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Introduction: motivation

I'§ Promising future of generative Al

[2a] Success in image generation and edit for general cases
= limited identity-preserving level or geometric deformation scope for buildings

Examples (InstructPix2Pix)

“Add fireworks” “Make it a castle” “Make it ancient”



Introduction: motivation

Ng Partial success in 3D model edit (based on 2D pre-trained models)
= Limited to certain object types and viewing angles

Posterior Distillation Text2Tex X-Mesh
Sampling (Implicit based) (Explicit based) (Explicit based)
- :
A | ‘ ‘
N ‘ - N
“Roses” “Wooden “Metal CD “Colorful “Blue

barrel” player” candy vase”  Whale”



Introduction: motivation

/W | ack of attention in 3D building models domain @

= Limitations from 2D models: challenging in dealing with complex and =
specific buildings and prompts, inconsistency and bias in views

2D Challenging cases (Stable Diffusion) 2D View inconsistency (InstructPix2Pix)

R —

Edited

“A zoomed out DSLR “A four-storey office
photo of a two-Storey building with
red townhouse with perforated

small windows and grey  brickwork and plant
roof, five connected” decorated facade” “Make it a church”



Introduction: research objective

® Explore the potential of generative Al based 3D edit in building models
« What existing pipelines are promising in the building model edit field?
- How do these chosen pipelines perform in different building cases?

 How to develop a new pipeline or modify existing ones to make the edit results
better comply with user guidance and have higher fidelity?

« What are the user scenarios and limits of the existing and modified edit pipelines?

T~ Text or image prompt
; ’ Prom's'ng! isting edit
\\; ',’ /”' pipelines and modified ones 4
W sl Target mesh Target mesh
Uncoloured with texture and with texture
building meshes small-scale

geometric changes



Related work: 3D representation

® Implicit:
Neural Implicit Surfaces (NeuS)

- Able to extract a high-quality surface and
render images regardless of resolution limit

- Geometry and texture information influence
mutually: more difficult to control

® Explicit: Mesh

- Relatively compact, can represent both the
geometry and texture explicitly

- Wide application and easy for further
processing

 Limited by resolution
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Related work: Generative Al in 1image

® CLIP

- Connect text and image

- Encoders serve as bases for other
pipelines

® Diffusion model

 Add Gaussian noise at each time step in
the training stage and reverse the
process in the inference stage

- Stable Diffusion: text-to-image, depth-to-
image generation

 Others: InstructPix2Pix (text-guided image
edit), SDEdit (denoising), Zero-1-to-3 (view-
aware image generation)

(1) Contrastive pre-training

r

(2) Create dataset classifier from label text

Forward SDE (data — noise)

©
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S o \
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Related work: Generative Al in 3D
® Utilize 2D text-guided pre-trained model to guide 3D content

Implicit Explicit (mesh)
®Edit the base multi-view images ® Geometry and texture
dataset jOlnt edit

- Instruct-nerf2nerf: iteratively dataset * TextzMesh

update « CLIP-Mesh
®Backpropagate the image loss to * X-Mesh |
the 3D implicit neural model ® Texture generation
- Dreamfusion: Score Distillation Sampling * TANGO

(SDS) loss
- Posterior Distillation Sampling: PDS loss

Latent-paint
Fantasia3D

TEXTure and Text2Tex
Paint-it

« Zerol23: view aware image generation




Methodology and result: overview

General iIdea

 First experiment with implicit 3D representation (NeuS) based edit: fail

* Focus on explicit 3D representation (Mesh) based edit instead

- Guidance engineering in 2D space

« Chosen representative existing pipelines: Latent-Paint, Text2Tex, X-Mesh
* Modifications (6): based on Text2Tex and X-Mesh
- Evaluations: qualitative and quantitative (user study)

Data (implicit)
- DTU MVS

* NeRF-Synthetic

Data
(explicit)

- 3D BAG (LoD 2.2) .

« 3D Warehouse

the X-Mesh paper

-
- Sample provided by /u_’g
C"/ o

Tool

* Programming
language: Python

* Mesh processing
and visualization:
Meshlab




Implicit 3D representation (NeuS) based edit

Original :
image

a3

Text prompt: Make it a church

® Iteratiely update image dataset

lteration inCreases

Update the whole

Manual view

dataset

® Incorporate 2D image
loss to 3D model

SDS loss PDS loss

Away from the input view

CombineSDEdit
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Representative existing pipelines

Name Latent-Paint Text2Tex X-Mesh
Texture creation |yes yes yes
Geometry edit no no yes
Pre-trained model |text-to-image depth-to-image CLIP
Stable Diffusion Stable Diffusion
Lotent-Mesh

| 4 Diff
! )“’ Renderer

|

uv
Map

L »Decoder &
‘ A

. gt P
1024 x 1024 x 3

64 x 64 x 4

“a goldfish”

' Score
. Distillation |

VLgps ~ €y —¢€

Image reference: [Metzer et al., 2023]
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Representative existing pipelines

Name Latent-Paint Text2Tex X-Mesh
Texture creation yes yes yes
Geometry edit no no yes
Pre-trained model |text-to-image depth-to-image CLIP
Stable Diffusion Stable Diffusion
textured automatic final
preset render & render & mesh viewpoint selection mesh
viewpoint generate mesh generate ‘... % 3 '
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Representative existing pipelines

Name Latent-Paint Text2Tex X-Mesh

Texture creation |yes yes yes

Geometry edit no no yes

Pre-trained model |text-to-image depth-to-image CLIP
Stable Diffusion Stable Diffusion
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Guidance engineering in 2D space

Text for CLIP and “Apartment”

Stable Diffusion
 clear and specific

| “An exterior
# four-storey

» keywords for realistic style

» keywords for camera location

Image
(for Image control X-Mesh) A proper Image generated
* close-up and unobstructed image by Stable Diffution
buildings rompt using Text prompt
promp returned by CLIP

« CLIP Interrogator: can not interrogator

return perfectly matching text
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Representative existing pipelines

X-Mesh
(geometry)

Latent-Paint Text2Tex X-Mesh

“A three-storey brick building with grey roof and arched doors and

windows”

-G

“An exterior brick apartment”

Latent-Paint Text2Tex X-Mesh

&4

“A brick castle”

“An exterior modern high glass window office”

! .;‘ ;)‘ -“

X-Mesh
(geometry)
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Representative existing pipelines

Original X-Mesh with only Original X-Mesh X-Mesh with only
X-Mesh photometric loss

(geometry) geometry loss

“A two- storey brlck townhouse W|th grey roof”

C. ..

“A three-storey brick building with grey roof and arched doors and
windows”

R B

“An exterlor brick apartment”

Original X-Mesh with only Original X-Mesh X-Mesh with only
X-Mesh photometric loss (geometry) geometry loss

“ 7rick castle”
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Modifications: overview

Original Freeze Positional
mesh » encoding &
geometry TDAM

Text , CLIP | CLIP |

prompt text encoder loss
image CuPimage |

prompt :  encoder

Geometry : -I;T?;iﬁt
MLP
geometry
Texture -Ir-sggsﬁt
MLP
texture
Randomly ! !
selected views
CLIP image | Augmented
< rendered
encoder .
images

Original X-Mesh

Text2Tex
pipeline

SssssssssssEsmEEEEEEEEEEEE

S S

Updated
mesh



Modificatigns Original X-Mesh Modification for discussion

Geometry R Target
> mesh
—L — MLP
Original Positional geometry
mesh » encoding & ':IHIZ'
geometry TDAM
Texture -Ir-r?;gsﬁt
MLP
texture
Randomly ! !
selected views
Text | cup | cup | CLIP image | | Augmented
g g < < rendered
prompt text encoder loss encoder )
images

19



Modifications

‘ Text prompt ‘ Additional procedure: add view specification prompt

“An exterior brick
apartment”

Original mesh :
An exterior brick
apartment

Without view
specification

With view
specification

With view specification
(Building-related
descriptions)

X-Mesh

X-Mesh
(geometry)

20



Modificatigns Original X-Mesh Modification for discussion

Geometry R Target
> mesh
—L — MLP
Original Positional geometry
mesh » encoding & ':IHIZ'
geometry TDAM
Texture -Ir-r?;gsﬁt
MLP
texture
Randomly ! !
selected views
I . CLIP image : CLIP |, CLIP image | | Augmented
3 ~SRTELITE > Frafrenes < < rendered
: prompt : : encoder : loss encoder )
everererneerenned : Images |
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Modifications: Image control X-Mesh

: Image control module : Alternative module: use image prompt

Image prompt Output Geometry Image prompt Geometry




Modifications: Image control X-Mesh

Without
view weight
specification

With
view weight
specification

Image control module :

Original

Additional procedure: weight specification on

Input image view

Front view

Back view

——— e —

o [~ Geometry

Top view -



Modifications: Image control X-Mesh

gresnnerrmennmrraninsiresetets - Additional procedure: edit fagade and roof

Image control module :
‘IIIIIIgIIIIIIIIIIIIIIIIIIII.I.. Separately

image prompt image prompt

Complete result (geometry) Facade result (geometry)
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Modifications Original X-Mesh Modification for discussion

Geometry . Target
MLP > mesh
Original Freeze Positional geometry
mesh » encoding & ':IHIZ'
geometry TDAM
Texture -Ir-r?;gsf\t
MLP
texture
Randomly ! !
selected views
Text | cup | cup | CLIPimage | | Augmented
g g « < rendered
prompt text encoder loss encoder )
images
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Modifications

o oo Additional procedure: freeze randomly sampled
- Freeze .
EessssssEsEEEsEnnnnd Vertlces geometry

Output Geometry Output Geometry

Original Image Without freezing With freezing vertices
mesh prompt vertices geometry geometry

26



Modifications

Original X-Mesh

Original
mesh
geometry

Text

\ 4

Positional
encoding &
TDAM

prompt

\ 4

CLIP
text encoder

CLIP
loss

\ 4

a

Geometry : -I;;?;iﬁt
MLP
geometry
Texture -Ir-sggsﬁt
MLP
texture
Randomly ! !
selected views
CLIP image | Augmented
< rendered
encoder .
images

Modification for discussion

Text2Tex
pipeline

SssssssssssEsmEEEEEEEEEEEE

S S

Updated
mesh
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Modifications: Combine X-Mesh and Text2Tex

__ Text2Tex module : Additional module: use Text2Tex to update texture

“An adorable cottage with a “A two-storey brick townhouse  “A three-storey brick building “An exterior brick
thatched roof” with grey roof” with grey roof and arched doors apartment”
and windows”

“An exterior modern high glass “An old church delft” “A brick castle” o8
window office”



Quantitative results

® Score on how realistic the image is (1 lowest, 5 highest)
® 50 respondents

Overall average user score

» Latent-Paint: 1.98

Text2Tex: 2.73

X-Mesh: 2.31

Image control X-Mesh: 2.79
Combination of X-Mesh and Text2Tex:




Quantitative results

Ranking of separate average user score

(1 highest ranking, 5 lowest ranking)

Latent | Text2 | X- Image | Combination
-Paint | Tex | Mesh | control | of X-Mesh
X-Mesh | and Text2Tex

Model A 3 1 2
Model B 4 2 1
Model D 1 3
Model C 5 2 4 3 1
Model E 4 1 5 2 2
Model F 3 1 4 5 2
Model G 4 1 5 2 3

Simple
model

Complex
model




Application examples: Image control X-Mesh

® Single building
edit

® Scene edit by
combing

ARCHITECTURE

Faculty building

Classical style residential area




Conclusion

A

Output +— Latent-Paint

1 Unsatisfied

Output™

Text2Tex

. Image control X-
Output Mesh

l Unsatisfied

Combination of X-
Mesh and Text2Tex

!

Output

Unsatisfied

\ 4

Combination of X-
Mesh and Text2Tex

'

Output

Image control X-
Mesh Output

l Unsatisfied

Combination of X-
Mesh and Text2Tex

'

Output



Conclusion

v" Contributions

v Evaluate performances of representative 3D edit pipelines in building domain

v Make modifications on them to better fit the demand of users and generate
high-quality results

Ol Limitations

] Suitable for simple cases: limited geometric edit scope and detailed level of
textures

Clinherit the limits of the 2D pre-trained models: limited generalization ability
and view consistency problems

CIHigh computational demand: limited performances especially for large and
complex buildings




GitHub repository

v Easy-to-use codes for two successful modifications:
* Image Control X-Mesh
« Combination of X-Mesh and Text2Tex

v" Example data and results

https://github.com/fengyingxin/MSc-Thesis



https://github.com/fengyingxin/MSc-Thesis
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