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QUICK PREVIEW

What is this paper about?
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Results

◼ General MLLMs significantly outperform specialized UI2Code models on 

widgets.

◼ The full system clearly improves layout, style, and geometry, reaching 100 

on Geometry.

◼ However, issues like overflow, misalignment, and style mismatch remain, 

leaving room for future work.

Problem

Generate executable UI code from visual components

Challenge

• Lack of paired (component image, code) data

• Components are compact, context-free, and tightly 

constrained in layout space

• Requires generating geometry-consistent and 

controllable code

Solution

• A modular framework:

 Perceptual agent (components, icons, color extraction)

 WidgetFactory(Structured DSL generation + 

compilation)

 Adaptive rendering (geometry-aware refinement)
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◼ UI2Code aims to generate executable code that faithfully reconstructs 

the input UI.

◼ Prior work mainly focuses on web pages and mobile screens.

◼ Widgets are compact, context-free micro-interfaces: packing icons, 

charts, text, and highly stylized colors under strict spatial constraints.

◼ Unlike web / mobile, widget designs are usually proprietary, lacking 

public markup and usable (image, code) pairs.

Therefore, we formalize this problem as Widget-to-Code (Widget2Code).
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TASK SETTING

Why are widgets a new UI2Code problem?



◼ We crawl widget-related images from Figma, Dribbble, and Refero, and 

additionally collect screenshots from different devices / OS versions / UI 

versions.

◼ Because source images may contain multiple widgets, rotated widgets, 

or complex backgrounds, we first apply image processing, then detect 

and crop individual widgets.

◼ Highly similar samples are then deduplicated and manually verified, 

yielding the final high-quality set.

Dataset scale

◼ 12,218 raw samples → 2,825 high-quality widgets

◼ Final split: 1,000 test / 1,825 development
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BENCHMARK

Widget2Code benchmark: where does the data come from?
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B EN C H M A R K

How to evaluate: 5 groups of fine-grained visual-only metrics

6 / 15

M etric  g ro up Paper metrics W hat it check s

Layout M arg in / C ontent / A rea
Whether spacing is symmetric, internal content aspect ratios are 
ratios are reasonable, and component area proportions are 
are consistent

L eg ib ility Text / Contrast / LocCon
W hether text sem antics are preserved  and  overall 
local foreg round - backg round contrast are consistent

Style Palette / V ib rancy / Po larity
Whether color distribution, saturation / vividness, and light
light-

-
dark polarity match the input

dark 

Percep tual SSIM / LPIPS / CLIP
A  reference sim ilarity at the g lobal im ag e level, 
structural and  sem antic com parison

Geometry asp ect ratio  +  norm alized  size
Whether the original widget size category and overall spatial 
spatial proportions are reproduced

K ey p o int: these m etrics  d o  no t rely  o n  GT  co d e, b ut d irectly  co m p are the inp ut wid g et with  the f inal 
su itab le fo r an  im ag e- o nly b enchm ark .



BENCHMARK
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Benchmark results: existing methods are still not good enough 
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• We benchmark two categories of methods: 
MLLMs (e.g., GPT-4o / Gemini2.5 / Qwen3-VL) and 
UI2Code models targeting web/mobile.
• Specialized methods show clear performance 
degradation on widgets, suggesting they are better 
suited to looser-structured, context-rich web/mobile 
UIs.
• Generalized MLLMs have stronger visual grounding but still 
but still struggle with structural consistency, style accuracy, and 
accuracy, and precise size reproduction.

The best existing baseline still has Geometry below 
(Qwen3-VL-235b at 96.28).

Insight: widgets need more than just “understanding the 
the screenshot” —they require geometry-aware, controllable 
controllable code generation.



BENCHMARK

Where do errors most often occur?
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Typical failure modes
• missing icons / missing 
components
• distorted graphs / charts

• content overflow / occlusion

• structural misalignment

• color/style inconsistency

Together these errors reveal a core gap: pixel-level perception and geometry-aware, controllable code generation are not yet 
generation are not yet connected.



M ET H O D

Widget2Code overview
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①D ata curatio n: co llect and  
wid g et im ag es, b uild ing  the 

② Perceptual Agent: decompose into 
into atomic components and extract icon / 

extract icon / template / color cues

③ WidgetFactory: generate 
WidgetDSL, compile, and adaptively 

rend er



METHOD

Percep tual A g ent: ato m ic co m p o nent d eco m p o sitio n  and  ico n  
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• The input widg et is first decom posed into  atom ic 
com ponents; each detected  elem ent is represented  
t, c], corresponding  to  cropped reg ion, bounding  
description, and  categ ory.

• We find  that: d irectly letting  the M LLM  g enerate icons is 
unreliab le, esp ecially for sm all icons, thin lines, or abstract 
g rap hics, where hallucination and  visual inconsistency easily 
occur.

• Therefore, We build a 50k SVG icon library; first do coarse 
retrieval with SigLIP visual embedding, then rerank with text 
em bedding .

T he f inal to p - 5  ico n cand id ates are kep t fo r 
sub seq uent W id g etD S L  co ntex t fusio n  d uring  
generation.

visual sim ilarity → text reranking  → top - 5 
candidates



METHOD

W id g etFacto ry: why g enerate W id g etD S L  f irst?
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• The core interm ediate representation is W idg etD S L: 
com pact, interpretab le, contro llab le tree- structured  

Each node corresponds to a functional unit (e.g., icon / chart / 
icon / chart / text block), with attributes explicitly describing 
describing geometry, color, and style.

Effect: red uces hallucinatio n  and  red und ancy while 
f iner- g rained  layo ut / sty le co ntro l.



RESULTS

What does the full system bring?
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• Compared with generalized / specialized 
the full system more stably reproduces layout, 
readability, and color style.

• It reduces missing components and 
and aligns icons, graphs, and colors more 
more closely with the input.

• It preserves the original widget input size 
without losing content or overflowing 
margins.

Takeaway: it is not simply swapping in a stronger MLLM, but using “perceptual decomposition + structured generation + 
structured generation + rendering feedback”to obtain better results.



R ES U L T S

Ablation study: how each module contributes
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B aseline =  Q wen3 -

• Starting from the Qwen3-VL baseline, we 
baseline, we add modules back one by one: 
by one: WidgetFactory → Components → 
Components → Color / Layout → Icon (Full).
Icon (Full).

• After +WidgetFactory, Geometry already 
rises to 100, showing that system-level 
infrastructure and the rendering mechanism 
are themselves crucial.

• + C om p onents im p roves chart 
reconstruction; + C o lor analysis 
bring s the overall palette closer to  
the input; the paper provides 
intuitive exam ples in Fig . 8.

Although a few combinations show minor 
conflicts, full integration is still consistently 
b est.



SUMMARY

Summary: 3 core takeaways of this paper
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1
It is the first systematic study of widget-focused UI2Code, providing 
UI2Code, providing an image-only dataset and fine-
grained metrics truly tailored to widget visual properties.

grained metrics 

2
Benchmarking results show that UI2Code methods designed for 
designed for web/mobile do not transfer naturally to compact, 
compact, context-free widgets.

3

The key to  a strong  b aseline is not “ d irectly p rod ucing  
long er cod e” , b ut the synerg y of p erceptual 
d ecom p osition, W id g etD S L, com p iler, and  ad aptive 
rendering.

Future wo rk

• S trong er fine- g rained  visual g round ing , especially for dense 
layouts and  m icro - visualizations.
• Better intermediate representations to further reduce hallucination and 
extend to interactive / dynamic widgets.
• Larg er- scale, m ore realistic data with g reater style and  device 
diversity.
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Thank you!
We welcome questions, discussion, and collaboration.

Project page

https://djanghao.github.io/widget2code

Paper

arXiv: 2512.19918
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