 1 R 3k
N R S € AR X P A - I S e s &
AISHELL Fl3E SCEUHE GSC Y 52 56 25 T 2 11« 7 (IR 9% R
(100 NEEA LR ), A Eb HMM, CRNN A i 83
I 76 FEAS B 85 78 45 (300 & LA 1) B, 5 CRNN A K E
FH 2 1 R R

v TR M A 2 1 5 B, AT 22 3 YT S IR 2
AT 3R KB T P8 (LB BN TUE R 2 B 26
HI]) BRI AR SO i BT e . X TR SGE S L
U K T AR B /N TR B AR SO TR
R hIE T IOE S PRTIE S
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