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A Generation Method and Evaluation of Architectural Facade Design
Using Stable Diffusion with LoRA and ControlNet
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Abstract
This study proposes a novel approach for generating architectural facade images by combining the Stable Diffusion model with Low-Rank
Adaptation (LoRA) and ControlNet. The standard Stable Diffusion model faces limitations in accurately reflecting architectural elements and
material characteristics, which are critical in the design process. To address these challenges, this research integrates domain-specific
fine-tuning using LoRA and precise shape control through ControlNet. LoRA allows the model to effectively learn architectural styles and
details, ensuring better representation of essential design elements such as windows, balconies, and facade materials. Meanwhile, ControlNet
utilizes Canny Edge and Depth Map information to enhance shape accuracy and spatial consistency, enabling more reliable image generation.
The generated images were evaluated through Contrastive Language-Image Pretraining (CLIP) scores for quantitative analysis and
GPT-4V-based qualitative evaluation, providing a more comprehensive understanding of architectural coherence and visual fidelity. The
GPT-4V assessment offered insights into spatial relationships, contextual relevance, and material expression that are not easily captured
through traditional metrics. This combined approach reduces the repetitive manual adjustments commonly required in text-prompt-based image
generation and facilitates a more intuitive and efficient design process during the early stages of architectural planning. By improving control
over detailed architectural features, the proposed method contributes to the automation of facade design, offering significant potential for
real-world applications in architectural design and visualization. Future research will focus on expanding the dataset to include diverse
architectural styles and validating its practical application in design and construction.
FI/E  zHolE UFA, A& vz, 49 "R, AEF AL 22, AEEY
Keywords : Stable Diffusion, Architecture massing, Facade Design, Generative Al, LoRA, ControlNet
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Deconstructivist
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Form Facade, Cantilevered
Characteristi Terraces, Geometric Facade 4
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Concept
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Materials & .
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Figure 3. Example of an architectural facade tag

(2) LoRA AZAXNE 1A A

A dolHAlE &831], LoRA FY
&< st 3 -G— o= Kohya ss }o]|BHIE A&
3}%12.1, Batch Size, Epoch, Learning Rate, Optimizer 5 3}
ol getn B & ThstAl AFetHA TdS HzlHo= )
AstAnh. &g A FXrith LoRA A ZZRIE US4
, <43k W3S Epoch B2 ZUHPSH nd9
o} #AZL BA JedS HAAS AT

5}

ftlo

T

Figure 4. Loss graph

Figure 42 LoRA AIXZJE wdl 85 FHAo|A HF
47 Wstel AN 4% W3l Epochd &4k Wk
E e, o5 E4Y MR A Fa md 9 F
S HoJErT} loss/average LE|ZE £2l7ko] HRHo 7

Eo=e FAIE YUERH, loss/current= AAIZF &27)0]

3) dlolEl AAol 54 #lolRabedol i} Bl L(ag)E Hof 5}
o o|% A@sin —‘?—-‘?ro]":‘ G4e EaT, 948 BozA S
of HlolEg nek JEA olssa A5 & Utk

88 Journal of the Architectural Institute of Korea Vol.4l No.8 (Serial No.442) August 2025



LoRA<®} ControlNetS

T oA Ha dAsHE BE5S HoFh loss/epoch
ol A= 4~5 Epoch ©]%& £Algho] FE3F| Zhasid,
J’WOE QV\Q% gRlEe], 2de A

el

=

o
=]

FE

o
=

% 9l

Figure 5. Midpoint output
during training

] LoRA AFZAE mdo] yZo|A] 002 4

b AA ol A7} Figure 59F o] AlZH oz
ol Ao Fdh= FELE b}E}vh:]- ]uﬁ A
3 AE, B9 59 dF 84 59,
24, g 749 #FE EOR 74EH213
Hé*g_‘?_ 7(5‘—r B 1} o]—O]J-].JJ-a]-u] = zAs
] g =°f, 1 E¥o] =

FJQ} a5 ZHE 2t AAI B
EE«I ANz #E g1 stolH et
< oA APsan. HAFHez 4
Ll ‘]% Table 33 Zt},

- o~==

Table 3. Model training parameters

Parameter Value
Batch size 4
Epoch 8
Learning Rate 0.0001
Learning Rate Scheduler Cosine
Optimizer AdamW
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Table 4. Prompt classification table
High-Rise contemporary high-rise, modermn high-rise
Mid-Rise mid-rise residential
Building| nfixed-Use | mixed-use tower, urban apartment complex,
Type & open-plan apartment complex,open-plan
Residential apartment complex
institution contemporary institutional building
Form & rectangular high-rise form, geometric
Massing massing,clean geometric forms
modular geometric facade, detailed
Facade & . . . .
» parametric exterior, precise geometric
Composition P’
Form & composition
Structure . .
Primary reinforced concrete core, structural steel
Structure frame
Structural . .
Emphasis bold structural framing, cantilevered frame
dark metal cladding, glass curtain wall,
Metal & alternating glass and metal panel facade,
) Glass decorative metal screen integration, exposed
Exterior steel frame
Materials -
Wood & wooden cladding, exposed steel frame,
Exposed reinforced concrete frame, textured stucco
Elements finish
large glass windows, floor-to-ceiling glass
) Windows windows, black window frames, vertical
Wm(gows metal louvers,floor-to-ceiling glass windows
Openings| Balconies & open balconies, recessed balconies,
P : cantilevered balconies, cantilevered glazed
rotrusions o :
volume, glass railings,recessed balconies
integrated LED lighting along facade,
Lighting high-end architectural lighting, integrated
Lighting [ Elements LED linear lighting on cantilever edges,
& dynamic lighting, realistic glass reflections
Details - - - - - -
Roofline & overhanging roofline, floating roofline with
Reflections | overhanging eaves, realistic glass reflections
sleek minimalist aesthetic, elegant structural
Contemporary composition, sophisticated contrast of
Architec Style materials, sharp angular elements, minimalist
tural yet expressive facade
Style L modern minimalist, precise architectural
Minimalist L >
St composition, clean geometric forms, refined
ructure : Hms, 18
proportions, contemporary minimalist
modern urban development, contemporary
Urban urban aesthetic, high-tech cityscape,
Atmosph Context professional commercial environment,modern
ere & urban aesthetic
Context Spatial ultra-realistic, structural clarity, seamless
Quality & indoor-outdoor transition, well-balanced
Composition proportions
w3 B A7olMe 457 542 393 wga) 9
3] Positive Prompt®} Negative PromptES T4 AM&3l= W
21-& AP Positive Promptoll= HYdl= & A5Y
FA AE WA T FAHY] 842F AEToEN 2o
olgigt HRE AZO 2 WY EE 3l Negative Prom
ptoll= olm A B Al 3|dstaat s dolu F2 A
3 24, AT £W 5L A mdo] Y wd
2 Aot} Eg Fran
ol &8l Table 59 o] A= FIolH FHl 7=
of ¥ Fo ARE FHY 4T A s $HEHE
Toli, UHA AuY W T Bz HARE HZo|
Astel S 29)8 RFol ZEZEE AP
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Table 5. Prompt contexts

architecture, facade, contemporary geometric design (F
acade & Composition), luxury multi-family residence
(Building Type), urban apartment complex (Building
Type), reinforced concrete frame (Primary Structure),
textured stucco finish (Wood & Exposed Elements), ¢
antilevered balconies (Balconies & Protrusions), glass
railings (Balconies & Protrusions), decorative metal s
Positive | creen integration (Metal & Glass), sharp angular elem
Prompt ents (Architectural Style), bold structural framing (Str
uctural Emphasis), minimalist yet expressive facade
(Architectural Style), high-end residential building (Ur
ban Context), modern urban aesthetic (Urban Contex
t), well-balanced proportions (Spatial Quality & Comp
osition), sophisticated contrast of materials (Architectu
ral Style), ultra-realistic (Spatial Quality & Compositi
on)

low quality, blurry, distorted, overexposed, watermark,
low-resolution, cartoonish, excessive reflections, asym
metrical structure

Negative
Prompt
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Figure 6. Simple Mass Image
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Figure 7. Mass Image using img2img
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Figure 9. Mass Image using ControlNet
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LoRA<®} ControlNet8 &-8-3F Stable Diffusion 7% 45 49 A Wy AGrbol] #3 A4

Th(Liang et al., 2023; Wang, Chan, & Loy, 2022). &1} C
LIPS Hdl EF Zol7l 77712 A= WA, Table 5o A
AE ZEEES Ui HEI} BYEA &g 7Heidel

A
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o} E=9, 2 WAS GPT4V Hrbd= A g3te], AEA
E AAAR 74T T AEEE Ze- T8 £4
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CLIP AE H2E ZEZEQ ojux| 7t u|3 ¥X
3T

Figure 10. Example of CLIP model code
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Figure 11. Example of GPT-4V model code

gy, ol# ¥ Asstd HIF AxEttezes A5H
AAle] AFF Sd JEAA S8 wgsty] ofue
A o] AR, ek & ATelAe CLIP 9 GPT-4
Vv 7|98 AE By AdE BHsia, Bop A4
Z

g A=
=3t7] sl A= 2ok AF e ZAE AR

—

BAe E&7 o
7Ves e ® 3 H7HE Figure 129F #2o] #sATH
AE7 7t S AF Hrkeh $UF HUF FES g
oz 3 F¥or A, AFH BH I wrEd
4] 7hedt=SE stk

The follgwing images corespand fo

0 To what extent does the structural system visibly suppont the architectural expression? (0- 10

04, How well dots the overall form rmasntain proportional cdarity and compositional cobirence?

ot with clarity ar

ing to spatial thythm and hierarchy?

Mass2

¢ spatial depth or architectural dynamnm?

Figure 12. Example of expert evaluation questionnaire
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Table 6. Comparison of generated images

img2img LoRA ControlNet

Massl

Architecture, facade, contemporary high-rise, mixed-use tower, modular geometric facade, reinforced concrete core, glass curtain
Prompt wall with metal louvers, cantilevered frame with recessed balconies, ultra-modern skyscraper, precise grid structure, high-tech

P cityscape, structural clarity, sharp lines, seamless integration of glass and steel, refined proportions, detailed parametric exterior,
ultra-realistic

Mass2

Architecture, facade, contemporary high-rise, mixed-use tower, modular geometric facade, reinforced concrete core, glass curtain
Prompt wall with metal louvers, cantilevered frame with recessed balconies, urban skyscraper, precise architectural composition,
professional commercial environment, realistic glass reflections, dynamic lighting

Mass3

Architecture, facade, A minimalist modern office building with a rectangular high-rise form, alternating glass and metal panel
Prompt facade, structural steel frame with reinforced concrete core, floor-to-ceiling windows with opaque and transparent sections,
ground-level open lobby with dark-tinted glass, flat roof with minimal overhang, maintaining the original massing structure

Mass4

Architecture, facade, A contemporary institutional building with a transparent corporate headquarters design, featuring a
Prompt cantilevered glazed volume, full-height curtain wall glazing with minimal vertical mullions, integrated LED linear lighting on
cantilever edges, exposed steel structural system with horizontal emphasis, floating roof line with overhanging eaves, and a
landscaped plaza with geometric hardscape elements, maintaining the original massing structure
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LoRA<®} ControlNetS

Table 7. Mass CLIP prompt

—ammmz

A modemn high-rise mixed-use tower with a modular geometric
facade, reinforced concrete core, and glass curtain wall

A contemporary skyscraper featuring metal louvers, a cantilevered
frame, and recessed balconies

A parametric architectural facade with precise grid structure and
seamless glass and steel integration

An ultra-modem cityscape with high-tech design and structural
clarity, emphasizing refined proportions

I\)mmwz

A contemporary high-rise mixed-use tower featuring a modular
geometric facade, reinforced concrete core, and a glass curtain
wall with metal louvers

An urban skyscraper with a cantilevered frame and recessed
balconies, designed with precise architectural composition

A professional commercial environment with realistic glass
reflections and modern dynamic lighting

A modemn high-rise building with structured facade elements,
creating a striking visual impact in an urban setting

wouns L

A minimalist modem office building with a rectangular high-rise
form, featuring an alternating glass and metal panel facade

An architectural structure with a reinforced concrete core and a
structural steel frame, designed with precision

A contemporary office building with floor-to-ceiling windows,
combining opaque and transparent sections

A well-balanced urban skyscraper with a dark-tinted glass lobby, a
flat roof with minimal overhang, and preserved massing structure

bmmmz

A contemporary institutional building designed as a transparent
corporate headquarters, featuring a cantilevered glazed volume and
full-height curtain wall glazing with minimal vertical mullions

An architectural structure integrating LED linear lighting along
cantilever edges and an exposed steel structural system with a
horizontal emphasis

A modem institutional building with a floating roofline extending
with overhanging eaves, emphasizing contemporary aesthetics

A well-balanced corporate plaza incorporating geometric hardscape
elements, seamlessly maintaining the original massing structure

(2) GPT-4V H7} W
Table 8. Architectural evaluation criteria for GPT-4V

&8 Stable Diffusion 7|¥F 215 4W A Wy Frbe] #gk AT

GPT-4V 7%t H7I= A AAIE 41382 7|50
Y 714 7]ZS vl O 2 Table 69 FYUd T2
A%k H, A CLIPE S 7oA 9] 4712 B72 =)
2o WO g abc,ds YFAL

°]& Table 8914 AAE H7} FEo=2 A7FA3tS 04
FE 108 Atole] H4E vzt o] ZHHAE ow|x
& Q47 93] EAEseXEY ofde, WA eldA
I wH S} AA o=me RASEAE HAHFHO=E

Rty

(3) WEZ} W7t U
27 B CLIP 5l GPT-4Ve| 37} AAE Bekstr]
sl =gEden, A5 AR B Y oA B

DA 7 7}_L—_k] qxqzq o8 WA = YrE TA

ok zF Prie AA ox=ee] B3, 3 A9 B
g, Am g 7x 29 HHY T IS FEo=
TFAFRNoH, 0FANA 108 Alele] H+E

ARt W7F kS F 1oy, Hd AFH
g 7d~23d) 02 ol AF AEF Hrt AF
27 FFEo|th

©]& Lu et al. (2024)9] ArZl F4 7} AFedA &8=
108 = 2 g8 94 74 G 158 AEHE
2823 o9l Chung et al.(2025) 53 A Wo) A Ak
H Aot} Hrt &5 CLIPH GPT-4Ve 7|&S HIES
2 AFAEE a, b, ¢, dZE AAIE Y, Table 99} 2t}

Table 9. Architectural evaluation criteria for expert

»—mmmz

Does this building have a high-rise tower form with a
modular geometric facade?

Is the building’s structure well-reflected through a reinforced
concrete core and glass curtain wall system?

Does the building facade include cantilevered structures,
emphasizing metal louvers or frame elements visually?

Are the overall proportions and forms of the building
refined and well-balanced?

wawz

Does this building appear as a modem high-rise office tower?

Does the architectural composition include dynamic spatial
elements such as cantilevers and balconies?

Are the reflections and lighting effects realistic and
well-aligned with an urban atmosphere?

Does the building facade utilize structural pattems (metal louvers
and geometric panels) to create strong visual effects?

mmmmz

Does this building resemble a minimalist and modern office
building?

Is the facade design composed of alternating glass and
metal panels?

Is the building’s geometric form (rectangular shape,
emphasized structural frame) clearly visible?

Does the lobby design maintain symmetry with dark glass
while providing an open and spacious environment?

-lkmmt-‘az

Is this building suitable as a modern corporate headquarters?

Does the facade design feature cantilevered glass volumes
and curtain walls?

Does the architectural design incorporate LED lighting lines,
exposed steel structures, and horizontal emphasis elements?

Does the building’s form harmonize with the surrounding
topography while maintaining the originality of its mass?

2’ Does the fagade composition effectively convey the
concept of modularity within a high-rise typology?
M | ,»| To what extent does the structural system visibly support
a the architectural expression?
s Are key design features such as louvers and
T ¢’| cantilevered elements appropriately emphasized in the
elevation?
& How well does the overall form maintain proportional
clarity and compositional coherence?
Does the building reflect the characteristics of a
a’ commercial tower with clarity and functional
M articulation?
a |y Is the articulation of fagade elements effectively
s contributing to spatial rhythm and hierarchy?
; e’ How convincingly are lighting effects and reflections
integrated into the urban setting?
& Does the configuration of the building mass offer
spatial depth or architectural dynamism?
2 Is the design consistent with contemporary standards
of minimalism in office architecture?
M b’ To what extent are material transitions articulated
2 clearly in the facade?
s | ¢ Does the form successfully express geometric
3 discipline and formal legibility?
& How effectively does the entrance zone or lobby area
support spatial openness and public engagement?
2’ Is the design appropriate for a corporate headquarters
in terms of symbolism and public image?
M b’ How well are the cantilevered glass volumes and
2 curtain wall elements integrated into the massing?
s | ¢ Are technical components sufficiently detailed in the
4 design language?
& Does the mass harmonize with site conditions while
maintaining formal identity and compositional integrity?

Journal of the Architectural Institute of Korea Vol.41 No.8 (Serial No.442) August 2025 93



B .

=170 v

ofol
=

2~ = I~
STl - F5d

14 A% 49 A4 olF A B}
(1) CLIP A4

(2) GPT-4V A%
Table 11. GPT-4V score evaluation table for generated images

Table 10. CLIP score evaluation table for generated images o img2img+
- . Mass Criteria img2img img2img+ LoRA+
- . img2img+ LoRA

Mass Prompt img2img lm§§£g+ LoRA+ ControlNet
ControlNet a 3.0 6.0 8.0
A 23.6 25.4 27.1 b 7.0 8.0 7.0
1 B 23.8 22.1 28.3 1 c 50 30 4.0
C 22.0 253 23.1 q 30 70 90
D 229 22.8 25.3 Ave 53 60 s
Avg 23.1 23.9 26.0 . ~0 50 80
T N oY , | [ s
2 C 17.6 26.7 26.8 40 >0 >0
D 16.4 24.1 217 d 6.0 4.0 6.0
Avg 204 o4 56 Avg 5.5 5.8 6.5
A 294 32.8 35.7 a 10.0 9.0 9.0
B 29.7 28.1 283 ; 3.0 20 8.0
3 C 272 6.4 36.8 c 10.0 10.0 10.0
D 26.9 26.2 26.7 4.0 8.0 7.0
Avg 283 30.9 31.9 Avg 72 72 8.5
A 30.6 30.4 26.8 a 8.0 8.0 9.0
B 26.0 22.9 26.1 8.0 7.0 7.0
4 C 234 22 252 4 c 40 5.0 40
D 19.8 19.2 27.6 d 6.0 7.0 8.0
Avg 249 23.7 26.4 Avg 6.5 6.8 7.0
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Table 12. Expert score evaluation table for generated images

. . img2img+
Mass | Criteria img2img lm§§$g+ LoRA+
ControlNet

a’ 4.4 5.2 6.0

b’ 3.5 53 6.5

! o 3.5 47 6.1
d’ 3.7 4.5 5.8

Avg 3.8 4.9 5.9

a’ 2.7 3.8 5.0

b’ 2.8 3.5 4.6

2 5 2.8 3.7 47
d’ 3.1 3.7 4.8

Avg 2.9 37 4.6

a’ 5.7 7.5 8.6

b’ 5.7 7.3 8.7

3 5 6.2 7.0 83
d’ 5.0 7.1 8.5

Avg 5.7 7.2 8.5

a’ 5.0 6.3 7.4

b’ 4.6 6.3 7.2

4 5 45 5.9 73
d’ 4.5 5.7 7.9

Avg 4.7 6.1 7.5
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