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Abstract

In this paper, we describe the system Team NSYSU+CHT has implemented for the
2020 Far-field Speaker Verification Challenge (FFSVC 2020). The single systems
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are embedding-based neural speaker recognition systems. The front-end feature
extractor is a neural network architecture based on TDNN and CNN modules,
called TDResNet, which combines the advantages of both TDNN and CNN. In the
pooling layer, we experimented with different methods such as statistics pooling
and GhostVLAD. The back-end is a PLDA scorer. Here we evaluate PLDA
training/adaptation and use it for system fusion. We participate in the
text-dependent(Task 1) and text-independent(Task 2) speaker verification tasks on
single microphone array data of FFSVC 2020. The best performance we have
achieved with the proposed methods are minDCF 0.7703, EER 9.94% on Task 1,
and minDCF 0.8762, EER 10.31% on Task 2.

BRSEGE - BEEEE RS - B IE RS - GREHACAERS IR A A A
GhostVLAD

Keywords : Speaker Verification, TDNN, CNN, TDResNet, GhostVLAD
1. 4&3% (Introduction)

H #hzE74 k528 (Automatic Speaker Verification, ASV) A4 E & =2 ER TV E - 5%
HENIRS - BT ERSREE AR - F%E 2 NIST Speaker Recognition
EValuthH (SRE) (NIST, 2019) #5215 11 H bR 56 & L% HY ASVspoof (Todisco et al., 2019)
15 IR EHME [ B SR e A4 H R - B RSB SR HBEE B 55 A 402
iﬁé\ﬁj\/\(Embeddmg)E"Jm% LA RE A Y RS2 HILES (Feature Extractor) » DK 4% i
(RF7r g5 (Scoren)&H & TR » FilliAE & HE f& (Frame level layer)f R 4G AFEHU = PR Y
& WK EtbEREEER-E "“*ﬂ&f—aﬁﬁx j(Segment level layer) » [flj1% 1% 1 4 i#43# f
FEELER AN softmax SRS DU BHRE « Hillm ZR A1 (A AR 14K 481& (Deep Neural
Network, DNN) /i [a] & (i-vector) (McLaren Lei, & Ferrer, 2015) » —EH R EAF 55
EEEE T » KR YIS IE 2L 48 #E (Time Delay Neural Network, TDNN) / x [A& (x-vector)
(Snyder, Garcia-Romero, Sell, Povey & Khudanpur, 2018) B [ f 7E (Y 224 © JREIF2E
HHELAEEE (Extend-TDNN) (Snyder et al., 2019) 5 17 /e 82 G sk P i 1L AU G R 1A
MRS e A REE YR P AR HUS A SEAV R T » (2 = 1AL A4S (Residual Neural
Network, ResNet) (Nagrani, Chung, Xie & Zisserman, 2020; Xie, Nagrani, Chung &
Zisserman, 2019; Qin, Bu & Li, 2019) ; 55— J5 i » A FF 275281 b fg Blia sk L
ARAIFCCAE » AL R T RS e (a4 i i (S0 H AV 4REE ot (B (Statistic Pooling) 2 4/h
B3 E M b & (Self-attentive Pooling) (Okabe, Koshinaka & Shinoda, 2018; Zhu, Ko, Snyder,
Mak & Povey, 2018) NetVLAD (Chen et al., 2018) & 556 24 1E 54 & 2 HE Jg & S S o
i 5 FER PRI E AN e SR E ZE 2K - 5k T8 softmax RN [E|HYEHSE © L-softmax
(W. Liu, Wen, Yu & Yang, 2016) ~ A-softmax (W. Liu et al., 2017) ~ AM-softmax (Wang,
Cheng, Liu & Liu, 2018) ~ AAM-softmax (Deng, Guo, Xue & Zafeiriou, 2019) - f{&IHAYETF
e 0 BT 88 9Z M L (Cosine  Similarity) » 8 3% 48 14 H] Bl 53 #T (Probabilistic Linear
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Discriminant Analysis, PLDA) (Kenny, 2010)5% 5 T B R A2 — o

MEARBEE YA B B R EE il & M Z e SR E - DURATES0E
BEWEEMEHGET » 6 T HEEEERSE RGAHE - kS @iy ICic - 5/
NOZE T SRAIAVERS - By T HEBIRZ 15 5 T Y B 8B B 538 22480198 FFSVC 2020 (Qin et al.,
2020) A JE M 4= -

PRIt » AEwSCEE200 FFSVC 2020 » WS EHER— @ B2 mdHSIHY S SR
HHREFE & B8 (Far-Field Text-Dependent Speaker Verification from single microphone array)
BT 0 BE—ZR o P A Y 38 35 S A SR E 2 B 55 (Far-Field Text-Independent Speaker
Verification from single microphone array)ERHUA [F] YR J772 o FoAf AT A B AL FH AR 4
(8 R R AL A A AR I » BRLEC TA G RE  AS A R 19 528 72 A A s » BT T Rl S R S
AR EEF PR A FBank (Filter Bank)fic ¥ 3 (Pitch) o [fif& 51 $ A 1L RS 2RI HE 1T (2
AL+ iR LB R I A A A AR T 5 » R — (BT Y 4 2R AR Ry AR 58 72 1 A 4 (Time
Delay Residual Neural Network, TDResNet) » 3f; {5 FH 8R4 14 HI B0 AT 7E B8 et g8
73 BB B AU R 2R AT AT ERYRTA - BEAh - Tt st ¥ b e - KR iy
st b NetVLAD HYMU#E @ GhostVLAD (Zhong, Arandjelovic & Zisserman,
2018) - HZLHYEFARENRF S E IR E NI ETEFAHEREA -

2. HEpRZERE (Network Architecture)

2.1 EHEfE (Frame Level Layers)

TERLEEES - WML E IR T =R E IR - — R sl - S E s
THEARAERS - TE (e — AR ISR ATRI B E S 22 B A AR 2 R - IR E 4
& 0 R E SRR - TR R A AR

2.1.1 EPIFEMZLEEE (TDNN-based)

el 8 (Snyder et al., 2019) 17 T B AL tHAC A ER 1 K TRV EL#E (Baseline) » HL2EHE
AT R IS HE R R0 I HAESS 3~ 5 7 Jg TR E A E| 7 #E 5 (dilation) YL
18 B IS AE A2 A P AR B T AT DAY R AR S HE Jeg B s R R s [ SR B Al By 2
3~ 4 BEVRIRER 205 o TS HUEARY S (B AEME TEE » PEIREUN 3 F 0 AIEL 7 (@
BHE - DALLIEHE - A e el - NLAAS AT DARUAT 23 (S ERYERH - BRI e i
RS LIE S E R E R SR T BB &R & Wi g s B B s B
BB A4S softmax FHEMERMETH fEHERIGE: - IROMEFEEME— U 512
HERREEHIRA - 2 SR HLE % (L (Batch Normalization)E Rectified Linear
Unit (ReLU )R R ©
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2.1.2 EP-EEMHEKEH (CNN-based)

fE4% (Nagrani et al., 2020; Xic et al., 2019; Qin, Bu & Li, 2019) [FBIZE » 420522 AL
PR ZENS  TE AR BLEEE (reverberate) HYESIREE T HNFHERVHEUZAEE HEAY -

RIPEER R 2 i 8 AR U E BB PR GRS YRR U B R B 28 > 16275 (Nagrani et al.,
2020) FTE#(AY thin-ResNet 2248 - HE T 2 ET/D IV AW - HEREERE
ME g g B &am et bE R G o MBS SRR i A E - R —E
P > i softmax FHHARL AM-softmax FTEMSREITHE - 8 BB EE
AL ReLU BUSGKE - F—(EEZ &I (Residual Block) B 87245 (Residual
connect) #HfF - A AAEMBEINIFE 1 -

K. BN
[Table 1. Network architecture of ResNet]

i Module Structure Size
0 - Input 43 Fbank-pitch(43 x T') 43
1 Conv Convld, 1 x 43,64 64
1,48
2 Conv {“I, -18] X 2 96
1,96
1,64
3 Conv 3.64 | x3 128
1,128
1,128
4 Conv 3,128 x 3 256
1.256
1,256
5 Conv 3,256 % 3 512
1,512
6 Statistic Pooling Full-seq 2 x 512
7 Segment FC 512
8  AM-Softmax # of speakers

2.1.3 EEIFIEMHKPErR B EREHZYEEE (Combination of TDNN and CNN)

PR I A (A AR PR B A I AE AR B Y 22 A - PRI It SRR Y AT 5% 2 i B
RAVETEEFATH SR > BERRAENE R RE NS ERE &N > BREHEEE R
sk ARG A/ NG R E AR RO S & S e B, - TR A A s Y o B PR
i PRy A AR A R (E L AR 8RR 1 5 A Tl o AT A W e R A A AR 4 R AR AT R
BT LA MR8 Ry WA B 2 R » PR AE (AR A 1% 28 J S R AV BT 0 » AR 78
THACHERE AR - ALRESRIR AV B OB OR » (B RFEEEIRE T 4 - (Rt IR A
& Gt T ERSHIZRRE - R 2 AUAEERA TR SRR R A e R AR R
st EREBOIA R 2~ 3~ 4~ 5 REEANER T A FEEANEAZERES 3 [ %
ZRREORBE T H FR Iy A 1o AE A U ARG (B AR SR RN RE T - (Rl i S e
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B LA AEHURFEAVRE ST -

2. RS RS
[Table 2. Network architecture of TDResNet]

# Module Structure Size

0 Input 43 Fbank-pitch(43 x T') 43

1 TDNN [t—2.t+2] 512

2 TDNN {t—21t1t+2} 512

3 TDNN {t —3.t,t+ 3} 512

4 TDNN {t —4,t,t+ 4} 512

5 TDNN {t—5.t,t +5} 512
1.512

6 ResNet 3,512 | x3 1024
1,1024
1,1024

7 ResNet 3.1024( x 3 2048
1,2048

8  Statistic Pooling Full-seq 2 x 2048

9 Segment FC 512

10 AM-Softmax # of speakers

IMAE (Li et al., 2018) Z@ o » fEETR T B PIEUA M AT AV L5 72 1 57 (Time
Delay Residual Block, TDResBlock)Z%4# » {E it B IR e AL RS AE D A B3 22 1
PR - BV FELZ RN M BB ARR G E] T EE YRR REE - A R
B8 22 6 B AR 2K B R S R i {EL AL TR (0 P S {2 e R Y IR R s [ A A T -
R 22 B R R & A [F R BE R Y & AR - [Fl > PR B4 vl 22 11 0 B3k
TIERIEYEEBAL A e AR ERERRTRR - LS B8 E R iR g 2B TR
B > NIETR M E S TR IR A G R IR - JRREUAE S -

2.2 MAbSE (Pooling)

B TR et E I E R A T L 2 A - Ry TR ISR N S R
2 HMEH [ GhostVLAD (Xie et al., 2019) /574 » 3% /7 7AEH NetVLAD AELREN
AETT KA » NetVLAD 2 —f@ w4k 73 B - E B M0E R EE S E RN R BT BCE
NEEE  HEHEZNEER P OB E RIS > A K x D K/NFE
P Vo LNy NetVLAD FHEAZ :

eakxt+bk

V(k ) = Eimt g gty e () = () (D
k=1

Hep K FORBRE B —HEETWESE > D NG —(HEVLER - BEEERTEH
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MEEBMEE > a0 b0 o EHMERIIGEEINS2E > ZAHIFTHEE F softmax > &
WA x. BINEE k AUBESR O REE RETE x BEEOAVEREE - S0 DART-FEET R A
softmax fE{F Ry EEEEAVREE - FEREFT S RARNN - B HERATA HYEE & E Rl i (R AV L 7]
& V-ifi GhostVLAD HYHUEFERA[RI1Z (SRR - A LBl A G i S EREIEHE T
WL —2K - FEFISRAEES T > REFRAEES B L E2EMRLLAFEUE FHRNE - FERZ W B R
HEBRAVEET TR R e BERREVREAR & 2 B E| R (E RS HE B AV B0 - (RIRLLEF ISR LA TR
A AL A8 By Ghost B > B RIS (E 5 7ARTHIZ - [ Ghost Bft/E S e EdF Y
S ERREN K (EEFERIMNEI G {8 Ghost Bf » &I&FHF (K +G) XD Ay
HERH K x D> G AREZHY Ghost BEFFPRE o FMHZ IR R dnsm X HAVESE - K =8>
G=2-

2.3 /LB (Loss Function)

AR By AM-Softmax fEREEIMIVRE S5 240 » UL softmax R
BHERAMFRF(Y. Liu, He & Liu, 2019) » [RELELHER ST softmax > F (M 5 i E1H¢
AM-softmax > ZIBR BRI A S HRIVRE S5 A softmax o AM-softmax $BRHEIAF
W

es-(coseyi—m)

1
L=- Z i=1 lOg es-(coseyl. s+(cos ) )

-m) , yc
+j=1,j2y;

cosOy, RFEE i (g ARV 2 PREE R 2RV AL ERZE > m AIREALER > 52
REGE > ARREAEEGZENAN  m f1 s @2 SEBLRENEES
FKAbcos6,, —m REERHE A E B E A AR AR/ N M2 F FHimSGREs = 30
m=0.2-

2.4 &kt (Back-end Scoring)

2.4.1 SHTHERGMEHIFISHT (Gaussian PLDA)

‘et oy g RN S TR G F A 3 M - TS R SR A EE ik AME 3T IER
1b > R EREEE e ABUERYE R B &R (Linear discriminant analysis,
LDA) 2Kk ARVHEFS R4S 250 4 » M R4 R AR A G SRR G M R i DA
BRI ER MBI A a8 (Adaptation) AYFHEE » Fef& LGNSR IF ARG B A
R SR HEE R HYEE ik AR T8 -

2.4.2 3ERE (Score Fusion)

Bl 24 E A ARV ERATERLES VAR > DURASERERVEFI A AT AR AR R oA
SRR Es TR T REREIRENZARI WSS T SRS FET R AR 8
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A WE 1 BRI ARG A o A B R G F A oy el i sy 28 > B —(E
FEFUHR o7 B W T 4% > W78 BOSARIS toolkit (Brummer & De Villiers, 2013) ZRFZEIE
MRS B EaHEE » FIEERERH FFSVC 2020 BH#4E -

System 5

ResNet

_ System3

PLDA
adaptation g

TDResNet-G §

System 6

B . #S R E A

[Figure 1. Schematic illustration of fusion strategy]

2.5 #EAIFEE (Model Fine-tuning)

AR R E SRR S RGN SIS - [V &7 & BUREF#E
FEEB—EET > SRR ERE » i SR AR E RSO &R
B ER ATEIES > BE DISOR SRR RN SR AT A R U E Ry PR 88 (Pre-train) (58 > £%
B E2HE (Transfer Learning)fy 7= » ( FSCAMHRBAE R EEA - (HEFTE 7 A2
{EE R EAVIFR - PRELFRAIIME A S e ol R A R A M T 1 o3 AT B AR 1 1 o3 7
FHBEOTE R RO E R > REAET B B AR S — EAIRER -

3. % E (Experimental Setup)

3.1 FlIgE&F (Training Data)

LB T HEALNY FFSVC 2020 3lll84E » $RAIZAR v JEl 51 Jr 4% > TE R B 22 Rl iE i ~ R EHE
RLARAEIRER T s B - s 5 N A E R EEmIVERAERAR - bR T EH%
BERLZ b RIEEEFREOK - PR 7¢ OpenSLR (OpenSLR, 2020) FHkEERAE R » H
P EEEETE AR AT SLR-85 (HI-MIA) » 15 T 257 & ARG EAHEF R -
Mt T S H e g N A B ER EHMIVEREE - 775E SLR-33 (AISHELL) »
SLR-38 (FreeST Chinese) > DL K SLR-68 (MAGICDATA) » [E]HF & 7 B gl S &kl YB3
M IR AN A T ERE S 7 E&CH [/ SLR-49 (VoxCeleb)#2 SLR-12 (LibriSpeech)
BERHE » IR EERH T 7 [EREERHEEH DI SER - 2RFIRATES % T
a8 R/IN(Batch Size) £y 32+ EE4A5EE 22 Fy 0.001 - i 23| 4R 25 BUR R 2 0.0001 -
FEAUFE ] Nvidia GeForce GTX 1080 Ti GPU |4 6 {i& epoch -
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3.2 &fejiEsa (Data Augmentation)
IS ERHRHERIG 58 > — B DUORED 14 50 F 7 5 g eE 2 i A AYAY 8 (M (Robustness)
iM% mam 3 (Qin, Cai & Li, 2019) AR K » fREGHVERET - JISE R EDIEERHFAE
EARAERHS > Wit A T EHEEBSIIRE > KM ERERRNERSE > FH
KALDI toolkit (Povey et al., 201 1) DAL J5 =34 s T AMAVFI SR E R » B CER 48 HS o
BHVE RPN SRR » 22 3 BB gl saBi2 Ay &R E B A J7=0 -

7 3. FFAFERT BT A E S T =

[Table 3. Data usage in the training process]

g s o mEl EERE BT VRHESR  ASRIERIISE  PLDA/PLDA Adaptation

FFSVC 2020 464 | 120 1403383 v v v

HI-MIA 296 1,157,723 v v
AISHELL 2331 1,129,626 v v
FreeST 443 102,600 v
MAGICDATA 1,080 609,550 v
VoxCeleb 7,363 1,281,762 I v v
LibriSpeech 5831 292367 i v v

3.3 BB (Acoustic Feature)

TRV R > B/ KALDI 40 4Ry FBank BT 3 4ERYEHE - W H&E—HUEEHER A
16kHz » FHERE £y 25-ms » HHERILFy 10-ms » MFRHEHEIHGE R @ (EHEREENEE S
JE M HI(Energy-based Voice Activation Detection) sk 25 9 A S AVE S H B  F B,
FH > AN EENEE SIS NG R E 2R AN - FE SRR
FREE 1 { B % S 80 TF #H /b (Cepstral Mean And Variance Normalization, CMVN) » [F{E5E
BERHEATRZ R (BTSSR RERR A -

3.4 GHEEHERGE (Development and Evaluation Data)

{5 F33E 8 5 Frfe fik Ay FFSVC 2020 BRS¢ SREibgaa e - BT BN % [E FFSVC 2020 H
REE > EIIEEEA N R o (RIGHEEOK - MR LT A S A 1 Rak i - &
SO RS SR B FRE(E R - P R B A P S SR AHIERAE SR - G DU SRR S
FEBRRE SR AR > NILRASE SR IS BEE AP ISR T - R R oRs
SRAVAFIR -

4. &5 (Result)

HAFGEILE RS T TSR E AV EFR S R ERVREE - B —HIER 4 VAL A% - oAl
fR IR A A GBS, JRE A KRR~ IR AR 2 (A A S ~ IR RS 22 AR -G (R
GhostVLAD YR FERE 2= A AR ) FIRE S AL - Al B (£ IR AR5 72 (AT AR, ~ I A 22
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RS -G MR R AU e RGBS A pa 0 DA RACs o SR & kK oy _E 1
MY ZAE > 808 o Bl S AR SRR Ry B PI38i #8 6 Primary System 1 /2 /2 WML
TR R Z A S AN A o B 5 P IR IR T 7 peh A A B R T f A A -G )
fE R Single System 1 ~ 2 A XL Single System 2 FRILE(E » FrA&ERAIE 4 Fr
F4. FFSVC 2020 =G5 EN 5/ DCF fI EER

[Table 4. Minimum DCF and EER of the FFSVC 2020 development data and
evaluation data]

Development Set Evaluation Set
Task 1 Task 2 Task 1 Task 2
PLDA PLDA Adapt PLDA PLDA Adapt
D Model minDCF EER minDCF EER minDCF EER minDCF EER minDCF EER minDCF EER
1 E-TDNN 0.9286 11.94% 09231 11.82%  0.9503 12.86%  0.9479 12.43%
2 ResNet 08755 1121% 08851 1041% 09131 1247% 09191  12.02% - - - -
3 TDResNet 08694 11.02% 08740 1023% 09220 11.6% 093 10.88% 08566 1145% 09132 1136%
4 TDResNet-G 08374 11.59% 08295 1033% 08650 12.11% 0.87 11.39% 08197 12.19% 0.899%4 12.11%
5 Fusion(2+3+4) - - - - . - 07703  9.94% 08762 1031%

4.1 BEE—%% (Single System)

Single System 1 HYAMREUINFAENE 2 AL AERE BB Tl - 1 5 TR AE PIAL 4 e B 6
(B E SR SR - AL RSB - 1ERMEUE AM-softmax > #t AFEHLESHY
SR TeHE F I SRR EE R SR R0 7 A R B - T R R (R — B AV RIER

EHS— RSO SEMMELIE SRS S R IR R B AR SORERE

N BB e < B E W FEE  DRIE AR AR A1 o A B A A M I 1) o A i 2
PREEA EHERS 8 PR F R (A — AP EE T FFSVC 2020 HI4REE( s f4R5% 1-30)

fnk SLR-85 - HEkFHNAERE “IRE - SKHE™ - iSEEAT HAVE Ry TSSO RIRTE
MRS AR > T SCARERI AT — RI{EE 255/ FFSVC 2020 %R -

(a) TDResNet (b) TDResNet-G
B 2. FFSVC2020 G245 i1 IR i BN IR HTRA KB +-SNE 2 & 1E

[Figure 2. The t-SNE visualization of the embeddings extracted from the different
model embedding layer on FFSVC 2020 development data]
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Single System 2 AIZFRH{E Single System 1 AH[FEIAVEEAUAAE - HE—HYARIFEFAE
JEPEF RS ET A B & sk GhostVLAD > 5| R &0k} LA 2 B0l S (ol iy SE & b 4h
Pt (s A t-distributed stochastic neighbor embedding (t-SNE) (Maaten & Hinton, 2008)
K53 RIS Single System 1~ 2 HYSMEREIRAGEZAL - DULEFAE A E A B ¥ i A
BB E > GRETRRE 20 WA LIS - B GhostVLAD P HUH AR YR ALL
t-SNE » rEERIREaat b - HZAEE A _EFEfE A EE# - M1E minDCF AYEF
HEEAEACE - T BEAE AU (R Single System 2 HIHEE RIFE - EHFIRAE false alarm
1 miss A [FFEEAIRIT T > Single System 2 HYEREGCREE Single System 1 4f »

4.2 4% (Primary System)

4L BOSARIS toolkit ffifrifa{& iy 24t {F f Primary System 1> S ID 2~ 3~ 4 {E &
AL » Sl H A {EEEL 53 BB RE 1R U B AR MR 1 53 AR AR AR MR 1L 53 A
#REoyEs - NILERAREERE 6 [BEREN T RAESEMERES - MEHEME K
IR 28 PR ER - HMER— b EER 9.94% » minDCF 0.7703 » 1F 22 RS EER N
thHE# 14 & 0PI EER 10.31% > minDCF  0.8762 > F 19 RS ER AT HEA 11
A

4.3 BAEESYT (Development Data Analysis)
#1¥f FFSVC 2020 BE4E > T DUERS —ATHE AEGE 2 i 4 Hlst T 251 ~ fE s sl 2R
REGERIEE > R T A - B EEHRAERE TR AR5 trials 3£ 53,996 S
RE AR R IR HIE ST - 78 53,996 SEHIE R HEE EnVic Y - RILEEHEE
R trials B8 & A LT £ -

5 B E R M B AN (5] 2SR N RS R ES W1 5 R 0.25m
Im ~ -1.5m ~ 3m J Sm 3 FIFR gk S 42 B AR EIRYCE FERE > 0.25m JRyfk 2 5 5 i Ha st
A 0.25 ARGE > DA - mEStAIFR RUCE FEBEAE R » BE s SR ss ASRUE « F4P
LEFAT 1m BYFEEE TSRS - M -1.5m AYFEEESCR R » R EULE T [ B H it PR
BEAESZ - DRI AR A SR 2 U 5 I A e

25, IR AR
[Table 5. Effects of different spatial distances]

%Eﬁﬂ/fﬂ“%t‘ Im -1.5m 3m S5m

025m | 8519 1099 1075 9312

PERMERMRITE £ 6 B MR NEREZEBNER RERITLIE -
sk MBI EA R R B 3R 1 a5 ATV - BB ARATE - 110 & PR 0
AR ARG > SR ELEE HAt A IR ARG -
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6. BN IS EEENTER

[Table 6. Each noise condition and result]

F- B/ AZE + B

T - A

S - HEMRFE

E 7 HEk F T S
F 3.922 13.06 12.15
T 10.65 625 7.543
S 9.735 8.561 17.143

RENHERNEE R T BURSER P RBE BGER » SRBUREE RN
BRI > HIORRGER - AR IEFEER - WM - EakMeisii s
PHACA > SR A -

1. BB IR R ETER

[Table 7. The average speed of each speech and the result]

sEfF /7 HIEL | Slow Normal  Fast

Slow 8.318 9.457 11.69
Normal 9.683 9.584 11.46
Fast 11.75 11.5 9.324

VR B(s) | 2.39 1.96 1.76

5. &5 (Conclusions)

BT  FFSITT FFSVC 2020 » S f I I p At AR B4 R A s B 1 AT
WHAE 2200 AR ([ BB A &+ 3 — BT A PR AT 25 A 48
BRIV AL » (DR B MRV I B A SR G M B BT S L FT A & 255 - %%
G5 BITE FFSVC 2020 FIRISE SEBIBRE e E3TeS - (0t BB I LR 2 A A D B 5
T RS IS BB T GhostVLAD 3 BB T4ttt (LG L -
4 BT & SR (75— B minDCF 0.7703 » EER 9.94% » {E(£75 — _EI
& minDCF 0.8762 > EER 10.31% -
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