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Abstract: Hyperspectral image (HSI) is widely used in anomaly detection because of its rich spectral and spatial in-
formation, and plays an important role in the earth observation and deep space exploration. However, the existing hyper-
spectral anomaly detection (HAD) methods based on density estimation have the following problems. First, there is no
joint optimization of the two different objective functions of probability density estimation and feature representation,
which results in the deep neural network being unable to learn more accurate probability density function and low-dimen-
sional representation containing inherent information of HSI; the other is the lack of adaptive fusion of high-level spatial
semantic information and low-dimensional epidemic spectral information. In addition, with the development of spectral
imaging technology, the volume of HSI acquired by satellites or unmanned aerial vehicles is increasing. In the context of
remote sensing big data, it becomes very difficult for traditional frameworks to process HSI, posing a great challenge to
HAD. In this paper, based on the above problems, an end-to-end spectral-spatial cooperative autoencoding density estima-
tion (E2E-SSCADE) model is proposed. The HSI spatial features are extracted based on two-dimensional convolution, and
the spectral features and spatial features of hyperspectral images are combined with the low-dimensional representation and
reconstruction error representation. The end-to-end optimization is carried out by combining the density estimation net-

work, and the anomaly detection of large hyperspectral images is realized by distributed learning. Experiments show that
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the proposed E2E-SSCADE can excavate the low-dimensional representation of HSI intrinsic information from three per-

spectives of spectral vector, spatial dimension and reconstructed space, and construct a more accurate background model.

With distributed training, fast and accurate anomaly detection of hyperspectral images is realized. The proposed method

achieves 99.07% accuracy and 3.41 times faster detection on six classical HAD datasets. The code is available at https://

github.com/majitao-xd/E2E-SSCADE.git.
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FALRITCE AR N O B S5 257 JUAH . B g6t 2k R 2556

2 A BS 2
L2
BS 5

X=X |yi_yi

(20)

R T LA BN IT 26 56 F %) F 28 50 3% B FBIBORT, AT LAk 4
P LA 7= A DR B AR AE

3 Hmils

o3 A YN 2 B 1R RN G AT 55 FL 48 241
S [T A B A PRI 2 B AR SR R AR A B R
O HSITEUE , SE 3 T — A0 i 2C HAD HESE . 4075
KGR EZ AT —J&I-47 O T X 26 &
B R BRI AT IR T AR A AT g
P IEAT 2 S s 5 E VN ZRmir AR AR 9 SR A T P 4
K90 53 I O B0HE 53 038 AAS TR A2 20 A s
A AH T A ) 28 AR R Ik ] LA 57 A 52 BT 1) £ 7% A
S MG R R TR AR L R S S R I AR e 2
S230R [ OB (S B R 26 A A, O LAl
SO [l i AN BRI BB B (R B, X — 2t
b e R S A 32 () 26 3 8 S 3 5 All-reduce 5575 52 1%
() . XA [ A S B A5 80 1 s B A i ok 24 (B
HEAT AR AT ARS8 B[R] P 3K B 7E (] — 9 A i
B TR B RO e 5 22, 2RI T IR 1) [
BFJLT- AR 2 XSRS i = 2R g . e A, SR 2 2
) HAD 757k BB 5 5508 i HST R T2 0% B i e
PE S B AR A HTEE 4709 77 338 5 HAD
1155, B 3 A SCHE A 4 A 20 HAD HE SR P . LS
A SEARR B AR HSTEOE X AT 25 (R R iF $E B 2]
Y4 XOR YAk R — 2 EGOT 0 — 1k, B 43 e A 2]
AN T4 A5 8 T 28 AT I ] A 406 RS2 ) A% L 15 81 7Y
o B R P 2 o Ring All-reduce BT R A, T
S P R) 25 B B AT AR A SE B T — kA
3.1 ETF Collective 229 7 il 45

Collective 224 J& —Fh L Pt AL I 420, I A & 5t
BN TR el S G S o I R A Y
(Worker). 2= 3CH2 t 19 43 4 =X HAD 22 44 ffi ] GPU VI
G5 B AR G A 1 e 20 A [ RRAE AR B reshape
A —Ak A5 20 V3 — 10 9 1% 1) 1240 4 R 2 (8] 4 1E 4R
B 46 A A RN ZRAE AL

BEENA TG W, W oo, W b AE R
Bt A2 o AR X Y R B A F 8 LT
WEW A NX, e RESPH Y, e RESP,

FEBAEIATRLECT B4 19 ASAE it A ) 1 452 78
JeZ 8. U, Lh SSCADE,( - ) fil SSCADE, ( - ) 43 5l %
7 E2E-SSCADE [ Hif [a] 1446 A1 S a1 444, 75 s w,
TS T LA AR N

Li,:=SSCADE(X,.Y,; 0,) (21)
grad”= SSCADE,( L5 4,,) (22)

Hodv, 0, F1 A4, 5 FE R B R ) 45 2 BOMB0G | £, Al



1012 I S 2023 4F
®
. _— e T 7 ()RR A P
N FEIE EIE Reshape to b 1; Ié RLXP
X € REXB
® i
R T 30 70
— -
@%A, E%Rem f@ps RepC énmm
“‘ Worker 1 ,'l “‘ Worker 2 ," “\ Worker 3 ,’l \‘\ Worker N ,"
AE-1 AE-2 AE-1 AE-2 AE-1 AE-2 AE-1 AE-2
ENet Backward ENet Backward ENet Backward o ENet Backward
RIkAE RIEAR RIES RN Rika RIEA RIEA RIENR
SRR Hu B JRi i E AR SR Hub B2 JRIRRIE b
[ FHFRing All-reduceI4 fE [H] 5 ]

K3 T oA 2RI G E2E-SSCADE J BRAE &

grad” 73 Bl F R Y G B b5 6w, B4R 140 R AR
BEAS T S TR A R R AR B ST B T YT 2 TR Y A8
B R R R D A
3.2 E T Ring All-reduce F#6 E E 5

Collective 2R & —F [ 2L YN 25 284, &> s 2
(] P s J32 A 46 2 3 X A 0 I, 2 v DI R Ak
AR — A [ L i AR, 338 All-reduce 534N
F2 A4 ) MapReduce 559 38 8 23 686 B[R] 20 1 A v
FEBR AT I [A] 15 1] 22 Bt 2 43 A1 =0 2% 1% 7 a0 BE fin
IF, A6 J32 (] 25 Pt 6 04 B (] 7 11 23 BUAS 380 . 17 Ring
All-reduce B0 86 B2 [A] 20 S B AT T 8 OPLAL , K
WD T DR S N T T R F) B ] AR

Ring All-reduce 5. i% FEAFE W AT, ) Scatter-
reduce Fll All-gather. 4% 51 23 57 — A FRAR B A7 1)
KL, B s A — N ZE R AR, K S £ 4R
RIEEAE T RN RSB E . B 4 s, F s w,
A b 6 B B grad” 3 NS

grad” :[gradnyl, grad, ,, -, grad, . gradn!N] (23)

Scatter-reduce #AFE 23 #E 4T N— 1 LA, ik E
FREF W, 25 AT — UM B B 9 A5 i, AN i 52 b [ HE A2 46
ik — A IR S8R R R B el S S5 A
SR A B R BRI . R R R R, W, IRk
AR ] 22 QB K ik Bk grad,,, HFHEISCH AR Ak i B 27—
UL AR 1] 22 4B K ik B grad, ), I 4R WA 4B K 3K 11
Yo, LI e 2 R ik 58 B grad, . HoH & T —IR
R BB EE R R T HE B T T n WYBUE S L, W& 5]
BOXE NS B 7, -0 grad, WS

WINZE A A R A, B

N
grad,, = zgradi,(n+l) (24)
n=1
Horp, grad), A5 T TR RIS n 1B B
=8
PSS

WA 5 BT 7, 16 All-gather H, 35 5 W, [F] A 5 22
N—1WER, BRGER W, AT G ) A2 80 &k —A
P B AR Ak e, I RIS 0 B A b X i
o B TR REN R, W, 5 — kAR £ 48 &
% grad), ,, It AT QB HE UK grad), 5 R & AR BT K%
grad!, AL ZEHE H 2 % 36 5¢ grad) . BEIEY 5 w7, bt
A WPRELE TSR R EEF R R

grad'= {grad/, grad;, ---, grad/, ---, grad)} ~ (25)

Z, & R ST RS R 2D . A e B[R] A
J5 AT R IBOH RO O A FaR R R f
JHHREE SRR, S BB BE S TEA ML 2, B 2T A
A B B A BIASEAL . RS 455 R R IO A A db iy
BRI SR, T80 BE SR B AL Ak s AR H], &1 Ak s
PIRERSS RO AR A . IS &1 mOR AT T — IR IRk
R, B R ARICSL . G s B AR AR, AT LAk 5 A] fE
AEAE R SO0, () BF AT LAy 2043 A 2 2ol F v
G EEIE NI = R &

4 LGS

BT WEAS SC TR H 5 E2E-SSCADE BYAA 201 , 4
SCHEAT T AR S5
4.1 HIRENB

ASCHSERAE T 4 A R B4R 0 dE 7 A
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e | [seatterreduce | [[seatierreduce | [[seaterreduee || f
i | | ELKIBIUR || H2UGBRUR || HN-UKISR
T [ 3 e bbREsR || RMERRER |)

EAb 2 F2RAEH BN-1RfEH

‘Worker 1

1

I

1

Gon !
||

Gy +Gon + Gun !

. 1

: 1

1

|

Gin+Gyn + Gy |

‘Worker 2

' - ' ' '

e B IR R i i i S TR o R, o -
T B T S T T T T T T T L o e e e = _l
: , Gsn |
1
Worker 3 1 L83 Gsz+ Gz Gs3 Gsn 1
OrkKer S oo 1
: Giy+ Gz +Gs, Gs2 + Gz Gs3 Gsn :
1 : . H : 1
: :
:_I Gyy+Gyy + Gy | Gz, + Gy, Gs3 Gy +Gon +Gan+Gay :
T p— e e kR " _l
: GN,I GN,Z GN,S GN.N 1
1
' Gha Gy Gns Gy |
‘Worker N [l - - oee - h
: Gy, Gz G Gy 1
. : n s 1
1 s | — N . 1
1
1| Gia+ 6oyt Gy ++Gyy | |GratGopt et G| |61+ + Gv2)3| Gy :
L

All gather [t 1]
UEHARER

Worker 1

All gather55 11K
TEARSE R EE R

Worker 2

All gather 527K
IEARJE AIBR R

All gather 35 N-11}
B KB

r
|
1
Worker 3 |
1
1
1
1

—
EAV e

Q
N

[
w

—
EXN S

e

1
‘Worker N E
1
1
X BEN-1AE

€5 All-gather i P R BRI (B P Y G 3R SCH Y grad i= 1,2, -+, N)

[F37 50 R AL 00 HST, Hod 6 4 m G st 2 R I E2E- R G IS B A SR A A SR H AR 80 1) A 2 5
SSCADE By HEsf M A R, 3+ s i FH T — AR B A PERE .
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(1) San Diego Z0 45 « 12804 42 f 78 15 26 b W+ b
X 1 Airborne Visible/Infrared Imaging Spectrometer
(AVIRIS) 7EHLY 7 5 R 46 A RO LIE BT Hh A 21 1)
TZ W . 2B AR E PR LB I, AR SCfd A San Di-
ego-1 BH BRI A 189 AN i Uk B, 7 55 T 370~
2 510 nm (3K, HA 100 x 100 423 (R 3K . 7285
AL 1?*)1?@:{:5%1"35635%%‘%,%3@134/\@?
1 3 B R ML Ry S B 0 P R TR R
Fre&anE 6(a) s .

(2) HYDICE %% 4l % . iZ % 45 % i Hyperspectral
Digital Imagery Collection Experiment (HYDICE) 7£ 3¢
ST ML X R AR . JEAT 100 x 80 MR 2 A 162 453 i
B, Gk 4 #1010 nm, 25 [ 40 H0R R 1 m. s 3%
FLAGAE DL ST I BRI, SR R R TR RN L
YRR, B 5519 MER - B (UG A
WARZE M 6(b) 7R .

(3) Airport-Beach-Urban (ABU)@*E%WJ - ABU %L
PEARALAE T 13 18 100 x 10015 3 | Ik BOBOR 55 (1 @ 6 1k
B4, B T urban-4 245 4E i Reective Optics System Im-
aging Spectrometer ( ROSIS-03) %42 , HAh#F HH AVIRIS
SRAE AR SE G Ve £ H A Y beach-3 , urban-1, urban-2
Al urban-4 V5 A 52 560 1) KicHfa 48 3 I 5 1) 3 B g o il
188,204,207 F1205 4, 5 X BB 11,67, 115 F1272

EAE S FbR

MME R BE £ 0 Do B 57
& 6(c),6(d),6(e)F16(f)im.

(4) Grand Isle 5045 4E iz B ¥a £ = i AVIRIS 7£ 38
] 8% A2 BILAS 2 3 01X 1 A VG SRRV R R I SR 4R
1, 4 300 x 480 MR Z F1 224 AP B, B 15 T 366~
2 496 nm PR, ZS M 43 PR R 4.4 m. Gyseh R 2
Eﬁ%“f?:%'%mlimk aﬁ%kw'#ﬂﬁm%%‘?ﬂﬁ}u_%
e ] S8 HbR . B0 0 Dh R o MG N 5 A 28 n %]
TR .
4.2 LIGIME
4.2.1 MEHE

A 3Cffi ] RX, CRD, AED'®' | E2E-LIADE, AAE fE
FXF R ARG SCHk[5, 8,32, 21, 17 |RE £ 41 X 4%
MR BAES . Hh RXBIRETE R AT
KT 5 H AR B SRR 2 70 & B o A i ik
T A S 33 AN 7 S AR () h PG IR B AR A K B S
B H AR FRAE ; CRD B A I T UMEF R kil 524 H xR
AED J7 7530 128 Ja 14 U 0 AR ZR WS R vk A T 2L A
A2 DX R AN RIS R AR 1R 2R SRR AT %
PRIFIR UL 15 2] 58 K 25 5 ; E2E-LIADE 5.9k L T4
22 2% FI1 GMM 5 21490 K6 45 31, I 76 I 22 0 15 5 3l
il s AAE J7 335 T X0 A Fi i A 7 R RAE SR E, IR
Ja A FRAEA T SR H AR ARSI

W bR 2 o

E2E-LIADE E2E-SSCADE

o . . .. . . . .
-~ ANSSENE
- NMEEREE:- &
(e) urban-2 . .‘ . . . . . .

o . .

o  AFEHEEN R aEER

[
.~

& BAR, LIX RX, CRD, AED, AAE, E2E-LIADE, E2E- SSCADhﬁ/zETﬂ’JMﬁ"
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(a) RO ]5115

4.2.2 MEEEITfEIESR

TE I 25 R VPAG |, 3250 T AR 4R 1E Ml 26 (Re-
ceiver Operating Characteristic, ROC) ™ F1 ROC AN
% 17 #2 (Area Under the ROC Curve, AUC) [34] 2w FH Y
PPAL 5 1 . ROC MR A S HAD w732 i 1 (4937 b
W, B = A S 80 B BB % 2% (True Positive Rate,
TPR) . fl¢ FH ¥ % (False Positive Rate, FPR) 1 [
(Threshold, 7). ROC i1 £k il LI 4§ i TPR H1 FPR Z [8] {1
A OCER , MMZ T T L AUC, F T 5t 1 P e il
fiE . AUC (TPR, FPR) i K 2 7% 6 IR J8 8 5 , AUC
(FPR,7) B/ NR 7 ke 3 I
4.2.3 HASKIGETS

A SCHE ) E2E-SSCADE Hi SSCA il ENet 21 A, 4
Wi, SSCA 1 AE [1) Gt it 2 I A 255 DL S Ak T 19X 24 #4002
PS4 3% 422 122 0 tanh 3005 RS2 LY, F T35 A] R AR
SR AE 1 BB 5080k 200, H, 200, 125 (8] R#IE
PRI AE I BT SUBCR 30, H, 30, A I 25 114 [T
WS ECH 60, K. Y ZRaE B, i FH Adaptive moment
estimation ( Adam ) fLAL #8XF E2E-SSCADE #E47 Vi B v AL
b, 24 2] BB E N 107, batch size & 4 10 000, Y12k
EACURELA 20 UK . AR SCRY S 3o f FH A TR B2 2 ST HE SR Sy
Paddlepaddle-gpu 2.2.0, fift F /) i {4 1% £ = 24045 4
GeForce RTX 2080Ti i . H:77, batch size 5% B & 5t
TREF A B PR RE  H SE R B 25 TS T HSTIY 42 )R
PRI T 6 B R In#RAE , IR SEBR Y batch size S 45
B R R B oAb, LR SR (20 ] (0 H A, B
E2E-LIADE A9 batch size i 5, {4k %% 4 Stochastic Gradi-
ent Descent(SGD) , 242 2k 1074, AR ECH 1 000. 2
P SCHR 17 T A , B2 B AAE A9 batch size 4 10 000, )
B2 0 SCD, 2% 2] 3 107, AR BN 150. SLHAR A
. https : //github.com/majitao-xd/E2E-SSCADE.git.
4.3 HHERINEERES T

TEASEg v, A SCHY S5 81 Grand Tsle £ 42 0F
A SCH M AR RY 8 3 A1 252 B AGPE BE L I 20 )5
1,2, 3F4F5 8. W, 8 7 ORIER RS (A2 filt b, 4%
SO A — L SL B AR IAT T S IR A5 R BCEYME . K8
AR 15300 LA AR B R e s B 20 R T A SCH H Y
B 1) 53 A 205 I e A v A i P BE AN I ] AR . DA

(b) 5t H
7 Grand Isle B4 A2 K 45 S

(c) E2E-SSCADEF il 25 Yt

R LB, 45040 U G Ae AR S B 0 R4 T A sk
ML T E2E-SSCADE [l 2453 i .
F1 HHRGHRRLKET S mEELE

W AREUA i ) /s T L AUC(TPR,FPR)
1 17.72 1.00 0.990 5
2 9.70 1.83 0.992 1
3 6.72 2.64 0.989 8
4 5.20 3.41 0.9890
- O - FEIE L
4 | | I SRt ) °
—— RN (47 48) L

i l-t('f‘l 1)

1 2 3 4
AL

|
I8 o3 2 2 AN [ JEE 1 s v BE Le SR 14

4.4 SEHW

X /N BRI S AR AT RE A . H
T [ 5 RN 25 B REAE (4 AR 2 27 1143 38 58, K & GMM
HITR A o 8, o 2287 28 AV RRAE X 25 15 Al DTk )
SHL, A S BN 25 [ R AE XS BB 25 5Tk i B S48, 4,
2 2 P28 10 R 2880, 43 i) 367 3K (20) R 1z 20006 45
RUYINZR 0 BTHK , batch size 2% > R Hil epochs 535l A 43 A7
Wl 2 S UR R € A N R e =SB V1BV R A &
TEARSZI Y X e — S G AT 40 BT, A At 2 85
JE AN W AR AE, o H=9,K=5,0=0.1,4,=0.1,
4,=0.1,4,=0.001, batch size N MxN, 2> & k107,
epochs 47 20. SEEGZE SN 9 T 7 , 8 il 28 7 % B 28K
FIME Y\l AUC(TPR,FPR).

(1) & 9Ca) Bz , H BYIBUE A DA 6 1) 12 1 F AR EL
(G245 6 F1 12). 78 H W HUE L /N, I 2% B2 B HS () HST
R4 R v e S B JCHR A 2 B AIE M 22 7, I AE H
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A IR RIS, 19 28 W] RETCTA A ] HST b i) U A A7 B RN
M AT ARG PR RE . 24 H A BBUAE A 9 Fif, R £ 7]
PAPRHRH B ar AR A e

(2) WE 9(b) iR, K W HUE 4 D 3 51 7 1 H SR 4L
(36 3R 7). X T35 5 LA o & 2R B R [ (14 HST, K
P LA 25 52 W A T DO 28 43 2 5 RIS Sk fig . KT
BUA /N RE S RBOEH 4 50 BB G 78 b, JfE
DAY B, 1 K R R ) AT BE 4 80T & AR 3
PUA X DL o e R ASRAS 10 8 Ok . 24 K BUE
5, AT LABT Hb A0l G HST A 54041

(3) 43 9 () F19(d) Iz , o K A, (I BUE K
0.01,0.1, 1. #5 a Al 2, P HUME /)N | DUIASE 780 TG 32 412 B 31
£ 8 HST 25 [V ARAE IR 2 6 7R , 45 o R0 2, U T K
23 (] b SCHR A I 7R 2 ) B AR AR (1 9 FE A O, T
TR M

(4) 435I E 9 (e) MO 7R , A, I HUE M 0.01,
0.1, 1 F110, 2, B BUE 7 0.000 1,0.001,0.01 F10.1. &
T ) 2y BB AR TR A T 090 285 AC S50 3 FHABUIR 285, AT B - b
T B8 0 0 AL TR B, 38 B A, AT DA R R A AR

0.996

0.994

R
o
2
S

FPR)

> 099" > — | = 0992

(TPR

AUC

- - - - - - - 09841 -
09875 7 3 9 10 11 12 3 4

S — 0998 . . :
—_—

o = i
B & < o
0.8 \¢ =X 1
= 0.986 o
0.988 /—\“ 1 0.988 /‘\___/_- {
0.984 {
0.982 { 0980 A B rca s ol 0986 M ‘

(5) 43 nE 9(g) JE9(h) FIE 9(i) iR, T 4K
PR AE MR /NASTR] , batch size 1 BUE e K S B £ 19 1%
FH, R4 M7 batch size 19 BUE 3 0 415 2 B0 H:
12, /4 F /8 wf iy PEgE , Kbl LA, i F HSLAY
4 J51 )@ M |, batch size 28 T HSI B % =500, 28 5 4%
AT, AR, 8K batch size 1 BE 34 hN 58 5% £ 14 F
FHFR . 2 5] SRR, 025 0 LA 8L 2 e f A, 24 >0
R /INE PR 245 WAL S0 1, X B R 2 5 O T R
FEAIS . Epochs 38R 23 B8 i H530 B 8], L4 f 10 0KG B 1
T AHXT B 7N | epochs 388 /)N B o) 26 D) e LA Wi 55 381 e G
4.5 HBRRLIE
R T B EEA JT AE A RO A I R ) S )
AR S5 IR T AS [R) AR B R I M R LS — IRH
fl 52 56 AE AT GMM, I3 1 EM 592 4 6 GMM.
55 RS AR FIAL T2 A DR AR B s L AR SR
i A S i 3 1 B9 E2E-SSCADE. 38 138 356 = ¥k 52 1 iy
E v 2 s O Ak F0 S 3% B[R] B Al ok ) A DU g L i
W25

F2HE 102 “RIHA LR SR BR T =4

0.998,

0.996

0.994/

FPR)

= 0.992

AUC(TPR
S
3

- — 0984 - - .
6 7 001 01 1 10

H K a
(a) HS K50 Hr b) KZHor b (c) aZ Ko Mt

0.998 , : . 0.998 , . . 0.998 - . ;

0.996 { 0.996 ! 0.996
209 oo 0994
% 0.992] é 0,992, ; 0,992
J 099 S o9} o S 099
< < Z

098470 01 0.1 1 10 098475 01 01
}‘1
e 75, 3
@ 1 BRI
1 : . :
0998 |
0.996 1
0,994 1
z
£ 0.99 o {
£ 09
So9ss
<0986
0984
0982
098~ - s
MxN/8 MxN/4 MxN/2 MxN
batch size

(2) batch size Z £/ HT

(h) 1% BT

0.988 { 0.988 e 0.988 =
0986, 1 0986 1 0986 1

1 10 0'9840.0001 0.001 0.01 0.1

43
N 2,28
0.998; T - .
——
0.996

0.994/

0.992]

0.99 .. >
0988 !
0986 !

AUC(TPR, FPR)

0.984

ERES epochs

(7) epochs ZHL 73 it

—&A— San Diego ~—&-— HYDICE

beach-3 === urban-1 =—#— yrban-2 —f— urban-4|

B9 RIEEHRAE 1 S BUUR T ET
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SIY ) AUC(TPR, FPR) \AUC(FPR, 7) A3 0 ] , H
BB 1] ) B A s, TRTESE, R 1 AR S 6 14 28 S
FEIZHB 5 SE 6 U Ok R R g e — gk . 2 h
TIHL B b 2 B A 25 3 . 2P 2 2 P Bl L A R
AE I GMM, -3 i EM 5Lk GMM i 5 B0 T, o ik
A AT Ak 7R AE 4R B A8 v AT BB 2 25 20 A 5
w HARA S B, LA 2R % . 5 AE+GMM_EM
A I, AE+ENet 38 2L B GO0 AL , 7ERFAE 52 B 72 v f
B TR SR BRI SR B R R T EM A A
AL BE AR U IR A, B T HAD AR RE . AH
H T AE+ENet 771, E2E-SSCADE Ky 2% B 3] 1 23 ) 45
FEFNCRERRAE , 75 52 i 7 ARG I f % ) s il /N 17 e
. WNF2 PR E2E-SSCADE Jr /N BE R 1 315
S, (EURG 2K B 1 R T Xt B

F2 HMERRER

[oRIUIRES AUC(TPR,FPR) AUC(FPR.7) Hif i) /s
AE+GMM_EM 0.961 6 0.048 1 56.35
AE+ENet 0.984 9 0.0131 17.01
E2E-SSCADE 0.986 2 0.0125 17.72

4.6 talTkgE

BB AR X A [F] HAD J7 92 (96 I 45 57 1) JK g
 an & 6 fr s, K I 45 2R 19 AUC (TPR, FPR) 1 AUC
(FPR, o) BU{8 40 6 3 T3 4 F /s, BoHL 2 7 B Al 4%
ROC £ 11 firo .

WK 6(a) i~ , X F San Diego BHH4E , A ST H
P 7 92 T LA b A DO o B T 1) Rl LS S AN
i, A RX, CRD, AED Fl AAE SEARAG I T
SR BRI B (B A R MR 45 5 1 kAL B

1.0f

10
FPR

(a) San Diego

T = e

() HYDICE

Ly i 80 g AT I 5 P A 28 1 2 B 2 LAl TSR 1017
50 1 0.05
a0 0.99 0.04

& 3
%0 088 = {003 5
= & =
=20 097 S ooz 2
<<
10 0.96 0.01
0 AE+GMM_EM AE+ENet E2E-SSCADE 0.9 0
R 7 i

E10  JH Rk gs R

AR, H R 5 5 . E2E-LIADE M54 38 4 15 54 19 31 2
il Ay S B, OB E R AR A R . RI MK 4R
W, AR ST 4R vk R ARSI 5 S T oAt v

WE 6(b) T~ , 5T HYDICE 4545 , CRD Fl AAE
AE7E M2 2R AR A D0 T A o S H A, (R A ff
B H AR 407 . RX, AED 1 E2E-LIADE 1% A 1R 41
HA I S AR SCHR ) 1 DU AR G A I T S
Hr.

WA 6(c) firzn , % T beach-3 54t 4 , E2E-LIADE
VA ARG HAS I 5 5 B AR 2405 . RXFI CRD 8%
S HASI T SR H AR A SRR 2 R EUE
ORI . AED, AAE FIAR S 77 16 7 Fi 4 S 5K 1Y
1O B A T % B

WK 6(d) it s , % T urban-1 342 4 , E2E-LIADE
VA ARG A s 55 B b, BB AR . ok
AR SCT7 75 I A - b A 0 S5 G 5 AR P 155 10 G T
TSR ER.

WE 6(e) {7, % T urban-2 ¥R 4E | 48 S 116 1

0710 00 10 10 10t 1
FPR

(c) beach-3

107 10 10 107 10° 107 107 107! 10° 107 107 10 107 10°
FPR FPR
(d) urban-1 (e) urban-2 (f) urban-4
—— RX —— AAE ~——— CRD —— E2E-LIADE — AED —— E2E-SSCADE

E 11 RERE 7 A9 ROC fh4k
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RPN 00 B ks A T SR B, R
T HERMHZ 4T . RX, AED, AAE Fil E2E-LIADE %% ff-
R T SR B AR B AR Z W ST CRD A
P TR 2T S AR R AR B AR p4ny, B
o AR SR .

Wi 6 (f) BT , % T urban-4 3042 4 , RX, AED #il
AAE Bap MR i 1 5w Bs, (A 50 R A

i . CRD FlE2E-LIAED B2k T 3 548, (HE% A 4
Fr BPR g an 1y, T3 B bR ATE SR VE IR
I, ARSCHY iR AR T HBAR B R I I DL T, 34
R T S H s

K6 K 11,3 MFR4FRY  LEEHHT AT
J5 R BE AL T HA X ey 125 , BER 4 M 23 25 HST
[ SRS % HAR .

#*3 ZHHIBEEARRKRNE X EA AUCTPR,FPR)

IEIE S RX CRD AED AAE E2E-LIADE E2E-SSCADE
San Diego 09539 0.980 3 0.984 6 0.563 3 09792 0.986 2
HYDICE 09763 0.966 9 0.9899 09218 0.986 8 0.986 8

beach-3 0.9998 0.999 7 09997 0.999 4 0.986 8 0.994 5

urban-1 0.9907 0.9947 0.996 3 0.989 0 0.9457 0.988 3

urban-2 0.994 6 09385 0.807 0 0.968 1 0.965 1 0.997 5

urban-4 0.988 7 0.9507 0.9913 0.9949 0.9627 0.985 5

T 0.9840 09718 0.9615 0.906 1 09710 0.990 7
®4 ZRYREETERNEX LR AUCEPR7)

LGS RX CRD AED AAE E2E-LIADE E2E-SSCADE
San Diego 0.058 9 0.099 1 0.0143 0.0316 0.018 0 00125
HYDICE 0.0380 0.0020 0.0309 0.0100 0.030 2 0.0283

beach-3 0.0259 0.028 9 0.0127 0.006 1 0.028 4 0.0172

urban-1 0.0555 0.008 6 0.0247 0.009 6 0.1337 0.023 1

urban-2 00135 0.003 1 00145 0.0425 0.0126 0.0020

urban-4 0.0114 0.001 1 0.030 4 0.020'5 0.004 5 0.001 4

e 0.0337 0.023 8 0.0213 0.020 1 0.0379 0.014 1
5 LRiE BELR

AR T I F oA U SRS B E2E-
SSCADE ] F JC Wi HAD , %45 AU 3= 7 26 HST 195k
T A RN ZS [ RRAE i A Rl o — AR e R, i A B
ENet HE 472 BE Ak 11, DA 21 i (1) 77 200 38 A~ B A o
TR AL , 15 2 A1 HST i A —— b R 0 54 K6 I &% 51
E2E-SSCADE =22 iy JLAN #8434 B : SSCA g ot i ] £
4B A 200 23 8] 1R SCRREIR B &, S B
£, 55 G RN 23 1647 B HSUE4E 7% 5 SRS , FFH ENet
TE SSCA Ak T FEA o A, A B w8 6 33 B0 48 XoF 107 B 5
WA, Dl 23w 00 46 09 77 Il 25 SSCA Fil ENet LA15%
FRESH. E2 M EURE DI TR S5 R IR R
U1 E2E-SSCADE 7£ HAD 1% 55 b 3R 8L T 84 1 1
A6 . A3 U2 0] fg e 7 A R0 HST M LA Ak B (4 ) Rt
I MR 5 HST 19 4 Jay & 1 A0 A 2SI 5 19 3 £ 0 200 %
A3 A X HAD 2047 T e Ak, 1 F KRR HSTEAT 1 5K
5 00 56 UE 1 4 A 2 2k fE HAD AT 45 1 9 mT 45 2% Fn
PERE.
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