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Multi-camera-based 3D Facial Reconstruction System
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Abstract

This study proposes a system for reconstructing realistic 3D facial models from synchronized high-resolution images captured by
a multi-camera setup. The proposed framework consists of four main components: (1) multi-camera hardware configuration and
synchronization, (2) an operational checklist to ensure capture quality, (3) photogrammetry-based 3D reconstruction with coordinate
alignment, and (4) texture synthesis combined with reprojection-based quality evaluation. Using a rig of approximately 60 cameras
arranged in frontal, lateral, and oblique positions, together with uniform illumination and marker-based alignment, we achieve
high-resolution facial representations that maintain photometric consistency with the input images. The reconstruction quality is
evaluated through mask-based PSNR/SSIM metrics and reprojection error analysis, demonstrating visual fidelity comparable to real
captured footage. The proposed system provides a technological foundation for generating 3D facial representations with optical
characteristics closely resembling real video recordings.
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Fig. 1. Overview of the proposed 3D Reconstruction Framework



1000 W4333 =74 A304 A6Z, 20259 1€ (JIBE Vol.30, No.6, November 2025)

o2 dEyvet LETHWES] 7|9t AMA 3D EF
A A2=EE AQEeTh AlQE A &EE o A A,
Ad 5718 2 By, FEIHWED 719 33 A FA,
3D ¥4 H7tE #AE golzEls wEth

O 12 A A2Ee] dA vfo]zelel e Yehl Y,
(1) ool Zhleter 2 o2 A% WA 218 o83
A 29, (2) F718kE HER diolE g5 ¢ Ak
A2, (3) REIYHERZES &
AE Es) o]& T3l A E
o)

T Uk

ki
5
T

1. DA A|AED M

A ZEE XS S8 oF 60t o] TR E Fhe )
(ell: Sony RX0 INE Y302 wjxst, oltjyl 7|6t E
217 2 A9 (el Sony CCB - WD1)9} 1 GbE 2291 %]
HE T3l SAlo Egste S Fsith tEdo] E
2 AE ARt 7} Fhd ko] ME A3 AFE 10ms 7
o' oAy, oleldt S BFE FY PR Yo%
th A4 9 AR AdAE H264 2EYHYS 71F0R
2K@30fpsol Al <k 5 - 10Mbps, 4K@30fpsell~ °F 15 -
25Mbps®] 9 ZE 713, MIPEG 39 A Al 3l
Lo wat ZH AT vlolE o] AA FTlstERE FH 3

—» USB2.0
— USB3.0
> Ethernet

v v v v v v v v v v
CPN CTR| =~ CTR| E~ CTR| =< CTR
A 4 l l l h 4

i

o

:‘(_2“

2
sy

A S

I
i

= O

1U2U YmulLE

S AA-SA S

rl

e
e

ot

92 A7 A &Y

20 Cam

P CTR

Chair 15 Cam

| Switch Hub

| 15Ca

x

A

BO.

‘ T

T2 2. SIEYI0] AlAE T
3 CEE A|A 7iigt 2/ 2 O BHR] oflA|

CTR

2 FHYOEA HiX] (a) FHEHES

5 Cam' ‘ Cam

Camera Rig & Markers
(b)

% HolH A 7Y, (b) ZAWIE S

HEA.
HrA

2 22[7] 52 Zto| M

2 PoE(Power
gro g A s etell FA A E Fulshe]

oz

Fig. 2. Hardware system configuration and camera/marker layout, (a) Power and data connection between cameras, controller boxes,
and switch hub, (b) Multi-view camera rig and marker placement around the subject

oo
o
Ho
:?1:1'
re
>,
[
jutit)
rlo
(m
i)
Al

over



ojghy ¢ 191 v 71Nke] AMEA 3D d= B4 AI2F 1001

(Hak-Bum Lee et al.: Multi-camera-based 3D Facial Reconstruction System)

AHe oz}t £ AFs T3k o 4 84
o FhE -9 % SAElEE fisheye RS EEHE THY
3 o) Hue vHE AHr|How A

ChArUco "HAE ol &3l 22 F3AE gt A~
g - AAAS ol TS FHAE FAT F U=
2 g3ty Ay o)d ZTREZS nlEEth HEo,
ZG AR 7F FH] dBAE FRa] S8l AR 91X
AA-327 Ao, ESA ERIARE 715, wE3} sto|EY
U2 210 A% 5 29 AIY2EE Ak, Y o

%
Blst WEtElo 8 E AREE BE Belstel 12 Tl
A A% AE 9 QAEA B BEHES shelch

2. SI=R0f AAE 72 Z=T/0H HHR|

ARE QEE}— Zo] ;MJO]D} = ?‘H% Zd%l 20, -
< =1 7} 151, =359 7} 519 Fhu| gk wiA]ske] 360°
of Ax #Y3% %03 ANHS grdit) et (EA) )

-% Wﬂ xﬂ 16}13% %ffl- dolMe= He TE
S 23l AR 288 =ou LE Jehs 9% A
s e h%é}ﬂ, A ko] A B EolE 7|
A 28 AAE ARY d9S Fdstetth

ZH Al 77 gk id S ARt 4=
EW AAol] g3 22 AlFdth A" LEDE ¢
55Ww &Y RAE 1m A4 <F 3000lux ©]3e] B
71E FARES AAsAth HFAE A ds FE

A7 SAA7)AL oF 130°9] W % 7Jr~ grslo] Fo]
FreEe] Alopell A4 k2 HA & A
g Al AR ] R-e] Al R hﬂr A Ags
o, v A A dAdE FAIskE
FgH ol
F2d A S sty 2ALE I S8 viA
A2"E =T 6x6 oFFF(ArUco) P79k 47 vt
AE Waate] W 2ol 040me] FAE FHAe wi A gt
ﬁibﬁ zk 7iekel o setulE g goe] 4 5 9
= shslth v o) wi st FASA > 4 Al <
]

FAe 9= 2%
Mo UYL, v BEe] G 1A = Ui W7ol

JRONS-EEARCIE [P ATt R SR B
QA § H Aeuaeln oAjE

RO, Aiek 7+ S5k 89 HeE A3 Aol
2] B AT, 2 Aleke) 2]
A B8 59 2012 349 AT AQE FER, 2
1 Aol23t dole Aol Felg Adel WAs) EMI
| 24)E Z9Ick Aek 23 A1k Fo] 2ol
st 722 A8l A 2145 A

il

i

NO

o 2%

N
Y
=

ALY
e

R
o rin
N
O
0
B ot

ol
ot
s

w to H
I
2
1o,
i
jinss
o
of
kY
2
)
(o s

fo mi ool
lo

o s
2 2
i)

rg o o
=

It
£
u
ih3

(

AU

)
o\-mﬁ
= g KB

RN VU R = )
1)
ok
v
b

. o

)

o

N9

=

AL

e

[N

(m

oX

e
o|X
rot
=
L

o
S
>
RO
:
W
rjr ol
N
m% l
=
LY
i) o
o N
i
o >
_0|L T
e e
ofX
ko
rob o
o
N
©
N

i)

>,

)

FN

=

=

o,

2

>

rir

=

Tu

N

b
ol
o

rot N
o

Rl

e

ox,

N

i

% 4o
M
o

o o

o HR XL v
o

fr

k)
3
»

i okt ’
o

U
o ox o

o
)
M Lo = iy o

e

-
0 M K

E’
o

L

(r
E
i
F
A
e
v}
e
i
lo,
o
2
2

4

>
>,
et
=
2
rir
&
iz
X
4
o
)

n)

(o

fu

o

o

13

2{ .
o8k

o
Y

1o °F rlo
B

O
-
s

R o
Hr
¥
Hr
<
ol
hines
i
)
12
o
=5
N

o

o &
ot
S

tor o

I mo iU

Of
-

ro oX

iy
0,
O
o,
=
X
R
f
N
T
A,
)
(e}
4
N
o
A
rir
N
2

of FA2 AAAX 9 /S EUTh
2 AAell= 2t Fhvite] viRel s Z7|sksta A7k
7185 oA g i EQlgit) 2 AlAAE wet F

o Fetet SAA ARG YAAT T, HAE AL B
zys TA2E AF YAV B2 A k2 so|=
A2g wH 248 BE At 598 Wole Aex



1002 W43 =74 A304 A6Z, 20259 1€ (JBE Vol.30, No.6, November 2025)

g FARES stk #Y A Tole EYA eSdafE A2 Aoa A 5 F9& v} o] F TRl A
FHe} 25 A2 AR T 2 25 AA7ko 7 7]=3) S A(Structure from Motion, SfM) & 72]5S £3) 8438k
o, a2 Xt o) @odo] AT A9 SA S F EAAS el 228 B4 H, v A1E 2HE L
Vs Al2" RUHES st (Multi View Stereo, MVS)E &3] 22 A3 7t A
RO F | Fojo] it Tol& EE vlo]HE At He) Zo] AEE A o83 WAE TEIYHE
F AR ZY 29 WEH o8 3 (JSON/XML)S A gl 7|9 AT o R FAE, dE, 94 5 B R E
s Azgsich 2t A 37 WERE Y, e 74, o] 7158 g Ho R FHsh= o A Fo|th
£ A% )¢ FAA AR, o, B T/ 9)E 2bzE S Abzsl B A3UE E ol (Screened
71230 0] F Aol HHE J}5AS FHE) T & Poisson) 7149k ¥4 GaE]5S ARES A42 Q1 3 H(mesh)
o T A EART A ARRE 29 UAE EA oy °F M3t Ay oA wo|= AAe} & YL 53
Y Al HGFOEN AJ2H 299 BEAE AHH R 3 91 A% WAk, AAE HAE v ARE o]&3
A7 T 4t AFAR 2AY 3 015 FEsith o] TAlA
npA 7 A 4L o 2 A 2 AdE sde 7]
4. 3D ATA mo|=zfol Fo2 Hwd & gloy, AA F7e] XA FETh
goet 739 WAl 2593 F9l(Subdivision) #H8S 57t
3k A A ghol el e A8kt s et gheeE 3 g Zwo] AArEe AL BRI
I Jo AAoA AlFsttt. WA WE 2% (Bundle B 22 A oA HEH A oA 2Ea AT 7
Adjustment, BA)S 2¥% 7} Aejuaolds st g JuE gwid) BYs) &) gle @E 9S4
of =5 I fF-9F geHE F4sta, o] FH = FAo|t}, B Ao SN, YAtz £ &S uky
of 7lvtete] dFI H& FHCE AP 92 ks 3 71EAE ALy, Bay o)A HEE 2 e
3D Reconstruction > b
K MU i Camern Caltation | Spars oin Clond —»{ MAHSTBSCISSIE o} yjoq Tangution | Applying Texre > Texture H Neutal Scan

T3 3. Hiekeh 3AR A moj=atel JHe
Fig. 3. Overview of the proposed 3D reconstruction pipeline

Camera Calibration Sparse Point Cloud Generation Defining Reconstruction Region Mesh Triangulation
With optimization

N

‘:.\

N Aligned to 3D Reconstruction Result
Applying Textures to the Mesh Marker Setup for Scale

and Alignment Calibration
2 4. 3D A mo|=atel BHAlY Aot
Fig. 4. Step-by-step results of the 3D reconstruction pipeline

in an Arbitrary Coordinate System Marker-Based Coordinate System



ojghy ¢ 191 v 71Nk AMA 3D d= B A12H 1003

(Hak-Bum Lee et al.: Multi-camera-based 3D Facial Reconstruction System)

ggsto] AR ZAANA B s
W] o] 7] (Texture
INE 718 HF2
(Diffuse), =2 (Normal), E]Z:%Eﬂ o] ~H E(Displacement)
B Adeth oz B JiJFH 16K EH”_IE *@Hfﬂ a7
o] mA| AHE BEAL
sk 39 HskE xdett HE
dlolEl9t HlA] 7He] ZAFE 32HE FgAhrH o Qigst
of MEUEIA Al BlA] 74 Bo] 7hestEs gtk
HTAom AAE WA= A9 A%(Unreal Engine),
L3 (Blender) 5 A7 AE ol uiZ A48T =
£ ¥ 7+4(o: sRGB/Linear, MikkTSpace)= +4-3Hth
T st Aol HRAF Y2 X3S volEAlS
AT A @AM & THsEESE &t
31 S5 A+ JJr°] E el et
AL A ZA7E jHE =eystr] gA] EgiTh
1 ¥ E gHuﬂEa] 7]k xﬂ;/ﬂ F A xqazl B A %]
SHe o]zl S5 7|9k Rl ojEaA]
F4 3D g2 FAS Adsitks o 7t it

Y

F

o @
>
»
T,
okﬂ

5. 3D MFY 7|8 F& Gt

A ote Al2El o] FA H7H= 3D A FH(reprojection) ]
7\gkste] e ETh M W9 gErEE BYE 9
g Fhueke] FUg 9| o} Wl A HAH wiAo) Tk
Ae S efata, I AHE A& FF Fgste] Aol
e Addth o W EE Hue Eﬂﬁ QH*L HA

(undistortion) 2} 7w} K
o w27k, 7heh ghAL stogtol E9f 7h x5} »:%@-3— H}
2AF AeJste] A= WO P NS Hrele
=a=

A Pyt AxE 93 A5 i F2H|(PSNR)
A FALE AR(SSIM)E AHEste] 7F Al B4 3
T2 8}sttt. PSNR Q&3 A5 94 7+e]
Aolg B 2AYE w8 & pLTrS
=& 9vEhH, SSIME 87, Wiy, 32 54

2 8w 19 7SS F2E FAM O]
t}. zb i} A E PSNR SSIM g2 AlAksE 5

u{u L

J
N 2

- oo

o l-(l:
o 2 o wo fN

FU10 01’)‘1
2

L ¥
u)
=

A
~ E[O it

ot

T3 REUAE A A HA Al 2" o] daAd s

F7HH o R, dwtsl e A Qal 71 AR
ol 2} A 22 Al (novel view)ol A 2] AFF H LS =38
sith, 5E 3D E& BES 9] 7MY Tk flx] oA
A gatal, s Al A Zsk AA el AT 73

Bl

3 vz ste] 9% Q1 A o]

12 ZRA T3 14
A)(outlier)7F MASHE e ol thalHE Abe] Gl S
YA 71zel wet MEE BAsh, 99l

s, 9elo] B9 A9l =
[e]

v 2l&e 3t

-

X,
re
R
o
o
<l
©
ofs
ol
£
=
>
ok
rO
o
Y
>,
%

5
i)
N
m
o
o
2
5
x
N
ol
N
~
Hl[ﬂl

of
—-
rlr

ko
ol
o

of -
OL ot o M

B ox o M1

o2 :J“OE
12 o o
_0|L

1o rjz
2
rUlo E O{N

fob |
ofN o &L oom o N o

R
ox offf oY %

~
ok
S
=5

N
el
o

K
)
_H.I
2
)

e

2

ey i

R

1o,
Az oft i

s 8A) AR,
2 48 7hs e BRSE U 28 7130
EROT TH) ofel
A

e Ak A A .147]-»— 7«16L 3 3D A5

_“d
)
=
|

=
lo
>,
[
jutit)

= ¢
E ﬂ
£

um
il
_>‘4_4‘
o
i
&
O-

mlO mﬁ r_o‘l O}i

oxl

A A—]] &} Z A

o i

2,
2 N
z X

o5~

e NL P ES ERERER

FH R At w o)tk

1. HO[EAl H ER}

S
- g
rir
>

°
o

e
=2
2
of
o
=
o
bins
e <
o
Hr
N
N
N
?-{[/1
i)

B 215 dolEale %%—s}aau}. g 370

Fhder gl19k 29 A4S 1 4
AA HolEE SRasith 7+ AN

Aol AS Falsto] Fhuler U9 shajn)

L IR 9179k A E A G HlolEle)

HeeT,

HolE Aol = o} ukalr)

N

oo 2 i
N

}

RS
O{N o
fu)
fu
2
e ofo
_C:L
R

T @ o2

o

o Wl

oo, & X ode (B
171

N
-

off > L ox M o2 mx

o
& o Rl T

f
!
ot
i
=
lul

31
2
oy}
!
'
Fkl
0y
1o
oX
o
oX,
Fri
ot
X,
o
N
et
4
¥
<t
bl _|[.m

ol
2
ui
hin)
2
o
2,
rr
!
Wl
>
ox
K3
=
2
Y
[N
o
4
3o
o
NG,



1004 53383 =5A #3048 6=, 20259 11€ (JBE Vol.30, No.6, November 2025)

(d)

12 5 ZETHERZ| 783D Y= M7 2, (a) 2N ZAR MH, (b) o
=M (e) oM IAK =M, (f) 0 22t ofd TAK &9

TIAR

=t

()

A MM, (c) 01 F2 ofy

A MM, (d) 2o

Fig. 5. Photogrammetry-based 3D face reconstruction results, (a) Male subject (front view), (b) Female subject (front view), (c)
Female subject with facial markers (front view), (d) Male subject (side view), (e) Female subject (side view), (f) Female subject

with facial markers (side view)
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Fig. 6. Example of reprojection-based quality assessment, (a) Original image (front view), (b) Overlap of original
and reprojected result (front view), (c) Difference map between original and reprojected result (front view), (d) Original
image (side view), (e) Overlap of original and reprojected result (side view), (f) Difference map between original

and reprojected result (side view)
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Fig. 7. Comparison of VGGT reconstruction results by view type and reprojection, (a) Reconstruction from seven frontal views,
(b) Reconstruction from a single frontal view, (c) VGGT reprojection image

Ak o] oAl AZol A Z7d % PSNRE 38.2dB, SSIM<>
0.964Z, w9 =& F2A FAMIS EYch

A Frtl M= F 5070 A &3] ¥ PSNR
I} SSIMS AFESIAL, w7 3 of Fof| WE Aol MR
2 EMsith wAe g 49 HF PSNRS
3433dBI oY, vl E S v R A AsHE 38.23dBE A
<3t th SSIME miA= A8 o Fo] #AIgle] 0.960~
0.964 M & A8t =2 +28 AL 45t
olefgt A= At Al2Hlo] Ty Al 43 e
3D AFAE GRS AR, 34 @A o A9 ol
o)A 2l Y 9 HRE F9 A= AL rhsAde
=9t

FAH0Z A el mE 59 2o dAAES
15k7] $18] W (Frontal)3t =W (Lateral) Al o2 F
sto] FALS B WEUTE F 2E T AHE AEG AF
7F A3E Yepdie, gH AlFelA PSNR 38.03dB, =
Aol A 32.58dBE F 0.5dB2] Afoldl E33lit) T
H B A SSIM > 0.96, LPIPS < 0.02% &2 A7+
HAE BYom, o= ARt Alglo] AR wste] 7

59 F2& fFAEES Avdth

> B ood Mr o

ol 1o o

1 OMEY 7|8 ek "ot 20 (2| 1/E A AE)
Table 1. Quantitative results of reprojection-based quality assessment
(best and worst cases)

Metric PSNR (Including Background) [dB] | SSIM Lpips

Highest 38.032 0.994 | 0.05747

Smallest 28.438 0.9678 | 0.009476

E 2 AFE =@ E2 UL 2T (B vs )
Table 2. Quantitative results according to camera view (frontal vs later-
al)

View Type | PSNR (Including Background) [dB] | SSIM Lpips
Frontal 38.032 0.994 | 0.05747
Lateral 32.58 0.968 | 0.0203
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Table 3. Quantitative results of reprojection-based quality assessment
for learning-based model (VGGT) (best and worst cases)

Metric PSNR (Including Background) [dB] SSIM
Highest 33.19 0.7555
Smallest 27.66 0.1406
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