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Abstract

Accurate identification of ground media in complex environments is a key task
in mobile robot autonomous navigation systems. However, high noise in sensor data
and similarities between different ground media features pose challenges for
classification. This paper proposes a ground media classification algorithm based on
time-frequency features, contrastive learning, and neighborhood smoothing strategies.
The algorithm innovatively adopts a modular design that decouples the feature
extraction from the classification process, allowing the feature extractor and classifier
to be independently optimized and flexibly replaced, greatly improving the system's
adaptability and scalability. The algorithm first extracts time-domain features through
a TCN time-domain feature extractor with multi-scale receptive fields and designed

contrastive loss function, combines Fast Fourier Transform ( FFT ) to obtain

frequency-domain features, and constructs neighborhood networks for feature
smoothing using quaternion distance metrics; then inputs the fused features into a
support vector machine for classification. Experimental results show that the proposed
method achieves a classification accuracy of 99.13% on a dataset containing 9 types
of ground surfaces, approximately 9 percentage points higher than traditional methods.
Furthermore, ablation experiments further verify the effectiveness of each module in
the proposed method. This research provides a new technical approach for mobile
robot environmental perception, with practical value for robot autonomous navigation

and intelligent decision-making.

Key Words: Decoupled Design Temporal Convolutional Network Contrastive

Learning Neighborhood Smoothing Time-Frequency Feature Fusion
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FEIFRALLG 2 o IR AT 35 90 4 S B _E S 5 R 0 A0 PO 2 S5 W (IR, 5 AR T 11
FEE R AT ZIUE R R, EREEEENFER, RTS8
A . FERIE, SEEGEI RN T IRUE g, M T — AR RIAD
SN, R R SRR T B T R

3ETEE BTSRRI

NEACFE I A BE BT RelE, ABEE R FEE M (KDE) i8R
MR, B, WENAER AR

VAR 3 12 (0 B 36F 22 1) (R B B 3 O [ — e 0 A S ) 25D

FFF AT AT BE 1K) 31050 2 ] P B 8 4 A

X H—A A, AT WCER
connected( ) = KDE ( ) + 60 (33)

Hrh, KDE FRRTEHIEE LGRS BT, 8 =—log ( ) A%k
WM T, ONREARE .
X EE AT, A FH AR AR 2 K BT R
o{ 1, ) mneigh fwd[], {12.., }} (3.4)
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=. HEEBRDH

ail( )=KDE ,( )+ (35)
Sk, 8=log (I oI/ 2)AIMEN T, 58 T WESKEBALN T 1 it
BE S B EL .

Bi% 3.0 BT VY ST B R (K AT 4 A 3

WA FEANUTGETFIES ={ 1 2. b Hb BKEN 128 MIUTHT
Wy WIURARIIM %
1/ VR A A AR

2 -

3 for each e do

4 for {0,16,32,...,112} do
5 < metric( , +1, +2, +3)
6 S

7 end for

8 end for

9 thresh « quantile( ,0.999)

10 /7 Fysasia) &5

11 ind[0] « {}//474ikF HUHE

12 ind[1] « {//FEFHNL S
13for - 1to do

14 for {01} do

15 « ibucket( [ 127])

16 if ind[ Jthenind[ ][ ] « {}

17 elseind[ ][ ] «ind[ ][ ] {}

18 end for

19 end for

20// R AT UR I 2%

21 neigh fwd « [ , .., V/K/INA WEFIREH
22 neigh rev « [, ... /KN MIZEFIRLA

23 for «1to do
24 for each gbuckets( [127]) do

25 if  ind[0] then

26 for each ind[O][ ] where # do

27 ~ dist( [126], [127], [0], [1])

28 if < thresh then\\

29 neigh_fwd[ ] « neigh fwd[] {(, )}/ -
30 neigh_rev[ ] « neigh rev[] {(, )}/ -
31 end if

32 end for

15



=. HEEBRDH

33 end if
34 end for
35 end for

36 return neigh _fwd,neigh rev

S, R D3 S B2 e BRI E RN R
( Iconnected)  (connected)

O) (3.6)
- exp( connected( )_ all( ))

2~ (3.6) RSB E Y WHEL T, PP IEEZRE R
JE SRR o SRR Ua IR 2% o R PR B B O R, R B HEFE

42T EERRNRATHEM B

ST ERRER, H R R A /B 25, 2 I 4R/ PAB DR I 25 1)
MagitE o Sk 3.2 SR 500015 2R SRS ) S i 28 AR I 4 1) BE TH B TR AE T 18
SOUACER . R T MR B0 R A AL R AT R AT
1) [Al IR PR R AT RE AR &0 1 B IR A I B e R e A s S 1 AR UK g < sk
Fad, i RPBER VAL B AR R T R, ARG S Bk R SIN T
RIRE p_cutoff FIABIR A/ _EFR len_ cutoff (W EFZEHIHLHI, 7EFRIELTIR R 21
[ I 245 P 2 B P, A7 RGRE S 1 IR B B SR R K M 52 BRI BT
Bl R R S RA R T, 8RR S IR R 2B I
I RERRNL, R T I R A AR 5 B KA IR) R Ta] AR R PR AIC A 1)
TR M AR ) T AR R S SRS AN PR AR T IR R IR, S N e SRR T I
RO T R R R A, W RTT 1 HE A5 o SR E AT R

(connected| ) =

Bi%:3.2: BT R R A ) doe A A IS N 46 1 1

BN ARG )40 JE 51 % , neigh_rev (CHAR RO
28 MRBE =05, AP LR =30
e BASTEMZ = g 5.
1 neigh — [neigh_fwd, neigh_rev]
N[, o 1 /RANHNBIZSIREA
fori « 1toido
visited « {i};visited o « [i] //CVj &S MG FFH%
front « [i,i];front p « [1.0,1.0] //#EZRATHAIHER

while |visited| < len_cutoffdo

ENN VS o]

Pmax <= ©; Nmax « None; dpnax « None

ford {0,1}do //AuERFTMF)E M M)

[e IS B Y |

16



=. FEHER

9 for each (n_idx,n_prob) neigh[d] [front[d]] do

10 if n_idx visited and n_prob front_p[d] > pyax then
11 Pmax < N_prob front p[d]; Nymax « N_idX; dmay < d
12 end if

13 end for

BRBE 320 HE T IR A 0 iR 24 AR AN 2% Ky

14 end for

15 ifmax = None or N X < p_cutoff then break end if
16 visited « visited {Npmax};visited_o.append(Nmax)
17 front[dmax] « Nmax;front p[dmax] < Pmax

18 end while
19 N[i] « visited o

20 end for
21 returnN

S AT A

FRBLE AR 45 ket 0 RS 25 DU 0% ) o LA BRFEARUARE A T P
A A R

RS AR A len_cutoff AU, R T M4 R BRI 51
W

MRS LRI p_cutoff #5140 AR, PR B 5 £ 2
.

SRR A RS BCROR T R L R REIIADE  KRIR T S

(=) WFRFERE

1B SRR TR L
(1) R TCN £Hi%it

17



ZRETCN

o |

TCNBlock

Dropout +
RelLu
Batch
Normalization
Dilated 1 X 1 Conw
Convolution
Dropout
RelLu
Batch
Normalization
Dilated
Convolution

B 3.2 JBR T ARSCRH 2 U TON R AE SR AR 400, £ UF TCN #it
(BT 1 B AR T2 B EEAR [39], X —MER BVIR AWM &R, TERT T 4
TR ERIEE Lo AFFERIT 2 RS TON @i ik REEBHOE K (20%
29) P Ik ERZ RGN, R T BB IEZ B KN 127 M5, JLTE
FEAENTEH . KRR VT 7 O A R SRR TR M AR
WU AR T L2 AL RS IR 10 2 RO R, B 75 2l 412 s 340 Jod I R ALE
ChnEmy bl ), MR ZE KRR (NFRFEEIRFIRE) . AHL3E AN —
Pl T3 21 5 — PR LT, AR SRS T 2 RO AR I B PR, X AR
FEAN[FJ B (] ROBE R B AN RIRRAE . 2 R TON 1R — Ed@ il AN F 9 sk 34 4
ANTRIS TR B AR R, IR Z M4 CONTIRERD) PR H R AR R, IR
JEM % CRI5KAD MR AR S R EN A, XM 2 A B8 52 BT 254 45 I
28 RE [F] I DGV OO AN 1T A0 A 2, A b T A 5 ARA A 2 3R A T A T
FERAER N, AERIE B T Gt o — RBE T 0 HE DASP 47 4 50 5 K s 1 14
ARA 7]

(2) TCN RRAEHRELAS A4 AR

TCN ZEA&H: A4 TCN A EHAY KGR, REEZMEIT—1,
E XU

18



=. FEHER

( S = ConvID( ; 1)
@ = BatchNorm( (1))
® = ReLU( @)

) “ = Conle( ©F 2 ) (3.7)
®) = BatchNorm( (4))

kTCNBlock( ) = ReLU( ®) + Downsample( ))

Hoep,  RERZEKRN,  EY 73R, Downsample( )2 24 N\ fir i i %1
AR T R4 1 x 1 B3

ZREBREW: B 61 TCN EANA R, BENY KEREBENK, o
BN 1 24 4. 8. 16 F132 (R 270 F 245), ALY HE 4% 4 HE AN [F B[] )RUBE I
FIRFE . RASERRE RN A 3 BRI, Bl p o BN 64, iZBEAY %
e 6 ANMRNIEIE, XTI 6 BRI ML IEEE S, mAH HAERE N 32 MAFIERR,
ARG T 2 PR R B AR A R ) R R RE

-1
=1+( -Dx (38)
=0

TCN WA BURZ B /el BURIE A (3.8) 15, i BEBIZ K,

B EMYIRE,  REH. ERAMER, kR EREOEK, ez
TCN AU Z AR 1+2x (1+2+4+8+16+32) =1+2x63 =127,
JUTPE S TREAMNMANTFIIKRE (128), 135 7145 G50 i 37 A J 1A 20K 1 1 B
KOG R . BRI K/NERE N 3 RIFE S REMF LRI+, BT
Ho4 MARAE T R A B A B LA .

WHE: W2 BRI 2 R AR R A R, b A R E A
AN TE K P TR I P AR AE R 48 R B 8 K BE R R, A RBOE R T P K BE R R s B
Ja, ATEREEREIOAG S BRI — D WU B S A RFAE S A], SEIL T B PR
I 38 ] 1€ 4EFERAE LRI 4, AR ST SS IR T G — IRFIE RN o

(3) % EHR R E

PRI X 40 B8 77, FRATTBETE T BT R PR B R e R ek B, 5 X
LU
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= BRIy
(G ) =
1 - %+

( -1 = max (0,

=1 =1, #

2|9

FCp X AR BAR, 3 TR KA, F= (LR Rtk
SFERAEA, Y = (YL Y2y PORERE IS RIRRAE o AE 1 522 6] AR LS R B
di = [Ifi — | e BBz T margin = 1.0 AR IS RE A 2 10 LR I 5N 5
B, LRI S B oAb, Loonainon FIARRERSL, M4 FRI BTN 1, 75K 0,
T A5 2 6 S P B0 A AT A0 51 S, AT D AR 25 1 o R A 93 4
TR HRHE R RS A, Y = {yhy2, .y PR RIIRAARSE . FHE R 2
A AT DA S 3o K ERBE 5 dy = IFy — || B, BB 7E T margin=1.0 {F A
(RIS AR 2 18] L PR FF B S5 RS AR, DABA BRI TR) 20 B e B, Leonaition TE N
RN SRR Ay 1, S0y 0, I FAESUR R A i R E OO
AKX AT IEAT Bl IO AR 2 ] R A A 5 A o

AR BRUAR 5 T [ SRR AR AR 2 (R SRR, [ IR RE AN ] S A
o IFe BAKIIE, T REBFEARC ), $IRI 2 B A A MR
B, RAERFAESEST: X T A RZEAREANT, 15 Himax (O, - YRA
TER RN T I AR, XA EERIR Chinge loss) JE Sl A A2
TIEAR 1] 22 /0 fR SRS, mAZIE AT Oy FFHIFEA, i
S RO P AR 2 ) A

FRLEFAEGEI 70 RBUR R HL Cnse SR, X FE R LA IE 2 TR A 2
A AREI > HIZ R A, XG5 o BIRRAIE R A S AF 1 X o P AT fb e
T35 HER AT G S F THRAET- TR SVM 79 i SR

2 BT SR X

PR ALE S HOR Y PRk e L AR e (FFT) S PRI &5 5 1 R PR K
MFRA ARG S (HPE IR RN x yv z 08D, FFT REAE:

He, TH5FFT JFSRHHT o4 N EHD & (BRER 2 BIMD:

[1=— [] -2/, =12,..64 (3.10)
=0

Hep, [ DARHE M FPES, =128 NFAIKE, [N FFT 458
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=. FEHER

1126 N, {ax,ay,az,Ix,ly |z} 3R 7~ A I8 FE AR IS EE T 6 D& . BREA
vV OREFT AR
NG, ITERNE B FEE, HTFH—1k:
1

norm []== | []], =12.,64 (311)
=1

Her,  OWREARHE, [ 8® DHEARRE 0 FFT 25 &, norm [ ]
NI (-7 IR JEE
NK, X FFT 45 R8T IH— AL 2E.

(1= []

" porm [ ]

=12,.., , =12, ..64 (3.12)

Hrep, o [P9A—M0JER FFT 4528,
e, PREMUUEARTIE A £

:{” 21+ [2 +1]] scale | =0,1,..,31} (313)
64
o =L _ 1 | 1] (3.14)
scale =2 e avg = &7 .

Her, NS MEEARRHIE USRI R (HEREDN 32), scale NZRIIA
T avg NPEIEE . A0 (3.14) @R ARBRIMR 7> BEON IFBCTF, B
TRFELERE, RN OR B 0 A ) SC B A 1

B 2 IROBIUSRF (38 T 45 A A I 45 5 O RPALE ) B3R AS

freq:[ axr ayr az Ixr ly lz] (315)
HA, g R M FEARRIBUSRE M &, 4EfE 8 6 x 32 = 192,

() REFRE SRS

AT 5 Rl R SR G BEA Y, G QRICTIE D  FS RL T,
BRI 7873 ) FH B A0 B AME

1T 4R R 4% R T

R AL T R Y ) S ) RS X 2, ko IR sl AT sl Ry i 20 Sl BE AT T P b P
MR RN, SRS RFE AR E . X TR RRHEIR R, P ERAEE SON:
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= (3.16)

Her, % AMRERMEMRRHERE, NPRERERE, [ AR
A BRI, | [TDAIEER
o FoF P SR AR AR A 2 FH P T 38 1

‘time = Smooth ( time » )
= Smooth( freq » )

A>

2

, (3.17)
freq

2~ (3.16) - (3.17) MR ATIRA Fr A FEARFAERCT, A %0 1 A

FEAS MR = M, 3R 1 RFIE AR e PEAN B R

SRR B 0 B SRR T EUE T AR B A K B8 4 T BB [40], B
(BB BRE A A RFAIE 25 1) TP B2 B AT A A R 7R, 3l = 3125 Al LAt 8 4 iy
PN [R] N OR B A5 5 A SE AR S5 o AEIRATRIS R, i TAH QBN 8] A A I s
Bl E ERATESANE, W ARERD> BENLIME RS, 3 BENY SRARFAE 1 I
L1 s € PRy WS W2 e e LN T B A R R i Y A B N D RV WS E S S

RBIRP e NLFH TIFSRARFALE B NP T SRR ALE s RE W8 A R/ I 7 O
SRAFAE MRS E VE . SIS R WY, XM T~ S b B2 10 R AR 1 o BIAE 1 o S A
Mo BOEF R T REATRI B OGN, 1AM GE T AH A .

2 PRRE R — L S Rl

N T PETAS FIRFAE ) R, X I SRR IR 2t AT VA — (AR B, FREAT
PR

c =5mooth (e,
{ e € ) (3.18)

freq = SMOOth ( feq, )
hybrid = | time e freq  fioq. (3.19)
H e e 2N IR R BT SR RTBEAE,  Dom T ol ) —f,
JEHIRFIE,  mel e IRE S, /NEH(107Y), BiibRREER, [, 1R
TN A
AT (3.18) KTRMEHEAT VA1 ACEE, A LRAS FIREAE A EE VS B AR 5
AT (3.19) @I IMBOE LG BRE, 7250 R BEAME S .
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=. FEHER

(R XFFHEENIFR

LR EFHE
R o AN [ T 2 P 3 A AN ) R, FRAT TR -2 ) B B B A A
ARG R

= (3.20)

o NG WHRE, RS, R MRS

BEXE H AR 5 AN F SR A B o AR, JRATICTE A R 2RI T
SR, AE SVM 43 S35 e 9 B 4 b A 380 248 Sl A P-4l 1] L

2.SVM 43R W+

REER R ENE RIS, R R BUE JON:

()sign( o (, )+ ) (3.21)
-1

Hrb,  ONSCFRENSCE, a AR,  vSCRRE SRR
%, (L, YNZEEL NWED
XF2INI, RA"—XFZL" (OVR) K.

()= a C ,)+ {1,2,..., } (3.22)
class( ) =argmax () (3.23)
Fob, RBIECR,  (ONE o RIUSREEL NFORSE o R0 LHA
BHE, RXWMEREREIHRET,  RRIIRE, x{RARRAE. .
REFEFAR AR (RBF) /F %R 4L
(. )=exp(=yl — P) (3.24)
Hr, YRS E, EHR L A B AR
SCRFAEANL (SVMD 1R FE 70 2Ra5 ik %, S5RbG 5 R k= (e B
WRIEER BRI EME. B, SVM il 34k & K 8] b ke 1 [ A% O L RS )0 &
Kb B 20 L I R A 5 AR JE T R v B A A AR A [ o IR RRAIE 2 () 42
XTSI AL B, CAEFSRFEARE .. RIEFHARDE, N SVM K
() e S B SR At 1 AR I 0 A Bk . FLR, SVM IR s Bl (552 RBF
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=. HEEBRDH

120 REWSA RV R SRR R ARZRYESC &, R IR PSS JE A v 4 2 1] et
frBaamdt, idesthin A bR A RS S R . 28 =, SVM Xt 4ERy
Ik Fr) A 3 RE 745 L RE 6 78 70 A Y R 45 ROk v A 0 ) 5 S AN 52 4E R AEFZ
XSRS T 192 JESUSCRFALAT 32 ERHSAFAE R IR & 25 (B OOV B 2. b, AHT
FESIANKIZET B ER R AR TS T57A S SVM B SCR; [ B E R AR A A
LR T REARACT A R, L2300 (WM Rl ) 3R & B A R SRS 1)
wJa, SVMAEN—F ik 72388, SAM ORI s B 8L B
RIS A > R AL et RKSE s 1 RGN RV S G RNAE
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0. seERsi RS ot

M. e RE 5T
(—) BHEENH

AWK Lomio 55 A [8]7F 2019 4F4 th (55 W I 28 8 7y R H 4 4 . 1%
om0 B 7600 AN ARVE TSR] P FURE A, ERESBIALAE A S I =
G (IMU) 7E 9 FRASRIHE A T 110 3% ) A IS SR A B . i 4 o 1 A
FEARTE 10 ANMFFAE g% T 128 ANELSRI A SR, AT T HLE ATEA
vl b T A4 SR 132 Bl B AS R P o 12 B0a0 A 2 8 P b T 73 S U8 e 4 T 7D 5 U
Z— BT NHTEN SRR A . IR AR BT R — 3
P, AW FOIEREC T Bl AL T 3810 MREARET IR

R A FRANRER T B A b AR B R S L S X EREE AT A = 2K
JT VYT AR AL I B, L 10 MR Mo, J7 Yook
(Orientation) BT PINTE (X, Y, Z, W) FRHLEE A T2 4667 B A&,
fAE . (Angular Velocity) i =470 (X, Y, Z2) fidLas N BISH R ERAL
BRI RS ZRPERNEESE (Linear Acceleration) FFEEIE =08 (XY,
Z) RN NAE SRR AL bR 2R T I S, A7 m/sec?. b4k, Series ID F T
RPN ETSE b NTESLES F

& 4.1 HIBRMEBRBIL
R 7R ik

T (X, Y,Z, W) HLEs AHIS T2 4R L B 12
&, BAUeRoR

I (X, Y,2) AL A ] 58 Jag 31 A1 A 1 T
e T

rEmEE (XY, 2) HLES NTE = AL bR 8 R 1 i T
JE, LA m/sec

Series ID P UL I R4 mh e A A
OS]

B i H bR AL & "surface" & s Hlas A N5 IR 7, S A A Tl £y
Hir. BESEaE 9 FAF P RE, SRR LLEInE 4.1 Fros.
MEIFRTLAE , FERD AL —E AP, Hor g L" (concrete) Huflfx
B, b 20.4%; "HERL" (hard tiles) FEIERAK, 125 0.6%.
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VU, SLEesh R 50

Hla e D RIMBR T A LA

25
20, 4%
20 19, 2%
15.9%
R 13.5%
A
ek
A
N
10 9. 5%
8. 1% 7 8%
5. 0%
5
0. 6%
&
_§§/
o
o
ok v _train. esv

B 4.1 BIEEH SHERBA M I

(=) LBHRE

1325 2

ARG FET PyTorch AE4ESIL, A Adam fRAL S4TSR, JLIE4T 250
AT (epoch) , HIHHS > FREEA 0.001, R AR5 K HEHE (6013475
AR, BARIME, ) RERLRENVIRER IR A%, MEEEE N
GE, BAWSEIES 128 MG AN, LI EE K/ (batch size) N
32, P IIZR7E NVIDIA GeForce RTX 3090 2EiC A Hilili GPU |58 .

23 Al FR AR

(1) #EMIZE  (Accuracy)

HER AT AR TR 2 R REAS | SRR LU, TR

= 4.1)
HH, TP (True Positive) F/NHIES], TN (True Negative) HKi8H M

%1, FP (False Positive) F/nfRIEH], FN (False Negative) R,
(2) AUC Score

26



V0. SEgSs RS0 Hr

AUC (Area Under the ROC Curve) FIR3Z2iAE TAERAE 2 T AR,
PRI X ANE SR BE 7T B2E BRI RIR A

1
AUC = ( ') (4.2)
0

Hr, TPR (True Positive Rate) AHEIEFIZE, BIH[FEIZ; FPR (False
Positive Rate) R IEHIZ . AUC HUETEHIN[0,1], B KRR M B ik T .

(3) ¥BHE (Precision)

e SR AT R T 0 T A L9 O REAR T, B A8 g L A3

Precision =

(4.3)

n
GRS A ik OIS o W e T N AR o
(4> AREZE (RecalD
AER, WHRNBURE (Sensitivity) , & 7ERTA LN EFIIFEA S,
WAERRIR T B HL 3]«

Recall =

AR e 7 AR SRBTE 1B BE 77, B SR s I A IR IR D
(5) F1 4% (F1 Score)
F1 B RS R AL B R R AR, P 7 P 2 (R AL .

Precision X Recall
Fl=2x — 4.5)
Precision + Recall

F1 /380K 5&E T R B, 2565 18 TR i 3 44 [ml 32 1) 32
W, BUETEEIAL0,1], BET | FoRBERMERERGT

WX LR PR 2R G200, AT A A EAN [F] 7 T I PERE R I,
J& SRR U R AR .

3. L RAE

TSI YR IR R AR, AAFBEYAM TEE 5 K, IHEIERESEIR
P B R 7 2 DR AR5 SRR T Sk o 0 TRk Sy, SRATI AR5 AR 7] FR0 8 )
S HEBIRITAL FEAD IR, A SRR AR & EUIGR AR, SR R S
(early stopping) PAR7 kit i, MEIEEMEREESE 5 NS IRRIE T 1E I

4.4
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0. seERsi RS ot

ABHHE

FEPIR ERMAERSE. CESHRE L 4.2,

R 42 TR ESMEERSE

SH A EiE:pu LiVE:N

mesh 25 [8] 43 X R A% K )N 100

thresh HEEL B BE 25 11 99.9% 7 4
bandwidth 1% 25 Ay v 0.0005

p_cutoff HE 2 R (. 0.5

len_cutoff A EEE IR 30

time_weight I SRR A 0.3

fre_weight B HEA 0.7

TCN BEREBRSH:. £ RJ¥ TON B KH T 6 |2 TCN 45, %

R EXE B GAN 2 . KNRE N 3,
0.2 BB IR G . § kRN —

T BB 2 H R U K,

P @& 2N 64, dropout
JER) 1 (20 EIFRENIER) 32 (2%, fi
RE A BEAN [N TR ROBE B RHIERE . & Rtk s,

R AR RR R B S 32 4 (AW R 4.3) .

% 4.3 TCN %t RS H

ZH A ik Ve
input_channels LITDAGTBER S 6
hidden_units TCN He {1 Bl 5 7o 4 64
kernel_size BRZ K/ 3
num_levels TCN E# 6
output_features i R RRIE 4 R 32
margin PAEE T SURTE 213 1.0
input_channels LTPASEB =R A 6
hidden_units TCN B[] B B o3 64

RIS SRR ZMABE N E 'R, WG S M EN
1.0, #R/INA 32, INGRdRE P A 1 FE L N XEREAS T2 S, Rtk i iR
IAER 16 MAEABEATHEEE 8, AR s VAR AR ) (RAR] LR

43) .
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0. seERsi RS ot

SVM 73RBS H: SVM 7KK H RBF #ZR%, ENSH C ®EN
1.2, gamma ZHCKH'scale' HIEM B E . ALBLI AT 0] &, FATEI T
BT HARRER IR BCE T R IE, 0 B8R FEARR D 200 (B &4t )
HA W U . R B ECR ] one-vs-rest 0%, TG &2 KA RAES
ZAF RN E N 2000MB LU I ZRad 72 (AR WK 4.4)

& 4.4 SVM 73 KBPUE

ZH 4 i Bl
IENALZH, 2R 2RI

C s 1.2
kernel Tk et 'tbf
gamma AR e 2 'scale'
probability R A T True
decision_function_shape Y REOTAR ovr' (—X%)
cache_size R ZAE RN (MB) 2000

(Z) XFHSER

NIUEFT SRR AR, B ILE 16 FACRIE M 0 R07 k3t T 1
Xt % 4.4 JEoR & TIEAE 5 IRE R LI PPV RE S bR 2 .

R 4.4 DRTFEEMTE R 5 R4 L HIPERER LL

REEL 7 R (%) ffﬁme % (%) HEE (%) FlScore (%)
)

LSTM+1d-

AX+Channel- 33.88 +£0.125 74.94 £0.03 28.01 £0.04 26.27 +£0.03 25.07 £0.04

weighting!

LSTM+Attention' 42.31+0.03 77.72 £0.008 38.99 +£0.06 37.24 +£0.04 37.49 £0.04

TCN 48.37+0.93 84.85 +0.81 45.45 +0.92 41.12+0.92 40.56 £0.90

SVM-+Feature-

engineering! 49.46 £1.49 87.58 £0.41 44.58 £2.45 42.28 £1.23 31.78 £2.46

DRCNN 55.18 £0.54 86.48 +£0.08 52.41 +£0.16 50.52 +£0.14 50.81 +0.13

Transformer 58.27 +£0.90 89.36 +0.47 56.45 £1.85 54.23 £0.85 53.56 £0.79

XGBoost 59.54 £5.57 89.59 £1.51 50.78 £3.45 50.45 +£2.65 50.60 +£2.54

FCN 62.69 +£6.74 90.45 £2.20 52.58 +4.26 50.78 £3.21 50.45 +3.56

ResNet 64.95 +3.39 92.33 +£1.16 60.01 +4.56 59.43 £3.48 59.02 +£3.35

XGB + FCN! 64.87 +£0.14 91.26 £1.77 52.49 +4.68 50.89 +£3.45 50.28 £3.01

XGB + ResNet! 65.76 £0.97 91.40 +1.46 65.01 £2.56 61.23 £2.02 62.34 £1.58
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0. seERsi RS ot

R 4.4 NRITFEEM TR 73RBS ERHERERS LL

AUC Score
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