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ABSTRACT

This study aims to develop a commercialization process for upcycled denim fashion utilizing Al and 3D digital
clothing technology, specifically targeting active senior women aged 65 to 80. To this end, three design concepts —
Intellectual, Girlish, and Practical —were derived based on senior lifestyles and subsequently visualized using
generative Al. Following consultation with five fashion experts, the selected designs were implemented as digital
prototypes using CLO software. Post-consumer denim materials were collected and classified into heavyweight and
midweight categories to simulate their physical properties within a virtual environment. During this process, factors
hindering precise digital twin implementation —such as localized variations in the physical properties inherent n
vintage materials and limitations in texture mapping —were empirically analyzed. In particular, the 1dentified technical
limitations were utilized as a basis for proactively predicting and managing sewing-related risks during the physical
production phase. This research demonstrates both academic and practical significance by establishing a zero-waste
methodology that significantly shortens the iterative sampling process while minimizing material waste. By addressing
the mefficiencies of traditional manual methods and ensuring a high level of completion prior to production, this study

proposes a feasible commercialization model for sustainable fashion.

Key words: 8D CLOBD & &), Denim(H 'g), Generative AI(RI A &8 Al), Upcycling(d Aol & 3),
Sustainable Fashion(# & 715 3 A1)
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AEE A= 252 (Reuse) Z2IAHS & 2 83 A AR do]2E FAHAL HoF
g A 3 A2" AAE BAEY A 7HA H(Cho, 2021).
2 3#A7t RE/DONES HElA #uhol2 o) AT AAES AlZY TAlel FE
a9 FAsM AT F, FAUNY Al 29 T AT =L PHAE EAFE SA, 99
ste AFACE AFFste FA4Y FHY A of A A, A B FA A 1E9
< FHgkth Miu Mius 20009 o] de Azt wl SHT o B3 A7l AHETE FEAHY g
A fute] & HdE FHst 43S EESHH, AE Tyt E4¥ BEdEE BT AE 7
I 9o Fxgely Aget 22 g A2 o] WHEAHQ FAYH A9 EqfARAdog Q%
(Embellishment) & F718C 24 394 i & E7lsAolgtes 2EAQ Az IAE oL
A& Fdigsle Wae 9@t (Vogue Korea, Aes Gt webx 71Ee 84 w2 o]
2021). 3 EL\V. Denim< 100% WEA €y Zke N - B A HEEASs S5 Y
TS AMESte] A E o8 A7dm S AW F AR ded =ZHS A R3] 3]
He|] HHYuAE AFFOZA A diHjE F AME, Al 3D AEH A 7es &85t o9
= 53489 EE(Two-tone) YAFS ARG bt AAAA YAl ZEAAE AHde
o, o] FAA LAst= AT d9rtA 2 Rol AxFoz g FHTKTable 1.
(Table 1> Analysis of Key Cases
Brand | Representative Image Key Characteristics Upcycling Technique
-A pioneering brand
that has made vintage
denim commercially -Collects and deconstructs
RE/ . " .
DONE successful. vintage Levi's denim.
-"Focuses on -Washes and cuts the
maintaining the deconstructed pieces to re-sew
sentiment of the ‘old’ them into jeans with new fits
N while providing a that align with modern trends.
*T.rend*sel.lsmve consumers who prefer ‘perfect fit.’ -Combines vintage fabrics with
Target hlgh—quahty casugl wear. ) -Imbues every product modern silhouettes.
*Consumers in their 205 to 40s who d651r§ with a unique wash
both vintage authenticity and a modern fit. and story.
-Exemplary
Nudie Tilecﬁsnt?rtgﬁ Zf -Repair: Extending product
Jeans p velng s lifespan by repairing worn-out
circular economy .
. jeans for free.
perspective. i .
. -Reuse: Buying back unworn
-Encourages sustainable | . .
jeans and reselling them as
—ponsumers interested i.n environmegtal ‘product uéag‘e through second-hand products.
}ssues who pursue.z ethlcal'consl{mptlon. 75@6 {}epalrs, S “Recycle: Collecting unwearable
*Value: consumers who ;hgn with the rioritizes sustamabliily jeans to recycle them into new
Target | brand’s philosophy and intend to use and trans;’)arency as fabrics or product materials.
products for a long time. the brand's core
-Millennials (ages 24 - 40) and Generation | values.
Z (ages 18 -23).
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{Table 1> (Continued)

Brand | Representative Image

Key Characteristics

Upcycling Technique

Miu
Miu

-Young, affluent consumers who represent
Miu Miu’s core target audience.

Target | -Consumers in their teens to 30s who
desire both the vintage trend and the
status of a luxury brand.

-Derives new value by
fusing vintage items
with the luxury
brand’s feminine and
glamorous sensibility.
-Developed as a regular
collection rather than a
one-time event.

-Operates a continuous
collection titled 'Upcycled by
Miu Miu'.

-Sources vintage Levi's 501s
and trucker jackets produced
before 2000.

-Adds hand-crafted luxury
embellishments (crystals,
pearls, floral embroidery, etc.)
onto the collected denim items.

EL.V.
Denim
-Environmentally conscious consumers who
seek unique, individualistic fashion.
Target

-Individuals in their 20s to 40s who prefer

high-end casual styles.

-Luxury positioning
(e.g., Net-a-Porter).
-Grants one-of-a-kind
uniqueness to every
product.
-Simultaneously pursues
both ‘sustainability’
and ‘trendiness.’

-Utilizes 100% vintage denim
exclusively.

-Deconstructs two distinct pairs
of waste jeans and recombines
them (front/back or left/right)
to develop a signature
two-tone design.

-Practices zero waste by
re-purposing denim scraps
from the cutting process into
labels and other details.
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HA YAl ZEA 2NN HAFH] PAtelE
g 2 AR AE WHES FE HUHe dd
o] Fuk FAE AL 540 tAdle gEFE
‘332 (Bottom-up) HLWol 7Ivka] foh A8
AFEC MEH, AZJ)2E Y Yoy A
Fe dee 283 AA9a 7y T $EA
7HAE AYARE FHE 2A EAgeR <
) tlzkele]l wA A (Un-reproducibility) ©] &=t

= FH3 dAE AJ(Gwit & Rissanen,
011). Ea, gAolist BAse A z4Se

o)

BYHOR olelqY RFol Hu Hpo] oEs
P g 948 Whe A4S FAHR wiEg

o) girh(Park &
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ud 25 283 Al 3D HA"

71E 71 GAtolgd AU AY ZeAA

A7t Bs ZA 282 (Cho, 2024).
A Aute] =QET e 3D 7HF FHo B
gl TES °1E1fz¥ =24 Ak Jio}

gAg M= ﬁHEdQ F24 ﬁa?’}, °4‘;‘r«1
tHolzA, S(Fit) o dEE HAE A ojxd
AP A= 4 At (Chen et al, 2021). 344
< Ad S izﬂ'% -rt AR 3 ol A
olget UXY E o =QJ&

3) AL 714k SjA tizpel Z2A 2

gAd 7] wEd £84 A iR o}
kel ofolt]of o] A (Ideation) &

A E3 WsA7)3 Atk 719 Aol & E]ZP

A9 A2 FH, ﬂ7] Ao HAL

Aol AAE+ a4 (Bottom- up)
ol &Alel 9g HAel
Fato] tApol o] FoA WS Al
< HAE AW I8 AAY Al =Y
g3ty 7]go] AAE A3t
‘5182 (Top-down)” A TR ZZA|AZE
5ot ¥ tH(Kang & Park, 2025).

=
UgeluE Al YAE ZEIEES Fi) B3

—_—m——=

iy
=
o

o gyl T rlo

zAle] Aok glo] EE AVojsh e EA B
A AGH BAold vg AFL WAH FAH

o] oAl YAl FAge R AZtstd
ATk . Al 7|9 ZRAAE TRl Al &)
TEAAA Blold FAg ofojroo|d #A3E
Asstm, olgA =Ed dAH ofoldols &
A Aue 3D "HAE ZEAA9 Adst] A
o AEE FAsE

2

i o

oX,
)
12
ek
o
ox
AL
ol
ol
2
i

0 AL 719 QAbel 29 TAd A TR
EA-D) PN

N
ot
s
o
2
il
rx
021:4‘
ofr
ol
rir
ofr
ol
oS
1
3
o
Nt
[oN
le)
=
B
o, XN mx

o] ’\]7L§}(Phase 2) - 3D
Ay 713 49 JEEE}J 2+d (Final Goal) 2
olojAl = MEL Al 71¥F HdAtelE Y HAY

e

Digital Process in Fashion Design

Al-Based Fashion Design Process

Adoption 3D virtual fitting and simulation

Adoption Generative Al text prompts

Pre-verification of pattern defects,

Target-customized visualization

sustainable resource circulation

Mk es drape, and fit By without material constraints
Transition | Digital Twin'-based predictive system Transition Planning-driven 'Top-down’ design
Minimization of fabric waste and Breaking material dependency and
Significance Significance establishing a foundation for 3D

physical realization

{Fig. 1> Digital Process & Al-Based Processes in Fashion Design
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Datafication of Material Analysis

Phase 1 - Detailed Execution: Collection and identification of discarded denim, classification of
Foundation - | physical property data
Building - Research Goal: Overcoming material dependency and establishing a foundation for
digital transformation
4
Visualization of Ideas Using Generative Al
Phase 2 - Detailed Execution: Top-down design via Al, preliminary derivation of customized

Design Planning

designs for seniors
- Research Goal: Limitless ideation and maximization of creativity

L 4
Tangible Realization of Digitally Developed Ideas
Phase 3 _ | - Detailed Execution: 3D virtual fitting, prediction of sewing collisions and structural
Pre-verification defects
- Research Goal: Control of physical production risks (Maximizing process efficiency)
L 4
Digital Post-processing and Completion of Virtual Prototypes

Derivation _| * Detailed Execution: Transition from unpredictable manual processes = Planned
Final Goal digital production

- Research Goal: Securing sustainability and scalability within the fashion industry

A ARl ZEAXSE AASet] A Sk

<Fig. 2> Proposal of New Al-Based Upcycling Digital Fashion Design Process

9 clE" 2AZ AfTh oF w
T 9 gaelzde @Ag 388

(Fig. 2). 3D AlgdoldE &3l slA 2 A= = dA4
o] FA dAE AR AFske oldd HES Z2A 2 AT (Kim, 2023) S F&350], ¥ A3z
AEAR FArtolZH o] AAFAFNA FAF oL 7 AR AAE AL 719 A" GAatelEE A+
HHAQ ZEA 2] GAE dol, A@A ]I A 28(Figl)e A Z2A 2o wat AA 2o
AstE AL ZEALE ASgH] we) A&7 2 FAPHJT A, AgATF B AR A A
A3 A TheAE A GRS F Qi B2 AAES e R tAdle] 4 719E
olglgt FHelA FFT HHdPY vAY M-S o RE|ZE AAsAT Eo, B Avs s
e ASA Ure2A 1 A I8y AT 7HE HE2AY A S o], A%Tbe A R
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{Table 2> Analysis of Senior Celebrity Cases for the Development of Upcycling Fashion Design

Practical Senior with

Intellectual New Senior : Young Senior with Girlish e
Type . e . Comfortable Sensibility :
Youn Yuh-jung (78) Sensibility : Hye Eun-yi (71) .
Kim Young-ok (87)
-“s ﬂW -
A
Image

newsl Woman Chosun
2023.10.06 2021.05.30

THE FACT
2021.04.01

TOPDAILY
2020.06.30

MBC Radi
Sports Chosun g taradlo
2025.10.15 9025.03.05
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{Table 3> Analysis of Waste Denim Materials and 3D Physical Property Data Conversion

-

Material Physical Properties & 3D Property Digitization

Design Application Intenti
Type Observations Strategy sstat e yEiea e sla S s

* Heavyweight (over 120z) e Forming the structural

e Stiff texture and rigid e Bending Strength: > 60
Raw - framework for outerwear
. structure. e Weight: > 425 gsm .
Denim o ) ; . (jackets, coats)
e Minimal deformation and ® Thickness: Approx. 1.2 mm .. .
. ® Realizing angular silhouettes
excellent shape retention.
o Mid-weight(10 - 11 oz) ¢ Bending Strength:40 - 50 e Garments requiring mobilit
Washed | ® Soft and flexible surface e Texture: Mapping scanned . quiring Y
. . . . . (pants,skirts)
Denim | e Natural fading and abrasion images of actual washed denim o Expression of natural drapes
marks e Weight Approx.350 gsm p P

e Lightweight (9 -10 oz)

Stretch | » Good elasticity and recovery e Tensile Strength: Lower the e [nnerwear, banding details

Denim o Tendency to sag without weft value to simulate elasticity | ® Areas requiring a comfortable

L e Weight: Approx. 300 gsm fit
rigidity
e High density and rough e Density : High setting e Decorative accents on pockets
Selvedge surface ® Detail: Separately extract and sleeve cuffs
Denim e Finished fabric edge details edge texture to use as a e Emphasis on high-end
(e.g., red stitch) design element finishing

Note, The physical property values were applied using the '‘Denim_ Raw (120z)" and ‘Denim_ Lt Raw (10oz)’ presets
from the 3DCLO Fabric Library.
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{Table 4> Evaluation Criteria for Al-Generated Upcycled Denim Design Proposals

Evaluation Area Questions

1-1. Are the unique visual textures of discarded denim (e.g., washing, color contrast)
harmoniously expressed with the silhouette of the design?

Aesthetics - - —
1-2. Do the patchwork and details created through deconstruction and recombination possess
visual originality and artistic value?
2-1. Are the proposed seam lines and patterns structurally feasible for physical
L implementation in both 3D simulation and actual sewing processes?
Feasibility

2-2. Does the design minimize potential material conflicts and thickness issues that may
arise when mixing irregular denim fabrics?

3-1. Compared to existing manual-centric upcycled products, does the design possess
sufficient commercial value (marketability) through standardization and mass production?

Marketability - . .
3-2. Does it reflect mass appeal and current trends sufficient to stimulate the actual

purchase intention of the target consumer group (seniors in their 70s and 80s)?

4-1. Does the design effectively reflect the lifestyles and physical characteristics of the three
senior personas (intellectual, girlish sensibility, practical) established in this study?

Concept
4-2. Does it perfectly align with the inherent purpose of sustainability and upcycling, which

is to create new value by utilizing waste resources?

(Open-ended) Free comments on pattern development, difficulty of the sewing process,

ualitative L . . . . L
Q anticipated problems during 3D virtual simulation, and potential improvement measures.
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{Table 5> Development of Design Concepts Using Generative Al (Midjourney)

. Young Senior with Girlish | Practical Senior with Comfortable
Type Intellectual New Senior e o
Sensibility Sensibility
Design I
Appli-
cation
. \ k1
Full body photograph of a Full body fashion photo, Full body shot, a vibrant and
sophisticated and practical 80-year- |70-year-old woman in a sociable 70s Korean senior woman.
old senior woman. She wears a chic, | minimalist studio. She wears | She wears a bold patchwork
modern business casual suit, with an avant-garde white upcycled denim vest over a
the jacket as the centerpiece. This t-shirt reconstructed with simple white t-shirt and white
Prompt jacket features beautifully integrated |deconstructed denim parts jeans. Her look is completed with
upcycled denim details on the lapels, | like pockets, zippers, and stylish sunglasses. Set in a bright,
pockets, and cuffs. The overall style | waistbands. Paired with cheerful studio with lively
is elegant and contemporary. Shot slim-fit blue jeans and lighting, photorealistic, --ar 3:4
in a minimalist space with soft, stiletto high heels.
natural lighting, photorealistic,
hyper-detailed, --ar 3:4
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{Table 6> Design 1. 3D Virtual Garment Rendering Image Using CLO
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