5G 830 AANE A5L AW
ViT 7% HElRg £7) Hold A¥ AT

I=Ql*, F1Ad Al
2~ = £ -] =
A A5y N o
2~ & (IR A=
AU B Al § S

Multimodal Physical Data Fusion using ViT for 5G

Electromagnetic Field Estimation

Doeon Kim*, Seongsin Kim**
Department of Intelligent Semiconductors, Soongsil University™*
School of Al Convergence, Soongsil University **
E-mail : *ilsin@soongsil.ac.kr, **kss0222@ssu.ac.kr

Abstract (Multiple-Input Multiple-Output) 7|7 1% 423 A
(small cell) MA|7} 74&stEAA, =4 A9 W das
5G olEeae HA AAE s 4L A By gL Bgeixa v} old uwlzl <ol g
A71ZHEMF) % oZo] "FAoltt. Held 7]Hk o ; N L =
2 Ao J1E del=rlold W du) AR mggel A wE e Wsh deshe Aol A5
HojuA g, sl A2 ¥4 4 ¥ (building map)IHS Q1 A= ofFEa Tk
eEoF Algs AL HAV|o B3 EEzdH EAL ~
H = 07T o T H Y 1T o= — = = —
Fu3 wald waths @Azt Atk B AT AEAsl EME 47h s T 5 ol e
<=4 Vision Transformer(ViT)oll 7]4t3to] A& o]n| X<} [1L[2]2 AgdE7t 2ot B2 A8 Alto] L840,
del B¥ Ang A F o "Hemd F4 o ] ]
_ . 5 BE A9& ¥&F57] oHYyE AV EA3T AlE
(multimodal fusion) 71 & A|¢teta vl FA3ch A - 3] T AZE EAR . A
WAL 2 dolHE Qs 2 gHw Fjs  dold Jlu wARIe FusAw AL wgel us
= EZ §3%(Token Fusion) WAlolH, F+ WA= E e Ty o] 2 ‘— o 383
’ o= A7 . © F ol = © u'ﬁ‘ %]"9‘?]_’
Holelg 2 A9 gaow Rasel g Adw g oo CAZF S ol Sl Hees w8
= 2 29 F7F vl @D Spatial Mapping)t2 o]t} 2l EMF 5 <d97F &2s] s o 27)d+=
a4 2y, F oA BF € Hu Ae 2Ek CNN 7|8 mdje] =z Al&soon. A o
= > - - = - - - T T, s R 1__?_5
HRFormer H.0} -3 ol% 4E2 wirh 58 2D I oo L A_[]
2 v WS HRFormer ol Bit extMAR)E AT VT AL RSl d9H gEe osiste]
60% A, B S8 $A U] MAE £ 50% 2 oNN T 9% A5 B9S AZFgch 53 [3)
271, At sA ForellA EelF dHolHE A = X OmE ABTE TS
w) 74§ (spatial alignmennF FASE o] & M= HRFormer 7k 7bg et s 24w v

WA 4w Agud 0% aAe A, =S

SEl A1E ded A ATEe T A @)
L X2 Ak A, Bed S4o] meHA e wg

FA Aol A

¢

56 21 7lwe] AdestE <18 Massive MIMO

Ae, 71&7] 5o £ AEE MLP 2 3] 1 29 ¥
Bz wWalksto] wdo] gl o] aAelA volE
 EE2 JREA7 897 (3 2022-0-00986), T T BA 4RI A2% % 9tk S5, HRFormer
T ATFAT G-LAMP A (FHA]: RS-2025-25441317)2] 4] o = o s o
A3to] ZEHY S o & ATA Rdo g WSy o AEHE 9
A3 AW Al §BHE, A Al



Bl AAgdA dabg s w4 aFv fgE Numeric dlo]Elel Welzt A, 717 HE HolE
| &3} 5 ™ (smoothing) A& HE7} 2AHE A
HEH Ak ?ﬂfﬂﬂr.

o

o
rr
4
(i
e,
11
¥
N
i
o
=)
oy
()]
u
N
o
ok,
id
lo,
z,
An
fr

2 =fdAE ods FAE d4dsty] Hd &5 olgst EE|4 EBEAol x3gH 54 dolHE 111
Vision Transformer & ¥ (backbone)S. = | E}sle] 3= Aol EE & W4, 2D 7 o waS H835)o]
gt HEsls ¢hslsta, wAlgk A whg] oS f A EA4S BEskH mdo] e E o] ENF

S Stk wE oElel we4 AuE wdd & 9 54
BHow FYsts] Aa F A Az AURY §3

WS Akttt i) 2D FZF wSd(2D Spatial Mapping): 1. A9 vy
=7 HoHE 2 A FtoR gFste] ojuX et A
el dg Ad=E 748} i) ES § 3 (Token Fusion): o 1Y § ooln A e} bV =2 AR
& dHolHE 5YA EFoE WISl olnx E E gRtel EMF X & 53t 3e HxE gt
T gy A9s Fell 9 AT el de WE UESYARE ViTBase oFEHAE ARt 9
o] 7]¥ HRFormer thH] A44, AFHow 53 of wa e 5EAE AR star, =2 7|vk b
gt om, M oS FA HAsE dEREY ol & Edo] maHoew Fler] 93 vaeo Ut
olf 4 HeFS AAstaLA}t gt A ey g3 s Aleret
II. glo]gAl 3.12D 3t vlsd " (2D Spatial Mapping)
A dolEE U-Net &2 EMF dZS& A3 [6] 2D &3k e I Early-Fusion W20z, &

o] dlo]HAlE A}-8-3F3I T OpenStreetMap ¥ USGS il € =g HelHE 9¥ U9 W 54T 500x500 34
T HolHE 283t 100 /f m= thsh A x9 2D To 2 Y Yoz Wasle] QY Fo 2 AF(Concat)
= A8 5, o] mHd v 56 VA= st otk olE Fal B AEIZF AAl T
% A" %)3} WinProp(FEKO) % oW RIFE=AE wdoA HpHow ATt
A F3 AlEHCHE €83l EMF £X & ALtshe] ST T (1x360)
|

Algdolde Fa e

Ha e m&ml | ZHE (1x3) } | =X (1x6) | |0|D|X| (SxSO()xi(lﬂ)I
°F 700 7ol M1Z dlolE 574 HA4S AA F ok 3,000 | | |
7]194 g_e‘j /\1]:'] %i ?_}g%q_ /Pauem Preprocess\ /Coord Preprncess\ /Numeric(.‘onvennr\
Py [5]
F_5
l ‘ . - E I“I!.
Category Data [
Image EEERET @ “°°5°°) (2.500.500) (1.500,500) (350(;.500;
D
— - +)
Pattern T2/ HAL 9" (8x500x500)
HO]—SH 7_]— Patch Embedding
aR=|
Numeric Qe 71871
eIV #3E
(B=, 9%, 1k

=5
ins
J
=
o,
o
fo
©
I
o
[\®)
v}
of
)
=2
ol
ok
oL
-
BN
k1

dolg Al F+ALS ¥ 1 3 ok #g We 500x500 H¥ dolgE 18 1 7 o] A%, 9% 3t
7)9 2 249 AL Fuzola, WAl JEe =z =y o7 1A JF-AIet B EWS AASIAL, 1% 3
7+ o] E(gain) g+ WERT 1x360 7] 7hHITh. o2 e A glo] Fdgk HA Ads S



o], FFH & 2x500x500 iﬂﬂ HHow W H 3 wAS 5 F o6 A7) v EFow
Aok A4 A e 2 A FeR R AgAT, magE] g3 ViT 9 A 12 /e 93y
A¥ T AA He7t ”‘ﬂ AN oz Ay} EE T Fubor gk 27 6 /) BEFAE o]
o] 7= AM71e} A PSS Al o2 Hhd s, ux] 2] EETS 98 0o} self-attention &2 FIHA
= dolHELS [519) MLP 7]WF Numeric  53& $MHoR g58ka, ofF Tk 6 /) EFolA
convertor = %3 500x500 719 Weo= I3t O SlmgE FE EST £3] EFS onx] E&
t HFHo AAE BE 2D PES AE Yz FAFo M muo] ojuR e F3F FHe} Qe Ltel
WAL olu Ao} 3 A FHom AgEo| VIT ¢ B84 ARE Ao wah shksiA o}

dEom FUAHY, olE F& Ed2 3 WA
o[o]F-B] ojm x| AHret &l FRI7L FS At Iv. 48
+ Early-Fusion 3555 3stA €t}

4.1 A3

%
ret

27

A% 2 NVIDIA GeForce RTX 4090, 3090 GPU of

EZ 3% ¥He dF9 Mid-Fusion A o2, 7} A APE A, 7] 35E 0.0001 ¢ Adam 5 Ewfo]

=
A8 BRIYEE HYPAH EFoR HISY  self AE ARSI X A7]E 4 2 AAER A, gE5S
attention WlAYSF oA Fa2EESs HAFEAG 200 ol 2= F<F AP ATt ViT-Base & ImageNet-
ojlm A RudE = Uy f, WAL olm xR, Y Ry 1K dlolgAld A AL g5d 755 AREsiglon,

AEE oreluel $A4W B AE, 4 REEE A ey A8e 120 AxEol 3)
¥ 19 Numeric HolEHER Aot}

Parameter Value
I (1x360) -
Patch size 16
[#ameowe || 4xaee | [olmm e | Hidden dimension 768
l l Cpudting> Depth 12
Pattern Tokenizer Numeric Tokenizer \ Patch Embedding |( 1024, 768) Number of heads 12
g {- [—hw }icz MLP dimension 3072
- 1 Max Pool ] [ Norm ]_ ViT Block 05 Head dimension 64
Con ) Dropout rate 0.0

¥ 2. ViT Backbone 3}o| 3g}v|H

Avg Pool
o]

EEEsss 42 AY 43
HHER
(2, 768)
e AFBIIA HE $43 Ave w9

(Ix512x512)

HRFormr & wo]xg}¢l oz MAste], B =R A A
okgt 7 A WHEY dwskgith. HUF ARZ e
MAE ¢} o|wx]¢] #4 HZF A3xJ PSNR, SSIM &
ARSI Hbe A mdekr] & AE RS

Aok Aol el thsfnt sy

r

ad2 EE % 8y xE

oleldt o]F HlolHES 11 2 9 go] A4 B
Zor wWedEy, dE mdeEe] 4§ Pattern

Tokenizer = E3 1D Convolution &% 360° << ©]o]

Method MAE PSNR SSIM
B EAS g9 oT FZF F Max Pooling S E3 () (4B, 1) 1)
HRFormer (baseline) 0.05 18.08 0.85
7OEX—1;<]X40§ =N A Pooli ?_)‘\l._%
del &9l B, Average Pooling ViT (Token Fusion) 0.04 | 25.46 0.93
AA 1x768 A7]9] 54 WH=E HHET. X R ViT (2D Spatial Mapping) | 0.02 28.33 0.94

E] = Numeric Tokenizer ¢] Linear G14HS £3] 53] dlo] ¥ 3. wlo]xEkel ) A WHe AR H7) v



oY EYF dd MLP WES ARgste] dlojH
g wlolz~ekel i A5 A TS 1A

o B2 &5 W4e 4% MAE 20%, PSNR 41%,
9]

A% 3Rakol Q9lar, 2D F%F g HlAl o

M11% 3oz E8 ZH
5 EZo| o Eéﬂli M Ekslo] o] =913k A
[e)

W o] o4 ol =3}

13 3.

HEMF oS 23 Al7}+s)
(a): baseline, (b): Token Fusion, (¢): 2D Spatial

Mapping

i

& xR

= P
o
I
ofk

2 ox
]o
RIS
2
JN
T
2
‘g
&
=2
_>L
rlr
o
v
-0l
2

¥ = AE VIT 7]k EMF o5 A%
stalr] Q8 olF Ee dHolEE A@stE A<
S etk AF Ay, B delHE &89

] At 71yl EF g%, 2D 7 v 4

T H7F AxelA wlo] ekl 2l HRFormer & %

[1] Kapetanakis, Theodoros N., et al. "Assessment of
radiofrequency exposure in the vicinity of school
environments in Crete Island, South Greece."

Sciences 12.9 (2022): 4701.

Applied

[2] Kopacz, Thomas, et al. "Effective SSB beam radiation
pattern for RF-EMF maximum exposure assessment to 5G
base stations using massive MIMO antennas." 2021 15th
European Conference on Antennas and Propagation
(EuCAP). IEEE, 2021.

[3] Lodato, Francesca, et al. "Ray Tracing Tools Assessment for
the Evaluation of EMF Levels Generated by 5G NR
Systems: An Overview." 2024 [EEE International
Symposium on Measurements & Networking (M&N).
IEEE, 2024.

[4] Anusha, Veluru Sai, G. K. Nithya, and Sethuraman N. Rao.
"A comprehensive survey of electromagnetic propagation
models." 2017 Conference  on
Communication and Signal Processing (ICCSP). 1EEE,
2017.

[5] D. Kim et al.,

International

"Estimation of Electromagnetic Field
Strength: Experiments Using Vision Transformers," in
IEEE Access, doi: 10.1109/ACCESS.2025.3631972.

[6] Park, Dongryul, et al. "5G Base Station Electromagnetic
Field Strength Estimation Method in Complex Hotspot
Area using Deep Learning." 2024 [EEE International
Symposium on Electromagnetic Compatibility, Signal &
Power Integrity (EMC+ SIPI). IEEE, 2024.



