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CAM Class Activation Mapping
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CNN Convolutional Neural Network

Diffusion Diffusion Model

Grad—-CAM Gradient—weight Class Activation Mapping
Grad—CAM++  Gradient—weight Class Activation Mapping Plus Plus
GAN Generative Adversarial Network

HSV Hue Saturation Value

HDM-WaveNet High—Dimensional Multi—scale WaveNet

LAB Luminance — A Channel—B Channel Color Space
MRA Multi—Resolution Analysis

ResNet Residual Neural Network

Score-CAM Score—Weighted Class Activation Mapping
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VGGNet Visual Geometry Group Network
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VLM Vision—Language Model

XAI Explainable Artificial Intelligence



A1E AE

A1dE a5 =7
D geid mdo) Ty oA

0o A7t AE A1AHAY(Convolutional Neural Networks, CNNs)

i 1 i) o
& FHoR ¥ gy mde FRe uA 2ok dAL oZo| g,
Z

ImageNetD} 22 2 HolgAlZ 7|fte=z oh5H CNNZ o|r|z] &
&, A&, gn A 24 5 Ot S8 2oklA A 2 AEst
= ¢4 82 HAFS M ey et Jje] opepelEel S Fx=E 9]
Folzl CNN2 W& oJargddy ibgo] ges] =ur] ohs EHtA E4
< AYa e, oget o4 EVlsAdS AA S8elA 2He A=A

2 Z

filo
ot
5
r
En}
rlu
N

(reliability) 2} 814 7154 (interpretability)
&stal k.
2) A¥7Fs AT S8 A

ol wAIE syl AT Weter AW 75 QEAEol T ot
E73] Grad—-CAM, Score—CAM Class Activation Mapping AlE 7|H2&

=
o H
2 ER 2R FEYAS AdHoz

o] Y ou|z]e] ofH Fo o= 4
dAdo=w 1 et nEls RRAo= sS4 Qe e AlSstit

StH, o]u]z] HF-9I(Image Restoration)¥ Z3SJAFE(Super—resolution) -+
oM Fubp ZHlQ ZFA0] Fa% AFS o Ut Hol=H (Wavelet) W
g= HES Fubg 7|NF HE2 AFu(HY )0k AFn(AE "AA)E

1) Deng, J., Dong, W., Socher, R., Li, L.=]., Li. (2009). ImageNet: A Large—Scale Hierarchical
Image Database.

2) Selvaraju et al. (2017). Grad—CAM: Visual Explanations from Deep Networks via
Gradient—based Localization.

_1_



_O|L
o

B
iy
o,

TE£E HEoke d Ade Hold, HZoe ot

e =
of geld mhe] |y 914 TxE S GAZ B8 7}

or N Hu
HoW
4>

o
o,
2,
>
i
kI
30
3

o ojds| st dolHet 44 4
AT w) o] FAF AsHL HE o BA4I FoF

Gap)E olojA|ml, mdle] 3t #7o]
A EAsts ekt Bed MBS 88 A4s

£ Rshs A A 3

I
ot
fr 2
KR
N
M
i jj
[
el
l
)
ol
u!
e,
lo

8o o
2L
el 1o,

(o]

T £
i il
= i
r[l =
2

B
g
O
5
©
=

2 @7olA 2
gE aglold, G4l zMw o

gl

5
st

fu & lo A
P

B RN a oX Y

B ot o or ok

T R §

o & N
L2 =
2
oZ
rek
-
o
=

- A
T rE
2

b 2
N

R

4) 71& XAl 7]¥9] 3HA

=]
AEZPAT, R(Why) I FoS
72 v (Causal Explanation)& A|F3shA] F3t
&2 W& (Passive Observation) -0l ME2], R o7 AQlS 517
Hohes &6l AFAos ARE HoFs Agd I3 A& =9, oF
3) Schwalbe, G., & Finzel, B. (2021). A Comprehensive Taxonomy for Explainable AL

4) Geirhos, R., Rubisch, P., Michaelis, C., Bethge, M., Wichmann, F. A, & Brendel, W
(2018). ImageNet—trained CNNs are biased towards texture.

5) Hendrycks, D., & Dietterich, T. (2019). Benchmarking neural network robustness to
common corruptions and perturbations. Proceedings of the International Conference on
Learning Representations (ICLR 2019).



dttn @ o, 7]

s

C 2y O At

o,
=)
A,
2
R
3!
o,
o,
Am
o,
o
i
e}
>,
£
_O'L
2
4 >
i,
£
B\
o

fr«
0,
2

= AR
LAB A% 37+o] L(Lightness) #o] 0 Fofl h&Eo] ARz AAE7]
217, &2 A3 AHEI(A/B) AHE7A] A FHE Q7] w=dAlet E2
TEAQl Q13 G (causal mechanism)7HA]+= YW #] FStct

EG 71E XAL 7THEL AZ 3He 4 ouAE o BAS
AT AT W), A, A=, A7, Fas 5 BelHoR S i
& 49 Wes ASEA el wg WEE SEHoE 4¥T 5 9k

o2 Qs) ke 2 Al 7 FR AT ZAT A, 4 s
B A= W e YA AT WEe) FusEA ggkt A, 27,
Wbt 5

rlr
=
2
2
H
=)
ro,
©
P



D @7l =

AlZ o 1

=
|

AAE H5E7T ResNet50 2E o] o

P
T

oz Aol fuy

ResNet50-2 ImageNet HlX|u}= o[ 4] <

oo
]:6.—-.—-

SHA]

A7} 722 o3

2
(Wavelet Transform)¥} Score—CAM

1 olu]|o] 27}

Fe ol 4ol o ¢

A&

o
ar

H o] fo]¥ ZHHf*|(Reshape)Lt i

o

=

A 8l Fs e ne B

A4
sl

t}. webA] ResNet50-&

Eis

A&

d

EX
=

3|
S

| 7o) 7%

d
=

ResNet507} A1 ViT &

ki

mel2 gk, 2w} Ay



(2 1-1] Fo At B4 93t ResNet50n ViTo] 1+ A4

H]ﬂ

ResNet50 (A9 &)

Vision Transformer (H]1l-o-)

T (B0 AR BEE
245 Y 22 9
Upsampling®] $=sH4 02

8 (33 Aol EastH,
o] Il AAA HE
A= 7 =A)

AL w)

wzLEoldst Hx W o2 ’t"fj (D AJEXA

AZHGrid) FH A1)

Wt (Layer Zolo] et

Fute AE 11X T =7 HRE FroluE
Foe AS Fx 1 FuH(Edge) — Aot Zppam ojah Hetol
S & 2 =2 T
(Global) 2 AH7} dxg) Wareta] oo,
ERET BT

(8% A4 glo] Z24HQ
2D Futs B bs)

A4 (27 Ao} 2o

Wavelet 284 (Reshape(1D—2D) ¥ EZ
AA &) 7t 34 2=

=3 (37 W 29 A

SHA]

_ = a
oo | s aastel A9 B | CLS £2 WA g 724
X A7FE W ws 17 go)) &4 o)

H H 7] Z O
A Am | TUTHES HYE A9 | as g an gy

At =

4 44 2d

FolBal At s e AAH R 25 An AY 4
oh TARoRE 74 Ajge] BEY = HE 9 AR Heku] WAL JFL
HFA 02 S35, Score-CAM A3 W] S WatE o) ol FYHO

of
9
=
(9]

78]

Z
Q

(Wl
(@)
2,

2) A7 94l
2 A= ImageNetS = AP 8H5% ResNet50 ZE-& 74 o= 44
stal, ZF 24 g Sefl2ol tigt 271 A5 S 7l or AT ot



A= S5l A HlolH e A B Fopa o] BElC) oS wdef wjAl=
A FF= LAske, 5] 2% B AR o] A5 A= R Mt n|A|
9 A4z or gy —TL?PQ.QE% LAB/HSV A/ At fol=

oH el B NsE 2 9 PEE TS A A

2 A7 9ol =S ONN ob7]84 Agh, A5(SOTA) A=ish, = A
s} Ul sfolMutebue B B kRo] wsle] EgwA gtk 2 @
29 728 WRSHIEG, 98 olnlx9 BelH 542 2astel BY 7

I (sensitivity)2F ®eF X (bias structure) S H5H=
Ao A T Q3 FXE v o2 3 A5 A4l BE A= 549% 58
ol Aet, o= B =72 AYHQ AY HHE oAM= dA=A FF A+

(Future Work)® AQFgtct,

il

0.

7 e
5 AMz2L CNN 7|1E 2do Q14
e e | AR ghs5E ResNet50 oF71e14 47 oo B
2o zjshs
A A, 2 AT, olgl zz =2
pa qpm | WSV AT Goimuetoy | B A TE
Wavelet a4 7 °1 275} A E 3}
-
JE Score=CAM 7IRb | &= S|ERY AlZtel | 7]E XAl 9IS
9 gz s | A XA | 9ol A 5F 44
g g | I W[ SOTA A%E 94 | B9 UgAEYS
A7 SR e gy As) 2l o4
= QAsl nE
e g | AT B4 N A TE SEHEE | op g ojay
A amag e sy | TEEEEEH ] e a3
=




1-3] 2 A9 /A 24 (Intervention Factors)2}

T
ar

[

el a4

29| Fups

a4

REE

e L

— Score—-CAM

w9l ws

L,A B HS V

LL, LH, HL, HH

1E]
=

A

A

Fi4

= 79 714

Al 34

y.3Ke)
5=

913}
o}

=
=
A 7149

7]8ko 2 ResNet502] A==

AdHLE Aldstded, 1

O
=

=
-

H
o

Al 7= gofdt

nE AR A 2

==
~—

D A4 Al

SHA]

S AR 228 gfTote] Bl AHEE A

ER

tRom, 9r71(L) 2 MAH(A/B, H/S/V) 7o) A=

°

il -8

5]

= A,

e QakA wFY

k3

_'H_
fl ResNet500] 574 Fut4=

¥e]

o] nzle A =

g A]
-
s

L

2) Fut% el

2

A

d

=10
AdE F

Nl

AERRES] o

=]
=3

o]

4 AA]

1
[e)

3) ¢la} BA 7)dE XAIQ] Aj=2-& 7}

2 Score-CAM &

& "9}

o=H, 7|



1) M4 i) M2 2 MZe 2) Ot W0l B 2 MEE

olnt =M 78 ol 2N 8

<SR 2 QTN BE AN £35S A1y

* JHR: Wavelet MESHE(LL/LH/HL/HH) 715 | 71
~ ik 92T A5 28— MRS 4

- 9l2]: CNN £7| 750 Ik Mety 12} 2 3

- 2R 5% BH(Light Bias) — H7]- 4 B 9%
+ 7HQ: LAB/HSV A RHA(LA B/ HS V) ZIE =8
2k 97| B8 — B MBI A

- Olof: X9 £7- DY YIS ZHAY O} X 7

3) 21} £4 7|8t XAI2)
1 M22 7Hs 4 A [TO-BE]
CER LR « 71E 371 XAlS b 2¥(post-hoo) — 213 25 27t A 71 A3t XAl
+ T2QISI: AR RIS FT) + AP LM 25 e
« 2740l 1S R APZISiol 3 013} 24 7
- olo] XAIE B £F — S5 013} LY £7'2 4%

o BB XA~ A3 78t olT} XAIZ e
© AA-E3-Z2) 2010| oln} FAS AEKOE 7y

o AAZIIHIS St 58 B3t APO| HYN 34 75
¥ DY S SH DD DHEHs 012} 7]Hh XAl Y

A\ /

(29 1-1] & 979 2 7]

Ao R 2 =R vt 22 FE22 Ak 280 oA Hi
2 A A5 A5k, ResNet50, CAM AG 719, g3t o]&, folEx
7t Fupse B4 78] Azl A ATE 1A 37 A B =R
MEA AQtshs ATt Y 719E 13 24 Z Yo AA of7 e A
SF ATk AN 719 Tl A AR AR AAIS] ettt Aol Al
gt G 71 digke 24 =5 olgste] AAl Y sk,

ResNetSOA H**% dFHor SATORA AGE Ze A IR Fadd

ll:

o}



Hho.
o B

=

ResNet50 g

T

T

o

o M
il Jo EO -
o ® @w_w%% T A3 B
N mﬂﬁ_?du.w]eﬂHAﬁmo%q
W H o__ﬁame}.%Vz_.ﬂcxﬁiﬂé%ﬂﬁ
o N R To R U ! nETE  TE
= = o) i T _= T b N o o B o~
T O R _%ﬂjmx1mﬂ Gﬂadﬂﬁ@ s
= NN e "L b B N < o0
No o WoE e TR = CONTI o W=
ol B = o N T U T+ 4 A m
WK dn XOOF X <" 5 R R op H
G L ™ ! ™ U RO K ~Q ~ =
= oy T N~ i, R TN X Gl
= — 2 H o oo 7o . = % oV A xr
> @A _ o) > = o gl I ! X
T o= £ O o T e o o R X0 No v T FhS ‘__lo_.ﬂ H_ﬂ_
o v ur o MO e o @ N R < Bl W %o
W% qﬂn_onm;oﬁEQ}:_:a FooRo w
o B A Y %dlﬂaﬂnMﬂ oo o ® o
G Mo o W = oo X L
5 ¥ o0 dog B OB O_Emmaﬁ@ WL TR
4 oo D o o = R B oo w Y
~ ) i __01_ H_W [ o _ZE g lo q ,Aﬂ N
o N ol | K = ~ il B ) do ™ Bl o
Mo o B = T g o 2 R X% e B
<l - ooy g I T fia L SR moR
W G w5 - 5 = ~ T I N
N ® %ﬂﬂﬂ%@1%ﬂ7§ﬂ%m€ﬁﬂ B4
. = < o o < X < N
o X z._ﬂm_. S — N © ]@174#
& @.%%urmwzﬂ.@Vﬂ Jz_mL_LﬂMmoo%zT
L_L%ﬂ,1 BPjTo_ua_og17u|H%éL% -
Lfﬂ%ﬁvgﬂA u‘Rﬁnd%4ﬂﬂb_oﬂ$%%
o T B = 3 ™ N~ " oo o X
%o " o LR S ,_Mu ‘LZE ol o o e go XOE M.: = ™ o o
= T _ N —~
?Hﬁ7ﬂamewMawﬂxomw_ﬁ%MoEﬁ§ﬂimm%ﬂ@
—_ fi1e) -
E_EHEMﬂ7, = __g_n>ViwhNuhC1erﬂ
s < Z i = T s = 3 X Z X _
T Qg o T o T . &o W 9 B < X _.,‘m._ = O =y ™) =
= o Y T g ® ~ Rt 7w £ ¢ 3} O M <
ﬂwr%maM%mo1]eﬂuﬂ}duduﬂﬂ.ﬂ1Co1_
TEErEe T oz Mm,ﬁqgiﬁ%&g
3T E]%gﬂmﬂ scwhomoﬂ,__b M g R
~ N T o 8 1 = o < N O
=T S 4 o i X N &P o of
~ O+ 1D| __1_ o T ooy = Hw-\_ o
= = o

5

o]5

ResNet509] %A

O
—

A2

[¢]

S, A3 A4FA Ao

=

()

o|e} Zro]

CAM A2



Hr
Y

o,
N,
L
L
j9_,
oflh
M
o
H
-
rulm
o,
%
ol
ol
N,
4
o
-ol,
o,
ru
M)
N,
jin
I,
filo
2
oK
S
i)

Al 13 ResNet50 gl 7zt £ FZ& 1

A3
i
il

QAL 2 Aol gisky Qn} BA myl¢ast sytoa &8s
6§(Pfetfalned)5ﬂ ResNet509] #+x24 54, §4 F=& #HAUE,

12|31l ImageNet 7|0 shs5 w1785 HSA 2= dERIth ResNet502 He
J 7 AR uAE 2d F g 98] 885 W (backbone) oM,
E35] 2 dAfoA JEH A2 - i) (Intervention)o]] 2 vk-g B4
P W8} Score-CAM W3} Fut4 tlze €HstE olgjels o] T4z

12 ol2& ATttt

rr
_>,:
2

N

1) ResNet509] 7id ¥ 5% =57

CNN ojmn|z] E7-84 <Al-o= I B4 5 FHAT A7 A
ZhGol A Hold s Holm ded oo i Hd= A2 gt 1
Hu HEYAS] Zo|7t 7l o]
(Vanishing Gradient) &A|7F WAste] 450l
Problemo] R T Eth He et al.(2015)02 olzjgt EAIS siA5H7] s

2 5l

Residual Learning(32} st5) 7ldS E4J5tait). ol= Jde e =9 =
G

=l

i

)
)
_OIL
>
(o]

lo

ol A dol== Skip Connections Z-goto] YELZT}
(Residua)¥t ot5ste s sto Zo|7}F 505 ol o= ¢Hg 4]
SHA stelet. 55 ol#eh 22 AL o] F ResNet A
XAI 9+ Grad-CAM, Score-CAM, Fat 7|9F si4 71H
w4 mdg2 2 Fe o] =it

2) ImageNet”|4F ApASHS

6) He, K, Zhang, X., Ren, S., & Sun, J. (2016). Deep Residual Learning for Image
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7) Zeiler, M. D., & Fergus, R. (2014). Visualizing and Understanding Convolutional Networks.
Proceedings of the Furopean Conference on Computer Vision (ECCV 2014), 818-833.

8) Olah et al. (2017). Feature Visualization.

9) Simoncelli, E. P., & Olshausen, B. A. (2001). Natural image statistics and neural
representation.
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A zolshelt.

ol &l Grad-CAM++& th&3 &2 i< Zeth

(D &g A ] B¢, AAo A4 222 v st Fx2d 4 o

FU

(oW

gradients

11) Chattopadhyay et al.(2018). Grad—CAM++: Generalized Gradient—Based Visual
Explanations for Deep Convolutional Networks.
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2) &L Fe2ol Sohe B AAPE EASH: Beel= A42te] AAIE Gt
< g F FAL 71E Grad-CAMO] At 7H4
T, St Bk At Al 93] 7S] 71are] gt

tlo o

e Pre-Trained CNN Model BackPropagation Grad-CAM++
(Forward Pass)

Convolutional
s Feature Maps
Y Forward Pass
1 Scores (y€)
Rectified
Gradients
] mg

Weighted Sum &
(ﬁ RELU Activation
Second/Third-order l
Gradients Weights
Genereated

Grad-CAM++
Heatmap

Upsample& Overlay

[2% 2-5] Grad-CAM++ 7|8 @451 W QA4

I

Grad-CAM#++9] Zej2coll et SlEME chet Zo] Fojgct,
LGrai—cam++ = (;QZAk

Grad-CAM++¢] 94 O}O]Eloi% =7 W49 74 24s) gh(4,6.5))°]

T A7 4G A SE A A 58 Wl () HRINA 9 24
oF #old, o g Ade SaxE Yetle 7R ol

Grad-CAM¥}e] 71 & Aol oleol Ao F4el . 7IE
Grad-CAMOIA £ o7t slig AEe] IHHIES] Huor Attes W
Grad-CAM++ollA= 24 949 SQIE Rhgste] ofje} o] A ojeit.

o = Zzaf;<z',;'> y ReL”(a/fZi/;j))

oA71A dee BA ) o1H 0] FaES HeRiE 715 oln], o]k 27 & 33}
nlRg olga theat ol ALtwc

azyc
ke __ aAk (Z’])Z
aij — azyc ZZ agyc
22— A, (a,b)
aAk (Z ])2 a g aA/q (l ])
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[E 2-3] Grad—-CAMY Grad-CAM++ 7}5%] AAtERA *}o]

15 Grad—-CAM Grad—-CAM++
quF CNN 9 GAP £ Crad-CAMG 5
o =

4g Vs 7x| %9 %7410401 SRt
1o © - =1 Zo]| Ae 7=
VA At ZZM SEE /3R )
12} 29 ¢l (Flrst order | 22} ¥ 37~]- J%iﬂ]—‘_r(High—order
A 7ig gradient) & &gt derivative)& &3t TAIE
A AN FRE §
A ol S ST
AF HEAL thol E 7]dl AAT -
=9 W AHARA] Léyus - can = ReLUY A, Lyaa—camrs = RQLZJ(Z%A}@)
k k
4 W ol =44 FHHA FE GY A gdd A YA =5
on (Local class attention) 1 &1 (Fine—grained attention)

=

th Grad-CAM++9] A|Z+4 @i} 9 28

Grad-CAM++= A7k} 24 2764 7|2 Grad-CAMET Hold 4%
S wolt, ©el AA9] %9 Grad-CAM++= 77e] ojZ-ad® ohat i o
A7A) mEA FEE 5 Sl olul M Z42ke] 7
A wstels) e gt A7t meo] o8
A} 49 s ABASXAD Hefd Fad dae gt

38
o
_:)
)
of
=&
ﬁ
_\,L
i
==
_C;

2h) Grad-CAM++9] AH

Grad—-CAM++2 7]& Grad-CAM2] T2 Hes17] 93] Alotd 7|H
og, ZHAE A4S fiS A W bgF X T4 JdxE AlZalst
of AIAA AYEE =QIoh 59, 12k % 23 #njE 2 E8to=EH
Ast oAHW HolHE A ele] S Q% Abo](importance difference)S &
gslel 4~ Qltt a8y olggt 112 m|E 719 M (Second—-order Gradient
Dependency)> 2&dA o= o3yt -2 HAE Wzttt A, IHHAE
of A EF¢EAHer Qs AFNoise)olut 2L Ew P (Class

Imbalance)o] RSk Aol AE B4s Wo] 9=y 4o, S, meo)

S
=

OPH



£

l

A
2

ﬂEEE}— l

AAA o

Hm

o] 71&7] BE H=sHA fgste], AA A5 2

215-=(Computational Artifact)S AT

rJ
OH

1_

Z#HA(Class) = thF AA(Multi-object) Aol 2] vy A2t
A

4>
30,
T
2
3

5] HhgshA] FohH, ol &4 F9ol FHEAY 34
Zlet.

AA o2 Grad-CAM++2 AL (precision) ZSHAE
rAd (stability) ¥ A A3 (interpretability consistency) SH|A= oH
5] x4 AokE Adth

oo L i&
2 e 01N
o

=

]

I

4) IHGAE SYH A2k 49 2D Score-CAM

A L 5

Score~CAM2 1A E(gradient)ol] thet <&24S AAF Fz9
CAM 718k 7| o2 Grad-CAMO| HAIS REstr] sl A= et
z719] CAMZ wmhxeF RMdsE #lo]oje] &/dst W3t Global Average
Pooling 7} X5 Agste] A ZeE FPPAT, GAP #Holoj7t 23d 4
oI A 2 st 724 Alefel AT °]F Grad-CAMZ <=
2 o] st THTAES AATste] ZF SIS W] QLS AARGFO
24 o2t Aloks &etgloy, IHHAE 24 (vanishing gradient)o|H &

St oz Qs S|EmO AlgAlo] AdtEYs EA7F 2d9th Score-CAME
olzfet ZAIE siEst] Al 4 At Wa P omA|o mprdm AHE

gt 3 8 8ol &ureF Ant(forward pass) AR AL ZA AL
(class score)E T QL2 &3t}

olgigt It AE-Z | (gradient—free) FE2 REo Wt ZAE Hr}
SASH] Wrgst, Azt JdiAda diEls FAl

—

)
o
>
™y
)

}) Score—-CAMZS] 7]E 7
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Score=CAM(Score-weighted Class Activation Mapping)2 CNN=ZZ ]
A% AaE AAAo=w AYst= XAl(Explai nable A 7I%¥ & Sfufolth,

7]&2] CAM 71H} PHE, 53] Grad-CAMeo| 54 S &0 diet o=
9] Gradient® &8sto] F8 F9= AASste A ge, Score-CAM>
Gradiento]] Wo} o|lE8S s ARt Aol 7 & EAolth o] HHE
2 7} Agdo] &4} W(Activation Map)o] RE O] oZof dupp 2 AFE
Z7HIncrease of Confidence)E 7FLE=AS &Hs5te] 71525 A&

%, 54 243 #E ntAaaMask) 2 ARgsto] 2 ojm|x|of HE3S
o, mdo] s S2o et oS Hp(Score)E ARt EA Foist=A]
£ AFHor HrRith o] H4E 7SR E ARgste] @43 Wa A 4
Faogm, Hdo] ojmz|o] ol HIS IAR TS WIH=A AHA
S|Ef(Heatmap) dEI= AlZ}e}etty.  Gradient® ARESHA] ke
Gradient £41(Vanishing Gradients)o|Yt XZ3H(Saturation) FAZHE 2=
¢, ol AMHo=r o ZjEstal AAC] HEH IFEY AAS AuE
Adshs AR ool 12

/ Input Image Convolutional Leyers Feature Maps Score-CAM

— Forward Pass
Rectlf ed
Layers

Feature Maps Weighted
Normalization Combination
Pre- Tralned CNN Model

Forward Pass
Masked
\ (For ward Pass) / mage | | Confidence
Score(S)

[2% 2-6] Score-CAM 7149t &3} 9 A/ Jt7g

Score=CAM-2 Grad-CAM A€ 7FF LEZQ Aokl THHAE 9]
ZX(Gradient Dependency)2 A|A35H7] Qs A=), o] 7[HE E
s coll tieh A olulA] o] FAst W 4,5 o83, ST WS g

12) Wang et al.(2020). Score—Weighted Visual Explanations for Convolutional Neural
Networks.
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Score~CAME| 4] ofo|tjol= thai} L
w, = IO Up(A4,)) — f.(L)

AZNA £ )= A cofl hgt BE o] &3 H4x(score function),
Up( - )2 dMEH (up-sampling) 94 1= 71& JHEF A= o]u]x])o]
ot &, kA E4 W4, 5 AAEDste] Y& olm] 1o mkA A (mask)=
g3t oA Rl oA e S o, SHa A5 (r )7t
(Hoj el f (7)HH]) duht Z7lsh=A1E SAH. o] A4 S71F A4
7F 4,8 AA 71 (contribution)7} El= Y AE -] (gradient—free)
HA]o]rt,

T A3 e ohait Zol AeHrh

Lgcore —cAM — RelL U(Xk:a);eAk)

o] A2 Grad-CAMOIA 9] TIHHUAE 7|5t 7452 A4tA fxH o=
FAFsEARE, w2 A4 glo] = ut(forward pass)TrO2 JHEAE AMESiTh
= HolA EZZHSl zto]lE Mt} o]24 Score-CAM2 TIitIES] &
A BAIE SHAastar, AlZer Aae] Ay A4S SR

(% 2-4] Grad-CAM++7} Score-CAM®] 7153 A ¥4 @

&2 Grad—-CAM++ Score—CAM
2E CNN 3z A& 75
(Gradient—free)
9y
AEA ARA =Xl = FUSTHA) - 1(5)
(A}, 321H | &)
22 9 32 ®Wu|E(High-order I YA E glo] Eg&

AL M F2 |13 njHo] 753 CNN L%

A 7id derivative)& 5%+ AE A (score) o] HIFOo 2
Sar Wy 719E At
AAF w2 7RE Gt 5
At g4 (3}, 37 Eﬁ;;) @2 (Score 7]HF QHA3})
%a D]E 7—'"/‘\}/\—,] L(L;md*CAZLFrJr - Re[’l](;a;e/l}e) L.;core*CAAW = RgL[](Xk:szk)
AE gy Aust ZefA
sS4 H % 9 ¥ (Fine-grained | && (& A2 forward HHg)
attention)
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2} Score-CAMS] A|Zt# @7t 9 &

o

Score—-CAM2 1 YJAE9]| o]&olz] e Iy AdE-= 2] (gradient—

free) L WA Ao RN 7|E0 TIHHJAE 7]HF A7 7|} F3lo]
THEE= ATA EAS AlFetty. 94, Score-CAMo| Aotz 243
S AZFAH AW E(visual cleanliness) ZWHoA =& ZZ& Holth o]:=
Grad—-CAM AlgoA £% st I#tAE Lo]Z(gradient noise)lt
JHYAE ES(saturation)®} F2> wAIRFH iAoz AfE7] wiwol

oh, olglgt EA2 mdlo] oE A} Tt AEA <lF-&E(computational
artifact)= AAste], Hot 7iZstal PP AQ A4 dH& 7HssHA g
T3S Score-CAM2 AW A% (faithfulness) SHANA F o9t FHS
= 71E 7I¥Ee] IHHAE S 7HEA TARE S8Rt A 2,
Score=CAMZ 2} 574 o] & Heol Z]ofste A=E &0 At
(forward propagation)& &3l 2|3 SH3trh o]z QI Hdo] A= of&
g AZHA SAE G SAHSH wtgshH, AA|o] dFRT FxEHe BAEFE
Hol= Grad-CAM ALY &2 AA =
A3E Algrt. Score-CAM <
€ 7tsd= 7Kt A& S0,
model debugging)ol €82 4 glow, AxH o= oA
A Algste T 9= 7€ 7IHEA FEstA A
=tk ERF Score-CAME| AJZHA ¢S 7INteR, &4
(smoothing)stAY ofg] AF<2] Score-CAM W2 &&dt= 5
(multi-layer fusion) 2 Z-83slo] Aol AIA (robustness)?t LTS
Hs A7l HFer SE 4 ok uiA9 e R, Score-CAMO| =1
F 71 A4t A vl-T1# YA E(non—gradient) 7|8t AW 79| o]&
A EHE AAWTHE HolA 24 ouE Zreth IHHAE glolk Az
2 Aol 7Hedte d5cte XAl 7|Ho] 546t 7|8k nhelsiln.

A 3 d EA B (Feature Separation)E 9t M3t o]

r

Hie
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A1 A =2fgt viel o], Class Activation Mapping AlF9] A=
0] ololAlel ol 32131 9i31e] FRelA AN ) 2A Sloi
ot Oy o]t &A%} W(Heatmap)2 Edo] of I3 Hp=7FeEe=
Aol tioll A wZ2dA], FE wEdAl, 52 HH (Texture) HEAA] 3
gotA Eefste] AstA] Este HAE Adh

ool BB 22 A9 F shit fhREel ONNe| dejoz A8
BGR (= RGB) A-g7te] EAAQl E4 F 43 (Feature Entanglement)
Aol et BGR tj~Edo]eh g2 714 X}“]E
o17Fo] A|z|ZF A|AHlo] HAFS ©

g2 Mo e

o5t MAF T HHAlY

, N3t Ae)7 wekd, BGRo

A gIsh A ARe Al AABGR HAgHos Sasle] Yk, dE

=°1, (100,100,100)¢] 24 =4S (120,100,100)8] 2 E3Mo= HAT

W, o] Wake MEEW)e] Wate Buk okl ¥rI(FehHe WA
| §@siche. Wb BGR 718He] CAM 242 mdlo] wrlo] whed

217 Al WS AIA] TES 4 g WEL, ol mde] P el

O

2 otz & uf Azt Wt M4(Confounding Variable) 2

ol

A e |
2 ggheh

£ 979 %4 FR A% BA 398 LI GRS 209 08
2 gursks Wy a9l %

13) Gonzalez, R. C., & Woods, R. E. (2018). Digital Image Processing, 4th ed. Pearson.

14) van de Sande et al.(2011). Color Features for Visual Place Recognition.
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Original RGB L Channel (Lightness)

w2 AgTE HolEE Jide] A i ez A= CIE LAB (CIELAB) A

1=}
B2 19769 FAZBIACIEe ols) o, A7Ho] Ay 917 =
2 Ssprog DA YEAL Aggiolth LABY] /M 2 54 Ay A
BE Qgke] AZfe] QAske WA AR Al Zbd SRAQ AU 2
ejgheis Holct
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7h L A - 2 EaA G JFE dIY

L Aig< <lzbe]l A|7t A|AElo] 74 ulzbshAl Hhe sl
+ 97| (Brightness) ARTHS =
Oﬂ/\'l 100(9}%10]- HH/\H)W]-Z]O o]j_/l‘\__ H-E]-OA% 7]_1113:]7 /‘—,/2)]'(3

| 22l ot L Ad2 1“174194

= Y (Lightness)
re 0@E 34
b*) FHe} ¢

H

ot

AR @HO A4 FAHE 7\1]%@"’4’ = ?q_:rloﬂj\i Tﬁgé}t AR
(Intervention) A2 HIZ o] L 4

dof dis] flelE&3 WHehs adstal, 1 FolAk: a1t J'Hoﬂ Agro=z
Rt ol= A4 AHE(a, b s 1A el A Heb 7wt

g axute AYsH =&she 4d 84

W A AAG-R A2 Az wgo] And A%

A Ad@*)> CIE LAB M-3ItolA =587 (Green—Red) 59| A2t
(Chromatic Difference)¥-2 HHH o2 FHITE A Fho] E&45 =54 7]

— "1
e, EeTE 2 Zlee UEHY, 94 Dold flE 2= s xS

2 gevh TebA A Qg2 o219 M2k (Color Temperature)H 24 7|
d E4of ot 2de] nAEE EActe o A A =Folth AE
9], mF(dermatology), ¥ (fruit), FF(blood vessel) T A ggo] &
Q1 dlolgAlof A Helo] Fx2] HREHTE Mo MILstA oEst Sl
A& ool & ik & AFolA A AdE & st A2, AT HEA] 7]
1 FR)e 8% AHolA BEe] ARk HStE SAste vy A9

A

olct. Wik A Ade] zAToR POt A WaTY, mde Fept €
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A7F opd Az HF(Color Bias)ell oJsf A& Wi =< ouisiet. o
=z WHoprh Qiopd Rl 2 Ad Hsto| gty #x22 EAL7IRD

of F2 gFotT e et

tlo
lo

th B ALE-Y A 29 S A4 Mg vk 4F

B AEdb*)e o=t - = (Blue— Yellow) =2 Ma AHE EHSHH, X
9 (illumination)¥} 373 ML (color tone)ol] WIZSHA BFHEsich L-ghdlo]
gl 9] 37t B A

73
A% AY 27, FEYOl EPE 44T 5 2 BH9 Az

2134 drgE e metA B A A Rddo] =9 Z|RE AW llumin
ation—induced bias)2 2zt Y=z ARE cypHor ZHT 4 Q= WA
Aot & dAFolA B A: ‘?l’ }—5}3]'51 L-A 2id
o] AT Wale Wsl,
2 T4 (Misclassification) &
Hoerk Po7t 274 &S =
Zo]| ol&Est= Foket ¢4l Fx= Ho| Q&= ofn|eith

p
3
oflt
o
N
o
i
o
Bl
o
P
o
H-l
rE
fo
2,
1o,
olt

2) HSV: AsteA ddg g 94 ole

HSV(Hue - Saturation — Value) A 37+ Q17he] 2|3z Mz Q1A vbA]
= BAdshy] Qo AAE A Fo=, onz1Y] ME(H), HE(S), FEV)
S A2 S91E A Ji9 ARor #FEste] B HSVE 71&9 RGBY
BGR¥ ge] A4 ZAI(H), Aol Z&=(S), 121 Br7|(VE =2 Ade=
et 7] wizell, Q1Zte] AlZA o w Al QIASH FiEshe WA o &4
gt B X E AlFetth o] M Fh2 A4 ¥s 7Aooz ofEA Q14
He=XE F BEsh] diwel, & Agtet Zol Al a9y 24 Q1S &
gfsto] 12 Zi Q) (Intervention)= aolioF k= Adde] w¢ Agdsirt. &

5] HSVE= RGRHT ¢ HstsHA *—E (Hue)ﬂJ—E— Laléw 22 &~ 1,
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o whEbA HSV A g3he o]&shd H(MZx), S(i:), V(RS 247 =9
Al ) "z dAste, Bdo]l A Ao ¥hgshEA(H), Al A=
tiH]of ¥hEsh=%](S), &2 g7] et Hhgst=2(V)E e

T k. ollRt B4 2 AelA st AA Z1RE i) A9 (Color

=
Intervention)ol|A] FQ3%F o] 27 7|WhS FASHt

N
=
T
:>|J:|‘,
e
T

c
o
M4
-
1=
EN
T

c
L)
N,
rE
r [*]
1>
10
B
)
E.l,
N
N
1o
g{:
>,

H QgL HSV A Z7to|Ad ME(Hue)te EASHY, #h- Lo %2210
S Ao /3 A4=(0° ~360° )E YEFAT HH7](Value)y A= (Saturat

ion)®] G glo] ‘&g A ZAA'E UEHZ] wiwel, H g2 Ax #srt
3} L
SES
ot didiz g2 7Wtes mdeks Rdolgtd H xAR2
) S A9 (Saturation): A ZF%(Color Strength) o]EL 9] Q1A =4

ofJA Aol ZF&(Saturation) T+ L (Purity)E LEF

Sgto] wrom dupall o)A Zof FPhIA| AL, ghol wo Adwskal 4

ok =
ér—%,—mm
2%
e

ol Hrt, S AdS xAshe It A2 Mo Fel/ofgto] Hdo]

dut s Frh RO MEH)7F SUde A HITo =z
mdo] ew Ast=z], Reo] A tfu](Chromatic Contrast)o] H7EH}
Ao RMAZHE AAETE AFZ S 1)olA BEo] o7t SEetE, o=
Heo] Mol FLof oEStL e HolErh WE IS 1) g elA
Hh-go] HrestA F7kshH A ZF Wk (Saturation bias)& 7H Ao =S4
< 5 Aot
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oV AY (Value): A4 ol EFE FI SN AntH 2

V gL HSV A Z7ro)A HH7](Value)E YeEl A9, LABS] Lt &

MAHH, $) AR AR A9 W 5, Ve A dge] EakE woleh
=548 Mt 258 T2 /I 0L WS FAREA, ol Ay
ol ZFH V ¥t BE Qo] B 27 AFPEAE HHstel FUT
FELE FAT A VI Z7AAAE olul Ak Sl uA FA] Ao

o
Po7F V #HEole ugskAe, L Heols =dsidd, 2de £x 7]

Q4jo] ofsta A-H7] BF AFe] JEsHe BEYS oJulgt,
A4 A golEsl Wge e 9 Foy 24

A =S ol2L 9olEal W3 Wavelet

D e 2 S8 HiA

flolE3 HEH(Wavelet Transform)2 A&} o]u|x]&E FIF A E(Spatial
Information)®} =3t A H (Frequency Information)& sAlo 24T 4 S+
o ez, Feof Mg (Fourier Transform) 9] HAIE Hkst7] fIsf] A|Qt=]
Atk Fof M2 AT A Fut 4JE(frequency component)= AT
T o, AIZHA-FHA 913 AR AAE0] of= JooA ofH Fup4rt
HASH=71E FAFCRE & 4 ok §HH, go]E3 Ak 42 =4 119
(Localized Waveform)<& ©|s 2 5} S|
A, ol Fukprt ST HE Al BEE 4 QU olejt EAo R

2]

HlolE3! g2 ofmjz] A,



A oA (multilevel) o] 29 A (localized) AHE BA6= 78S T2 AF
Srlo] gt &, Faof HIto] HMAAQ Hd AHEY JIXE HojF= HiHA,
=

ol :L% olulA el 442

4
=
o)
rr
=S
IS
FP.EB
© 5
o 7
mr <
>E§
o & &
LS
L 2

Kel
=
EA4E ;9-'5}04, Score—-CAM 7|4t &

¢}
299 A7k Beto] Fuks: e EE ofF7 WS}

2) flol&dl Hgho] siAz Az

olE=l HEH(Wavelet Transform)-2 A& 7(¢)e LA(R) AoA A7HEE
D Fup(AAY) BEE A 24T 4 Qe AERt i 2=,
H| A A} 215 (non-stationary signal)2] =42 EAS FEslA| xzkel= o 2

sltt. o] Fa]of Wk (Fourier Transform)e] 7F4 Al7F 94 <] U H|=ZA4A (non-
locality) @] SHAIS Retste], A|7F-Zut4: 34 (time — frequency analysis) 2ok
of Al AN QXS ZA|jtct. fJo]E3 WEe yjEHog n Yo|EE
(mother wavelet)ol2t &&= g 719] 7% tpp)E E}Oka 271 (scale) 1}
912 (translation) = Hglste] AA) A5 TS A= HHAl o 2 A o)=) o]
et HL2 AT MAAQ Fubg AR of e, ATHEE 37 A9 A9

21 Wsk(local variation)S FAlo 7]&S 4 YA it

.

& 9olEa 2 AZf(HE ATt - 2A1Y PH(time —scale plane) 02
A (mapping) st A& Wgoz AoHe & golBSlp@®)7t 3§ 27
(admissibility condition)& W& o, A& olER Alg+ that Zo] 39

o}
A7IA, HolBA 1A Wylas) T} Zo] Beolge,

¢

i

19) g, "HAE AsAe , GEEIbe] 2009, p. 241-247. 2, Hlolsl Wakt &
£y, WEET 2017, pp. 25-33.
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wa,b =

o a&(0,+c0): AL (scale) wHetmEHE, FolE3 0] 452 Alofqith
7F 295 10 ARE F29 AFn ARAN )=, a7
< F7te] 1Fnr AR E)S AR

e bER:! o] (translation) TEu|EIR, A|7F & AoA fo]E319] $14]

o .
= XA

_,d
"y
o
-+
Jhu
B

. |1 | :L*-norm HZEE QIgt oz Ate} ol
a
e "1 Ay EAS(Complex Conjugate)s 2J0|gict,
CWT+ stoldAH| 23 E294 Y2](Heisenberg's Uncertainty Principle)©]]

Zbstel, AFm Gelol i Fula RS £ A SR dow, v
£ AT S R Fs WEsL de oF

(muluresolutlon) EAE zh=rt o]yt EAL A Y FA3% Moy AA Lt

sl
AL flel=3 W2 B g bol His) d&KHor AxtEBE=R, ALtero]
d(redundancy)& 7HA&= ©@4lo] Qlth. olE diZ4st7]
0] a}u]ﬂé o] 4tak(discretization)sto] H4d7t Zo] o]4t
dolEx WHeto|ty, DWTE dRtdo= 0]7‘] E}O]O}‘j(dyadm) HEde 7l

a=2, b=ke+2, jkez
olgfet 2= Mallat(1989)°] Altet w5 sl 24 o2l s 73
ASHEIAT. MRAE AS F7HLA(R)S Sl E 4 (resolution level) joll w}

gt A=Hog Haly y HE I7E0] tog TS}
LYR) = @VV], wheve V;_y = V. & W,
]EZ
171 A,

16) A EH oz MM% , SrEJn|To], 2019, pp. 247-253.
J°§ 1 FololEsl Wghy} -8,  WHET 2017, pp. 35-44.

_35_



o Vi 2AY 27o|A 9] ZAL FXH(approximation space) &2, AA YUY
r=(scaling function)g(f)ell ols A/ H .

o wit Vool HiRtY] viAlw ofF tog, flolEsl &4 wdell o3
A== AR Bttt &, Ve AFEHAZD)

A
WIR) 4Ee TR} o2 vEon Agsiy A E 3

oh 2244 o4t folE

224 o4t folER D
< 129 flolER ¥ MEE 3t HE (ryFder Hcto], oln|7|
£ o5 =Y For dE2eg Fdlste 7ol ole olnz] W o
A X (form structure)@} Al AZ(texture detai)eS A2 o2 AAL
(scale)oll A FAlel 24T 4 U= sto], ¥4 I4a49 Fupbg JEE
A9det g&8 FAS 7heotA Rtk 2D-DWT+ 12 AAYE &4
p@2} elEd = p)E F Fo=, 5gAo=r Hfste &9 75T
71| (separable basis)E ©]-&2tth. ol &oll, 22+ ©[H]|A] f(x,y) € L*(R) =
Cheat gol AP AR AlE FRe] xtor HAHM

o Y™ g4 (Scaling Function)

i
all

oz, =o(@o(y)

o]= olmz|¢] AFuh(approximation) “di= EASHH, A2 =
=

HZ9

r
ol

(structure)@t HY EE(intensity distribution)
o Jo]E=l T4 (Wavelet Function)
v (2,9) = ¢(2)w(y) (B TF AT A

JE  Horizontal detail)
v (2,y) = ¢(2)w(y) (FF TF AR A

1=
s
1=
"1'_—

, Vertical detail)

17) Antonini et al.(1992). Image Coding Using Wavelet Transform.
18) Li, C., & Orchard, M. T. (2001). New Edge—Directed Interpolation.

19) Unser, M. (1995). Texture Classification and Segmentation Using Wavelet Frames. IEEE
Transactions on Image Processing, 4(11), 1549 —1560.
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U (2,y) = ¢(x)w(y) (NZ TF M5 AL, Diagonal detail)
ol5e 27 olulA U 4, 44, 7t e A ARE 230
Z

o, of|Z](edge), ¥l (pattern), A7 (texture)?} Z-S M 245 HE3]
=]

o A} A4 (Approximation Coefficients)

Copin =< Fsbpn >
ojujz]o] AFut thA(LL)o sigstH, AAAQ0 FE=)
Ak,

e
-
PN
ﬂllﬂl
Jo

o AME A4 (Approximation Coefficients)

a) = <l > ke LH HL, HH

aFnt o] AR AEE s, w42 WH3k(local variation)t
78 Al(edge) HEE wrdgiet. olzigt Eoff g Foll, 2D-DWT= ¢
&2 on|AE skt AFat ZAF ARMLLT Al WRke] naat AlE A
o o=

2 FAH 4749 Fut g TES 24 g2 A2 Au
(orthogonal)sto] FH O] FE-S Ao, of33t 2 E24 A2
g2 AlFi.

(% 2-5] o183 Hoff dield Ar 54 B A2k o]
] FQ AY NZFA on]
LL AFn T G A FH, «F, Jg +x
LH 29 maza 48 | 29 9ol AAM, 84 daf
HL 54 RFT YR F4 Fge] AAM, +x s}
HH ozt nFu 4R nA A, gE, AR Ad
2D-DWTE X152 27 7]H(orthonormal basis)o]] E%ste] AR &4
o] g& ouzE tF Fute ooz Eocl= a8 o]l H FEH
B AS Algettt, ojnjz] B4 oA LL AELS A9H =t Jet
o] ¢tyA ;A felstH, LH/HL/HH A& AlF #3244 47 AE9
aytAolct

flolE3 7wt Bol= 374 Aot Fubr HARE FAlo HESH= o
Z WE BAHS 755 . ol IXF "HEPoRE Y] oy AW
oF 24 BdS APt E5] 1Fu 192 4zt -2t WekA
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Color Approximation (LL}
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Wavelet Coefficients of Input Image (HSV)

Color Approximation (LL)

Wavelet Ceefficients of Input Image (LAB)

Color Approximation (LL)

175

150

125

Horizontal Detail Magnitude (LH)

Horizontal Detail Magnitude (LH)

Dizgonal Detail Magnitude (HH)

(1% 2-8] A4 gxPE lol®el Hel(LL, LH, HL, HH) H]w
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7 (intensity) 2} tiH](contrast)oll T2 G324 Zpol7} FE2|H, LAB 53t
MM A= A AdiE@*, b*)o] E= Qs FeF diHle Mxprt B
oF AustA FAE §FH, HSV 33XtollA= A vt Eejxo], Fut
- s Az 9 Hr] Helr g8s] =edt. 55, ZF A4 3kl o

2E AIR,GB/La*b*/HSV)E AEWME ALE F(summation) g
o AEH FAUA(E,, e, T A Fho] AAHOR o= AHE9)

Fub g (frequecy response)e EFSIAL QU=AE A= UERHM

= RGB, LAB, HSV Z7telA 7Z7® RE ofd(edge) @ A7
(texture) AWO] £4 & (IE)E A4 F7re] Ae] WAle] wet Fups

i
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£ dol, A4 F7he] 74 st holBd e Fups g S4 43
VS O

=

J. A= o3k

gjo] Score-CAM ¥ Fuk4 7|9F 9] H(frequency—based attention map)
Z o]
o

gol2el WEL wid AT Ea P dol,
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R

Z A1 (Deep

Z.
(@]
o)
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Z.
e
=
(@]
=
1o
Ic
o
>
=
)
v
TN
filo
N
=)
4 n

4 9 (frequency domain)]|

A SIS & Sle B4E A= F4E 5 Aok folEdle ASE Sk
deez Zoid g4, g Fubprt 3A oz ol fx|olA AYS)
=215 Yyet= 992 A H(localization) S A4 A|-&3tct.
olglet B4 Wt Fefo Hg 7Nt 43 2], CNN9 &3} +
£ U5 shd=(multi-resolution) WA AFHo=m oJsfd 4 QA <

o P

2 Ao BN Aot S4T AW 97 49 AnE Moz s,



el
il

= =2ollA AL 5 de= YT eAT Score-CAMO| ArEdh=
g W oAy 4 olux|e] FIHE Fo —E-—E(Spatial attention
distribution)Z Hradgich o] WMo CNNo| mfz|q}

X

=)
=9 7Isder AdE=d, o 243 fHe ©

o,

ok

(convolutional filter) & o5 A A g T 2l
@: Ao Fe), nEme] A7 & AANE BA|detecton 2 7|5}

=
(z.9)E @S 304 BEXE do], o] ojf Foj
=25 Uele FTu %%" %o(frequency response
(]

AN -
characteristics)& ¥4

A At W 4
Hue] F2 e

7h 2D-DWTE &3t Fu4= iy £
olof A (z,y)ol 22+ oAt Yol &
ol Fub ABEHiE g2 B35t

2D— DWT

A(c>(x,y) {LL<C),LH(C>,HL<C>,HH<C)}

ZF AEREE Az ogE Fug JI91 JFe 7, o F
Score ~CAM9] Fut4= A& dh-S-(frequency—selective response)= A
og ST 4 Aok 7 ABEHEO] ofJX](Energy)+ T Fub th ol
o] Htg rel HFEE YetH, o] ZF vi=9] Frobenius NormA|&.2
=2 Aoy

E) =Y | Band A\ z,9)|*, Band € {LL,LH, HL, HH)

T

ol gr), Fol E24E, FF FHA A B mdo] 1 Fubs
o] dHE H AstA &8st e oulRith

o Ef5°] B/ vehtd, mdo] Hd Fef(global form)ut AFot F4
o Fx2 54 o&Est Slas on|eith

o WHZ £ EfLEf 7t AHACR B A4S, Bl AR FZ(local
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W A% % o

3 gk B3 A4
AolE8l NEWME (LLLHHLHH) = @5 toa g2 W E¢dt
T lom, ol WIEA] 2 o4t fojEE 92D Inverse Discrete
Wavelet Transform, IDWT)& &3] A& ofoF g},
A Aol 4 MHME Agol SR, S Folstd 54 t9]
BEE 2AT H, ohg A3 go] Mz 48 B 478 ATt
LL'Y) =@, « LLY,
LH" = w,y « LH"Y
HL') = wyy « HLY
HH'") = wpyy « HH"

A4 = op—pwr({LL' O, LH ), oL ), 5 ©))

AZIM wy,, = FoEE 9] Aty FQEE ZAok= metu|E o]

o, oA ATAE AYe EA o oJode Bz} oA
=

=
T
Ay 243t W(Frequency-modulated Activation Map)S.2 ZH-8Ht},

oh) Zujd Fak4= the] (Dominant Frequency Band, DFB)

o] & QA ShE BN 7 ASHA wESote tiYe ot o
SCEES

Af.= arynac (1L, LA HL HH) (Ezf;id)

AZIA Af = FHLcol digt B AujA Fubp oS ofn|stH, o]
+ Score-CAM o] Futs -5 F4H(frequency response center)S=2 of4
Hrh o] ZA7E Fo Bdo] AHH EHARHFTI) e w4ad AR Fx2A
T & ol Foll  oESH=AE AFA o= Hud & qlrh

742 v (visual explanation)= T
A Zr%(spatial attention)®] AP Yol Zm AeEx  Hhe

(frequency— selective response) @2 ettt =, Hdo| A=z A=



o o dYg-& A9dor @4dstels e, deld ATl Tl
F7H 1jE-E es5clk= Aol of FupeA Q12 ¥-(frequency—aware
cognition)& FPctl  YF= AR AxHor,  folEEl TRk
Score=CAM Fab g2 XAl #HHoA gy ZEo] 14 fAUESS
0% oiide 2 Fug AdEg0] S A9 o+ e M= 74 deo

A= AT,

A 54d SolES-Grad-CAM++ 7|8t HE|AAY &35 B AF
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(Single—scale)ef] o]&sto], ou|z]e] EZdH B AR (It AJE)et
TFEAFT ABE FAlOl Z&StE T
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e
o
>
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2 Bolstel 2AY

g9 A B

2 5
Ho| GAE FRotn BIAAY Je FY B B A4kl lol,
5

HDM-WaveNet Framework
AL 7|4 HE| AHY o
HDM CAM Output Image
—p | } —/ | » 1

SA0IES 71 el AAY
HE 74 oo o0, o)
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uyziﬁi

(29 2-9] HDM-WaveNeto] Tgaeg 3%

(18 2-9]= HDM-WaveNeto] 918 o|n|x2FE Tz} Ho]E 7|4t 4
E sk, fJolEsl AMEHIiEE 535t HDM-CAMS

B9 o|n|A S Fshe A ZAAYRE AHoR Ko

Input Image Grad-CAM+ + o°) Grad-CAM ++ o,

LL(Low-Frequency)
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HL(Horizontal)




[C1¥ 2-10]2 HDM-WaveNetZ A-85t5& o Zt Fup djefo] &4

T WEAAY Fuks ARE AA BHS W A4 el angom
gL AT 4 9tk

3) HDM-WaveNet 342 g

HDM-WaveNet-> ResNet 7|5t CNN9| 374 ZAI} Wavelet H2HS]
4% dE Fus 5ag st g PR deld 2
CNNoJ] 7kl AH &4 FAE Hebsty 2o si4 7Hs
Sff Aletel stolEHE= mdolty, o] rElo] 7|2 Iy )
A (High—Dimensional Spatial Feature)®] &, (2) folE23 ¥HgS T3 ot
T 2AYD Fo 29, Q) F-Fug =HQ1Y] £4 g9 (Multi-domain
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st A, 0 vF 2AY 248 e E8% 4 ofnr] HUo oAl
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ozl CNN EA} {o]Ex ABWMES shte] 35 5d 3te=s %
(feature fusion) QFCY,
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ol Pz T EAS AT olE &l HDM-WaveNet 57t ojn]
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4 wdo] e FEdoR WAL, o RS FAG AME Yy
tetk, LAB T+ HSV A 37to=z H 2t
BHE AA Fue ALY FHE AT oS Yoz 4§ o
Tol, Fuk gEe] 24 Fwo] wet A2 BB s Yo B B
2oh A ched et ol Bt wge] Aolvt ofd, mdo] 54
Fute e AmtHos WESeAE FHse A A shaHEct
olelFt T XAl 479 7E Wt B FH BA2L dol AY

A Az o7 sHst= ALt oF 4 )
oh A=A 3t A9 (Quantitative Causal Validation)
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2 Aol At A4Sk A1) Z19E i 74 medYae o
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Attention Map Attention Map
o o g les
b et i e

e 377

P(Class;)Score
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4. Reconstruction
(IDWT)&Merge

5. Model Response
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(Resnet Model)
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812

ResNet

6. Causal Quantification
(Causal Graph Construction)
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qdoz Bagtt 7 telel
olu] WEs E- Ay o
AuE wsie], Fus YL
S1gk 719t wehug 0] 7)Eake
2 Hojg,

Frequency Intervention

4 @l HD9| fo=
~2 3
o
o7 Wt ok Azt AP

SHA]

1 o

L Fns 42e A7 dgHew
Aol g,

Reconstruction (IDW)&
Merge

Mdd flelesl AE dud
(IDWT)sto] 4
OJHI A I 0 (@)

1=
HRE s fze g
A8 He

Model Response
Measurement

ATFEE I oq (@)OIRAE
ResNet =9l f,of BF2l S22~

et =8 stEo st

coll

Causal Quantification
(A P-Based Causal Graph)

N Broest o= W3

A P(ciw)® 34 TAE Sl
Do) Fatg AEdat A
ghe-S QI J=j=

G, w—> Pl (@) 2
LebdTE

causal *
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PEIEREE R R

2 oM AlEoA AAIRE ATk Y 716t Q1 B4 Z| ¢l
HIE AA A BHo AHgslr] 9% #AA BA HAAE dAER J|E
sith oF AoA AA| 52L& fFAoR ARG o oo], B Aok 7t
AZE AA A glolEo tis)] o2A sAHA=AE A F7F WHEk-Fots
H5f]-Score-CAM A-8-&-&5 H3} SAHolzt= B4 F4H THA FxHo=z

S|

DA B2 WS 9 7)A A% A

Mz

= SAle A9 oluAe] Al g<l(visual factors)e IAADICR &
-

Fapg i) AR 718E A3 (baseline signa)E E5l7] 9

Ipcp = {]R’IG’]B}
£ WA A7te] AAZ EAE wtgsts AAA MA FZH(perceptual color
space)22 HFHCLH E Ao E= CIELAB(L*, a*, b*)2F HSV(Hue,

Saturation, Value) 7 7} A F3t& FAlo 2-8sl3ict.

A FZF weh B2 oh2t ol AHoH
Liap = Crap\pep) = {111},
Iysv = Cusvlrep) = I 1s: Iy}
o] M-S Fol ¥8 Ao= Y (Luminance: L/V), A Chromaticity:
a, b), MA(Hue: H) 9@ X (Saturation: S)= Ea] =},
ol Lo &4} phgo] ©egt RGB Z ¥yt ofye}, 744 4

(perceptual factors)oll 71¥HehS Ao 247 QI 7% TAlo|H

=

rr

25) § o] 17 ez 2ol

s

o}. 2

M

A olu]AE Qlzke] A2k Al whet oAk A

olrt

<
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ol Zt AL, A B H S Vel disf olit folEsl HEHDWT,
Discrete Wavelet Transform)= 8ot s 9o Huh(LL) % ot
(LH, HL, HH) A&<& _,—ﬁﬂﬁ_]-l:]-

DWT(I,) = (LL,,LH, HL, HH,)
e o] oz 2= dig AHdol Ad FE EHE(Information
Complexity) & HFgstH, ol A4 s|Effo=z AlZ2ljt Zo]
(Attention Map)©|tt. Attention Map2 ZF AHEHEE oh33t 22 A|ZH4 9
n)E 7HIth

o

M

2] _H;_%]: u]l]J

[ 3-2] A 28 Ad 54 2 2oful] G99 A7 o]

o BrxAs A4 ln] aojd# g9 54
LAB L FAE =2 | EAe] 22 oéEH TE
LAB a R W e O U Bt s o e e e Ml
LAB b A-% = AA sk § Aer W)
HSV H A F8 =A49 IFY g
HSV S A= A A
HSV v ks Z2%- 242 9% 79

Z+ A4 9] Attention Map2 Flo]E31 o]

= |LH, |+ |HL |+ |HH,
Arsho], o2 AHpslste] [0, 25519 S| EWo R EATJICY
o] SJEmML A|ZtHog AR} AEH BHEOS Ty

gk A8 WA phed Attention Map)° 0] oz We A

ﬂllﬂl
N
I-'UZ
lo
f
)

o H
T
o)
o
o
3
=
NS
el
2
2
r&
ol
12
o,
_l
K
el
ox,
o
i
lr
Ry
m[m
N
_IE Az
»o
lo =
LIS
lr Ho

ol Fyre] &5 FH 7‘115401 AT, ol g FHo] H-FB) =
A ARE 7Y FEoHA ZeehE ofmigitt. ofn|x]of| 1At aote

Q=2 Applied Attention MapollA] Adido=z e g
aF8x7F A F2F 3 Wt div](Luminance contrast)S ©F
SHAIA, EH'O] g Fo= AAA FH tdez IAsHA Rshr] wio]
th o] @AY A= &5 Fu Y /\—5—101]/\1 ol# iHHj"]' tjefo] mH
Hhoo] AxA oz Ae



Input

« M: N7 S5 CNN 2 (ResNetS0)

o L ¥E U 0]0|X| (RGB/BGR)

o Ty, Target Class

« (optional) wavelet, level: DWT 2% (4: db2, level = 1)

Output

o Iuas = {1, L, b}, Insv = {In, Is, Iv}

v R 71E WS BE

* (optional) Ax: M'&'8 714 OJLiXI/{BY T (X € {L.a,b,H,5,V})

Procedure
1. 44X 37 Hg
Iiap Cl.m(l..n,;) ={I,1,, 1}
Insy + Cusv(Lowg) = {In, Is,Iv}
2. 7|&/4(Baseline) Gi=
Bie — M.Predict(Liig, Titn)
(UE) MEE 718 d= 24
axe {L,a,b,H,S,V}0l G

{LLx,LHx ,HLyx HHy} + DWT(Ix; wavelel, level)
Ax < Energy(LLy,LHy,HLx,HHyx) (%< Texture/Grad/Var)
BA A AxE [0 205N 7|H £2E A EZ

Return
{1.aB, Tusv. B, (Ax)}

(27 3-2] A 33 71 elesl AR W A4 7 8of

(18 3-2]2 o olmx|9] A 33t Heto=HE 2t HFo| Fupy 4
£ FE50 ol H}%’fii 7éE%‘”%‘E(nformauon Map)d} A8 (Applied
€ Aottt 4 dY omA] fpepe LAB
2 HSV A Fgrtog wgEo] el AA, A, A= gflow F|Hh
ol Zt+ AW I = (L0 Ipls D)0l Hel 22k olAkfllo] SIS
(2D-DWT)< dsto] #Fupel vt Hi= FE%th Al A5 ofd
(LHHLHH)® A9zt g2 Fd sid Ao oy

o
o::,
O_LJ
ol
ok
rlr
ruZi
)
iy

Attention Map)

0.
2

A
M
He
=
il
)
2
ol
ol
=
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o} mpReke g o] Attention Maps W& olu|x] o FX(overlay)st]
Applied Attention Map& ¥=th & HAE o 2 A 33t Afdo] @12
UE T RS FHA Bx, = ojto] AHIL HFEH AeTtE A
wHor mefgh 4+ glom, ol olF @A (Fu MY R I HF)E 7]
Z 4 AoE g

Input Space Wavelet Decompositon(DWT) Attention Map Attention Mask Applied Attention Map

Image(BGR)

: ,
Color Space E 18 | ' 3
Transformation i ' : - ' £
: : - i - : % : - = =
LAB/HSV ' : = U '
' :
' ' jon <

L H

RN -EE -5
‘ H i < Overlay Operation 7
=

A s
B v
:::;‘e ?ﬁ; Wavelet Decomposition(DWT) Attention Map Attention Mask Applied Attention Map

L H

A s

B v

| |
. :
: :
=
. .
Color Space ! : -
Transformation ' i -
7': | -
LAB/HSV : HL HH :
. :
: i
] 1 ..
: .

Overlay Operation

(2% 3-3]1 A 3 71 feledl AE%F 9 A 2=

(19 3-312 942 onA(I_RGB)7} LAB ¥ HSV A F7to= Wy
T, Zt Ade) dis AolE3 Esi7t £y =E o] Attention Map 2 Applied
Attention Mape] A== Hge HojEr. 4 A Fte] qdE fol&d
ANz ZRE AAsttory, mdo] FAHor W 7Hsio] w2 A
H F9= AR AR,
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)
w
(@)
o
o
|
@)
o
<
)
oo
i)
N
=
4>
)
o
o)
X,

B4R A 37 9 s 714 A5E wigor, mde] g8 ojue)
AR a0 olBA] WIFHEAZ Score-CAME o) AlZSHsl,
: Hgote] B Fuks AeA A7)
AR, o] BAL Bat Adsh

Ao] Zus Jue AgHor zztsle] RdY dlE ShE
BSHA Pe0) S A0 2450, 1 A0S A A9 7Hs A causal

<

sgely] Agoltt. Yeos AgEE B4 ofnjy

X

explainability) 2]

Lgpeon 27 Ao A

=)e
o2
r, U
2
=
=)
<
@
&
g
&
(@]
=
=
=
(@]
a
—
s
[o5)
2
o
=
g
=2
19
%

HSV % LAB A g3 Ad¥s A7A4R olnlxelch o] =gl ojulxg
CNN 27,9 2oz Algste] Bl Sesc] ofat Score-CAM B&

ey
ANz,y) = Score CAM( s Lpooon>class = ¢)
Score-CAME T AES AM8elA] 91T, %9 Hscore)®] WS
olgstel 7t 54 We| FRwE AT 1 ATAry)k Blo] 54
2oa A4 A PR FESE A

o] B4st PL hA ol WRHDWD)E Fof AFIHLL) Q v}

of o

DWT

{LL,LH HL,HH}

ol

Z]l— %"Tj}—/l\‘ EHQlﬂoﬂ THEH 7]’%:] H—ﬂEiCU = (a)LL,a)LH,a)HL,a)HH)% ;5—)194 ]'—J—i,
w; € [0.5,2.0]

e =10 /NY & (Baseline)

* w, <1.0: 74| (Attenuation)

* ;> 1.0 3= (Amplification)

o] WAL Bo B 4 Fupp RS xS, 7 oo
A



A
4

WTE 5ol BY=o] Frequency—weighted Score—~CAM Map2.

kU >

1D
o},
AN zy) =IDWT(w;; » LLw,y » LHwy;, + HLwgy « HH)
ojuff Belo] A=|E Wt tht Zo] ALtE .
A Pe,w) = P(c|AY)) = PclIg,.,,)
o] gro] ol B4 Fuby tele] FHo] Rlo] Q1A s ou|s
o, &5olH dig o] A7t A Adees %
Hdo] 7 Fupg i tiof 7= ¥ AEo A AEE &8H

Input

ri r{r

o Ipap B Iysy

0 Noiage: Y CHE XS (08 L E= V)

. W = {un ) £057lig wE 28
Wy = (WL, Wig, War, W) B B

«  wavelel, level: DWT 273

o T, M (B S SE ST A

s ek uy

ne

Cutput

= AN OImIR TR {0 (wk)}

. () Prog k] ) Fo TR0 S DE 2
o (AL [k = Plreg[k] — Pinse

Procedure
1. Oy &g 28 (owT)

{LLx, LHx, HLx. HHx} + DWT(Ix
2. Y LA W HE

2wy & Wiw Of Tie

; wavelet, level)

syt

LL;‘ =1WrL - L—L,\'_. LH_'\- = Wrg- LH_\'_.
HL'\ = Wy - HL_\‘. HH_"( = WgH - HHI

(B2 O] =08 oS wy B HE, LIHXE 1.0 1F)

Iy, (we) + IDWT(LL, LHy, HLy, HHY)

LAB2RGB({I,. L, 5i})  (Xiawwe = L)
Loalwy) «— § HSV2RGB({Iy, I, Iy, 3 (Karge = V)
s b A g bl kA EEE (2 2] Ad)

4. (M%) A 2B @ =W

Py k] = M Predict{L.q{we); Toaw)y  APreglk] < Prglk] — Plase
Return
{Haealwe) } (= E2 A { Freq k], APyey [k 1)

[(1¥ 3-4] Score—CAM 7|¥F ok 7iQ) Azt 75 a<F

_58_



wHeo] AlZbA
o] Aate] Q=
0]z 2, LAB Channel image, HSV Channel imageE Z}7+ A% )
o7 ARHH ol Ad on|Ale RHdo] QXA o= siMT 4 U= Y
(L), AM2Ha, b), AMAMH), A=®), H=N) 5 #Z 29 (perceptual factor)
= Hrge JH= HUH oln|z|olH, olF Fof Hdol A 3t 7|¥h Hrg-=
Tk oA SPAoR FAT 4 Utk WA, d8E A7 olnA|
(I_Recon)oll ®isf| Score-CAM= Al4tsto] BHZl S~ cofl digt 2/l ¥
A0S Aggitt. o] &3t WS o4t flolER HEE 8ot AFutet
I gl or FofiohH, F44Y A Fxop AR "HAaA FJHE Ze 5t
mdo] ukg 7|Nke Fukpds Zofid 4 Utk o9 ZF ti9 9 o] A=
S x2ddl7] ol 7V WE 0 = (000505, F F2RT

ZF Aiow [0,20] 9 oA S5 e AAEH, 4 T A2
o] melo] Q1A whgof mZ]= QA JFa HAHor HFTS & Utk 7t
FA7F A8H folER Ags dHEE I M= Fus-rte 243
W AYZ AFEEt o] Y mdo] AARE ofH Fubp AR o & F
| (attention)E FEAE AlAAo=m Eoditt mpxgo g oA AP
I poa B RO 5 dY(Attention)o] o Fupp HRo=w FAH] 9l
AE AAA R EAStE 77 "o o] AlAE 242 A3HEA
< Q4= olmx() AA|S] Fubg B AVY AES A AMYste] A5 &
AFHor SHste 2EAQ QA BA A ofjAS HEort whebA
dnEE2 Yo Fuip ASAgE AAA =R Fdsta 7\1]3@94 7@%”—‘1 il
v 2AS gt sidA 7

ls
module)Z2A 7]%5S A&ttt

il
N
Y
N
3L
Z_l
Qo
Jgri

N
T
g

O
g

o
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Input Image Score-CAM frequency intervention Apply Weights Score-CAM

v
' 1 u
E L LH i ol LL(Weight: 1.00) | | LH (Weight: 1.00)
1 ! - "
H : LL LH
|| HE HH |}
' 1
T e 2
R - HL (Weight: 1.02) T
1 : «  HH (Weight: 1.00)
g H |
' '
HH
: =
1
| HL HH |}
: ' R R A
I Reconstructed_LAB_B Channel I
Input Image Score-CAM frequency intervention Apply Weights Score-CAM

LL (Weight: 1.40)
| LH (Weight: 1.00)
LH
| HL(Weight: 1.00) | **| HH (Weight: 1.00)
HL i HH

Reconstructed_HSV_V Channel

[29 3-5] Score-CAM 74t Fub A Hap F2E

(2" 3-5]& [O2¥ 3-4]91A4 AARE Score-CAM 7|8t Fubg= i) 4
ZH(Frequency-weighted Score=CAM Procedure)®] AA| A2 &2 EA|5}
g Zoltt, Q1 wAlA = dolEsl W gweke AA EdF LAB
Channel ©]u]z]2} HSV Channel o]u|2|7} Rdlo] e oz A= 7+ A
g olu A& Score-CAMS A-&sto] B2l Zefiicel it &332t WA()
AtESHH, o] &/dst HE o4k folEY HEE Sof A5 9 1
oz FojEr. 2+ di9ge I 224 FH, BA, 2 5 Aol AAA
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o2 bt A
oz 7
oz LEH

@otH, Bdo] FHoh= FopdE Hhgo IAE ‘et A4
Fob tf o Higt 712l o, 0.5,2.0] 5 A=A
FTE Ee A7 o S ARt 24
e B3 Mze Fup-rtE 245 WA
ol whet ¥stshe Bdo vhg A4S A7
5 g9 Hetg
7r9]
Z I (Causal
=

7.
Al eyt gestel of
o)
ot W wheshs

Yot RElo] &9 SE P, 4 ()
| B 2o aw dex
117 F-55

6‘ O}j] 70
A =
3]
=
138L Score-CAMO] Z7FA Z=9o] Az}ts}h
2be] el
A A= A

|Zt8lE]o), melo] £ Fut4 ARof
oz 31—11-0]-04 /\H 5’—7]— zn}/\ _9,]%-19} J—%

Ao
A Ple,w)& AA
A PAE AHZH
Graph)2 A|Z}
A5 Heo| HojErh weba] &
£ Fu 99 24
A QA F2E AdAoE HW¥she & 99 meEdYaY
A o= AAGH Zlolt
3) 29 9kg SA 9 Qlyt Hgst
AlQret AAhFukap JHQ) Z1RE lvp FA mEl]29] mix|e ThA = A
Heo] v AgAer Sy, AA B Fupp Jfjo] whE QIatA
AE st ol s Hdo] £ Fupp tlolut Al ZE(L,a,b)
of sttt AMd& WS & dol, 7 a%lo] Aozgsi mdld]
oAlS FEel oud FFe PA=AE dHes HEohs datelth. ol&
e (D A HdE St 24O o5 sE WHIlE SAct, (2) T
Mde &3t wg HelE &/ A-dste, 3) Ao A 2 v Az
d PAE 24 o] e Fall mdo] M xZ(color context)ol whet
Fu AEAdes 29 Holex], &, ARyt Fub wRge 2 WL
(modulatory variable)2 Z}-g3l=x5 Aoz 7HZE5Ih olzigh <}
A Ashe 71 GEBa), MY T FE (P,0). 183 o] 5 Zoldd
FH (Impact, A P)2] Al 7HA] A A ZE S FPHt
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e 245 QAL MA olma AYE ool A ore
9+ (baseline probability)o] @ gsitt, 2 AfoA 7|& &E
48 olu|A|z,, & ImageNet AFH 5% ResNet50 Z& Mo
% mdo] 24 B 2L, o o) 4T 27 S
(initial confidence) 2 o5ttt o] k2 wdo] dA ¢4 olu|AE T
2 7j9]

Sejaetn QAlsHs HES oujste, o|F SR BE MA-Fus Y
Aol BT F1Z0R ASHL = Awt ATE Y AT WSS HP

3}tst7] 9Igk &9 (ground truth) &2 7]53tct,

H
+ AF8AZE LAB, HSV, Ee o &etoldE 24st

P o AT
MAE oA, & §LT EY 9 Target Classo] APz €2 7
% FEFolt. o] g AEAY %E}Oltﬂ zapo] wet o] ghe M| Ei
Fots gQle] digt AY = 2] meh mdo] Mol 28 Whg Wis
€ SA4or gttt olE Tl A4 Y 8ol BHe| oA AR ko] T
A= 544 dF(mmediate EffecH)a A2 o= Blu-Z4¢ 4 glow, o
Ha g BAL o)F QAupd Fe A pANY AFA 2w BLHG

o I FFY AT

B Aol 9y AEea P PE 712H 8T AY F FEY Hol
= Aoldrt,

AP= P, g — Poas
A P= AREAES] Ai(RDe] BEel AR (Aol md 49t 1A
FFH (Impact) & AFH o= Yehdct
o AP>0 : /iYe] RE9 JE A
o AP<0 : iYe] BE JE A=
2 AT olapE VHIOR M - u}

£
oy
M‘
M)
oy
@)
O
=
w
=
—
5
—
(@]
=
a5}
a
o
O
5
N—
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o &, Fuett A B9 7,049 apeh AA7E A
TN T NS SRR A
L+1,,°% APpE VWO RH MA7} Fupp wEZOl £d gQlowm #
Bot=AE ASoH o= HEol vk ©d Ql(MAf E+ Fup)
o] mZtLo| =3tE]x] ¢k, oFx}e] AFEAHR(interaction)o] o8| Z7AFRla}
TZ(Conditional Causal Structure)S A gto| sHel=] 9ot

Input

o AM: AFE BHS CNN 22 (ResNet50)

LI PP %—E— AU o|Olxf

o Tl &4 CHaf Target Class

o s ARER PR mEMO| Y (W s-shift = 0 — Grayscale)

o wyp FobE Y oS0 (O wrr = 0.5)

Output

o AP Thb== 249 Fe| TS 2Int FTE (Ref — F)

o APpc M = O StoMe] Fakss Y F FEREH (O - O+ F)
o Interaction: ¥==F 53t 37| (APrc — APr)

Procedure

1. Z|&E4 (Reference) =

Pres = M "PIEdiCi‘{Il‘.\rig- Telass)
2. T Y Fo| TS =29

Ir +— Modif¥ppuency (Forigy Wf),  Pr + M.Predict(Ip, Tams), OPp + Pp— P
3. AR ZRQ O DB (S0 ALA,

Ic «— Modify g (Lorig: we),  Po +— M. Predict(feo, Taass)
4. M=o B Y O+ F

Icp +— Modify proguency (foy wy),  Poap «— M .Predict(foyr, Teiass)
5. QatY 4=FH WDt

APpic + Poir — Pr, Interaction + APpe- — APp

Return
{APp, APpo, Interaction}

[Z19 3-6] 4] B2 =d AFet 71s a°F

(1" 3-6]2 A2 7HL(Color Intervennon)ﬁ- Futa 7R (Frequency
Intervention)o] 29| = sge] mAE 2ARAAT g (Conditional
Causal Effect) = AZ# oz H7lst7] 9|8 gyﬂggiq, = ndo] & g
QUEE)E ofel, T2 RS o A ol et FAG Fus
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—_L
s
28 BAS FHeks d BHol gk 94, Aol gl Aeelx mde)

=2 s
FZ GE P SA0L, ©olE ATA v Q] 7]F(reference point) o2 A

= -1
gt olF Fupp AQduhE ddsto] 2] SE RSlE AXtsial olE

g0z, FAF ojulxo] M) AYS AR Hgstel M 20| 24
| Aol A Rk e Ao =M A 27 slolAe] Fuka g

Interaction = AP/~ APy

A Qolo] Futg HRSo mjx]= 2d G (Modulatory Effect) ¢ =

£ ougt}. T Interaction > 0°]®, M xHo] Futa Q1] avE
FZ(enhance)Al7]= WFe= 2852 9n|stal, Interaction < 0°]H, |
zo] Fabg Mdel a3E WA (suppress)Al7lE 2 g9low #gghs
ojmjgte}. whetA 2 Aale|Ee ettt Fube g 242 Hol, Aot
Fat Qolo] Aghe UehtE 248 78 7% (Conditional Response
Structure) & Q1¥tH o= SiAstz] 94t A=A Hxpolot. o] AWE Fof =

Qo) o= uAYZe] Tl agle] ofst AAA wgo] ohd, THE @l 7

_‘>~

Input image Score-CAM Colorspace intervention Apply Weights intervention Frequency Interventions
Causal Graph

Color Space Interventions
Causal Graph

Reconstructed_LAB_B Channel ‘ T e :.i =
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Input Image Score-CAM Colorspace intervention Apply Weights intervention Frequency Interventions
Causal Graph

N | | NEANERES
e : | '

Color Space Interventions
Causal Graph

(19 3-712 [1" 3-6]oA At dvbd Jo =4 A=kl dato] A
72 NeE e Zlolth &C’ﬂ/ﬂ—rﬂ Y& 4= olm A7t LAB A &
oz FelEo] LAB ZF Adel A4 olmA7t AN, 24 AEd=
Score~CAM= 2}-gsto] o] ZEO}~ Fd@Aet WS ettt o=
A 7MY (Color-space Intervention) GAAE ARgx}7l Aeist d(L,
A, Bell i A=E A5t did Ade AHE
A= flelE AEMES Higt 7tE5AE 25t Fubg dES £
2Rttt o] & iQe] ot Autz mdo] oF &E p(0) H WS aprTt
AEET, olF Z|Ftez MA /i 13t = (Color—space Causal Graph)
o Fupp Q) QI T nrt EEH ol2Rt AZHA Hake Hdo] A
w™M(color context)d] wal Fuk4 BH-S-(frequency response)= o8/ =4
(modulate)st=A1E ZHA oz Eoﬁu}. F7tH o2, HSV A F3olA vV
Aol e HaAA AdS olfl Ald= WS e, B9 o5 &
E P (P(O)°] HAXAo R %}5\—5}5— S Hrh

ol mdo| Q1 oju|z|9] HF7] AKX (luminance information) o 735}7|

sty glor, PE fze] Wopdss Bl FHso] AH @,



«F, A & dFHoR ANFH] Rehe AAT BhA] wel, Value A
Q] it Fukp $HE ohet B #4438 H(Score-CAM)OIAE T
A Qo] AFEE gRishe PYOR g3k, dRHon ndo| e
ARE(P(C)GA B AstEs glelth ol#f@ @42 AA A (Color

Intervention) oA %X 917 (Value) Q¢lo] g ¥hgo] 29 z4 Wiz 2zb

g3te Kozt
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[e]

A1z

KM
!
<M
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o

ol

_z__u

ol

7]-A 3 (LAB/HSV) &L 9lo]

Qg x| ofm

5
A = A

I} Score—CAM

g5

=
|

o] Kol o

', 2 i

S

=]

Q=% 4

o

oA

ﬁo
Tor!
7T

juld

et

:@_
=

Fofl whe AlEw sl

A4 =

4

i

o|]
fra

7A
o

Al

ResNet 50 2@ 9] o=

cheol v b B w74

4
N

~
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LL Weight: 103 ( '/ Frequency Causal Graph per Subband (LL/LH/HL/HH, Target Class: 562)
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B! Subband Weights
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LShift 112 @ Causal Graph: L/AB/H/S/V Channel Comparison (Target Class: 728)
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ABSTRACT

Causal Analysis of ResNet Model Confidence
Under Color and Frequency Feature Interventions

Kwon, Tae—Youn
Major in Smart Convergence Consulting
Dept. of Smart Convergence Consulting

The Graduate School

Hansung University

Deep learning—based image classification models, particularly
convolutional neural networks in the ResNet family, have achieved strong
performance across numerous domains. However, their internal
decision—making processes remain opaque, and it is often unclear which
visual cues drive the selection of specific classes. Real-world
environmental variations—such as illumination shifts that distort brightness
distributions, color changes that disrupt hue and saturation structure, and
texture loss that obscures fine—grained patterns—destabilize intermediate
feature representations. These atypical inputs degrade the model’s internal
consistency and cause sharp drops in prediction confidence. Such
vulnerability originates from the structural limitation that models trained
predominantly on large, curated datasets fail to fully reflect physical

variations encountered in real environments, including changes in lighting
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intensity, chromatic properties, and contour contrast. Existing explainable
Al (XAD methods remain largely passive, providing only post hoc
visualizations of “where the model looked” without revealing how
physical perturbations causally influence the model's reasoning and
outputs.

To overcome these limitations, this study proposes a Color—Frequency
Intervention—based Causal Analysis Framework, which performs active
interventions on LAB/HSV color channels and wavelet subbands to
causally evaluate how manipulated inputs affect prediction probability
changes (4P), Score—CAM structures, and frequency responses. This
framework advances XAI beyond passive observation by experimentally
identifying the causal pathways linking input perturbations, internal
responses, and final predictions.

In the color—intervention experiments, low-light conditions produced a
double—compression effect in which the L channel collapsed into a 0—20
range and A/B chromatic differences converged near zero. This forced
diverse scenes into feature—poor, dark regions and significantly reduced
the baseline confidence (P_base). By expanding the L channel and
restoring A/B chromaticity via targeted interventions, structural and
chromatic cues recovered, yielding a 15-30% increase in prediction
confidence. Even in bright lighting conditions, oversaturated HSV-V and
diminished HSV-=S caused structural information loss: however, luminance
and saturation interventions restored features closer to those seen during
ImageNet training, mitigating confidence degradation.
Frequency—intervention experiments demonstrated that early convolutional
layers of ResNet50 structurally correspond to wavelet subbands: LH and
HL captured contour and boundary information, while HH reflected
fine—grained textures. Amplifying specific subbands reactivated relevant

structural or textural features, increasing prediction confidence by
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approximately 0.10—0.25.

Using these intervention—driven confidence changes, the study constructs
color causal graphs and frequency causal graphs, quantitatively explaining
how input manipulations shape model reliability, activation structure, and
frequency selectivity. This approach moves beyond visualization toward an
active causal debugging tool capable of diagnosing, intervening in,
quantifying, and correcting model biases. Future extensions include
automated and  optimized interventions for image  correction,
out—of—distribution =~ (OOD)  robustness, and data—centric model
improvement. The framework is applicable to medical imaging, forensics,
anomaly  detection, deepfake analysis, and industrial inspection,
contributing to bias mitigation and reliability enhancement. Furthermore,
it has potential for adaptation to generative Al systems, enabling causal
XAl analyses of bias, abnormal patterns, and manipulability within

generative Processes.

(Key word] Causal Analysis Based on Color— and Frequency—Domain
Interventions,  Explainable  Artificial Intelligence  XAI,
Color—Space Intervention, Frequency—Domain Intervention,
Color-Based Causal Graph, Frequency—Based Causal
Graph
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