20254 st EAIsks| olHISeiet=2 1 3|
LoRA 7]%} Fine-Tuning & &% Fading A QA<
A4 3 Semantics Alignment €18 <& AT

jeremy0915@inha.edu, inhaase20@inha.edu, swko@inha.ac.kr

Agile Semantics Alignment over Fading Channel
via LoRA based Fine-Tuning

Joon-Hoe Koo, Sang-Hyeok Kim, Seung-Woo Ko
Inha University

o o

2 =rdAe 74 Ad F4 ot mE F5417] 1
Misalignment & W2 A | Z23}7] 943t 541 2 g5 7|HE A
st dlolE A= Alo]slal, Low-Rank Adaptation (LoRA)

s Agth VoX $5A1718 B8 A4 2% A7, At 7| WS En
AE 7153 FHAE 97.6%9

o

¥ Feature 9 2 EUX=Z Q13 Semantics
st} Ajg Wslol] wE 8 HolH ] Feature MY 2
£ A&t Fine-Tuning 7I'H< §3] Task & 2153]
d-to-End Training = 2ol H]a v]ekzel Ea 2@ A7k
E2 BF AYEE BT

2
o

d< Arsta, 1L B & &l LoRA dare]sel wis] +

L4 AM o AWATh L C oA TX, RX $4419 =e3l9)

A5q @iy aEE Aol AA4EE 6G Aldele v Aol tal =93}

E w99 A$urlsE v (Semantics) 7]WF AH A

2o g&o] BAle FHS AAS (1] 2y FA A. Dimension ¥3}e|] w2 %41 Payload 743

g F4L FAIR ®iglsle] dF 753 Feature Ad el WMstR A8 Txoﬂ/ﬂ A& H2E dolH

o] 2 7k defAa, o2 s8] FAlY] (TX)elA Ao zdol FAastar, o] AT uwe Bl

B 293 =471 (RX)9] Pre-Trained 29 7P«] Payload ol oj¥-¢] &Fo] %‘7]\3} 0:] o] &%l Fine-

Semantics Misalignment 7} @A8}™ Task H4FES Tuning € 85 dlo]HAS 771] Fsted, o] o Hd

T43] At 2] ol EAE AAALR A ASEFS Bmaxi Aolg o, dF 73t 35 doldy

7] 3ll, # =FolAE 7]+ Pre-Trained R4S A A Me5e gL 2o

AN E, 27|04 Feature #WES] 2k Ao Bnax —H —f(h+00!)

2 Fine-Tuning & %3] Semantics Misalignment & W} Nimax = h+oa

27 sj4agch

I, Axe me -:1’4 Ao A HE EﬂiLE 2 f%% H]OJEVJIQ] el Xdiﬂf’j
sl (8byte)elal, hi= WE 319 sl (4dbyte)olt}. t=

B =Fo A+=Split %2 Semantic Communication < H2E Ho]H 9 <%, a= PCA = st 219 o ]Uﬂ]

aE gttt o] o, TX ¢ RX spte] A& ayste=d, TX o a3 HOlE F(float ST 4byte)E 553t} o] 2

= QdafE 9" ouHAE Principle Component S 538 TX &= PCA zgvict 2 4 9+ st H]O]H

Analysis (PCA)E &3] N 29 Feature ® Eii S5, /SLA TE Axtste] H2E dlolE Az 4 RX 2 F4

A e ol 2l s Y 5 AT & =2

At RX & tlZU+ End-to-End Training ¥ MLP X RX

]m nds H{3ta, 418 PCA WEHE 5935}

Foled ARgSe Ald S WEE dAE Aol
Da"a‘rx]‘?i L delel7t 19 1 ¥ Zo] npyA "l
vyl olu X E EFE7] A A= ‘j‘“«] A ghFol
Q2 3%Hd], o] w] End-to-End Training & %2 do]E ¢}

PCA L1 {Wireless )1
Data Channel
— . == Classification
,\] 7} o .L]_g_i O}_,_ ;\q ;(HL‘] 3‘;}7&/] Variation Oﬂ _

S_E‘Xq o7 EH___o] E7]_ o]_]:]_ Recogs:'rauctsd

s|s[s]|s]s

1% 1. MNIST dlolgl o] x4 *H PCA Az}

HLoRA
Fine-Tuning ;0.
PR

T AW
' L}

0
=
3
7]
o
o

Payload

Fine-Tuned Model
W+AW

c
]
]
2
b=
7]
@
o)
()

2% 2. Al=E Zeedea RX oA 19 F8 & 2HE AP}

B. Low—Rank Adaptation

LoRA[3]+ Pretrained Model 2] Q& 7}-511 EI=I
o 2% £ux %, LowRank 34 A, BE F7I2 st&
3+ Fine-Tuning 7]Welth. W thil AW = ABE &
sto gx sk do]E MY Epoch & Fo|WAE Rde]
o=y WX]‘GPD}. A3 r& 24dste] aw e &3 3y
I. Low-Rank Adaptation (LoRA) 7]%F Fine—-Tuning BACE 7 o]alil, Pre-Trained 2o =28 143
[l AS %3 Dimension Walo] @2 EA Payload 7 A= M2 2491e] 540 w27 433k

1837




20254 st=nSAlst?| sHHISE S =2 3|

C. dlely F2 Ze 9=

a2+ B AAFY ZHd9aE vERTE WA
TX oA #7E H2E g og A& 2 a= PCA 319
Feature WE & FZ3 %), Payload 74l ulg} g5
ol A H) NGE Ny = AAsI] o 4= v 59
Ao s PCAE Mgt 1 F 7 oAl
Feature 9HES RX 2 A4S 3H4d, RX oA H=ES}
sk ol A9 Feature W52 Inverse PCA 3}4
oA g HYst}t, £ stG dlolHAS o] 8319
Pre-Trained =28 LoRA Fine-Tuning &% 38r<38)aL,
Y3 H2E HolEAlS FFAIZ B gty

Classification & %33t}

IV. Experiments

TX, RX 988 3= F o9l SIRIUS [4] 7]171¢}
A4 T =EHS o 2m HAow wjA| gt
256QAM oA 64QAM o WHEHFAlo g MAsle] Ad
JEizb ofstel S-S ST, RX7F B3 Pre-
Trained 29o] =2l 200 x99 3/42 150 24S
Aoz 10 Akl @92 dds JP§git. RX =
TAIRE ks HlolEAlE o] 838te] Pre-Trained RH&
W& CPU £ %3] Fine-Tuning 3ol 3st5A17l &,

NN
— =
[ QN

il

3
Ase] Task ¢l deolgAle ®F AT
Eeis=ia=
Latency =49 A%, TX, RX 938& &+ 7z} SIRIUS
71717v GPS A17]2%-E] Pulse Per Second (PPS)
MNE 2 F71skE AZRS &8t TX oA PCA &
NZEE =7ke] AJZES 4, RX 94 dHolEHE 4413
F ol Image Reconstruction ©] ¢85 % <=7te] A z+& B,
Fine-Tuning 22 Pre-Trained EPE <530
A28 = XS ¢, 7ol Z28e AE pEkal g,
A Latency & YERlE 22 &3 Zo] A& 5
p=

End — to — End Latency = (B—A) +C + D.

MNIST

9 2lolA Computing Latency © ald3+= ¢ D&
ALe (B—A)E PCA o A Aol #Hve HS
1123 Communication Latency & 7F#3F 4= it}

a9 38 72 2AoAe AM7FA Latency & &3
Ailolt), @& APog PCA & APA4= HAE
dlelgAle]  §5Fo] Hojx o dol e A&
RX 2 d$d 4 d=d, 29 Fine-Tuning & % 3)
g wjo] dlojy o] Hold Y W AlTte] A7)
wZol| g7} %o}d4E Fine-Tuning o 2 & A|7to]
o AYEES HAY ¥4 = 4 LS AHEES
W End-to-End Training 223 LoRA Fine-Tuning ¥
Pre-Trained 22| EF AHIEE v|ust). a=40Y
= ALd ZE 2P LoRA Fine-Tuning < 3

Bdo] § 947 45 Holt A% st

V. A8

2 EaoA A Ade Fdeo] otsiEol A
7}s 3 Feature WE|] 7} &39S w TX ¢ RX 3t
WS Semantics Misalignment & A1&3] 3|43
A FA 9 gy 7S AQrsty. 71¥2] Backbone
Model € LoRA Fine-Tuning & %3} 7]& End-to-
End Training E2eo Aes& FHAEAL. FFd&=
Atete dass vdd dolgAy Ad FA A
AZsta HA9 A Ao el dis AT

o g ot

=1 Xe) 52>
ko g]f};l

NI

1838

Latency vs PCA Dimension

©-— Communication
—&—Fine-Tuning
12 Classification
({
\
\
\
10 A\
\
\
&
N
@ 8 \&\
> el
% O
2 66— —9 -
S 6 ——o— o 5
As
2
o I I | I I I |
20 40 60 80 100 120 140 160
Dimension
1% 3. Latency-Dimension L2} 32
Accuracy vs PCA Dimension
© End-to-End
99 - ©- LoRA
Pre-Trained
98 -
/
o7 Va
z [
8o /
3
8 /
<

©
&
T

94

93

I I I I
20 40 60 80 100 120 140
Dimension

1% 4. Accuracy-Dimension L2 3.

ACKNOWLEDGMENT

o] o] =E2 2025 A AR (A& HHEAT) Aoz
ol Ao A YS ol =alE A4 (No. RS-2024-
00453301).

FaEd

[1] Qin, Z., Tao, X., Lu, J., Tong, W., & Li, G. Y. (2021).
Semantic communications: Principles and challenges. arXiv
preprint arXiv:2201.01389.

[2]]. Choi, J. Park, S. =W. Ko, J. Choi, M. Bennis and S. -L.
Kim, "Semantics Alignment via Split Learning for Resilient
Multi-User Semantic Communication," in IEEE Transactions
on Vehicular Technology, vol. 73, no. 10, pp. 15815-15819,
Oct. 2024, doi: 10.1109/TVT.2024.3410380.

[3] A. Tiwary et al., “Fine-Tuning Vision Transformer
Using LoRA for Image Classification,” in Proc. 8th Int. Conf.
Electron. Mater. Eng. Nano-Tech (IEMENTech), 2025, pp.
1-4, doi:10.1109/IEMENTech65115.2025.10959407.

[4] Ettifos, “SIRIUS SDR Platform,” Ettifos, 2025. [Online].
Available: https://www.ettifos.com/product-sirius.
[Accessed: May 16, 2025].



