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olmlz]  ~A7ld(image scanning) 7]&S  19A]7] St

(photogrammetry)2] @3 &7 A AZS(human anthropometry)

A Fg57] AFsAt Mitchell, H. L., 1992; Okimoto, M. L. R., &
Klein, A. A., 2012). tietil=oAE 197998 2rpr&asd FaHoz
Rl JAAIA| 4 ZAPAFA Size Korea)o] A|2FE|o], 2h=1Q19] HFE A X4
dlolguo]A pHo] AAHOR o|Folx SHEFTP|ERETY Ato]xi
of, 2004; A3l 9, 2017). 2719 A0 7|&2 HAHOoR L2 7|6
A5 F2 9 AS A oEstom, S0 s B ko
et 54 eapb A IAskHs HAZE EASHITE (Franke—Gromberg et

al., 20105 Han, K. et al., 2010). 7] Zol-g&-A4xe}t £ 7|2 ASE
2’2 =4 Al "Waprt 34 yeRg R (Ulijaszek, S. J., & Kerr, D. A.,

1999), ol&et HIAFA EAS A4 &8 AlRteh= Qclo] H Sl
204171 FHE olF FobuE|el Aust HAd ARl 7&=f] WA, gy
(raster) 7|8te] Z7] ~A70Q 7]& Hygo| EASEHA 2D o|n|z] 7|4t A
o] w27 FAE ATt (Weinberg, S. M. et al., 2004). @22 5(2004)&
StE AAst e (d-a2t
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A 4§ udRt d9er A7l S dEe ST (Heymsfield,
S. B. et al., 2018; Rumbo—Rodriguez, et al., 2021). ©]&st 2D 7|5t A=
e umE Augn e YL vgon 0y sze] AFshd Ho|
12 Algelglod, oA 4=, F7tE Ws) 29 27, AR 5 o
¢ ol o] ofd) AUE o] FxA AL ZAGAG (Farkas, L.
G., 1996; Pateraki, M., Fragkoulidou, V., & Stoltidou, A., 2006).
1990t &8k o]Fof= 7|& 2D o|n|x] 7|§t AS9| HAE FESH]
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s 3D 270 7]wo] §475] WSk (Bartol, K. et al., 2021). =]
/\15 *}017‘:’1?401' Arde Eoll 32k AL AAfH7E EQiEo] =dlo] A
Joll TSt tiit® dlolgHo| A7t FEEUAY (H7PleREEY, 2010;
%7}71%3%% 2021). #AAe} o]g7H2008)2 32+ Hit] AAUE of&
3 73 AASE Aol AHSEE] HuE Tl 2MY 5749
Aok (AL, o] gg, 2008). g3 5(2010)2 Size Korea
49 Ade o= 3D A %Xé AR S5 Bl 24e F9l
stk (§48]7, A, 27m], 2010).

TZ3(Structured Light) (Wells, J. C. K., Treleaven, P., & Cole, T. ],
2007; D'Apuzzo, N., 2007), #lo]Ax 209 (Wang, J., Gallagher et al.,
2006), Time—of-Flight(ToF) 414 (Bartol et al., 2021)¢} 2 1AW 33}t
574 71e2 329 A, Zol(depth), AA(volume) FEE FUstA 5

UEE ST o] & HIF o R oF Ao HEd Hiel A&t (A, ©f
d=t, 2001; A&7, 2001), AP-ALolet Hoke] Ay EA (Treleaven, P.,
& Wells, J., 2007), £~x=-d Ao Foke] A4 W5t 54 (Ng, B. K,
Hinton, B. J., Fan, B., Kanaya, A. M., & Shepherd, J. A., 2016) S°iA]
gaenc s =9t} 8353 5(2008)L de|FE X2E2A HAAS st oh=el X
TAO] QIAIEA BA4S 245k eH ({3 2], 2008), o]¥4d £](2013)>
o] sto] t=el WFH ZTA} it AAISAEAS Bl dFE 5
s

a8y 3D 2AdE Al 7H4e] mie avtolw, &
o 5}

N o
o,
o,
Lo
H
ﬂllﬂl
o
o|N

N

N

_'g_
Aok, AAR dx 9 FE A% dE 9 g a
(calibration) B 2| H-E T BAH-2F2 FHo] Ath= 724 HA
£ Adt}t (Bartol, K. et al., 2021; Ashby, N., LaPorte, et al., 2023). &
TA7|G- 2T U LHEAT o] Zpdo] At A= 3D AY =
9 H]& tjH] o] ¥ HriHE ATt Wol 7|& HFo] ARt 2|
o] A&l Stk (Smith, B., McCarthy, C., Dechenaud, M. E., Wong,
M. C., Shepherd, J., & Heymsfield, S. B., 2022). o]&gt Aox =4

A7) AAe Blg 4G aTst ASERA 1719 3D A% AZ WAl A

jubny



| = A gashal 9lon, olE il 4 Qe FAlZlolal #H]§ 7]
kol A= 7]wo oIt #87F F7Fskal ok (Tinsley et al, 2024;
Garcia—Muro San José et al., 2024).

< d2d(Deep Learning) 7]&2] H|FA HHH2 7]E9] 2D olu]z] 7]
g AlS 7)ol AWE FAE S5 4 e M= HIHE AL 9l
o A ATHAETRDS Ged 719 94 4 71ss st 2

: A sze] 4aE SR (@2

A AE 2 AA F4 ZokellA AlA
2bsAlATY, 20185 AAEAIAFY., 2020), == F4(Human Pose
Estimation) (Lugaresi et al, 2019; Bazarevsky, Grishchenko et al, 2020;
Cao et al, 2021), ©<t ZiH=t 7|8t Zlo] FZH(Monocular Depth
Estimation) (Khan, F. et al., 2020; Zhao, C. et al., 2020), SMPL¥} Z&&
ol mtetEd w4 7|4k 3D 29 (Bogo, F., Kanazawa et al.,, 2016), &

B 2HHMulti-View Stereo) (Seitz et al., 2006), oJu]x] AF(Image
Matching) &¢118]& (Schonberger, J. L., & Frahm, J. M., 2016) 5 TSt
Al 7]Eo] MEStEAA, oAl= @ 2D o|mR|oAk 3D A7 o ZH 7t
9 AA AFE F4st= Aol Zhsoifth Majmudar et al., 2022;
Farina et al., 2025).

UM E Al 719t Q14 &4 7l A57F &ds] AP Ut o)A
S3 70ATF(2024)2 Ato]=F 2o}

] &
A olmzE sk Al 7|5F Ral& /Wdstich (o] A8, A&, 2024)
F3t FEAFEH ARG AR A= kel ’11’3594 FAA BA4S Hrgst
o]

K-SMPL ZdE-& ]0}01-02] ]Z SMPL &el

Kanazawa et al., 2018).
SHEol75H5] 9} tfjstelttgstslo A= 3D A0 HlolEE &8st Ald B
F AT AHAHOR Forlo] gtk AFoet 2A4H2012)2 3D A &
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2.1.1 21 7] |

A AlZ(human anthropometry)2 17He] A4 EAS FFHo=2 o
obsty] 9ot ATrolat AR Hokz, 19417] FHbRE AAH A= o
A= AR 27lde &2 A, AFA, 1YenE 5 Hud
=T T E 8% £ 54 Wlo] FH H ol FAl Te &
Fo A o] WAo] b dAHoIgl o, EHAL ] HHEe} wEtk Afo
of wel A3t \AZL AT 4 Stk HollA EEAH dAE 2 AT

[# 2-1] 2 719E A AS A9

Ulijaszek & Kerr, 1999; A= A4, 2025)

stA 99l (Martin & Saller, 1957;

WA 4 P ERE ACEREE
Z474mttt 714 (landmark) 27 D o7 A 2 HEREA A
247k 7t WA} =T ALE PAo] Aolstel B mZ dold wEky Ash EZ
Aato] SINE At Fo] BA  elHulolx 15 ojele
59 Z4710] W2 =4 Aok 4 Mk SHE ojg urE =
242 | BAE A A, 49 Aol MRk Som |4 W, A7 2 QY ug
QAs] 7 W5 A %7}
nzga 2 8 A, Rl 97, o g (HR w4 27
G o =R 5 1R 279 vl Hste] B4 ol dlole Iy
TS mE Az us 5}
AzHQIE 2 g 199 & B~ B da AFs (R deld 44 vg
3 stRg 93 WE 24 Wa oh A e SEA AT
_ AL 7F "l BA RS
A A B =T 34 Aol L T4 A
o2 g A A Ho
e AR 504 2, wd 99, 9 e 5 o0 g AL T S
27 3REA JlsHR 24 o) T es R
= O 4




Martin?} Saller(1957)7} *
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==
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Stal, A% 71 (landmarks)& FEstA Fosto] 54 g dAE =
o|a1z} JF A=Yy Iy AA dA oA L] SAHLS ofds] ohFet 1219
= Wth 55| SR 7|EH Aoy T ARE WAlo] g4
o277 2o EAsk= =32 7F B} (inter—operator variability) 7} 2|44
¢ FAE AAEAG. FA SHATL v 544E stete AA| {2, F

L -
g o] Sog Qs glo] gEgx:= A U WA(intra—operator
A 5] sjAEA el
EG WEgA] AAE AR §Ae] ofdrhe AR A% PAo
=l

2 Aoko] St A A, "oy 9%, &

18

variability)

Bt dHolHE sk

ARb Q19 Eqlo] whmshA Bastths A SaY WAl dAt @
He ZASE B 4 Bold 441 Fo| £aHw, JE ABE S8 g
Z4o] Wastth BY thtn BE Syol: Be A4 zgo] avHct @
Tl AQAE o] wEe] S WA RL FHG Rl Yoy
2 shusp] ofgy, 94 A olFel A5sE AZ sz A% Wa

[F 2-2] A5A £ oA A= =49 EA (Martin & Saller, 1957;
Lohman et al., 1988; A2} A+A, 2025)
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A 27 e
U | ma aae gmy | 231 A9 SO AR Ai W
S/
RO EEE .
2 TR RIS seez Az get 2t 2o 4 98
3 oE g on | AZd 2 §PS nAoE duE By Ba
L | eRoW ERe | AuEu AOwest A9 AAE Fger]
F274 9 SED
Q o] X3l o
s | MBI wRA | 4a g stojsarel HAYE 28
E’ﬁb% o
olAY 2D A7 V&L Hs] 4849l FHe AT Qlout, A E
msteict, S0 ol Papolat BuF FREL 2249 ofulx] @ Foz
s 2T AL edon TAHQ Aot ol olfm A
ABAES D Ut ASTto Ll FuG 47 AES oldy, HEYR
202 sl o] gHgHo ek Q14e AT gich

HEH 2D FaM2| 2y ]

-

ofojx] i Tz olx/eAHE
HE/LHS #F 001X e, Threshold A& Canny, Sobel &
\
|2 Al Hip 53
B 7k Ho| 4 Al A0 2 Fe X5 H 0

P AIV7|EHE §

[ AI 7|1} 2D A7 HEA] ]

ojo|x| 4y Sl Mol XX Fy
AO(ERE B 0j0]x| U-Met, Deeplab Human Pose Estimation
v
ol 4 njetilE2| 26
Monocular Depth Est SMPL 214 3D W3

[1% 2-1] 2D 2709 719 ¥ o4 (Zheng et al., 2023; A2
A4, 2025)
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I3y T 5o g8y 7|9e] ddoln]z] Zo]FZ (Monocular Depth
Estimation), <IA] mpH|E"] RE(SMPL), 2= =4 7|& To| wW=A &
HstAA 2D 7]§b A o] o] Tedt R £FoA Hojyal Q)
% 2 Bl A 5 QU ol AR 24 BAE AV 4y ne
Bkl 4= QA =9y, AxHog 2D Ho|ez 3D 9] X$E &5t

1 e =

L Jle70] 2@ @AskET gk ol B vt £Bah a4 )
%

shtol™, "Adx"e= SH <

gyt ARHog HW 3D AUE ©e A4 AL dolA <l
I EH HA ] P4 (surface geometry)= I E Ht(point cloud) Hlo]
= ZHIth= HolA 2 S 7EAA Qleh ol=Rt Zled B4 wwd
o, f&m, Ax = dAYolg T thdet A EokollA BE AS Ao R

Aol gt

kU oin

(

[E 2-4] 3D A709 71& ¥ EA v (Bartol et al., 2021;
D'Apuzzo, 2007; A+=F A4, 2025)
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an FolA A7 T Time-of-Flight
h (Laser Triangulation) (Structured Light) (ToF)
dlol# WS Aol FAbsh wigetd Wa FASHL Ao HAol %
s de] Al FiARge] AtEger  WHYH iy B4t & AXke 546t
A=l AL R of A= ALt
P e = = s
°= (0.01~0.1mm) 0.1~1mm) (1~10mm)
AT T R —:—%] WhE mjj-¢- g
- T AQ) F 2~74 %) (HAIZ 7Hs)
IR o == == S~E=
e e HEAL AAfof] w1zt T 2ol vz ddiAow U
=g sg Y Axd, FEAAL 9 |94 2704, o7 wH", EH]-E:_J 7171, A&
a7 Sh= Z4, AR/VR

3D 299 71E2 IA HolA A d(Laser Triangulation), 2%
(Structured Light), Time—of-Flight(ToF) ¥4]og FESH & g}, AR 7
T2t=A o] ZlaE= Hlus] BHH, 27 g9 Aol EASH #o]A
2 AEEZE mie EX9 djdes £t 7l Hold
< HEe AFL o] o] Fof QA A FopllA Y dy &-8EHTh
ToF WAl £t Q] Hojo] HojuA|wt, AEEoA+= oo & W
H tha "ojz= el 3l

3D 27Y7F FEET] AJARRE A7) 1990d ] &Rbolt}, Aol = ARXIS
oL} 2D 7|Hk A il
SHAl mhetslr] olgthes BAIZE WHEAHo = A7 oAE &l SHEd
U o TE 2L 84E Wi 2D afo=
of wret st 7wk 3 3
A2, o)F CAD A|ARe] AA R gitst .

E:AHO=Z [stook & Hwang(2001)2 3D A7HY 7]|9ke] ofF e =

5 472 B9 3D 2709 — dAD A" YA ol AR A 55

El

bt
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S
>
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A el pas s,



] ¥ (Bartol et al.,, 2021;

(3 2-5] 3D &709 7]

Fortune Business Insights, 2024; A2 A4, 2025)
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o S = AT Lotert aEn sdd gt
ofUm™ A7 FHholl WAYSh= A2 @FE WS offa, 1 AW A7 T
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2AUE EASIIE A A8 SATA ololrlA] ke 497} Het

71X A EATH. AE 5o FERF A9 e, A7 mAls
Al &&ol71gt s A7 wi47F Eold 4 vk AP 5] 1" AA
7} ohgr] wjRo], E3 oldo], &2 o= At A 2FAES

3] 3D ~A7fHE 7]E(reference) 02 Afal 1o, Al 7|4k 2D A7ldel A
gL s A5 W g2 3D 290 dlo]e]E GT(Ground Truth)=2 AHE-
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ofm[z] gk AA g FAH AlL"HE FHSh= HACNA A
(preprocessing)= A mto]malolo] A5g o= A4 ©A F shol
oh B2 EREe] g BHo Fxu ohs Mo FESHAIT, Al &
2HECAL A olojxe BT AA FAo| HF AFwe] WAL
Fo WW At AL A% AgsH Dk 59

il
(contour)¥} FZA M (structural cues)”} FQ9F HofoA= Aol o
glo] ¢l AdA Aot}

Ao F2omE= A ¥4, 92 on|A] W9 ko|2E AAst=H U
o, F WA=EE gipAe] B4 st skedl ok 28l Al SiRRE Al
OdEeld- 2= A 5 &5 dagF9] HEA A 4 xR ASE
Aot Zlo] F2]oltt,

E’r‘j} A &7 Oﬂ/ﬂ% Tt olmAl A

[E 2-6] F9Q oln|z] AAg 7| @D EA (Gonzalez & Woods, 2018; &
A, 2025)
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7IH 25 | R daEE T2 715 o 24
. . Gonzalez
Gaussian Filter |0]7]2] U] HYE Lo]= AA, A5 HEs}
=012 AA| Median Filler (2 53 54 2] o34 sha & Woods
(1992)
o]x3t | Otsu's Method AHs AAIRE 23S 53 g AA € 1 Ot
(Thresholdin| ~ Adaptive  HI 22], cafh &) 220004 dabe | [0,
g) Threshold |23 AlF
T | Gomy P o gy 22, ¥ A% AR % Canny
o =3¢ AAF T ZE H o e
Detection) | Sobel Operator |~ eRFER AR BE 7MeR 28 (1986)
m W2
(IﬂZL".E?’ Retinex Model | &% &7 9] H7] H|ap B4, QA A7 l%fng &
ug)li?)lon Histogram Eq. [o]W]A]&] A1Z+2] dyd 7QA (1c97a1r;n
o Brown—Conrady Brown

= A Model 5 gz Exdoz olst AAF ¥R B | (1966
(Distortion odae ]’Uﬂa]' \_——?o——:i v 9’0o 1O (9 )

Corr.) Zhang's [, B2 dA=o] AA He =5 Ha Zhang

ort. Calibration (2000)
A st Whive Balance lpopgr xo gigel g A w4,
olor olor Space |45 g orm b mse shar -

Normal.) Conv. AEAelE T AR FY

AEAQ HMAeE "] o2 += Gaussian'Median =¥ Z|§F o]z AH|AZ}
de] &850 gt Gonzalez & Woods(1992)o|l A= HE Z|¥F HAg+=
Hzd gAY 712 Ver AxEY, A ZRAEAE Gaussian B
He =2 SHEAT ALt &40 QIs) ofds] m&4Ql A=x|olt,

F3t o]A3Hthresholding)= 17 A7 @ mAld EaoA Moz A}
|Hoh 53] Otsu(1979)9] 25 AR 274 A2 oot &9 x4A
= und Apd 27E Al ABMIE A4 FTelEos o)
=g

A ASNA Fas A oA (edge) 5= A AAY A 4 @
Aol Canny(1986)7} A|tst Canny Edge Detector= =2 He HJSxet
ge oRgm 9 AA 83 QM4 AYyel BEAY AgEn 9l
ot 2o} o2 A4e] Gge 2 widl dAe E4aH, ol |
g 719 Aol Bdl 5 AR ARolA A&E FA %A

T AA o= = HA(llumination correction)d}t AAY A3k color
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normalization)®] F84¢] ¢<& ZxEi Ut Retinex E@(Land &
McCann, 1971)2 &% €749 97| Haprt & AA @A {85k, <
A 270 olm|z] o] A|ZHA dyHdS F|Adshe o avAolrt.

Zheley EAe=m QI A WHAES EAsk: = HA(distortion
correction) A AFo|A= HtEA] TS oF gttt Brown-Conrady(1966)
ol Zhang(2000)9] 7hHlet B dneEE F2h dlz=z Qg 1A H
& d5& Eol= dH Fasth
doyd rdo] HHESIE o]l HAge] dshe 4 Bq_q].oﬂgq-, 1 =84

Z

o] 20]& AL ottt U-Net(Ronneberger et al., 20153 2 71e 417
T AE7E BT Y7 omAk ol ALk o5 4 AR, 2H-Hf-
o]z xZo] dAsIA] 42 Hlo|HAlA = 5] AT Fe A

212 0]o]A] (Raw Image)
LO|R, 2Y SA4Y, HIX o=, Sxoh Ui A =5}

v
[ 2] mo|zajel |

@ =012 HA @z=3 =23 OF S
Gaussian / Median Filter Retinex / Histogram Eq. Camera Calibration
v
@Md dast ® 0|21z}/HiE M ® ROI £3/2|A01Y
White Balance / Color Conv. Otsu / Adaptive Threshold Cropping / Resizing
v

(22 2]

76'1“51 0[o]2] (Preprocessed Image)
BE5HE U2 — M| JHE0)Md [ X2 Z3 [ 2|4 2 Ao AL

[ 2-3] o]m]z] A2 mfo]lm=ate]l F£X (Gonzalez & Woods, 2018;
AF2F A4, 2025)
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AA A2 5 BoM AAEE shte] & 7ol ofyzEr &
73 s}, kol= A7, ROI AA, olulz] gAte]d & U
ol 7Pgeh whebA A= Al 29 BHE 7]15S dol AA| tloly mjol

1o
oK
)
r ol
o
o

FToHH, Mx2] A2 2D 7§ AA AS AlAHO] FEEet A=

s W4 Wololm, V)& AT A&Hor FxEele A A%

& =%
Harris & Stephens(1988)¢] 7 HE d1e|&2 A4 23571 4 72
Ao &g= £ 3, Lowe(1999)7F A9rgt  SIFT(Scale-Invariant
Feature Transform)e= 2|-AAY WS 7H1et EAE F2T 4 o] ¢
A &2 719t AS AFoA d8 AREE U SURF(Bay et al.,, 20060)= <
T HH3E Foll AAl 4 A8 7FsAde =en, Dalal & Triggs(2005)
o] HOG(Histogram of Oriented Gradients)&= 1A HE Ae= IA &+

AlA GG 71 AR 249 Fa% 7R 7]

i
[l
)
I

N

S
)

ek

a8 olgfg MeAd ZIMES £ ¥k oF 2§, EAt Wi 2
2 AA HA 8o Hofslths HAE AWh ol ZAE 55
Aol =" ol dyd ¥t B4 FEo|th.  CNN(Convolutional
Neural Network)Z o|u|z]o] 2|4 & AFH oz staFo=H 414



+2, Td Ax, FHA EA4S aHFor AEFE 5 Qloh
AlexNet(Krizhevsky et al., 2012), VGG(Simonyan & Zisserman, 2014),
ResNet(He et al., 2016) & EHE&. ¢l CNN REZ2 QA o]n|x] A oA
=2 AFEE AlFchH, 71E BAA E7HFsE S "l AR 7t
SotAl stk
F|Zoll= Transformer 7|8t Rdlo] FASHAAN E4 F& WAlo] g ©7
o] W E3HE AT} Dosovitskiy et al.(2020)¢] Vision Transformer(ViT)+=
n)2] M (global) AHE avpdog stad 4 o] A F4 H=Ed &+
Aol FstH, CNNI#} Transformerg 2% hybrid o}71€]*+= 2D 7|4t
AS Al2d"le] Aotk F4del Zlefstal itk
etH, Al ol Te AS AolA Al F9& Aes] FEShs
Té-’?—io]r)r. %2719+ GraphCut(Boykov & Jolly, 2001), GrabCut(Rother et
Z

L

al., 2004)7 22> Tz 7]dE HHol ERE QT Ty o]& WA AL
B2 BOAE T W Ao oEshs o] o] AEIHE tiitE Al
5 A&dofl= AT Sl

g 7|9F A|TdE ol HEo] 54 o]% sk of ApEst a2 A
F tt. £5] U-Net(Ronneberger et al., 2015)2 encoder—decoder

EX
Do o zf
i,
A

o
f

ol
:CID_E
k)

It WFE AEE By o=s FAFORN AA AFdS ¢t
28 4 oy, E3F DeepLab AEQ(Chen et al., 2017)2 atrous
convolution®} CRF(Conditional Random Field)E& ZAgolo] E#st v 2
AolMe =2 ALEE AFsttt. Mask R-CNN(He et al., 2017)
A A& AdEelAS FA ¥ Sl Bd=, A4 RoE —E—ﬁé‘
(human-part segmentation)7t2] 7Fssll 1A 2|4 574 A4 &&=t
=t

AE A" TElA

o,

é

=4 39 A1 Mi—% SYoR AEsHe
Aol ofjet shte] F@E wolmelel WelA A%H o s)hgr 2

og olmz ¥ % #jA E(segmentation), o 7§ E

ol
_V,L
ne
rE
2

o
1
@f
o
o
05
(@]
o
=

region—based feature mapping), = FH(keypoint detection), U =E
HA(SMPL fitting) 59 Aar} a2 oz =, o] oA A 1wl
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ojfdo] &St Z= AN 24 ALt dANA L7t SEHER, ATL
Aol Aot HA| AAFL] A= FHo| APAQ FFS nxn

=5 AAl ZE Al oF 2 ofF, GA/od o] wiF ] B4 5 oo
&t A HpEo]l AS Ao dF2 mAY] wwel, A AFolA=
°]& B (clothing segmentation) T+ &

2ol /\1EQ1 °1EP ol 2D 7I¥

_4

A 2124]-HAZ(object detection)2 1] A]
olfe]] £Ast=A](class + bounding box)E& A
A tF s A Ag 54 mtolmElo] A9l gl sttt JIAlE SHd
Qroll A SHgA o= Zrohfx] RotH o] x= A AW olA, 2|4 A
= W AA =971 deel, A4 4 =

A2do) A7 oge she a4l 7)&elet

(¥ 2-7] EA & 71H9 9&A A (Voulodimos et al., 2018; AL A
A, 2025)
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Al * 7|9 T2 54 a9
Harris . . Harris &
I Az A ;H /g Bel Ay
Corner H HE A F R A Stephens (1988)
LA SIFT | 2]d/2AYD Hstof| ZRlst 4 == Lowe (1999)
54 sUrp ST e £ 2As} A A-84 Bay et al.
54 = T (2006)
HOG lﬂq?j—]—z— ]:]O}sc‘;k —Sliil%q, ?Jiﬂ 715‘% Dalal & Trlggs
d5 T (2005)
AlexNet [geld 7|5t olwlx) #qo) Azg | Krishersly etal
(2012)

QAT Simonyan &
CNN 7]ut| VGGNet @2 UESE 72, ASH 54 sts Zisserman

o8y (2014)

24z} S i i Bzls}
ResNet !—111—17‘; ;E(Remdual Learning), 53¢ He et al. (2016)
3AIH Tra\r/llssfl(())rnmer olu]z] M (Global) X 3St&, ¥4/ | Dosovitskiy et
Transformer . vl 24 7 al. (2020)
(ViT)

ABHQ A4 AE WAL F2 54 A4 + B8] 286 AUy
t}. o5 5o HOG(Histogram of Oriented Gradients)S ©]-8&3] Abgre] 4
2ol EAS FEota, SVMI At HOG+SVM 718 B3z HE7|7F &
¢ BEAR A HAor FEHAIH. Viola-Jones 7IHF A3 HE GA
Haar-like £33 Adaboost 27715 2% tEZ HF 7IHolo opx|Tt
olg|et WAL £ Wl mx o, 5% w7l EAlste AAl €4
oA Adsol 45 Astdths SAE THUly, UtRE AS ALH A8
szl Aol TwskA] &tk o] A= A= "HeEld 7|6t AA AE

lo
!
-
M
ol
el
rr
s
e
e,
rE
iy
e
=
—
o)

(@]

@

i
(S)
(e}
—_
L
o
N
=N
a.

(one—stage) 4]

et al.(2022)= olfet 7 AAE SH2= T 109 d3te] AA %

j=1 o H 1 ’
Al £ SHA S 7RG Fdth T A A gimAl o
+ R-CNN AE=, 5 JH(region proposal)<= AF4dstl, z+ FHof tiisf
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CNN 7|5t 2& 3 7}
R-CNN& o] mpo]meQls 1Ldlsto] Aokl £ 5 BT Fol&3l,
HEet A AEL] ) Hjo]AEel” AT a5ttt

HFA, YOLO(You Only Look Once)®t SSD(Single Shot MultiBox
Detector)2 HEEE &Y DA (one-stage) AE7|= ou]x] A

e
J
>
_'(o_{(‘
y
|
N
_O|L
I
4
N
il
N
Y
i
)
ey
2
<
2
g

Aot §R|et SHAE FAl Ao FXE ERith o] Al 1‘:_1*]
7HA (real-time performance)s ZFHO =2 o}, AE&FY-ZA-AtE TEZ]
SolA wW2A St Tl YOLO A€ol A&H oz Z18}stHA,

e AL FYOlHE VYN 4IY W BE) AL A% 5
Fo=2 A ot Edozie et al.(2025)2 # H&#d 76t
T ks APsHHAA, one-stage Aol AAl AHY
ol Mm% EotHlee xRt

L MY YOLOv8E ol 552 ASst
(anchor—free) ﬁﬂE FE W :rL?i, e AT (HEE 7 LHlE o]
A) A T o8 SHA F2A S o] Fh Ultralyticsoll A 3708
TA] —D,-_—HQ]- 24 2z 2, YOLOv8L 7]& YOLOvS thH] A2: —

EfolEenvt AN, B HERYH e RA7ER] thefet A

Algete g dx tHio|ARE AHG GPUW}Z] B IRt ol A
7156t E AA ]St Hermens et al.(2024)2 3% A (behavioural
research) 744 YOLOv8S &gl A4 W 7‘411]‘2 s HESHE A
AS FRstHA, AgtE 2%-7HElE 23 stellA= YOLOvS 7§t 4
oS Hdtke & BAskylh ol A ofu|x] A7y
ME ARtEE-Z7IY 7HHet 23S AAlz ?F AA HE Bd Ado]
Q= ARG

2, Transformer 7]§te] DETR(Detection Transformer)2 44 HE &

ofo] & = AH3Ho g HrlEc Carion et al.(2020)0] AHetst DETR-E

d

moh S 1p ofl
H—1

oo o

2717t A3

_l
rS
fU

|

of

i

A7 AEE “AY dZGet prediction)” EAZ A oste], 71E mho]Latql
oA "2 AAFY FF(anchor), NMS(Non-Maximum Suppression) -5
o Fe2E 84E AASHY, £ end-to-end FEE EYZ o5l o
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% Facebook Alf} ofe] 250 7HA3 DETR W HEe AQbsHAA,
Transformer 7|8t A&7]= 2235E AHoAo] He Bu

S
d See sgos B A% 1 45 WA Bt JusHl ZAY 4 9

1=

(global context) ©]

o AL A ~AAd B AA A S8 E AY
2 AA7L FAlOl EA5kE €7
oM e AERE HEske Aol Fasith Zaidi et al.(2022)¢F
=wolA, A AE Rdo| A&7
A NEYA A qEYL, A,
A DRV 5455 GFEHL &= Ao, A HE2 oY
A 2b-setttal x| &gt
o] & A+ Wty A AZdEE= S5o=, AX AEW 2= 79
E3lo] L &irs] A4tEar ok El Kaid et al.(2023), Sun et al.(2025),
+ 2D/3D 2= FAN A HEol HA
w4l mEdYA oA FEEe B HAd ARtk Cai et
al.(2025)= YOLOv8 7|9t A 2= 54 HEHIE AtdstaA, YOLOA
AA AZE o=t 7|ZRIE HE SEE AT end—to—end FX7F 7|E F
M- BT SHolA
2ohe Hloha H5k9th Purkrabek et al.(2025)% AZE - A9 0]
Z FALS AT HASH= BBox—Mask—Pose ZHALTE A|otsiH,

Al REe] 29E HHEHor uwste] ZF dAo] HRLEE FAl A
H KeX
=
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Hzj2| = ofo|A]
v

@ HiH £2] (Segmentation)
U-Net / DeepLab / Mask R-CNN — 414 Szt i Z 22

\4

@-2% 7|4 S 2= (Feature Extraction)
CNN/VIT — 42| 82, #d .2, FEf2 SE 4L

@ 1 2 23 (SMPL Fitting)
LR ES @o 7|6 3D YE 2

HIHMEOLS S — H3 A H2150) YUY FB
[O9 2-4] B4 =5 9 Aadgold T nfo]majel
(Zheng et al., 2023; Bogo et al., 2016; 42 {4, 2025)
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AL 7|9 1A 24

sist=1ur" o] EAIEL & 4 Sl #’S Ezt 74“E1 HW HOFOHHL *}Eu

o
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i,
H
o
5
g
o)
_,a
o
lo
oflt
fu}
il
e
d
h=)
i
i)
o

=

(Vision Transformer, ViT) 9] S Co2 HELe} Aol FAlo| H|FA
o2 kA= Al7|et & 4 Qith

2 AFATE ARl AR Ag S AaEHS S He =2 He,

“Gs] olmlAR F RS UEQDES AT Lchu s4 ukz 24
1

b AFSH oA spet i Zolth W 9XE duh gEdoz B
ohd % A, A4 BHL ot AL mehulEE 4oFd & A, 19
1 At A AEdz 4E 5o U WSES ofFA BAT A

et

Tz 224 2D EE 3D FHIA A9l BE A (keypoints)E FHe
Zlex, AA A5 A A ol siget. Aol HOG, Pictorial
Structure Model & 2 Q1 £4 7|5F ¥H{o] F= AREEI O, 20109
o FHF o]2oll= deld 7|8t S|Ef(heatmap) 29 UIEYZ7E AAEA

ol =

EEl
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[ 2-8] 8 x= =4 19 H|W (Zheng et al., 2023;

A2t A, 2025)

Mg a= OpenPose BlazePose Simple Baseline 3D
(Cao et al,, 2017) |(Bazarevsky et al., 2020) |(Martinez et al., 2017)
a4 7% Part Affinity Fields | % CNN + Attention | 2D—3D Lifting (942
e (PAFs) 7|5k 3 A7)
2o o5 2D WH AR 1ID/3D WA #® 3374 | 3D ¥ Hx (17
T (18~257] 71 EQIE) MCnks) 7| ZIE)
_ B t}el o]z olyd ©
4% A A9 Bowom-up) | B Ax Haz (FE WA G0 UH A
= PERE I S RN K= H
N sw vﬂ(Gggiﬂ dﬂ%—ﬂm(%?F%,E} g (Fe P2
ae g M/ 28 PC | mutd /4 Bekexn | A/ PC QD =
e e (GPU ¥ (On-Device) olgl 7Q)
s1a | o|Agtel thE D X% %A 24 =
7o gg 0T ML _Eiq TE gg Aus murg g B0 FETE AT

E3] Cao 5(2017)9] OpenPoser= o8] AFEe] 2D E=
7] 98 Part Affinity Fields(PAFs) gt= 7ld2
AZA /A7 0‘771]

Hot 23

ox}

(OpenPose HRNet 7 Oﬂ)-‘ﬂ'

B4t AHgshs

sfolnel= opleEldE A

FEFO

Gl ol selelo 2

s

SERIES

ol
]:]

2 AT %

H, Google®] BlazePose A<E
]E]'. Bazarevsky 5(2020)2 R2HIY 7]7]o|A %2
gt A= CNN 7[5t &

5t

§-A7 AxdolA A

oq:rLoﬂ/qE %7 Z2EEY SA A

sl s}t

el
30
L R

o]
S

YEHIE AN
rE /\%7410} A
S %
ol =,

011*1 ofm)7}
A Aol

(BlazePose AQ)e] +Z&



[Stage1:2D ZX 23]

1= ojojz| 2D XX Y oA 2D A Z|
AOIEE [ 7toet Y OpenPose / MediaPipe (x, y) x N Keypoints

[ Stage 2 : 3D Lifting ]

2D & 2u g 3D Lifting HIERI3 3DHA R
Stage 1 £ AHAZ NZY B F22 A (x, y, z) x N Keypoints

o]

<4

™
Ol¥
]

SMPL Fitting / I8 =¥ MR- ZY [EH 2R

[ 2-5] 2D-3D = 2% mo]majel
(Martinez et al., 2017; Zheng et al., 2023; A2 A4, 2025)

3D Z= FAHo7 WIS Ys|H, Martinez 5(2017)°] Attt “A Simple
yet Effective Baseline for 3D Human Pose Estimation” & 2D #d X EE
an_ﬂ‘gg ‘E]_'T:T_]' ;ﬁ?é ]74 oo sﬁ 3D 3&744_% ix%a].lz Z—]:L(_D_i i;u—
BAELE 2T + A2S BoFh o] A4+ "2D

T 3D=29 5A(ifting)> vl A T3t

HEEE FEot = HAAE dRL, AAlE & Ao E 2D x

& SHHoR Py F A% 87 BdS gt AL Aus

olelgt B2 24 QFL URE Humand.6Mi} 28 fffR coleAe

FIEOR SH453717t o] FelZltk, Human3.6Me 11%99] m4@A7} che
L ogwWe BAH AR J|Sstel, oF 3608 A ool 3D E

Aok hEH WAuk dolelolet. A Aulse] H§e w of

o dite gl s H Bde s stu, 2R A 84

(O): 2MEE AN B9, B4 AGAAANA B BRI S

o] mibHolet 212 ofe] mAENA WEHoZ FYsc

acklAtY, T2 34 /162 @4 2D BAS YHOR HAEY & Wa

S

Al 3DE S5 AA7]=(two-stage) X7t AL AL FZofA e
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2.32 A metiER 2d

xx FAo] e Ao AA"E thEvd, U4 wEvE" 2e(human
o7t “Abg A9l 3D 03’% ERES

D‘o
L

parametric model) < @

i

[ 2-9] 8 A eEd] g vl (Zheng et al., 2023; A7AF A4, 2025)

nw A4 54 20 @8 a4
+ Shape + Pose Tejr|g 7|2 1A 4 5, AP

SMPL 1. W Ag o me 2A A4 A% 274, 199 oper <

U= 29 1L 6g00h 38 M4 /il al. 2015

. [e2} A
SMPL-X | E_ll\gf}i;;%ﬂ};ul]—a AA 72d, B4 QA £3} |Pavlakos et
= LS/

« SMPL + A4 & g
PL-H &
oy |- ek wE metn £

« MANO &9 &3

2F B4 A AA 214, |Romero et

HCI g+, 2HgA al. (2017)

. Tlol —

. _Brle 2ol AX7F HE BA '
(2D—SMPL) + Adversarial g5 =, AN AT 2 (2018)
PIFu/PIFuHD| _P;Xi‘gf*}g“;i}gnpgg A9 gxd Fd, 7 o)F Sal(tgof; al.

ahg=) L 5o i [HE. 98 CG 2020)

- D= B2 A7

o]  RHofeo] ojmzQl Hdo] Loper 5(2015¢]  SMPL(Skinned
Multi-Person Linear Model) ©]t}. SMPL-2 AFE9] 3D W4|E shape Ttet
WEAP) 9 pose Tl (HA) o 4F AGos mdstel, B AY
% AAE e AMED mleiule TaNA ET & QA SET SMPL
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Kanazawa 5 o8] dA32-50] 2D olu|22HE 213 SMPL metu|eE o
o= dald 7t HHEHMR Al 5)S AotstHA], ‘Tl RGB o]d|x
— 3D A H4"7F AAA AF FAZ 2] FHA =AU

AAlE ZHL o ymo]d molmakelyt setEER A EIAT, olF
I
|

Saito 5(2019)2] PIFu(Pixel-Aligned Implicit Function) % o]& 3}zkol
PIFuHD= §F ©A § ydolrzt, olm|z]e] z+ gAlyt 3D F7Hde] Ha AE

(alignment)A] 7] implicit functiong S5O 2 A,

2Pt TANE QA EWe Busts o 4Fo

23kl
3D 2709} A9] fARE E2Y O FHL GHSol

AL “TE@EMNT AER NG BQ6] APt A4 AR A
A W4E BE AP g, 54 BE Fwel 22 AodEdw 1A
Hog g 11*— Arahs

%
2
lo
Ll

PIFu/PIFuHD Ado] HHL 7
7|5t

[ B U | ‘?—:1

$
4y
ox
=2 g
N
ofx
_O'L
8
)

d
T TE S8O=+&, SMPLE Zgrez o ookt By RE(d:
SMPL-X, SMPL-H 3)°] 9t} ol& Rd2 &4dF

ol Y mEHEY A BdR, 4V

Fag gAolA s 1 SgE 1 Qlrk. el APATNME o]et T}

(latent space)olH FHsH=S VEHIE dAste] stetE2] Rdo] ofol
tojg nudon gt

2.3.3 CNN/Transformer 7|4t 24 =4
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Z2= FA3 s EE Rdo] RIAE ooz Fohs W M
| A4 to+F+= CNN/Transformer 7|8F 2|4 =4 7]

R A
AA FxgE AA ZS4(measurement) 2 WdolE EHY

<9

H 2-10] 289 718F 24 A HLH vl (Yan et al, 20205 Zheng et
al., 2023; A2 A4, 2025)

B2 729 =% ¥ A
g g |0 QN R — A 21 59 39 de + 29 A2)/FOV Wzt
oty L2 &4 243] + W2 TREER[ |« 2wl Fop
T gy yEga g2 + Sy molmael 7 |+ Aok WA 2
Stage 11 2D B2 374 w22 An gg |t T 5
Two—Stage tage 1. < _'_Jé’/\ . 207 E0 0 Stage 1 95 Hn
(E—»i]") * Stage 2. 22 7]}?_} Z]‘T‘ QJ:H * ?l-@a Z]T _lJé . LA Eﬂo]a E]—O]:/H
e APy + Tl C B A (o e
Mo |* 2P 84 54 = B B R o
A sy | B EELOEAE L ATEgen | s 9
° 1 T e Joint Loss 2|8} * End-to-End <5 + Slojujutztn|g Tzt
Transformer |+ ScH - Attention FIAUE e Al Hel/dy WG S G
T |+ Ad ek = A oA B |- A B
= |+ Patch 7]§F ow]z] A= |« AhA ulg 2 2| o ohfR dlolE 2
z719] ded 7k 35S F2 CNN #E(backbone) & AME3to] o]
A ERE A 25 gE IActe AL HAM AE S0, 53 AR
HASAA AMgshe B 7 Y ACre=dE, slElsE, 9d 2ol S)E
HERA &3] Jd2 d3A71T, L1 e 12 &48 FHaslele 4o
ot o] WAl FEo] gheste] B A7l 201090 FRF AA] ZRAE

A AE AERE HZelZ|= ottt Iy dAR A& Bd, &9 A2

_32_



Fhulat FOV-AL8A-e] 2] Fho] wjEo] ﬂ#ﬂ
2 wAsith AR m=-A

A7t wrE A,

gasice ded
ol et
SR
o=z 2D
o] 2D
83
2 3D
A lA
#o]tt.

ol27

S

2

H

1% -l)ll
IO ox _|

i
0 fj mlm mlm

_|> Hel
N
[N

H
IN i)

e

. 9
l o]

Sl
i)
r°"

=ot7] 9oll, | APAT=L
Sttt A Ao A= OpenPose, HRNet, BlazePose
5(2017)9] =AA
HEYIE &
5(2014)9] Human3.6M¥t -2 o4t
TRt &, AAl AHI A

Fe7t At

Asly, =

2 3D ¥4 =
719 g8, Tonescu
Ej Ao A Apd ot
Ak ol

o]
=

et
Az

= HA DA A Martinez
A 255 B

(pre—training)&

Ao 2 HolH=z TRl

okt

[CNN Z[EF =

2=
FC Layers

HA =

=3
1

el =5
e b

F742] o2 4 51 Agt

g ojofz]
— Patch =gt

[Transformer(VIT) Pl s

Transformer

Encoder

Ba:

Transformer 29! S — CNN + 2 MLP {22 Ef

[C18 2-6] CNN vs Transformer 7|8 2|4~

(He et al.,

gHH, 20209 o]Foll=
AN B2 <&

HAZEAHIA HE A Y 5/5E 7 22

=4 o

2016; Dosovitskiy et al., 2020; A2 A4, 2025)
Vision Transformer(ViT) A 2do] 2D o]
“d(long-range dependency)< © & Zag 4= Qlty= &

_33_
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ofll
o
i
ro
__&‘
b
Y
WE,
T
o
o,
=
k1
H1
o
it
&
30
=
-
o

2

)
=)

Q

N
rlI

= WE, AN AH|se] A8 AFe F=FeHknowledge distillation,

o
4 +
pruning, quantization 5)7F Bg-AolH, & AFo|AE T EE]] WA A
Transformer 7]Hl o}Z|HIZE Adst & zEAH oz CNN+4%F MLP
=2 Bstes AAE Adsteih
AA ¢ S BAE EBolHW, HESZ Fx ZA ¢
(labeling) 2} 71 A ZE(metric) A o] FA5Ith= %

= “
=01, e Ag W i e B =S W2 SEh
= i

A" AR 2~3cm ol Aol & &tk old mEAECA A u,
olefdt oo BAXY} B e “dAgelA Wt FE 9ol ot
B B APelAE A4 el Aols AA] o) Wa Adelq AFgehs 7]

FAo]| gtFxo] EAsta, MAE(Mean Absolute Error) ¢F ¢4 “5]-8 <=f

9 B £lom ol M8 RO ARH g5 AR AHgoY

Su

2.4 AHAT BA

A Estel, A2 deid s Fmelzo] AUA
e, ATAEE A T d2E A A4 G sFssr g

F2oluar glom, o] WA A EZ FAH(pose estimation), A|LHIE0]A

(segmentation), T 7|9t 3]H(regression) & TFFeH HEHo] AA = ALt
2 A2t ARoA Uzt ookt daEES A& HAES] 2 G,
AgAFe] 5582 A © 2 7d A, @ mEZ] 2d 7|8t H,

® A=RdE 57 A W2e) Al fHor FrE.
A AR 552 E 7|9 2 d(keypoint—based model) =, OpenPose
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(Cao et al., 2017), HRNet(Sun et al., 2019), BlazePose(Bazarevsky et al.,
2020) 5ol tiEAo|ct. ¥ 7|8t M2 AA o|mA K} A fFxA
S0 ° HFoh7] wiwel 23 Hstelx Blw 2] e dee Hlth
Cao et al.(2017)-& Part Affinity Fields(PAFs)E &-83f th& 2l1x
e o4 PAE AR AL & s HAAL, o= olF AA A
S AollA 71 Ed(baseline)” d&-E 435t th. HRNet(Sun et al.,
2019)2 1154 E E A (high—resolution representation)& A= X

ol Mgt Wd 2JE FAO AL E A FIAFH 2 oq:rl"’ﬂ/\il:-
Z7] A9 dAel4 HRNet= A-8af Hb=d, &9 A7t 445k &2

FFIAE B 2A7 WA pgHoR §AHE ol shlHett,

T W 552 QA metEY Rd(parametric human model) & &
o= dtolct. tiEH 22 Loper et al.(2015)0] A9t SMPL mEL 14|
S 4549] shaperpose TEME R EHE 4= Qlof, 2D ou]x] 7|4t 3D

oA B dAFe] EiE utsith. ©]% Kanazawa et al.(2018)2 &
RGB oln|z]=8¢ SMPL mtetu|HE A4 <Sst= HMRMHuman Mesh
Recovery)= A|¢tste], 3D A4 4 HHxt 24 =49 7&8 7t
A Wt Saito et al.(2019)e] PIFu/PIFuHD 1+ E3F implicit function
[9ke] ST 1A A 7lees AASHHA A 24& Zgt gt
A

N

Aol A 5§ 7Fs dol St ol metHEY Hd 7]9h A
3 Holl A= wi- S4obxT, AAZE A2 H8 fLd EFETt

o} Agoll= o F72 Holrt,

Al NEFNE (end-to—end) FH 719t HLL=, o] E=

FZ5 feature map= Yol AHE Ay 2H5t= WAlolth Pavlakos et

al.(2017), Xiang et al.(2020) 59 dolA= 2D &} Zlo] FHE Fof

3D A5 3Hote B FX2E Attt 131’('& A&

F

\goﬂ,

At

rr
JIN'

Hir

=
2

H]

e o>
[

2
[o

=
=]

Mo

EUR 1= 5\_1:._7]- w2t o] ot 9 AY-Ar-dzx T S A
Q40 UAsitE FAE Zer B AFHE 270 AEREQE HHAS

HlaEs] Bokolt, AR Ant .
F A7t A Frtete BAE A ole AYdAToME HEHo

|m
T
filo
m{n
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oo,
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2145 dvF JQoH(Xiang et al., 2020).
Tt Foli= Transformer 7|8F B 2H(VIT, DeiT, DINO §) & 4l
A A FAHA ZEdote A7 SFot dth. Zheng et al.(2021)2
Transformer %7} ¢4 AA Q] v|g ARE ¢ & ZASH 4 Qrfs AHS
Zx5tH, 71E CNN Z[HF HEIZET AAl-stA] Hla 244 o &2
Ao GG oyl 2 3719 AqteFo]l A AAIZE AH|A Aol

o]
Atts 9ol flew, ol UHh AuRE om|x| A7 Tleold Fath
Aok 2710] Het
Aol T5Ho2E 2D 7IW AA A5 54 Ve 298] ALEtE
Aot obA7AA] 3D 270 #%oﬂ %Xéﬂafﬂ 2 /A 24 a4 9ag
& glolsl &~ gt} E3 Aoz WET 24
LSS =+

Al, AA 4] Zo] AH(depth)7F FFHsto] dF X|go|A A7 HAYst
= ot ol8fgt ZAIES AddAoME A or 245
2o ™ (Martinez et al., 2017; Zhao et al., 2020), o] 3|Zst7] Y3l
&+ A= 2D EZX I A5 e} wetEY Rl A B
FHEAA B A 52 Agkstal i
APAT=E 2D o|mx] 7|9k AA| 214 54 7€ 7Fsde S8 ¢
ol gtou, Aste-AqAdg-2d A4 SHelA 3D 20d Tlsd AAprt
AtE Hola il‘jr 2 Oq:rL— olelgt %

[E 2-11] ARAT B4 (@74 A4, 2025
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azd | a3FA | a7y a733} ZA)o]

— Al VISION ¢14]7]&

A Al 7]:{Eﬂ | EE BEAA 94
A4z | VBION Q14] EU}E%@ C% | AR wAe 9% | FHEEA,
Y 7E =Y o AT e a9l 24 AI-VISI
oan) | 1E ﬁ”ﬂ 8, AL, VISOIN ON oA |~ ey
tq-—C ox_ﬂ? O]/Uj]% /\U]- - Al VI_S_ION 1_*1713 ——U]--—-“‘l—]:‘:‘:"—‘q
BN B | £ mang o | 1Y SEAA SHC
= = ' =
OS.:fL = TEA} °° :’O_Zcq)'ﬁgi —8—%/%] %tg
T oo
C=E  oAF C2 oA H
— 0o —1i- 00 | _ c2 oA} —]:,’—/\']A
718 YOLO | A, ZAgA 7] DI qd‘iﬁ/\q] c2 ooy
MA EFR Az YOLOZ|& A& A &, 584,
ez | A EHA 711 &% YOLO | 5006 0 ol3L A AT}
ﬂo‘tr: 20 013_51_ o].jali e -14'7]' TTHa L0170 0,
(2022) | == oL | =Llfe Tios | oz oAy X AH9) A e
Eﬁul]- = _H;_GHZ]-Q]- Z]_E]:Q_ T=E ‘oL —n =14| A,
°© T= | o o= ofg]l Ao ok YOLO
AL A2R | 34, 3EAs | o g aon
A 3 e 8% ol L

- A++371¥ (Dropout,
Weight Decay — &

YOLO o | geg | LD 27914
e | AEEFE O] | AA ©A 2E Sl U o dEE,
01'5'-9— Qs = o]H E0] - }5]—5 Z]JJ}— 7\H v
(o4 | BT EURE TS SESA L ol me gqm | YOLO,
A= A | A7 ZF, _E“} s RZ 3 g4,
£Qu18 A7 &

2.4.2 3D 2909 713 2D A7d 7l& v

fin)
=
iy
o,
o
-,
4,
ol
N,
Wy
Mo
4
i)
2
2
A
1=
e
=
1o,
w
)
e
o
|t
i
ot
HE
_0|L
|0
i
o

03 A4 Aol FPssta A BF—5) R dE 44, G oz, ~
Tz B4 oju] ZWA AMEEL JtH(Weinberg et al., 2017). 124
e Abzo] w3 A7) Brle] Bastel, AGANA 54 AAE aTsr
5

Tt Alex Aoko]l ZA St B A3xrt 1A AntE mlg T2 A E o] A
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3D AAYE 8 dolk, “HEEs uie =2 HIAo] ol =
e AR & A

g 2D olm|z] 7|§k AN 7] AUPEE FiHeigh QlOW R AL
£ & Aot HolA HAG-HE SHAA 453 & 7t 55 |
gl o= 2D omA|ofA Ag 4 e BHO] F8Lrt IAA FUNS
WA, 7]&el “E7beott al oARE 30 HUELE FES| FHIT 5 gl
A =9t (Huang et al., 2020). 234 bA A537E vieE Zo], 2D 7|4t 7]
=2 JYEel Zo] AR A, #Y A9 JFolgte F M AxH

A7F ZA.

[® 2-12] 3D 270 71&3 2D 2709 714 ¥l (A3 A4, 2025)
Wl 3= 2D olm|7] |4 3D 27 7]
+6~12mm @AHuang | +1~2mm 12d(Weinberg
e 2020). Al A A] 7= 2017). AEE J=H
Z4= £5mm | (Zhao 2021). 9.
o 279 N7 2AL | ooy
= . : ZAgA =L AWA.
=] ] q j= o =2 L o 21 0
A8 o ha Eane |7 e dgel o
+1.5cm WF 29l e T
AUtEETIO 2 THs, .
= USE TR | ) Syt )
Bl m AA 1470 298, A8 Azl Z7RAE ol 1
]o ~ Hi o zo0oH /\]1]_*_] l,__q_" *]’0']71“ EZ] oL v v = EB—-
° — v O_O it r d UX 7\1](2]':
B
2l wg, daA, | OF AA, dm-AE, A4
A 284 AEz g AR FA A AE doly "
AH|20) A9H(Zheng 2021). =oF.
A4 991 99y
HAog 3D ZH. AT o] 2
_ : 15 Ho
Ao 9% Martinez(2017), OﬁﬁE ZT;HA 'zg}bxﬂohk]:
Kanazawa(2018), woee e h
Zhao(2021) &g

2.4.2.1 A=%(Accuracy)
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3D 270 Zle2 Al 71 gAolr] miEe] ™A exprth ol W
A~

o & Eo] TC2, Artec, Size Stream 59 A& 3D A/ YE £1-2 mm &
ZF9o] A= ‘:”H—Hﬂ-— H117b JJth(Weinberg et al., 2017). §tH 2D 7|8t
62 B 24 oA} RARL E4o] ddol HoEsl e HolAv,
Huang et al.(2020)% 2D 7I9F 2|4 =4 Al £6-12mm HPY expb H
et 4 Slek mashn

5, AU oA = 3D7F g4EF 915 M

ohi 22 AL Z] B dnelzel AMEEA, U Az A%]: ol
HH], A o] H)elde £5mm olatR FolE Atz EIEHI 9t

N
ﬂH

(Zhao et al., 2021).

2.4.2.2 A4 (Reproducibility)

3D 2= LRt 2o HHE 54 A =2 dEAS

W 2D AAE 2 Ak, AR, 27, AAlol wiste] ARgARe] #Y
WAlof wep @ap wiEo] depxit, 2 AgArt 500 o] AR A At
EES 7% 29 A4gS AP e, 59 JEdole FF A Hol=2
Qs o7 Fo] £1.5ecm7HA] WEE+= AHE ZRlsk3irt.

AYPALANAE H|S=3E A7t AA =W, Xiang et al.(2020)-2 2D 7|6t 7]
= FA9 7 & AT 2AY B (scale ambiguity)” S 3=

2.4.2.3 8¢ 2 HIA(Economics & Accessibility)

3D 27 s W] 7hAo] iRt oM Rt Hof| o]lzH, d3] F3to]

Pastth 84 A8 SUIAE 54 A4S st B9 A7) Ak,
AUPEE Shbw FHEsE, AL8ATE SWe Aol

ol

W 2D AAge
39 90l Bk 28 < e, o
].

l‘-ll’.l O-INI

| sl BeAelAnE 3 4

AdE “HEE7 A Aol s e wEe] 2

2] wrobEo] ek,
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3D 2L O WE A, AA @7, =AY Hok 5 Y dlole}
P59l Gele] Agsie], 2D 2 e Lokel W, adlel myEH, 2

K3
& AR Jphe A9 2D 7)&o] EEsitta Hrtetelct.

HAA7|1= A=A HZEE Fstth o]l Martinez et al.(2017)9] 2D-to—3D
T2 SA(lifting) W4, Kanazawa et al.(2018)¢] m=HEZ d4] 7HF A
i, Zhao et al.(2021)9] AAY HA AF T ot dFAFo] A2 F

A0 Wes wajolct,
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31 97 71e # =%

2 AT 542 Al 7I5F 2D oln|z] AN 7|&E E8oto] AA X5
£ AFo=r MEcte ARE AA| A5 4 AAF(SBMS: Smart Body
Measurement System) < 7H&sh= Zolth, 7|& &5 A& HAHoA= wH
ANAAZE w532t AAE A3 Exet 54 T2 AScHs WAlo] gyt
Hog ARgEQ oL, o] HALe A7t AWl I3 oo wa &4 eart

JAe A7H
WA PRA GAE itk 58 ditn WY welz A4 dolHg
QT Syl st 2 21 SAA, Bt Aeeln meEv A5EE AS )
29 £ge B aPAFoR drEddn
o] B AL ARH WA A2CVIH B AN A4 5448 A4
71%S Agstel, YW A-Ex oju|x|et Z7 ofu]x] T FEoZ 117 A
A48 A AESHE AAdS FESGL [E 310 £ A7 44 )
U BEAS A Aolth 0T Sls) X AFelA ug A mE, AA @

cola & wE A

(Regression) 2& So=g

o,
X
N
rE
1
~
Hir
o
% A
o
gu!
grln
el
)
o,
ﬂ
s

o,
rit
of
ol
o
9,
N
i}
R
i
i
)
>
rel
ol
el
¥R
nl

2 J
F= ER7

=7 ARt 1999 18 oW

A E8A AW 25HQE, =W [4IQE F 39ISIE

=7 o]l A] 2720 (W A-x= A4l SH A4

=4 et A 1912](2.54cm) ©H]

=73 3= 1171 &5

=9 JA A4 52 1t (csv)
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3.2 3 34 9 34

=

el

3.2.1 Elolg 44

ged 719 & mdo] stae AL R A9 Ens wdd B
2 7 44 ofulA] 9 AZ dolEE Sttt Hgo] Mol B AT
L AAH T BAE BN S5 dolEE sl e AL B A
= AoNA olmlA] HlolElE Sxstgct

dlolg 431 oL o 1841~554] B 200W e Astelgon o REA
o el e F7hw 4me o EHsteld % 204%9] oulA] HlolEE
suslgr. oz 22 A Fa £aZq %
wesly] igtoln, 27 B shgolA A
e sraly] g Aol B B

+ g

(23 3-1] dlelg) 54 2 84 Gk
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Zge (19 3-117 Zo] AW A-EZ(full-body) ¢} S¥ Z=9] & A
o8 FAsten, 4 FozteRy A5 1 AA AEEE, o7
2

=8 $)E W 7155t S8 #E HolHz 85l

3.2.2 dlolg A BA

FH"E 2049 dolge]l ds) rledA 24s dsid Tle
158.3cm~191.0cm Afolo]l BiEotPY Hot 174.7cm(ZEFHAL 5.8
4 E4 AY 2EE 1=/ EFeIY e #Ashd. A 2Ha
49.6kgoll M =t 111.7kg7bA] thstAl xSt o Batgh> 73.9kg(BE
w2k 10.55) 0. =S 1178 AA] 2(&FEd, ovH], 7ta=d
T et A B Hede 23 Slel, s Ed skao] "dest 2
(variance) E7} 7heots #Rlstld. ol Rdo] E4 Agol &g

= 1
2L PASI AU A%S Folk d FaT 2ol

[ 3-2] ofu]x] Hlolf 3 7]

M

T g
#ef A4 2 18A] o] 5541 olst §A
AF =4 99 | 2047
= = AAl A 1] &=+ AA 29 AR
o] A =M 3207 wjA
gy =2y | Bol BE M Mz + frfolx

En
ar

—

3=-3le AXE 7eTAFE & ATolA F5T s5-AF diolHAlY

11103 220t WEd(variability) & Q°FAo=® HojF= 2[Fo|H, o|F T

3 37 mdeo] dutst 754 (generalizability) & ¥dshe F4% A7
%E}. WA 7] 158.3cmolA 191.0cm M2 E25H B 174,

B3} 5.87cmE YEHHT o= HolHAlo] ot= Al Ao AFA A%
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BEE FAHOR SHHALZ, ALY F7E BE mdlstal glo] A%

HEH Avkes 1274 2SI S ARSI B5A GA] 49.6kgell A
111.7kg7tA] QA A 1o, B 73.9kg, EFHAF 10.55kge 2 e
o2 AP EE B AY7EA] geket Ag Kol Z3tE dolEAdE <l

ol

(3 3-3] =4 dlole 7|& SAF (N=204)

=4 g5 A4t 2t o+ BEEHA
7] (cm) 158.3 191.0 174.7 5.87
=74 (kg) 49.6 111.7 73.9 10.55
=9 (em) 34.0 45.0 39.2 1.83
o}7§qH] (cm) 41.0 82.0 49.2 3.28
1 Zo] (cm) 47.0 71.0 60.9 3.10
7= (em) 81.0 121.0 100.5 7.00
HiE2] (cm) 64.0 109.0 82.9 8.32
sl2l=d (cm) 68.0 106.0 84.0 6.71
FEolEd (cm) 84.0 119.0 99.2 6.07
S|z E2 (cm) 46.0 71.0 58.4 4.59

2} 7.00cm), H1=#(8.32cm), s8] =#(6.71cm)
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5}

=

S 1)

ol dish frolulet 3 BAE oF
7IHke AlgRtet. sAlel ZhaEel-HlEe-slElEaet 2ol HsAdol
Sh(feature engineering) TAIOIA] Hoh Al

7t §)°] 87 H= tddS AlARRith o]
¢ 3 Ude dol, & dFolA F53 SBMS =i
& A Aol Xk

ok e

oo M
it
g d
1o
)
oo
o
4o
1o
Oli

3.3 Al 7IF AR 54 A" A

B oATelA A A2ge ofulx] AAE, AM E4H £% 9 24,
deid 87 20 Al A P22 ATHAt 7 AL A2 EPHQ 7]
52 SASHAAE WA mholZetel el WA AFHEE AL,

3.3.1 A|2~H] o}7]El A

2 AL [® 3-4]9F Zo] AA Al 7HA] RER AT A HA, A
2] EE(PreProcess)2 rembg(U” —Net 7]5hH) RS AL =
oA HiFS AAStY, HERtm &5 W E ZAY] AELE Qv F W

= (BodyMeasure)2 MediaPipe Pose®] 3371 41z
14 7+ 2919] 25 AAtste] did A9 FH(width)-#°]
(height & Al @9l= SAgt. A9t oz 39 95 HEBodySize)> =
e O HJHE dHY ez skl TensorFlow 7I8F DNN 2] Rdo] 4

)
el
__>|4_|1
A
o
> Hﬂ

[# 3-4] A2° E 4
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HEY ATy T2 7l

A2 preprocess.py rembg + U —Net &2 vjF A|A
AA 57 body_size.py MediaPipe PoseZ 337] EAH & 4 A

Sy train.py TensorFlow DNN 3|7 =4l k&

= predict.py shaE ndg AF 24 o=

g Z1g olm|] w7 A|AE g Python @EAA o]

o7 U" -Net(U-Square-Net) Hd-Z AREsto] Salient
Object Detection(LXﬂﬁ} AA E2)S Y} rembge= ONNX Runtime
2 B3 CPU @ GPU 34 REo|A A 7bsst, chokat Abd st 2l
X

0

U* -Net2 Qin et al.(2020)0] Pattern Recognition #|'deof =gt
Two-Level Nested U-Structure 7]9te] @& o}7|€|Aolc}t, 7]& SOD &
d=0] ImageNet AFdeE WME(VGG, ResNet 5ol oJ&ot= A &,
U* -Net2 AEA Alotd RSUReSidual U-block) E&7to 2 FLAE|o] A

B g5o] M55t RSU E22 Yo 428 U-Net 25 7HAH, o]

\:l 1
£ B ot &AL EAS aeAor FEUM

S

_46_



PaP sl O} OF A
@ 2= ojujx| @ens @ U Net 22 BRI ® = oj0jx|
37| =% g‘LE ol AH A
RGB 0| O A| 320|X32§ salient Object (fx o ;’1;’ RGBA O|O|X|
(HxWx3) M3 Detection e (HxWx4)
&2
-
2o} xH'E M2 &Ml
= 05 b= 10 threshod = 100( 0.39)
s @ < threshold — ( B} 7)),
| =4 a = threshod — i-f— H(HA)
o =7

[1%] 3-2] rembg ¥i7d A|A A2 wo]Zekel Flow
(Qin et al., 2020; A= A4, 2025)

[(198 3-2]= rembg i AA A7 mo]=Zzkel Flowel ot Adwolch
rembg Hi7 A|A mpolmziele ¢J=lEl RGB o|n|2E thife=w HAe —
EA & — Salient Object Detection(SOD) — upAz A — du}t A4
(Alpha Compositing) ©] =2} g Fx=2 FA4HT

Mz 4= oJu]x]l&= ONNX Runtime 2HgolA FAH3H U
A=, »do] RSUReSidual U-block) 7]4F thA=
extractor)= TFFSH F714 AFA U (spatial scales)®] HH
A= = Gilhouette) Tt Hi7 ZHe] AA HEE Vst Eedith olF
1EY =9 HZH(decoder) DACNIA = A2} vl o] &E4 ZEE UE
+ saliency mape] A=Y, s W& 7|§gtez o]z wkAH(binary

-Net R0

A FZ7|(feature

F

o

segmentation mask)7} -4 E T},

rembg ©] WPAIE dup AL Ztste] 2REYS JdE Fo £
#17d FH9= F&sk= RGBA ZHO &9 onxE A4t miAee s
TA oA AT A ORt threshold %t olste] HASS ¢ £
F(a=0)0& Ax7Aste], ko] w7 o|=E FHadstal AA AA HEol
HA st A Olﬂ]zl— SEgtth ot mpolmedle & EE AAS
AEeke Bt opyet, & A4 EAH FE 2 F 24 9A HELE



Cutput

En_6
RSU-4F

20020 De_5

BSU-4F

[71¥ 3-3] U -Net o1E)4 % (Qin et al,, 2020; I52F 2474, 2025)

(2" 3-3]3F Zo] U' -Net oM€|lA+= 7]& U-Net X5 A7t
Two—level Nested U-StructureS 7|80z 3o, o AAYd EA
(multi-scale features)= ©-% AusH] FE2F & AE=HF AAE Salient
Object Detection(SOD) Edolt}, &4 4 9491 RSU(ReSidual
U-block) & 2% U-Net= &5 @9= WSt Qlof, ZF @AlA 45
AA AHe} 14FE oul HEE FAo] HESHH, R} A (residual

connection)e F9 72 UEYZAAE SHEAQI St5S& 7HsotA gttt

RSU EEL2 AEZEZHAYN E2HS AA FHHoR 89 A (receptive field)
S A% 5, M= A7) AZ(kip connection)S E35f thket siAE
o] ARE AddowH, BT wiBAE tid A9 & (silhouette) 5
Z A5 FYsksit B U -Net2 o2 sidzolA FAHE o= Axt
. _

| deep supervisione 2-85}o] iﬂl%“f‘é —5—78 58 Aoleiy, zEHor
o5 AAY saliency mapS &

gt

olefdt 7xA 54 Hio] U -Net& 4% RYE %<& AUEE §
Nsiel, B8] W AA, AT Releh g Adels AU AA B ke



o= A 4=

H

ek

Ao % 9= G849l olrlEAz Bobd,

filo
1ol

[£ 3-5] rembg 2to]Hag] Ad =d
(rembg GitHub Repository; Qin et al., 2020; A=} A4, 2025)

ey 7] |r 2 54

u2net 176.3 MB qurg (7128, =2 A¥=

u2netp 4.7 MB 735t v, murd/olz] fetol A A
u2net_human_seg 176.3 MB olE Bl Hg, A g &35t
u2net_cloth_seg 176.3 MB o2 He Abol/sle)/AAl BB

silueta 43 MB wZnet = HAH, AR =&
isnet—general-use | ~170 MB He vy 2d

rembg 2to]lBe|2= thet on|z] Ee](Salient Object Segmentation) &
Toll di-sst7] Asl o2 ARdsts X (pretrained models)& A5k, 2
Ree Agste, A4t BFE, A8 TuQle] web pEstE A4S Heldh
F 3-5]= ozt R F7|oF fkof dis] AWstal Ut 7|2 RE<
u2net(176.3MB) 2= 7H& Aol 2 AELE Alsste HE HEd=E,
AE=-ArE-Higo]l EAE FNAE et BA 5 S 9
of A¥rAQl HiF AA 2Fe] 7]E gk (default choice) @& ARGHTE oo H]
3l u2netp(4.7MB) 2 uitulH FRE = =45 ZFSHlightweight) 22
2, Bupd-oz] Hipd A lA =
AQtetA|gt, ARt AA A9 T2 7|2 2d div] JdF BE Aadite
£7o] it

u2net_human_seg(176.3MB) 2 Abg <14l(human parsing)ol] E3td H
o7 AA AHARAdS HEAo=x FeYct=s FYEHO oF TMS #
(Fitting), Z= 24, QA 270 5 AV 49 AY A}dollA &2 FE
Holck o]t GARRE wWiEgo A u2net_cloth_seg(176.3MB) 2 °o|F Ah-3}
2 A4l segmentations FHHOo2 AAEow, s Al oF EF, A

olmz] HHl § 54 Aol EEE7 Erh W silueta(d3MB) EH2>

U\Z—}-

>

i

H‘]
1o i oo

ol
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uZnet= ST MHoR AR FE2Z FHA o= ol s HAAH a&
3 Rz, o viE AA Be A4 ] ZIRE Ao ARtet #9 YRl
Aes AFsth. 183l isnet—general-use(~170MB) 2 U’ -Net AEES
NATE 1AW (high—accuracy) B8 RE=2, AE3 AAA B S23} o]
Z oA Aol st Aol EAolth. ME wZobllM+= 53 =5 HiA,
Zm WAL, QJIEAA 7+ BAZE Bogt @FolA & Y diH] &2 HF
A& Helvke BH7HE wheth
THHo= & o, rembg BT AT -&£L - EH¢l Eo]4d(domain
specificity) ZF TFFeh EFo]Ee X 5SS AFozH, AT HAHI} AL
g gFxde) wet Ao Hdg dEd o+ Qe §9% 25 253 3l
ol&= Al 7|8t "7 AAE 8ok TS A H AF FofollA
T e 7IEA 7S @R

}.
rembg7t ZWA 282

from rembg import remove, new_session

import cv2
def clear_background(self, image):
# U'-Net 222 HiZ AHA (u2net MA ALE)
image = remove(image, session=new_session("u2net"))
HA

class PreProcess:
threshold = 100 # o i< AAZE (0-255)

image_copy = image.copy()
# QML < threshold?! TS 2t EHo=z MY

image_copylimage_copyl:,:,3] < threshold] = 0
return image_copy # RGBA 0|0[Z| Btgt
17 AA ZE (preprocess.py)

a3
27 wolmatelel

2
s

e 4o

[1%] 3-4] rembgZ ©]
[ 3-4]2 rembgE o83t Wi A|A R&E (preprocess.py) © HA =

AU 75e Sasty], 4 oluAzRY WA 84S

o
—

24 B AFoA] FARE PreProcess HES AAl A
AA 2 A A
AAst] &% A=nta 25 9 AA A 249 ASeE Sisle]
rembg =tolB 27} AlFsH= U' -Net 7]

s AAEUS. g 2E
— 50 —



w
o
=
=2
O
S
8
w
(@)
oQQ
3
o
o
=
=2
=
ko
e
filo
fols
i
_O|L
£
r©,
s
of
12
i)
)
o,
of
18
[o
M
o,

A A2l AA|(refinement)sh= A2HE EZ gL,
FE AA remove() e 2
of g oA E U -Net dle] ddota, mdl2 ojuz] o] Akt Y
= 1AYUE 5% 5 £ o] A8 RGBA o|n|Z]= Highlth, o]z
H gt npAZlH o A M (edge boundary)®] HELET}

-
oh, Al 2F F= A AT = e AF H=(oise) R WA dolE

o
rid
=
)
=)
@
=
|C/J
D
w
2,
O
=)
-
o
N
=
@
V_P_
~—
N—’
o
>
ofo
ol
-

8
A 71N & S4 9 osHenta ZaE 9]
7 7Hd(background interference)& # 43}

g d& Rdo] Atk ol ZlofRith. 55 &4
A=Zup7|7} obd Uuh Ay vjAFAE g oR ZFT 4= Qlof, B A
o] AAdlo] AA 2o E-8E 7Hede IS o g dA 7]

HH(robust preprocessing foundation) ©.2 7]5ot= A4 eJn|7t =k

e
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—

[2% 3-5] rembg + U* —Net B&-Z o|-83 vjA A|A A=z Azt
3.3.3 MediaPipe Pose siEnt=

H AFME AA A W AH A4 AEgH
Poseoll Al Aolol= 337 Al fHEntIE A

)
_0|L
8
o
N

Y
@)

@)

@)
9}

3
=

1 - B 97 ZEole
Hgtey, o] U9 wOlE 9 AT W 2L AR ARE 2& w
a7l A7 ek, W 337 WlEnta pAe 9=, &vet A4, o



A 9 8 GREZR] zEsto g B BA 4 Bt Ay A
w4 S o] AUEE 895h= S8l Ho ARt EEE AFeh
FERF 337 EQIEE HEFY-GA] S oME HARE A7t 7He 4o
A BEFEE FRISHHA, e 88 EoKmEYA FA, A", Ax=x 7
A, AA 2 54)E st 35 2 E PR Y 4 vde A
oA A-AHF &F SHY FFA AdEor motEnt

MediaPipe Poser= Googleo|A 7T AAIZE AA 2] 4 &FH0=Z,
o RGB oujA|o4] 33749 32k A1A] AE=mtaE FERH. BlazePose
oFZIHAHE ZI¥te g st mEtYd 7| HAIZE A7t s vhE A

ZFoteo] ot ZF RERtEE x, y, 2z FES} visibilityCHAA) g 2Z9tst
o, oju|A] FHEA = HF3tE o] =)

74 AlA &, MediaPipe Poses &85t [I™ 3-6]3 7] MediaPipe
Pose 337} AlAl #ERtE 9AE FESHHL 7€ COCOUT7A),
OpenPose(18~2571)f Hof Hot At g (Eriebdg) 2 d2 45
7hA] ZektomM, AA vle Akt B 2] 34 F/E @AS| darld
AUTH.

MediaPipe Pose= BlazePose O}7|HIHE 7|Hto= Zegstxlo] ¢lom o

AR
A RGB oJu]|R]oA xyz E visibility #-& FAl 4F&E3sith o] Faf Al
Az 2o AdE fx|et AA| S-S Hoh ZUoHA mretdt o 9o
o, AA-SH T FO] olujx]E XFolo 117 ¢ S AE dHEHA

_53_



[(18 3-6] MediaPipe Pose 337 414 fHi=nta 92](Google MediaPipe
Site, 2025; A2 2HF4, 2025)
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3-6] AA] A=mpa 914

T
ar

[

m mm m TTmm = <
SEglmlD L= EEA8E R g 2L < || D £
moﬁm_mol_mo_mmmmLmomBMMKMEMMmemmmLLD
| & | _EWT_EE__HR_%OBLRWNWDWUWMHMNKKE%W%
doNMWHE_HHWMTHH%E_E_W_ _H_P_NI_WT _T_KK_NANA%HT_ma
3 ,TmT_EGUTS__TTTMTTT_T _T_HHT_TA___T_O%
ikl Sy SIS == IR g ElacE R LR E S
IRl RMommmmmmmmmmmcr_mEGH%HGF%
fr,
&3]
—
Xir
K %ﬁﬁ_. 2 ﬂ‘a_. o Hr
o~ | o N == | X [ s g -l o o —
ol | | | T e R I I I oS 7| X
%a%%H%é%Hé%Ewwﬁﬁﬁe@mymymww%%gﬁﬁﬁgﬁ
o m|J i r iR = K|y | K To R il F A | T
K| o K N 50 K i | X = | X e | 30 | =
r ol [Mr o8 | ~ | K < ol 30 K K 2w | ®
w M o | T e o ar e | 9 o |1 8 ol | > [
of of %ezﬂme_LMme_L%g Qﬂgmﬁef%i
o} ¥ o} # | of o]
w -
Ewm 1&' ZE ln
G rw (g I
il i — MW_/er 2 M_
(1 Lo A T H
1e) mWE
Alo|—|a|n|st|v|o|c|o|a|Sz¥ 2|28 SR
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Hd(alpha channel) & ®Mste] AAY] Fe HAE 2= Aoz

width} Z4skgch. ok @zd we ARdd Al
A

2

= rr
i
Mo o) ax Hr JE L

A
o
st A =LA =

[ 3-7] & AFo)A] ZEot= F+3 MediaPipe =LA
(Bazarevsky et al., 2020; 72} A4, 2025)

4 g5 HEn T HE HEntT Y |

5 92 0 NOSE = y3e 7124

o7 ] 11, 12 SHOULDER o7l ¢ EH

2w Aol 11—13—15 SHOULDER—WRIST o o] Al

7¥45/8]g] 11, 12, 23, 24 SHOULDER, HIP A vl AL
el 23, 24 HIP o] yIHE
59 7] 23, 24, 27, 28 HIP, ANKLE ohe 917 Hl&

B Ao A= MediaPipe Poseo|A A2lsh= & 33719 Al sh=ntg =
AA 24 Azl APA R Z|ofste W4 BEMEES AHAe=s &8st
Aot [E 3-7]12 F8 MediaPipe =03 sz A o]gigt cnta s
HApe] AW Bl SH ou|x|o|A AHstH 2D FHE(K, y)ot THAAE #

=
(visibility) o2 AFEH, o]F 7|gte= 44| Fe]o 912 ALL, Z(width)
g A1A] B]&(body proportion) RAH 5 TiFSE 2|4 AE Aajo] A&
=tk 3] MediaPipe Pose®] sh=ntg 2 thasl 912 FEE o, Ak
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2=, 2D oJujA] 7]t

27 Ho 71%3 (A=uk3) =] vlE&
7} (chest) SHOULDER(12) ~ HIP(24) el A 80%
v (belly) SHOULDER(12) ~ HIP(24) gtel A 30%
3] (waist) SHOULDER(12) ~ HIP(24) ol A 18%
F3el (hip) HIP(23, 24) FEol y2u
594 (thigh) HIP(24) ~ ANKLE(28) el M 20%

3341 5 S1A19 714

Mg or HEHE A
o

2 el NOSEY
A
L A FEROE L
A Rl e 4
=7 71%70] 4otz B BAS

=
-
ertical reference point) &2 8o}t

I
w2 NOSELE ZHzHog & =49

2]
2 X (y-axis) A 7|&Ho2 dgHO

sla

= O

7%

o AREE AR BEl e A4S %PE'B‘JE}.

y&tE

MediaPipe PoseollA Al-gsk= NOSE(Z —‘Hi])h 337H EHEU}E % 7}
]

522 Ael Nge HE A 1Ed Aow,

A8t7] g1e) A g5t
Pl AEntal ohAw, A
W ol%o] AA §A Laelzol

APIS ol FRT ATL LA (19 3-612 2 917 244 2o}

VA Ajelel Wlg R sl 24 kel
A

0.3~0.5 Hé%’%)o]ﬂr.
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gie F4 SAe Uehic,

. F—ol7] Arole] H|E Aneck=




Y11 + Y12
Yshoulder,avg — T

Yneck — Y0 i )\neck ’ (yshoulder,a.vg — yO)

ofdHl= AA F &3 5 F P EHE o, olmz] 7§k AA| &7
A 2o AHor g AE 7HsT dEolt

= 11(&Z o7zt ID 12(2%% oi7l) 9 xF; APolE
sto] o7 4= 7|4 (horizontal baseline)< A5ttt ¢4 o7
T BHS 4% A2 AA AERY Tl Folw, o|% Jh&-Hl-5lE H]
Eo AT o AAREE A 27 ALY 7R e it

121l A= o7l sHERFA L] Zlo](z-axis) BISHF Agtdoln
Akt 4 e Aol Ut} wEbA] of7f =t

Z

A4l H]-& AFsHnormalization) REe] 7|& =

LA

oli

<l
o
¢
o

=

$ o WEutAY HE Folz HAT &

<2
)
i
7
1o
JEL
X
i

O
1
rlo
i)

Wshoulder |$11 — 212 ‘

AR dol(cm)Z 2] Wghe DNN 3]ARE fshoulder( - ol oJ5] o]FoiAl
o

cm -
shoulder — f shoulder (Wshoulder front? W shoulder Slde)

3.3.4.3 Amjdo] At
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o] ol v Al HERIE d&5Hog dAdste] ALbsielt. o7f(11
= 12), EA(13 = 14), £5015 E= 16), Zo] Zoj= te ZAA
22 A&+ Zo] otyzal, A¢Hupper arm) + stH(forearm) F 7
TAEHEE & 7 789 oz 4hERtth

LEE T IEEER TY 1R)LeE, o -TREA -&EF F1He] 4o

ngper _arm d(PIZa P14)

L = d(P149 Plﬁ)

forearm
px px
Larm Lupper -arm + Lforearm
o2 I|ARY fsleeve( - )2 WSt ALujdol(cm)E FHsHA v &
=

cm - pPx px
L sleeve — f sleeve (Larm,front’ Larm,side)

ol QIZte]l HHo] HAE & JE EAS 1S Aoz, g HAHAA
(shortest path)TH& AFET 7 Zo] Haxl A4 Z a7t EAYsH]
=

ox rr



/923209 ¥l ARL Agotact. ol - o] T AL Fa A

gEoR 7Fel, AT T1re] Hlg 7S ol8d thedt 2e WAoR ya
7= AATI

Fhs, o, Slele o7l - gdo] Frrel Hlgw yAEE Holsin YU %
Ao thgat 2o

Ylevel — Yshoulder,avg gl i (yhip,avg — yshoulder,avg)

. rchest = 0.80, 8 : rbelly = 0.30, 3]

2
1
2 A & qlon] thewt o] EAY & Ut

Ychest — Yshoulder,avg +0.80 - (yhip,avg - yshoulder,avg)

5, Henta A7 7k AAE AR Alsshe Aol otdz, A siFst
A H]-& 2 (anatomical proportional model) & &-gdto] 7] SAHHAS
Aot WAlolth oA EEH yHIA e HAE FMAT H(width)
=, 99 Rl e dA Fel(ecm)= Mg

ol 2D ou|x]9] FxA A+ SESH7] AT
AT E FARRE Bl 7|9F 2|4 24 7]¥o] ARREAL Tt

3.3.4.5 7}&-u)-8]E] 95 = =34

=

O

dgol 2= MediaPipe Pose?t AlFsh= F sMEntAQl LEFT_HIP(23),
RIGHT HIPQAHE A= AA9] #Z=(hip bone) YAE HFYsIE=E,
Hro] HlE A4 34 glo] ST yHEE U2 ARSIt o] 9k Tk
slglet gal A9 Werb Ha, ZF deot39] g2 A E(visibility) 7 2
Hol7] wiEo] AHH ZAS AHET = ok ol oA S 7E S

o] Agste] HAEH A HlE At &8



To

E1s

ZF B9jo] yHHoA dnt HEdS AFES| 2 FAAE gHAHSHH AA
= 100 (0—-255)°01H, st HAofA 7H AZ/ 02X

o gewt o
Tiet (y) = min{z | A(z,y) > T, }

Zrigne(y) = max{z | A(z,y) > To)

Jirshd o= 2.

wab Zg 7
W (y)** = Zright (¥) — T1er(¥)

Wchest W (yChESt ) Wbelly W (ybelly ) P ’ W\E:lst =W (ywaist )pX

7t ¢=E 9ARE fh(-)oll oJsi FHH

AA El(ecm)+= Z

cm
chest — f chest (Wchest front? W chest 51de)

cm PX
C’belly — f belly (Wbelly,front’ Wbelly,51de)

f waist ( W W waist 51de)

Walst waist,front?

3.3.4.6 Yd9ol=d 4

Hnt37F AFAoR

1:40

Jo] 92]= LEFT_HIP(23), RIGHT _HIP(24) F+
Q1A|9] WZ(hip bone) YA S wtJstn =z, WL o] g At 14 glo] i
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yAEE IR ARER
o] B9+&= 7}~01ﬂ9‘r 99 A% , ZF Acnt39] 8] AlFE

(visibility) 7} =2
A=A 7

ol
j&
NI
N
)

o,
FEol Eol= dFol Hemta Bt yRER AH AT 4 Ut
Y23 + Y24
Ynip — 9
g ololAle] = Axtae et 2o
px __ px
Whip = W (Ynip)
webd, 47 ggolsele] Aae g} 2.
cm
C f hip (Whlp front?’ Whlp,Slde)

| =%

3.3.4.7 s|H A=Y
slAl=el= HIP (23,24), ANKLE (27,28) 3 Zo] ¥ 7l si=ntaE 7]
3ot afo|7} 9Jom

Hto 2 AR}, sl Ao A4 A 9z Alguict Abgt
Ao A= HIPY ANKLE 77t M2 AloAl Argt

AL 59z oy 92z AAsiot

Hute & thofslt AHP-S s APz

Ao A o] T F(thigh proximal region)®] B4 A

BAE M5t Hg ALtstal, DNN

= “ 1

AN <F 20% ~

A HleelH, 7]

. E
a

. ag AHA A

5o AA o2 HEht
o]&= HIP- ANKLE #7F Aol 20% Z|Ho=z Aoty



alkcH

- yhip)

ythigh — yhip -+ 0.20 (yankle avg
Yo7 + Y28
2

Yankle,avg =

SeololAe] ® AL e ek
thi)l}i{gh = W (Ytnign)™™
webd, AR SRS ARAS Tt 2.
Elrlrilgh = f thigh (thilji(gh,fronﬂ Wthlgh 51de)
27 Qs

3.3.4.8 Z2A-A7|A617] 7%

S o= 2

o FE WE7ER] 9] ol
— d(P shouldery P, ankle)

px
Ltota
DNN 7]gt sl7ind=z wHeketd o239 2t
pX
f total (L total,front’ L total 51de)

olE
c1m
total
335 A ERH 5 9 574
A 2A RELS MediaPipe Pose REoA F&H #sitngE 7jEFo=g
7V, B, slEl, d9el, ¥ 5o A XE ARt 7k 4 94
oflA Hi7gel AA"E PNG ofmz]9] du} 2d-e FAlsto] Ao 5 ¢
= BAE #i, g 7919 = g4 g9z SAR0



def find_coordinate(self, img, x, y):
X1 = x2 = X
threshold = 100 # 2ot 2fd AUAZL (rembg 281 SY)
# 2= A YA (ZIEL0| threshold D|2HO] E w{77hA])
while imgly, x11[3] >= threshold: # [3]2 T} <
x1 =1
# 2= 3/ M
while imgly, x2][3] >= threshold:
X2 +=1
return [[x1, y], [x2, y]] # 25, 25 87 &

(27 3-7] b Ad 7IRF A A =2 g4 (body_size.py)

(28 3-7}2 W7ol AAE RGBA olm#lold 54 414 wre] &9
AS gaste] 22 AEs] 9T A LaelBoltt Qeori gut A
AL (g y)7t FolAw, A yAES whet
Sagth 27 B4 SAE 7E

#tol AAF (threshold=100) o]4F¢l ¥ 4l

e
ool ol
ret
hes
A
)
o
N
o MN

o
i
ol
)
o
_l>~

ol
LA DY IV

L M
o
u
N

[©]
=

9

oo 1o rr oX Ho & H oF o
) o v 2t !
2 ol
=2 1=
N rlo
rL ol
ok o,
L ok
b BN
ol a
N 2 =
lo x 2
f ><N oS,
=
rit g T
A k=)
FIF O‘N I-'EI
N S

3 2

° N

ol rr =

=7 ok N

Y >N

£=] o

5 r (LR

4 H

= il
ol o2

ooy,

% iu} 13

2 0o =

R ST T

)
S

gk HEnta 7HE 91 AtE A dHe=z A
ol A ZAE Asedrh AW olu Ao A= MediaPipe PoseE Fal 5
=5 oM, 990l FE, IE 59 T8 WERAE Vel E A B SHA
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54" T4 AE&E, woD& AA Ag(em)= WHekstz] 915 TensorFlow
7|9kl DNN(Deep Neural Network) 217 RdlS AAstth. 2t 4 =
F=dl, o7idE] 5 117Dl dis 71 2d& stsAzoh 2 2= 9
#35(2) — Dense(32) — Dense(64) — Dense(128) — Dense(256) X 5 —
83D er FAHH, 843t = ReLUE ARESHIT

model = tf keras.Sequential([
tf.keras.layers.Dense(32, activation='relu’, input_shape=(2,)),
tf.keras.layers.Dense(64, activation="relu’),
tf.keras.layers.Dense(128, activation='relu’'),
tf.keras.layers.Dense(256, activation='relu'), # x5 Bt
tf.keras.layers.Dense(1) # A= (3]7)

)

model.compile(optimizer='adam’', loss='mse', metrics=[MySum()])

model fit(x_train, y_train, epochs=32, batch_size=16, validation_split=0.1)

[ 3-9] DNN 3|7 2d ZX (train.py)
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4 1z

SAUCEH-SH F T F-go] 2= d=or Wop AR AlA
(cmE A&otes AAEA}. B2 TensorFlowe] Sequential +XE& 7]
=

=
wog s, 49F olf @HHom =t 4B SPS: tF ¢

Az

(Dense) F25 Aste] vAg 37 BAS THHo= a&dh 7 2y
Foli RelU 243 #4-2 A8sto] 7127 44 BAE gsktn o <
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Image scanning technology originated in the late 19th century with
the advent of photogrammetry, initially relying on manual dimension
extraction and measurement methods, with significant variability
depending on the operator's proficiency. From the mid-20th century, the
proliferation of optical equipment, photography, and raster—based
scanning technologies led to the widespread adoption of 2D image—based
measurement. The commercialization of digital sensors further expanded
image scanning applications across various fields, including industry,
healthcare, fashion, safety, and sports. While 2D scanning technology

provided quantified data for human body measurement, limitations in
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accuracy persisted due to variables such as image distortion, shooting
angles, lighting, and resolution.

From the late 1990s, technologies including Structured Light, laser
scanning, and Time-of-Flight sensors were introduced to overcome these
limitations, enabling the acquisition of precise surface geometry and
volumetric information. Bartol et al. (2021) reported through a systematic
literature review on 3D scanning—based body measurement technology
that its utilization has significantly increased in custom pattern production
for the apparel industry, body shape analysis in orthopedic and
rehabilitation medicine, and sports and healthcare applications. However,
3D scanners have structural limitations including high equipment costs,
spatial constraints, the need for specialized personnel, and maintenance
expenses, making adoption difficult for small and medium-sized
enterprises (SMEs), small business owners, and startups.

In this context, the advancement of Al algorithm—-based 2D body
measurement technology has recently gained significant attention.
Conventional 2D  scanning methods offer advantages in cost and
accessibility, as data collection is possible with just a smartphone or
entry—level camera. However, limitations existed in achieving dimensional
precision due to the inability to measure explicit depth. Recently, with
the rapid development of various Al technologies including deep
learning—based pose estimation, Monocular Depth Estimation, and
parametric human model-based 3D reconstruction, body dimension
estimation approaching 3D scanning accuracy has become possible from
2D images. In particular, SMPL (Skinned Multi-Person Linear Model)
proposed by Loper et al. (2015) is a statistical human body model
capable of parametrically representing body shape and pose based on 3D
scan data from thousands of individuals, establishing itself as a core

foundational technology for research on reconstructing 3D human body
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shapes from single 2D images.

This study aims to verify the accuracy of Al-based 2D scanning body
measurement technology based on these technological advancements and
analyze the potential to replace 3D scanning technology. The study
experimentally  verifies accuracy variations according to shooting
environment, resolution, camera specifications, and clothing conditions,
while also proposing the socio—economic implications of 2D Al scanning
from ESG management and appropriate technology perspectives. The
ability to measure dimensions with low—cost equipment offers advantages
in terms of reduced carbon emissions from equipment manufacturing and
disposal (Environmental), enhanced technology accessibility for SMEs and
developing countries (Social), and promotion of digital transformation
(Governance).

This study empirically examines whether Al-based 2D scanning
technology can replace the technical and economic limitations of 3D
scanning in SME industrial settings. The research findings are expected to
contribute to improving accessibility in the anthropometric industry,
bridging technological gaps, and establishing low—cost digitalization
strategies. Furthermore, the results are anticipated to be applicable across
various domains including national-level digital manufacturing innovation,

public health data construction, and personalized service industries.

Keywords: Deep Learning, 2D Body Measurement, Image Scanning,

SMPL, Pose Estimation, Apparel Design Industry, Appropriate Technology
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