Aeidtn A7 PR Aaadstn A7) A5 5 8k
ttomasl1l@snu.ac.kr’, hyowoonseo@skku.edu’, wanchoi@snu.ac.kr”

Approaches to Applying Diffusion Models in Semantic Communication

Jeongho Kang®, Hyowoon Seo', Wan Choi"

*Seoul Univ., 'Sungkyunkwan Univ.

BoERe S 2dg AwE B4 As"d A8d HA d75e FRHez BA@T 53 B4 AN
Aste g AA, AQ W AR F4, AR Bd 5 g doelA Sk mde] HA Alxglel HeHE WS
AAow gk £, M 2Dg FA Astlel 8% o wAss LAY $F AT $gl da) 2@,

1. N&

b mle A OR o] =g FYsta, thA] A .

wol 28 AAFE AAe B ARE Hdse

Rgow dHe APAth o AP FIl deolE -
vEE g o9, ATHomy YR T LS e

AsEe b ool "k @ mde 7)Ee

=
Ao Ay A

S us)
T s
g8xa o &4k md A iAol didt A=
Denoising Diffusion Probabilistic Model(DDPM)[1] <&
Alzto g sle] mdle] fxo] W3E FAL gy 2
AL Hs w2 7] 9% 7y #s| go
A= ar tk DDPM[1]elA AAS e AAE =
dolg HAo Jide, el wel FAlAse] Fdo
A A E SRk E F WBEE 7ME
ATt oldll, Ay FAAME A mEs H8dte
o8] HQkol AAIHI dow, HE =Fidxe= itk
BdUS AlWE  Fald AHES o] 7| uiste
Edicin=

golg BxE Koz sk
Holz mdz  Upeks  Sgiolo

B

=

o2

rl

=
re
rh

=
o T
0
o o
>
[~
i}
rlo
o,
s
10
10
=)
i
o
i
ol
2
4
1o

o
L
0 o0,
> 3
- -|—f>1‘
re
-
N
)

N >
=)

= b =
>

o

P,L

2

ox

f

e

i)

o

r
> o
M R et)
of
o

'i?d ox, off ¥0 fo,

k
o

i

o o
Q‘L

o 2 all

=l

9 o

ol

ol

rlr

2o

S

N

N

ofr

o

2

S

S

i

offt

)

o LT rle o R
fz
=T e
gl
e
]

>
()
32

fol 30, Ty o ofo > K rlt, 1, [0 (0, [0 2
o
o
Ir
%
fz

! |

Gl
_O‘L
|
v
)
ol
N
=3
[
I

Source Channel Coding, JSCC)7|Ho = Azd 4= <l
Z1Ag G e wg} JSCC = AlulE FAlo 5
TEofel A ZH A AR AU Aoz o]n|
A4 9, DeepJSCCl4] =AU HAE AFE3] olm]| A
& AFshd, W& SNR oAM= T3 #4248 FA435HH
olulA| o] FFAle] ZhEdnt. o] E B4l Ao A gk of
DAY dotdt B4 374 FoA 284, a¥Hl F4l
o] 7hsAde] AAE Aem B 4 Q) sl T YA
g 71802 stuA g dutsteE gl AlAES
MAstd e A TS wo] o]Fox 1 k(5] ® o
2 UFeR, B4 A FEE S8 7= JsCC =AU
P32 gk mdy Z2 AgY Al 7HE 48
AX Edd dHE oA &
ES
5]

ot} [6]€ JSCC %5715
A Rde) JEor Yk F, S wdg AHEE

AAE Ao=R, o5 3

A g Qo

< A7Ha 9= DDPMIL] 52 &4
AA AAL 7)o w sy F 3]

2l A A g S Gt BEE A ATOZH
Ass AR FIAE F e Thed S AlAFgt
[8]el4 A A¥ Channel Denoising Diffusion Model
(CDDM)2 AdS B33k 2z dgiafx Fakmd gk
o2 AAYE CDDM & %3 B33 Add & ¥ g
AA #4E& G} glZo)AH, CDDM <& A4
Hge F3 U2 Ald guel olE vigow 53t
S AR A ATE dEor e ol AE
= AA AAHESE AW F HE3E FIS) o] A

P
Nt ol oxl



b r
1
7 DMCE [y —-—- -]  coom ——
[ —— ) | S — 1
[ ! phst— 1
H [ — o pooM {4
[ I LN System) i
I 21 2
15CC Encoder | [ Channel Channel Channel ISCC Decoder |, Output |, Restorer |
Ea i Estimation || Equalization Dy L TRy |
H t
Y H
. ) -
i

JSCC Z#HdYae] H]8] PSNR SollA Aol i
AL gele = Qv w3 gAE A5 #S AA
3 A w3 EA e, WE YxsE AwE AR

Agts OAY AUy B2 I AadNE A%
o el AEFHL ARG o] F o4k A&
0F St mElg olgelel AEE WE A5 OF
AR 5 9, Ad D FSo 7
5 &

o
r 3
e
o
R
i)
>

[}
o
ro

>

>
oldk
2
>

—
O
=2
2
ﬂ—‘é—(:’ l'ﬂ m{o

>
fo =" 1 18
roh o > 30 O 2

e

2
=7
ol

= o O
It
2

il

o
Y
b2
e 5
oo
>
o
o
2
~F

atent Diffusion Model(LDM)[11]
AHE AA MAe ot} 71&
, gt o] onxE At o
AMEF Akl W 21 Ao
= A Fbol Ao FAtAge 8
i, FA A BRE mHskaL, 1o gig
92 AEY AAS ARG, o] R4S itk mdl
o]y e 3
K

R
N g

AJ&HJ
o

= §2 o

=

L PN oX, ot

O
-

1

@
o 3% o 1o of\ it T Lot pfr
M

)
oy
-
)
>
I

242 off P
o 9
°

of ~
ol
do

S Ay o =

>
2z

o r

P
A 7ko]

3}

=

il

)

Lo
f>
ol

ol
=
oft
>
2

b}

e

ot it N

FolETh: BRL
A FAR AR ARE AFE & 9
S, olE Fal g

A dHelHE AT = dA AT o]dd LDM %

_H
™
kv
t
ot
=
w)
=
ro

o

ARE FA A2 EG
oheh, ol AuE s
ARSI 0% dFHE Fx, ov
sgel ] LDM o #A| 37 % %
o]g8 & Atk (12145 SARNA oluxs} g
AR YREVE OA @, §AE S Jurg 2b g
HE FET. ofF AR guol dslA JSCC B, ¥
b Aol WA E MEe] RESE AH Asdt. ol
F %53 @ 37} AnE 2AY Auzd 28w
LDM 728 o83 A% Ang 2dac =, 34 =
9o olgs BUss ARoIA, P JuE AT A
Jow Agdta % & gk o] feE JSCC e
gae] B 2Ae BFael B 45 AU 9
& A7t s Adsa el

m aE
JSCC Zeigie] St wale BgHE ATFES
B, AWE BAA FEom s MAT F UE
oJvd w5, AR 9T Fol val FANA 7 S
gog & gtk ol Awg B o A
JUARE 54 T F 9t $FS ANYoD B
F ootk ot S mde]l Aol Holw wh,
Aol @ wigel EAWY. 1 FAME W=
S5} nehs AL AN 2 A% &80 49
A6 AYAY 5 ek olF A As, WY

0056

& Zasy md pzE o
ARE A% dFd ATk AP g
3 A8 3 wde oy ¢

BT, FA A g 9
AdES wgon, AT BA Az 45e 3
2l g3 vepgor AMAL F A& Aol
71 e,

ACKNOWLEDGMENT

00464570)

FAa1EF
[1] Ho, et al. “Denoising diffusion probabilistic models.”
NeurIPS. (2020).

[2] H. Seo, et al. "Semantics-Native Communication with
Contextual Reasoning," /EEE TCCN, (2023).

[3] H. Seo, et al. "Bayesian Inverse Contextual Reasoning
for Heterogeneous Semantics-Native Communication,"
[EEE TCOM, (2024).

[4] E. Bourtsoulatze, et al. "Deep joint source—-channel

coding for wireless image transmission." /EEE TCCN,
(2019).

[5] Y. Huh, et al. "Universal joint source-channel coding for
modulation-agnostic semantic communication." /EZEE
JSAC, (2025).

[6] S.F.Yilmaz, et al. "High perceptual quality wireless
image delivery with denoising diffusion models. " /EEE
INFOCOM, (2024).

[7] Zeng, Youcheng, et al. "DMCE: Diffusion model channel
enhancer for multi-—user semantic communication
systems." [EEE ICC, (2024).

[8] T.Wu, et al. "CDDM: Channel denoising diffusion models
for wireless semantic communications." /EEE TWC,
(2024).

[9] G. He, et al. "Residual Vector Quantized Diffusion
Model-Based Joint Source-Channel Coding for Task-
Oriented Agent Communication." /EEE TWC, (2025).

[10] Guo, Lei, et al. "Diffusion-driven semantic
communication for generative models with bandwidth
constraints." /EEE TWC, (2025).

[11] R. Rombach, et al. "High-resolution image synthesis
with latent diffusion models." /EEE/CVEF CVPR, (2022).

[12] M. Zhang, et al. "Semantics-Guided Diffusion for Deep

Joint Source-Channel Coding in Wireless Image
Transmission." arXiv-2501.01138, (2025).



