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Image Classification Method Based on Cross-modal Privileged Information Enhancement

LI Xiang-Xian, ZHENG Yu-Ze, MA Hao-Kai, QI Zhuang, YAN Xiao-Shuo, MENG Xiang-Xu, MENG Lei
(School of Software Engineering, Shandong University, Jinan 250101, China)

Abstract: The performance of image classification algorithms is limited by the diversity of visual information and the influence of
background noise. Existing works usually apply cross-modal constraints or heterogeneous feature alignment algorithms to learn visual
representations with strong discrimination. However, the difference in feature distribution caused by modal heterogeneity limits the
effective learning of visual representations. To address this problem, this study proposes an image classification framework (CMIF) based
on cross-modal semantic information inference and fusion and introduces the semantic description of images and statistical knowledge as
privileged information. The study uses the privileged information learning paradigm to guide the mapping of image features from visual
space to semantic space in the training stage, and a class-aware information selection (CIS) algorithm is proposed to learn the cross-modal
enhanced representation of images. In view of the heterogeneous feature differences in representation learning, the partial heterogeneous
alignment (PHA) algorithm is used to achieve cross-modal alignment of visual features and semantic features extracted from privileged
information. In order to further suppress the interference caused by visual noise in semantic space, the CIS algorithm based on graph
fusion is selected to reconstruct the key information in the semantic representation, so as to form an effective supplement to the visual

prediction information. Experiments on the cross-modal classification datasets VireoFood-172 and NUS-WIDE show that CMIF can learn
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robust semantic features of images, and it has achieved stable performance improvement on the convolution-based ResNet-50 and
Transformer-based ViT image classification models as a general framework.

Key words: image classification; cross-modal learning; privileged information; feature alignment; graph convolution network (GCN)
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Ky = (Pt | y) 1 c=1,2,...,C,m=1,2,...,M} (10)
Koo = (Pt |y lc=1,2,...,Com=1,2,....M, m’ =1,2,...,M} (11
Hoh, P RMEER AN, C AHEURERSEAN D, M 2R ETE UE B ZEANSH. K EnNGE T %Ky,
MG EIRE B 1, BB 510, K, RRNGEF ZS0] y, FiE EE 1, Fl e, R H ISR 570,

4 N\

HBAME Bk H (CIS)

,,,,,,,,,,,,,,

e -

1

| KENEREg | BHA P

ol d SERAE S5
F

,,,,,,,,,,,,,,

=

o B H W

Je56 AR K FETFRRITE R R

. 0.3
D JE_ g 0.
------- i
HIR U
g

B3SRBS BB RIE CIS MRk

EH T8 -1 SR R LS 2 28 TS SO AR AR, ERUE CIS BV 1 B R i 4 A 7 10 o ol =
ARENHETE R, BT A @) RZR, AE6 R 250G B8 AL T 10 a1 LI GEAEZE5A) A, PRtk £ 5e 56 A
PR FE AT IR A

Ki, = (P(lyo)lc’ € top (P, ) m=1,2,..., M) (12)

freq —
K}, ={P(t,.1,ly.)Ic" € tOP(I_’m,J),m =1,2,....M,m' =1,2,....M)} (13)

b, top (-,+) Fos TN b Back 1 7 ASARIHRAE ST, yo RITEAES .

AR (O)-AR (13) Wik T BB MRS R T, AERAIAK = (K, K, | FERGSHE, CIS 3 — 4% DA
TRANFA U SCA AL o0 ARE AR, M RIERFIR R R E G = (N,&) . G 7T i N N L EFRORHERE S5 R
FITRE AR SCRR, N X IR AEBR T3 35 SN Embed () 345 1)1 SCHEFREE RARALF, = Embed(T,.,) LASH
RN TR RAL F, , AT K 2 R85 S HERE i n] B8 & 7 A 2005 B, IR ILBE RAE S 3 SRR I 1 SO &
SELAE HAN A B, SR T RAE ¥ SRR R e 1.

14 ERIBEN o T, ASERHIR K L[R2 5 1HE, FRE L 7 RIS R0 51 5, R AR A
H 2 T SCHE BRI S0 S 06 TR A1 SR ARl & P4, b i i SCHERE I 8350 R I .
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A, =1+8_,-T (14)

Horp, TONBAIAERE, I ONEX LN 0 HALA BN 1 IERE, I I eRPE,B=1-m', B B T, 4055 1) B3 %L,
B P42 1) 05 ST B 1) 1] P 2 R

R EIE G BIE B 28 58 XA RF R K

freq
J

, FE OB E I SRRl & 15

Weeq = Z (Kfcé” .pgm) )
7
Ayq = o‘(wsTeq X Weegs TH) .

o, e RARIESEBRAE BRI GE B IO E &, wl RoR R we, NE, ¢ () FN ERER

ARHESE j A TEF R H X R R, o TR MIEFE wl xw.eq M T e 7 B3] R 1
AR, FE T SE R FE RO SR U5 S K, (78 SOBL i SRR i T 5

J

A,=0 Z (Kfo"” -Pf;‘”),T‘,H, a7

7

b, o Rom HERE Z (KGO - PS) Fp L T, sl [ 264 ) 451

F T T E‘J%XE{%% A, R T SN R SUE BRI B BER R R, R AT A BB K, iR
B PR e AE R LEATE B S M T eI AR IS LR R A, = A ® A, B GiHE B A% 7 I ESR = il
BT SR I 2 H BB (R H I, R AL B4R J 1P H B TR H 3. 380 A T AL, AN TR, RTINSOz
() A FEE R 1 0 43 SR T TR TH = SRS SOEHE, 38 F1 5 8205 SGRIEX R AIME B RIRIERE /1, =3 MHERE B A F1 2

& HIR AR A L RIA5 th B 9 AT SERE XOR R, Ak

A=0(ALA,) (18)
Forr, (-, ) A T 20 1 IR 28 IS ) P 5 R 1
323 PERASHRR(E B AN

CIS BETE MR B K RE @, 1 SAE T BUR BN 2 A RAE, AR T MBS RS THIAN 5550

AR 3R [R5 2] 5 SOOG R, 7RI R b, CMIF il i B SRR S0 H A& A B S R RAE F, , IR T
F" = 6% (Concat (F,,F,),Softmax(A)) (19)
Hep, 6 () NEBREEERIED, h AEBRE RN EL, Concat A FFHIEBHERAE.
R, B AR R LIRTN P, = £, (F,), F £ () /& MBS 3G AR AE 22550 Tl ) medi, 437 2k ek 500
L= La(P..Y) (20)
Ho, L MR 73 AR5 AN ], FEBARRE 43 AT 55 Th NS R, FE 2 BRAF 3 RAE 5% o Z oo 38 i k.
3.3 BESEEME

TEFE A B al-G i, CMIF Al T RFIE 2 T il A R R SR J2 T Rl -6 (0 SRS 4R 1T J2 T (9 Rl A 3ok A AL o
RAE 2 S B 2 2] B B, FITEESEEAIE S BT 2 ) 20 F, AlE, SEOUA RIBLS (S B0 L Ab:

Fy =My, (F,)® My, (F.))® M, (F,.)® M, (F,) (21)
Forn, My, T M, 23 3R T A0 e 55 AR R B A A 1Y 5 A AE (19 28 BEBRR, @ Joxsf B TG R AH A4

FRAERA i BRI I 73 S AE 25 0 B TRl & REAE R T P, = f; (F)) 03K, Horh f, () 2 NSRS Rl R AGE 31 2 1)

T Py BSR4 2K R A
Lo = La(PrY) (22)

TR kG, 385 P AV SCHE SRS R AL R S50 T P, 76 BYT-3F— 2P 19 4 R I R e, BT 58

LR R P, B LR
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P, = Softmax (I_’e) + Softmax (I_’ f) (23)

3.4 ZRRG

NARTFE CMIF (4 R, AR A5 Bl 420 5 5B B I 2R 5. 3 BRI 7 s ZE 4y UL R A IR,

(1) FERERAESLIFIRS 55 YIRS ES E, () « 18 XL E, () « X FFHUE W28 M, FIM,, , FISE 5 Bl ot
WL f, , SBIES FEARR Logignea LI, AT R V7 Hp 2 STRLSE N 7R AE F,, S0 T P, .

(2) BEARASHERL: U4 LR IRINLS, I SRS SR BT I 28 M., , 15 SUARID 28 O , I B AR AS 18 SCH M5
R Lreon LV, RBALEEGE N DERAE F, FPAHEIEXT NAE SR T,

(3) FBRENME g He: Rah LR D IR, UIIZRiE R AN BT N2 Embed , LRYERLE NS 0, BIGTARLE ML 6,
RS WGT PX25 £, G0 I P R A 3G S K TR 2R Lo 200, AR AR B AT SCHERE T, "R B 00T B I T s B
AWERRAE F, ST B2 H T P, .

(4) RIS RG: VR4S FR D IRME, I SRYE LR P28 M, B0 M, , 53 RBRIS LS £, BHRFIE Rl& T 1) 43
AR Lo LIH, TG RAE T, A SLFU P, .

SN 5 B AN [R5 2% eR B0 TR PR BB, S (1453 2% R B D
L = Latigned + Vrccon * Lrecon + Yeis * Leis + Veuse * Ltuse 24
FCH, rcan > Yeis M Yause 23 TR RAT 50, FLHUE T L EE 4.1.3 15

4 £ B

NEAE CMIF 1A 80 37 1 — P AR R LR R, FRATEE AT vt 7 BA R JLANIF 78 o) /& (research questions, RQ)
FEIF TR T Xof RS A6 AT 38

© RQ1: CMIF 7EESHEAS BUE o B E R4 RS LA 7 VA RE S AT BURTH 3 AR (WLEE 4.2 711)

© RQ2: CMIF HESE HH vk A RIS HOT 73 R BUR 7= A T B ARE I REma? (2R 4.3 1)

© RQ3: REEIEHRL CIS Hr 5 [R5 R V8 70 28 1) 4 2 75 RS WA AR 280 fr) T 285 SR (L3R 4.4.1 7T)

o RQ4: TERM G LA B I AT BRT, 58 3.3 AT IG5 R 75 LU WAl & 7 VR 202 (W2 4.4.2 711)

© RQS: WA fEFE CMIF HHRLHE RIS A Ml A& (0 U T, IXFP s T 77 2E B e A sSR R BR Y2 (WLEE 4.5 719)
41 XWWE
4.1.1 R

ASCHISRIG 45 ok A LT AN et R AR, R 2 R T AR AR 0 S 4.

®2 BHEENGIHEER

otk gt BSOSO A AR
VireoFood-172 99225 172 353 66071 33154
NUS-WIDE 203598 81 1000 121962 81636

VireoFood-172 4R 4 ) S5 110241 5K 340 B R IO B AR B89 B4, FEASE S 172 2K MR &P a8 &
SR 353 Fft, PRGN EUREA T I 3 AN SCA. FRATHZ IR S BB R 2 i 42 1Y, Horh 66071 7K &5
FHF RN Z5, 33 154 5K B4R 43 50 F T .

NUS-WIDE %4l 4 P 2 hr%8 o R MR 42, G AR S 3510 1% 269 648 > LI W L (10 R A AR, B 3= 1k
BAEN S B @B, SRR 81 Ry A UG REAS N A5 T30, H647 1000 2K30AR, PR B RE AT
B2 7 AR SCAR. FAT1S 2 TR 15 B AR 30 PN R o I GRS RTR 4, It $Hm A kAT 50k, R BRI bR
ZEBOSUA A JE, Fo 4 SR A 203598 /N, H A I ZRER 121962 MEAFIIIALE 81636 MEA.

4.12 VEfEFRUE
7 VireoFood-172 $¥E4E L HISZI KA T HERIR (Aec) WA T ST BARZE 0 S T 1 . 7€ NUS-WIDE %
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etk ER TG IR (Pre) MH B15R (Recall) VHAL 2452673 RAE S5 AR IO B T E fE. 23 Rl T

HER R A
TP+ T,
Acc = ;N (25)
TP+TN + FP+FN
kA
TP
Pre = ——— (26)
TP + FP
AR A:
TP
Recall = ——— (27)
TP+ FN

HHr, TP, FP, TN, FN 535l & IE FHEEASL, S BAREARE, B MRS, P IR AR S, Bk e 4R34 1H B top-1
top-5 T )P I (E N R i 4 45 2R
4.1.3  SEHL4ET

TR TP 28 08 B8 43, S5 v 45 A AL 5 I 4% 350 0 %% 1 1 TmageNet Fidi 5 ETOIZRI S50 S 7 BB LU
01 2 ST DL, X I A 240 o DA AR 25 X 5 O Bl A2, AR SCS B 34048 ) 1 ResNet-50U 7 AL LB TR 4.
%t F CMIF 53k, A T 30AE AR 3 TR A 48 I 28 R AL T Transformer 420494 28 I 2% 1 ()3l F 1, se il 7 & F
ResNet-50° "I T VITPIRAS, 8 S5 88/ MR 28 R T 114 M 4.

BRI GE MR 5 2 rh A8 T B 24 32 3 B, bl F 280y S vh %% 80T B JT7 v B SR H 7 it
[T B S, X L7V R S0 AU T P REAS 20 SRR B SN 55 5 A8 F MR S 4, “CMIF iR S50
NA SR IHETE SRR TS K S FEGIMLANZ, X T LR P8R, Bl 4 e )5, 2%
FAZTM 10%, FLEER 3 IKFEFIMIZR 1 56, ST CMIF 774, ZE— B INZRRIITE T Yieons Yeis T Viuse 14 HR
3:1:1 BBk $E.

R3 KEPESHEE NN

Z55 S5 s B /S G
EAE/ LRV ONAN — 64
FO)R — [SE-5, 1E-2]
N 5 ) BT YR R FE K - 4
WHEER e - 01
AL B E FE IR S5 - 1E-3
BCE# 2 H IEFEA 45 AR — [40, 100]
B UG ARRT % (7 25 ) 4 i — 256,512, 1024
Xt b i S 5 RSS2 P R SUIR A - 1.0,1.5,2.0,2.5
P RS 7 2 e X6 SR AR A R — 1E-2, 1E-1, 1
PSRBT B R AL @trans 1E-2, 1E-1, 1
5 LA 57 BB R B 1, 1E-2, 1E-1, 1
. - CISH R 83 F) s i) o7 B r [2, 5]
CMIFZARTEBH 1o s i o 2 8 i S w 35,8, 10
CISH LA B IR AL J [1,5]
CISH T 543w ] | 32 e i P Byt [0, 0.6]

42 ITLESRINLER (RQD)

N T BGAE CMIF A 40 2R TH A R0k, A SCHEAT T % Eeseit, St b 52 8508 3 35 45 1 KRR TM
TS B2 2807 vk, AR IR A T M 4% ResNet-18071, ResNet-50"7, VGG19P* 2 3£ T ResNet-50 it
WRNP WISeR™IR%%, DL K44 HL (1B T 2% RepVGGH!'!. RepMLPNet™F1 ViTP!, o 2 SR H T RS
KR E T, AR T2 R4 WK ARCH-D"?, CMFL""., MSMVFAPYRIE T H#H 24K CMRR!Y, 1G-
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CMANPY; 58 3 FOR BT BRI 55 10 775, AF53E T H5AE 73 A1 %) 57 (1] Deep-CORALPHI SSANCT HEAE fig 4% J Xt
SRk Disentangle-VAE[ZQ]ﬂJ ATNet™ . @5 t-test B PERG I 45 R BH, 7E VireoFood-172 Euii4E b, 2 5 vE
CMIF TR 4 REAE X T W50 15 B K ER I M T RE M, H o CMIF(ResNet-50) 75X % Bi (148 F P 2%
ResNet-50 MRS E TR p-value ~ 0.031 < 0.05 , CMIF(VIT) X T3 B AL 56 A 2 ViT 28R4 _E (% F
p-value ~ 0.095 < 0.1, [R5t T H A 1 EE RS T 1% p-value BT 0.061 £ 0.347 2 [8]; £ NUS-WIDE #(#E4E -
CMIF TR 14 Re X T 045 B A K ik AR R I & P, oo CMIF(ResNet-50) 76X % BE (148 - P 2%
ResNet-50 MRS LTI p-value ~ 0.045 < 0.05 , CMIF(VIT) % T3 5 AL 56 A 7 VT 28R4 _E (% F
p-value ~ 0.098 < 0.1 , [R5t HAl I EEREZS 71k p-value T 0.122-0.386 2 [8]. SAKIIPEREXT L4 B an % 4 Fr
7N, FH VireoFood-172 #4E4E F top-1 F top-5 WIFERIE (Acc) 1E N B H54R, NUS-WIDE #4238 top-1
top-5 HIHERZR (Pre) F143 [ (Recall) i H 2 0 IMT L MRDIVERE. WK 4 FE LT RIL.

®4 XSGR

S ik VireoFood-172 NUS-WIDE
Acc@] Acc@5 Pre@]1 Pre@5 Recall@] Recall@5
ResNet-18 0.773 0.932 0.785 0.391 0.439 0.846
ResNet-50 0.816 0.949 0.786 0.391 0.440 0.846
VGG19 0.811 0.950 0.789 0.393 0.442 0.851
WRN 0.824 0.965 0.787 0.394 0.440 0.853
==V

WREBIR WISeR 0.828 0.965 0.789 0.395 0.441 0.855
RepVGG 0.835 0.963 0.797 0394 0.448 0.856
RepMLPNet 0.833 0.962 0.801 0.405 0.448 0.877
ViT 0.836 0.966 0.796 0.395 0.453 0.855
CMRR 0.819 0.954 0.802 0.403 0.454 0.874
ARCH-D 0.825 0.956 0.797 0.397 0.448 0.864
PSR IG-CMAN 0.831 0.963 0.800 0.405 0.443 0.868
CMFL 0.831 0.958 0.809 0.402 0.456 0.871
MSMVFA 0.836 0.966 0.798 0.395 0.443 0.855
Deep-CORAL 0.833 0.963 0.803 0.396 0.449 0.855
SSAN 0.836 0.955 0.803 0.396 0.450 0.855

PSR RT 5T .
Disentangle-VAE 0.838 0.950 0.811 0.402 0.459 0.872
ATNet 0.838 0.946 0.805 0.404 0.463 0.870
o RIS CMIF(ResNet-50) 0.846 0.951 0.817 0.407 0.467 0.875
e R CMIF(ViT) 0.856 0.958 0.824 0.411 0.468 0.882

(1) CMIF & —F A R IR T-45 8 B 1 W 45 I P RS RG0SR AE ZE. 7E VireoFood-172 #4s 4EF1 NUS-WIDE %
¥agE I, CMIF ML T3 T 5811 ResNet-50 M £5 F13E+ Transformer ZERIIF) VIT 4%, ¥R T 4%-7% K8 €
T, HAE R Retats bl 1 &2 L.

(2) CMIF HEZLLE RN R U A IR 42 P B E SR 2 Ak B8 7. Bh T 503 SR 1 o A FIAR 8 2R B 1) 22 5, — BB AE
VireoFood-172 #i#E 4 R R UF FEFHZ 3%) 751540 MSMVFA Al SSAN, 7£ NUS-WIDE bR FH45 IR (32F+
0.3%, STAG T & REERZS R 55 7712), CMIF NILEAR [ B5 4 EIES 7 B B3R 30R.

(3) 2= T RAT R 5 1B T 4% BB AR TE T 20 e P 15 78 6 4 X 2% L b 898 23 <2 1 gk 5 ¥ WRN
FI WISeR #HEL, 3T Transformer ZEH4 (1 VAT 15/ B EE I BEHEAR T 28t UG 2 2 rp B RS He 3 1) 7 U3 T
TR MG A B SN, T T B STV RepVGG, RepMLPNet S T Il 25 b 48 £ 20 3045 BAE B,
[FIREHS SRR 25 P RE IR T

(4) B T ERAR T A SR L T B R 2RI 7 VAR A 58 B35 . RRAEXT 5% 7 ¥A1E VireoFood-172
NUS-WIDE ${#4E - SARSUR T4, I0AIE 7 FREXT 75 A 52 QARSI 20 RN s A 2 o (g k. RV TR
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LY R RNE PSR LR 715 IG-CMAN F1 2 RE 23 ) MSMVFA TE VireoFood-172 R ILH T BRI 55 77
R RRBEIR M PERE, (H7E NUS-WIDE _EJURIUAE, IXWRI T BB A A kB R R A R k.

(5) TESRARZE T AR, T RRIEARAR 5 X0 55 10 7 15 T RE 5K top-5 PERE T Bé. 2 T4 1EARAR 5 X4 55 1) ATNet F1
Disentangle-VAE &8 jd D¢ 43 255 B A OR B BB TR A 001 B R F AR TE 0T, AL SERAE i — D3RI E 14
55, BIMAE VireoFood-172 E4EF: T top-1 #HERAZE; SRTT AR I K A A Z2 I, U5 2t — 5 (i 22 1) H: At 2 591)
2, AT EIES T top-5 HERIZE 4R FH. CMIF 7ERL U RAE S > AP A 7 4 AE AR /775 PHA HIS5 T top-5 #EWI 2,
{0 5 Sl B AE SR A (43 top-5 HERA 26 53 Bl 7.

4.3 HRLSELE (RQ2)

TS ERAT CMIF Hr 35 B A 28 43 84T 1A 8t SR (R B IR R AR, AR SO — 2B R 7 T it
SRS VHRRERIG I EE 1 R AR AR RN T ISR AE A R 1) PHA S5 58 SR AR WL R A 5 2 S0 R A
251 BB FEAE A AR AL B i B A HEB AL P (1) CTS Sk, RN ERTT 7 B Tl (5 B A0 S 56 kiR
WI2EA 7 SR B3GR AR . B T B B HEER ML BRI B T IS — 8 A SRAAE AL & )5 AR RZ 3R T (28 4.4.1 7)), (At
552 W NS RS SRR A R I SR RAE RS J5 1/ 2R 45 R 28 3 B i RAERIEM & 45 R 2 I s s i
A WSz gt BN 5 FioR, Baseline AL ResNet-50 B T/ 45 FERE 43 25035, PHA N4> AT RS 51,
CIS ZIEANE BIEFRE IR, CR NESBLASHEE, FF ONIHIERL S, CK NZRAI eI 50R, DF Nkt &. 8 n LB
NIV 7

F5MEsG AR

pom VireoFood-172 NUS-WIDE

Acc@] Acc@5 Pre@]1 Pre@5 Recall@] Recall@5
Baseline 0.815 0.949 0.786 0.391 0.440 0.846
+PHA 0.829 0.945 0.797 0.393 0.448 0.853
+PHA+CIS(CR) +FF 0.835 0.937 0.811 0.396 0.454 0.865
+PHA+CIS(CK) +FF 0.839 0.941 0.812 0.399 0.458 0.869
+PHA+CIS(CR+CK) +FF 0.841 0.941 0.814 0.405 0.459 0.871
+PHA+CIS(CR+CK) +FF+DF 0.846 0.951 0.817 0.407 0.467 0.875

(1) ML RAE 2 ST e, 3050 S M6 55 B0k PHA P TR S0 1Y) top-1 14 REHR A BH 2., (HA] REFEAIK top-5 M
e IS M55 (+PHA) ok, AR 2 S50 RAE RS ORBE T 0B or SR8 B, MR AL DGy B LR £ 4
G I ANEE Gy A HARAE B T4, ATATIG KT AT LE S hide th g CE T 45 5 (B top-1 45 5%) (] R, (HL[R] It 7R A8
RO UM Z T, BT84 BIE B2 5 R AR 20, T BRI TR A 2500 i F0l o] BeVE (top-5 PEREFEAR), X —
T BARZE T Y VireoFood-172 U5 56 A HH .

(2) FERL G ST B B, 3T Je 50 AR TR R RO ) 0¢ Rk & A BRI 7 B RESRAE R & IR,
TESIBHN K R E R g rh, B TR T Y) CIS(CR) AT 56536 MR Y CIS(CK) #B AL 5 WL RAERAL A (+FF) B
3 top-1 PEREFET. SRTM CIS(CR) MY TR AN 3 OV B MR, W] RE SR REAHEEE t 28 ) v (R O BE SUAS 8, T FRAI T
top-5 HERZE. 3@ FIAP K R IRlG CIS(CR+CK), CMIF — J7 [ & Bh S 56 AR HiG SCHl i B iR 1EH, 3 — 7T
BT TG B SR OGRS, ATt — DR T R T R

(3) EB NS BA-G Y b, 2 Mk SkAE B RLG A R T 5 FH BB S0 B A e P, a7 ST, BERAS SRAE
Al (+FF) 3271 TR top-1 TRINEE /7, 1 GRS fb & (+DF) W= 1E il & R AL WS 2R B B 2 4k, LEINT B
ASHESE S 1 1 5 R AE WS (0 200 00U, AT AP 8 1 75— 26 bl TR AE A& T P 0 A 2R 5 ., AT AR 1Y 1)
top-1 Al top-5 T EEFREFEF.

4.4 FENDH
441 FEBGNE BIE R RIE HP B TE R P B T 1 B2 23 BT (RQ3)
THALSEIE I T CIS HIEN T8 B EAMK R M E IR, A TTHIRN S HTTE CIS FRAIK R B E T, TR
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FRIV R HS TN (T2, SKHAE VireoFood-172 _E#EAT, ] ResNet-50 /ARG T M4, 4R WK 6 Fron. £
@) LA, #ERIRISOE W AL T LRI TN (RIVEAESR) 2, BEAG I 7E SR AN (top YUY 1-5),
PUE T o f) 785 42 2R A5 S i 1 8 RS T SRR AL AR 2 T 24 top VEIEI DA 1-3 I, YR A 253 S B8 iR
KBRS D, EEEHE top FI4KSE BT, BLARERS I 1l 6 5 79 A2 R rh A AT REVEE— AP 3R T ), (B H A5
FEVEAE SR B B Rt [R] HE0, SE S 5 RS T ATS AT A, (EL R & TUAR XS T top 7 3 I B M FAEAIK, X WT AE A Hh
THINT 1 2250 1 S 50 FR (15 5C 2 EIBUEL 73 A A2 (5 AR 2 5, T BRI 5 RS 25 8 9 A 9 ot 2 (4L A EL A
ORI 55,

6 A CIS FIE AT 1-5 MNE 7 SR 5 M T K i 45 00N £ 45 2R

top RS T Pra EERRAS T Pe Rl T Py
Acc@] Acc@5 Acc@]l Acc@5 Acc@] Acc@5
1 0.826 0.921 0.837 0.939
2 0.827 0.928 0.838 0.939
3 0.829 0.945 0.828 0.930 0.841 0.941
4 0.828 0.930 0.839 0.941
5 0.829 0.931 0.839 0.940

442 REERLE 7 ST RLEHERE RS ST (RQ4)

AT RN A HT P RS AS B Al AR R R A il 7 SR PR BRI 2, SRSGHE VireoFood-172 FiEAT, {4
ResNet-50 1E AR5 B T W0 265, A5 B 21038 i AL 91 R A 2% ST AR HRL 2% = [ W0 5 6 5 R AE 45 308 3 19 A 45 T 2 ST 1)
PERLAS AR RAE AT Al G, FRA5ab G RAERLF 2280, 4 R 7 Frow, Fod Con NRHIEDHEZ, Add NRFAEAE I,
Mul NEFIEAHTE, Mix N AT (21) AN HE IR 45 & RS 753X, Max Al Min JYHREAEST AL B U oK i /IME. &
T &, FRAERL G 5 TR SR AR T 5 — RS REAE, Jorp, B THRHEPHHE (Con) M7 IE S RAR X B 22, X W] BB T
AR BB B D R AE 18] 152 T, T AR AL 18] 77 A2 22 LR 7 92 7h, RRAE Bk (Max) B3/ (Min) {2 3 R 8 B L3 3RS
SCRAEH B R AE, HI55 T RAL A 5 SCEE BT M, TR B3R BRI B JEF AN (Add), A3 (Mul), F1 CMIF
K HIINTeLE A 177 2 (Mix) W e85 15 5 5 2 R E 19 2 70 A, SR e 28 4 AR

RT FHLRA AR (Aec@])

_ _ AT Py
LB T P BT P - -
T Pre ESELZS TR Pe Con 2dd ol M o Wix

0.829 0.828 0.830 0.839 0.838 0.841 0.835 0.832

4.5 ZEHIZH (RQS)

AT IBIL GradCAM™ AT WAK J 7R AR TR 2 S UK [F) R0 I 0 53 0, AT 20 AT AN [RIASE 25 18] ) EL AL AR dn P 4
FiR ALY VireoFood-172 FHEEBHEEA 112G s . B 4 ARt RAE X R BY 2 3] RAE F,, B 1)
ORVE R, 1 SURAER B2 2 F,, B (OG0T S5, BlA RAEXS N2 2] Fy B OCHE AL B 4(a)s B 4(b) BR T 4 BB+
FARTEMTES, SRS SCRAE 5% > B RE IS B F 45 5, BITRl & 5 WAERf oS 2 T F4k; Bl 4(c). Bl 4(d) B
TR 2 S B AR — R R R T AR, (H i T AL S L, SRS SR B E EA R, BREE EA
A, B a(c) T A, B A(d) TR SRR AR T SR, DR AR AR A A I 3R 2 A P R A SURRAIE 2
SIFEET A, BT CIS 15 BUE B B0l G T H RE IISHE BOCE T4, i — DB e &9 KT
Xt BB A 18 IESZ B, SR TH 0 B R A B4R ST [ 4(e)s B 4(F) FHAEAEITS B A R S T AR RS SE R AL 1)
53], 16 CMIF H0d i B A5 A 1 SCHE R DG 21 B R AR TE S SUE 500 X35, AT 8 B A5 A A5 S5 Al 4 B A 2
DN S R ST, T ERARBIAE ST B 4(g). B 4(h) H, 7E BHE ERORTE M S A SR EL S LT,
P D FNTE SCORTE A 25 5 1, B 2 I il SR A AR DGV 31 3 45 4%, IX P CMIF HR S RS SURIE IR —
EFEE 2 IR RALI 2 .
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(d)
Kl 4 CMIF H SRS RRIE GTE AR 1L

5 B %

ASCHEH T — RS ATE CRAE 2 ST IR & FIAESE CMIF, S5 SRS 1 A8 R AE X 55 R SCEE M B 5 1 A5
RURIBBE ST RS I ARV SCRAE 5 3] w9 1] R, A SCH A8 I B0 A5 B I 8 7 72k CIS, 8 T 8 s T A o
I8 AR P A BB A5 B P AL A R SEE U(E B, $RTHE SUE BN T2 HE A AL R AE I A 78 2808, AT 2R
TR 53 R

CMIF B R T MR 50 2 BEAHER 6 = 108, N —2 TR 2R RiX —HESL, 185 5 T 0-18 X
5 S5 EL RN PR 50, SR 22 AR AR 43 A ) RS SR (R B0, 0 AR Sl = TSR0 5000 o A STl U4 TR AR 1) R AE 2 o
) R [FIR, R 25 TR 2B E R 2 500 5 R SR e M 45 4, 48 AR AE IR U5 B 3R A
TRV R0 R OG &R, MR TS 8] 1) EL A B
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