I 1R

WEIC /N B E PR T HEM IR . BRI R AN E A 2 (58 30 55
N anfer S EE AR 1 RE

H5E, MO s, A BB AR I NI SR EE B SL A, X HRSRIR At R, #E
N AN 22 A5 TE X TR R R T 1k BE A2

SRJE  WEFCAE/INEGE AN 22 A5 TE P B fa FHIR £ 75 3w AR S A0 1 e i) 2k
AEo H ATRTAE A7 i R s i am AU AL 25 B PR (IS 5 (5 B A B

chain model.,

BT FH R ivector, xvector o



repo

Target

Investigation on how to improve the performance of LID system under
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Information of the Dataset

Training data (106h) from AP18-OLR.

In-domain test data from AP18-OLR, More details refer to this paper[18]
(AFEPOETE TS, Baf, Hig. #iE. fof. BeE. Beis. Euh. 4E5/K0E. B
1, 16kHz-16bit, channel=mobile)

BaE, iR @ 5B T Confusing—language, JIt DAREE G0 5 /D S BRI 1 O T [FIAs
HiX =M.

out—of—-domain test data

(BFEPGEETETE . HiE. s, BEEE. s, 4558 /RiE, 6 Ff. *kHz—*bit,
channel=video) PEHUEEBFILZAT, EME TIEHNSE: 16kHZ KAEZR, 16bit &
ek, KH wav RS

I ZREE AN P AR AE AR 20 20 R T Table O s, Pl 2R3 SURHK: 106.58h, 4 Al
REHE SN 34.05h, EAMIAAEE B K 15.71h,
Table 0 YIZ5MRES G

VB e £ N D4R AR AN H AR
EMIRR BEER channel: mobile channel: mobile channel: video
/b AT R B/h AT W/ AT EE
ka-cn ISy 9.52 4200 - 1800 - -
ct-cn I &RiE 10.21 7559 - 1800 - -
id-id ENeiE 10.68 7671 - 1800 - -
ko-kr BB 7.92 7196 - 1800 - -
ti-cn IR 11.93 11100 - 1800 3.07 3698
uy-id ®EIRIE 13.61 5800 - 1800 2.57 3096
zh-cn LBIE 10.32 7198 - 1800 2.35 2823
ja-ip Hi& 8.00 7662 - 1800 2.63 3155
ru-ru BB 12.95 7190 - 1800 2.19 2635

vi-vn WrEE 11.43 7200 - 1800 2.9 3503




Basic ideas

1. confirm the problem of low-resource & multi—domain

for LID task.

ffiH J77%: Incremental learning:
25h YIZE#E —> 50h YIZREAE —> 75h YIZREdE —> 106h YIZREHE

BN EdE 42 70 BIFEL 25h, 50h. 75h, FHECGHE I N EEHLAMEL . 15 RS %
PP, 9% train_25h train _50h train_ 50 train_106h YA [F 4 =1
[ S
19 H LI 45 R table 1:

RESULT:
[Table 1]
in—domain Out—domain
pos  cos 1r lda—plda pos  cos 1r lda—plda

——25h - 69.65 71.43 73.67 - 24.26 31.94 29.31
§ 50h - 83.05 84.00 86.30 - 31.79 37.28 36.34
:O: 75h - 88.56 88.05 90.06 - 35.26 40.15 38.43

106h - 89.68 90.62 91.05 - 34.23 37.51 37.59

25h 58.00 58.21 61.70 65.92 27.98 21.84 31.05 36.11
Z 50h 72.77 66.08 76.76 82.34 30.07 22.45 35.56 37.44
8, 75h 78.92 72.11 82.87 87.15 28.60 24.36 37.76 39.05
0
- 106h 81.66 72.42 86.34 89.83 28.73 23.44 35.48 38.43




i-vector comparison chart

100
= in—domain cosine

im—domain Ir
in—domain |da-plda
out—domain cosine
out—domain Ir

=== gut—domain |da-plda

+ & & &
trainning data dur
Fig. 1
égl%\:

(D ME 1 HATDURBEWRIE H: 7E in—domain B}, HE &8/ N R B R ERAG .
TEHAR EAH R I, out—of—domain HIiRAIZE L in—domain HiH M ZALIR
%, WARSLIGSERKE, 25h&out-of—domain FIiHIZE L 106h&in-domain iR
ol 2 A e AT AR 59, 11

(2) K 2 BISEIG 5 R 78 4y R B R OB R BIR 2

(3) lda—plda JeimZHix B, MWE 3 HHTLLAEH: TLRAE i-vector RGIL
& x—vector &4t, lda B N9 . 1E i-—vector KRG, FENNHK 1da 4E
FEBEE N9 Befd, X FEINILE 10 2 J54bF RS, 7E x-vector R4
H, RN FEREE IR E N 9 MRS, TEIMILEL T 10 FIRHEF/E R
Mo MEEIRTE aug MR H RIFEAEAE

(4) TLWTE i—vector IB4& x—vector 48, HAMIREELE 75h BRI L
106h IR B ZI 2, Mz ia?

Analysis:

(1) t-SNE

For further analysis, first I used t-SNE to plot the distribution of
the in—domain i-vectors and out—of-domain i-vectors. then, I used it
to plot the distribution of the in—domain i-vectors and out—of—-domain

i—-vectors

in—domian out—domain in & out—domain
Fig. 2



The left figure is the distribution of in—-domain i-vectors, the
middle figure is the distribution of out—-of-domain i-vectors, and the
right one is the distribution of in & out—of-domain i-vectors.

(2)  confusion matrix
Second, I used confusion matrix to analyze the confusion between
languages
106h—-ivector
Confusion matrix:

kazak tibet uyghu ct—cn id-id ja—jp ko—kr ru-ru vi-vn zh—cn
[[1.714e+03 1.300e+01 1.600e+01 0.000e+00 1.200e+01 1.100e+01 2.000e+00 2.500e+01 3.000e+00 4.000¢+00]
[1.000e+00 1.798¢+03 0.000e+00 0.000e+00 0.000e+00 0.000e+00 0.000e+00 0.000e+00 0.000e+00 1.000e+00]
[2.900e+01 1.000e+00 1.759e+03 0.000e+00 0.000e+00 4.000e+00 2. 000e+00 4.000e+00 0.000e+00 1.000¢+00]
[8.400e+01 1.100e+02 8.000e+00 1.785¢+03 1.700e+01 5.400e+01 2.820e+02 1.100e+01 5.900e+01 1.460¢+02]
[2.600e+01 0.000e+00 1.000e+00 8.000e+00 2. 477e+03 1.400e+01 1.900e+01 6.000e+00 4.000e+00 2. 000e-+00]
[
[7.100e+01 1.700e+01 4.800e+01 7.000e+01 3.900e+01 1.630¢+02 1.795¢+03 3.800e+01 8.900e+01 6.800¢+01]

—

.700e+01 2.000e+00 2. 000e+00 1.000e+00 1.200et+01 2.506e+03 6.000e+00 2.000e+00 0.000e+00 0.000e+00]

[2.180e+02 0.000e+00 3.000e+00 0.000e+00 9. 000e+00 4.000e+00 1.500e+01 1.543e+03 0.000e+00 4.000e+00]
[3.700e+01 0.000e+00 0.000e+00 8.000e+00 4.200e+01 0.000e+00 1.400et+01 1.000e+00 2.288e+03 6.000e+00]
[3.700e+01 0.000e+00 7.000e+00 6.400e+01 1.700e+01 9.000e+00 7.400e+01 5.800et+01 3.900e+01 2.095e+03]]
MAP: 0.8968239597083757
ACC: 0.8961044850573671

Conclusion:

In (1) , it can be observed that for the in—domain & out—domain
set, the distribution is very messy, and i-vectors from different
languages are mixed together. and the right one demonstrated that is
domain—dependent.
in-domain 5 out-of-domain ¥ AL, SR E AR R B

In (2) , it can be observed that ru-ru is easily misjudged as
kazak and ko—kr is easily misjudged as ja—jp

Process:

1.1 i-vector system
According to the paper[5], we set civ to 400.and other parameters refer to

[18], then we will do the experiment and select the appropriate cnum=1024.

1.2 Xvector—system
PILELER): dim[input-512-512-512-512-1500-pooling-512-512-output]
SHINE
num repeats =5%10"4
frames_per_ iter =5%10"10



FHRHELL N R E apply cmvn sliding=true.

[Table 2]
Xvector [106h]
pos cosine lr
cmvn_sliding=false 72.88 67.36 73.35
cmvn_sliding=true 81.66 72.42 86. 34

Based on the results, the selection parameter is set to
apply cmvn_sliding=true, and it fullly prove that the context is very

important for Language Recognition.

1. 3Classifer-bankendl—1r ZHE [EHILE] -
Normalizer=« CHRHEA RV SREE #4715
Max—steps=30
Power=0. 15
mix—up=40

1.4 classifer-bankend2-———1da—plda [1da 4EE ¥ & ]
in fig 3, WMIATULEH, LBIE i-vector RYILZE x—vector &R4t, lda BB NI i
e
1E i-vector RGH, LN 1da 4 IRE N 9 el X THEIMILE 10 2 54T F
FEiath. 78 x-—vector RGEH, ENNNKFIFEEREN 9 FINHE R, MESMITEL T
10 FIBRHEAFAE B AR s o LS5 B AE aug M A FIFEAAAE

Ida—plda comparison chart in i-vector

Ida—plda comparison chart in x—vector

100

=== Tah—in-domain
JESTTREEEP — 10&h-in-domain — 10éh-in-demain
. Shout—domain 2h—purt-doma in
e v 50h-put—domain == S0h-out-domain
@1 Toh-out-domain LR Tahrout-domain
§ 10éh-out-domain 5 10éh—gut—domain
N
4 —
B SR o N
]
LY ) A L) a O ) '39 ‘§J 45; a;; LY B % B oA LR A I '59 _§J '*p ,;51 ép

Ida dim Ida dim

fig 3



For the investigation on how to improve the performance of LID
system under low-resource & multi—domain condition, do the following
experiments.

2. FRULTVE 1——data augmentation: BT HIEIR

TEIRGG “F 57 BEae b3 an 4 .
25h+ * YIZEEHE —> 50h+ * YIZEHE —> 75h+ * YIZEHE —> 106h+ * Lk
B

Information of the train—aug set:
Including: speed perturbation, vol, reverb, musan(music, noise,
babble)

augl: 2fold=clear+(spt+vol+reverb+musan)
aug?2: bfold=clear+sptvol+reverb+musan

We use augmentation to increase the amount and diversity of the
language system training data.augl N “TF”7 &S MEFEEZHEN
M, aug2 N “TH4F” BE MR — I Z A k. LI RunT.

RESULT:
in—domain Out—domain
pos  cos 1r lda-plda pos  cos 1r lda-plda

25h - 69.65 71.43 73.67 - 24.26 31.94 29.31
25h_augl - 68.42 69.89 65.70 - 20.05 25.23 24.51
25h_aug?2 - 72.21 72.52 81.31 - 34.21 43.31 38.77
50h - 83.05 84.00 86.30 - 31.79 37.28 36.34
50h_augl - 76.09 76.46 77.85 - 26.85 31.27 32.05

< |50h_aug2 - 86.17 86.54 88.57 - 37.64 44.61 41.69
75h - 88.56 88.05 90.06 - 35.26 40.15 38.43
75h_augl - 87.54 87.83 89.25 - 40.56 44.94 44.39
75h_aug2 - 89.96 90.09 91.86 - 38.61 44.86 42.98
106h - 89.68 90.62 91.05 - 34.23 37.51 37.59
106h_augl - 88.74 89.25 90.31 - 41.62 46.74 46.54
106h_aug2 - 91.52 91.83 92.26 - 39.59 45.36 45.02

25h 58.00 58.21 61.70 65.92 27.98 21.84 31.05 36.11



25h_aug2 60.01 61.37 62.05 73.06 27.27 24.56 33.57 36.98

50h 72.77 66.08 76.76 82.34 30.07 22.45 35.56 37.44
<~ |50h aug2 75.51 67.32 76.89 85.56 30.00 24.58 36.43 38.86
3
D'_
o | 75h 78.92 72.11 82.87 87.12 28.60 24.36 37.76 39.05
75h aug? 82.40 73.66 83.07 89.06 27.97 24.74 37.97 39.75
106h 81.66 72.42 86.34 89.83 28.73 23.44 35.48 38.43
106h aug? 71.70 53.09 89.89 94.18 17.24 31.03 43.73 39.44
Conclusion:

(D) MERBAR MRS BHKE, augl THEL T TR 23458 L S5 G500 N 1
PR, H AT M R T augl R GG EE .

(2) MREARSEEG 25 R E, id aug2 MEUHRE 1Y 50 2 Ja B 28 85 i L o 46 s
NRAR S, OISR G A R TR E NS FIE R AR . IR HAE
25h—ivector R&H, LN HNFRIER T 7.64, FLHMUNZFERER T 11.37. L
NERAS AR aug2 AT R AR B IR B R B T

dur in—domain Out—-domain
25h 7.64 11.37
S |50h 2.27 7.33
3 |75n 1.80 4.79
106h 1.21 9.15
25h 7.14 0. 87
% 50h 3.22 1,42
g. 75h 1.94 0.70
=~ 1y06n 4.35 5.3

LN, 25h TEL R aug2 iERT i-vector PEREHETHE NIH . LT I Kk Xt
x—vector VERESETIII . (HAESEAME, augl X} i-vector ThREIR MK



3. fRYTE 2—-phonetic knowledge: M AJE=iE = (5 with the

help of ASR system to feed phonetic information.

ASR model: chain model
Bnf layer: (1) out-linear / (2) out—xent-linear[output—-dim=256]

bnl: output.config = output—-xent. linear

bn2: output. config = output. linear

ARSI R R R E IR AL T 2 RO B, B — P2 out—linear 2, 55 ZFf out-
xent-linear 2, H#iH#Z 256 48, B#E NRE—ZRLITEE.
SEIGAE: fbank[40] 2Asr model [256]=> = xvector
¥ 40 4 fbank FFEHIAN{E ASR model FHHEHL BN H51E, FRBFRECH
1] BN REET% 5 7 N 2 x—vector BRI gEATiER U] .

RESULT:
in—domain Out—domain
pos  cos 1r lda—plda pos  cos 1r lda—plda
25h 58.00 58.21 61.70 65.92 27.98 21.84 31.05 36.11

25h_bnl  96.89 96.72 96.81 96.19 61.79 58.06 64.51 59.75
25h_bn2  96.40 96.08 96.51 96.11 52.29 51.00 53.87 53.37

50h 72.77 66.08 76.76 82.34 30.07 22.45 35.56 37.44
x 50h_bnl 98.31 98.15 98.53 98.72 60.11 60.99 64.53 63.30
§ 50h_bn2  98.44 98.30 98.63 98.50 49.68 52.88 57.29 56.85
o]
3
75h 78.92 72.11 82.87 87.12 28.60 24.36 37.76 39.05
75h_bnl  98.76 98.55 98.65 98.49 64.31 63.18 66.40 65.67
75h_bn2  98.98 98.75 99.10 98.85 52.53 53.90 56.63 53.51
106h 81.66 72.42 86.34 89.83 28.73 23.44 35.48 38.43
106h_bnl 98.86 98.83 98.91 99.07 70.71 67.99 68.99 65.19
106h_bn2 98.97 98.91 99.07 98.79 60.04 56.45 56.90 53.20
2%?2%?:

(1) MSEIGEERE: EENMRES, 25h [ BN KFAEEL fbank FRE A Z &
TIE 40%, H5 106h R AER RAHZE 2%/ 4. BT BN R AE & el
T NBHR R . RSN, R FIIZR4E, BN RFELL fbank
FRERR A R iR T 7 32, 28%. Mkl &, InAIL=AE 515 B
T N YEEE (5 18 v L



(2) B RATAH, bnl L bn2 RO NELERS FIRIRE B AF. M7
#HF:

-0.6 -0.4 -0.2 0.0 0.2 04 0.6 -08 -06 -04 -0.2 0.0 0.2 0.4 0.6 08

x—vectors bnf-xvectors
fig 4
FARMAFLZIEFEEZATNEG R, A2 EH.
MEHE] LU HFEA in-domain 5 out-of-domain ¥ (144 fi ANF, K
B BARA AL, {528 1d DNN-ASR 4512 J5, out-of-domain 4 in-domain [1
PRE SR, AT RIREE R T — > asE b B DUAR SR T (S 1R L R 1
Phfe, ZWADAR R R DA E A, DUH BRI LI .



4. 2+3 BETTEE 1. FHE2

in—domain Out—-domain

pos  cos 1r lda-plda pos  cos 1r lda-plda

25h 58.00 58.21 61.70 65.92 27.98 21.84 31.05 36.11
25h_bnl 96.89 96.72 96.81 96.19 61.79 58.06 64.51 59.75
25h_aug2 bnl 96.25 97.11 96.88 96.47 62.85 60.30 62.66 61.17

50h 72.77 66.08 76.76 82.34 30.07 22.45 35.56 37.44
< 50h_bnl 98.31 98.15 98.53 98.72 60.11 60.99 64.53 63.30
i 50h aug2 bnl
3
75h 78.92 72.11 82.87 87.12 28.60 24.36 37.76 39.05
75h_bnl 98.76 98.55 98.65 98.49 64.31 63.18 66.40 65.67
75h aug?2 bnl
106h 81.66 72.42 86.34 89.83 28.73 23.44 35.48 38.43
106h_bnl 98.86 98.83 98.91 99.07 70.71 67.99 68.99 65.19
106h_aug2 bnl
5. ... thinking ...

(D) BHINGEMNESN R
(2) IT¥E>]
(3) Az Ui Ay



