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Upload → OCR → Translation → Layout → Human Review

Disclaimer: The views and opinions expressed in this presentation are those of the author and do not 
necessarily reflect the official policy or position of Merck & Co., Inc., Rahway, NJ, USA or its affiliates.



Concrete Evidence: WeChat Translation Failures

Original WeChat Translation

Wrong Terminology: 'Mean' → '吝啬的' 

Superscripts destroyed: Tau², Chi², I²

Font chaos + Graphical damage

Source: Chang Y, et al. Eye 36, 673-675 (2022)

Problem + Approach Text-Driven Vision-Driven Comparison + Philosophy



03  Clinical Images: Characteristics & Requirements

Favorable Characteristics

• Text is typeset, not handwritten→ high OCR accuracy

• High-resolution source documents

• Minimal distortion or screenshot artifacts

• Structured layout (axes, legends, footnotes)

Hard Requirements

• Terminology precision and consistency

• Editable output — human can review & edit

• Reproducible — same input → same output

• Auditable — translation provenance must be 
traceable

Clinical Images: What Makes Them Special?

• Lessons from WeChat failure → requirements for a proper solution



Two Roads: Inpainting  vs  Canvas Overlay

Core Design: Keep original image INTACT. Overlay translated text as movable, resizable, correctable blocks.

Commercial Inpainting

Detect → Erase pixels → AI regenerates → Flatten

Destructive Irreversible Static
vs

Canvas Overlay

Detect → Keep original → Overlay text → Editable

Non-destructive Editable GxP-traceable

Original pixels are gone. No undo. Original image untouched. Always.

Reversible



Our Approach: The Overall Workflow

Non-destructive canvas overlay with full human editing control

1

Non-Destructive
Original image untouched — always

2

AI-Assisted
Dictionary first, AI only when needed

3

Human Authority
Every block fully editable before export

Translated Text  Editable

Cover Rectangle  Anchored

Original Image  Untouched

Dictionary Exact Match no AI

↓

LLM Cache no AI

↓

RAG-Enhanced LLM Call AI

translated

block A

translated

block B

translated block C block D

Interactive canvas — edit any block before export

Input + Local OCR
Deterministic, 100% local

1 AI Translation Draft
1-2 LLM calls per image

2 Human Edit + Export
Canvas editor → PNG / DOCX

3

AI generates high-quality draft → Human reviews and edits → Original image always preserved



Text-Driven End-to-End Pipeline

1 AI call per image → all other steps are deterministic Python

✓ Problem + Approach Text-Driven Vision-Driven Comparison + Philosophy

INPUT LOCAL ANALYSIS AI RENDERING HUMAN

Upload
Image / Doc

Clipboard

OCR + Sizing
Local OCR engine 
/ Auto font sizing

Dict · Cache · 
Filter

Dictionary match 
→ Cache lookup 

→ Skip rules

LLM Translation
Text-only, 1 call/image
Context-aware prompt

Block 
Assembly

Merge handling
Canvas overlay

Edit + 
Export

React Canvas
PNG / DOCX

AI

AI sees ONLY text fragments —

not the original image

Pipelined Parallel Processing OCR sequential → AI parallel across images → Render sequential

Image 1 OCR AI Translation Render

Image 2 OCR AI Translation Render

Image 3 OCR AI Translation Render



Local OCR + Deterministic Font Sizing

• Server models: EN/CH/JP pre-downloaded

• Output per block: 

    text + confidence + bbox (x,y,w,h) + angle

• Cached by SHA256(image) : 

    Same input → same output, every time

• Zero cloud dependency :Zero network calls

• base_size = median(heights) × correction

• CJK: 0.70 / Latin: 0.80

• Three tiers:

➢Title: > 1.8× median

➢ Body: default tier

➢ Footnote: < 0.55× median

• Deterministic: same image → same sizes

PaddleOCR v5 (Local) Font Sizing (3 Tiers)

DATA PRIVACY: Image pixels NEVER leave the server. OCR runs 100% locally. Fully deterministic.



Block-Aware Translation: The OCR Splitting Problem

OCR sees 3 boxes. A human reader sees 1 sentence.

WITH block-aware ✓

When Text-Driven was designed, vision models lacked accuracy for text-level detail. Prompt engineering compensated for this limitation.

The Problem

Percentage of Subjects

Block 1

with Treatment-Emergent

Block 2

Adverse Events

Block 3

OCR sees 3 boxes. A human sees 1 sentence.

“受试者百分比” | “与治疗相关的” | “不良事件”

Each block translated independently — meaning severed

The Solution – AI Prompt  with CoT + few shots 

Analyze 
relationships →

Combine into 
sentences  →

Translate as 
units →

Distribute 
proportionally →

Verify 
boundaries → Final assembly

AI reconstructs semantic units first, translates them whole, then redistributes back to original block positions.

“发生治疗期不良” | “事件的受试者” | “百分比”

Each block translated independently — meaning severed

↓

WITHOUT block-aware 



Translation Strategy: Dict → Cache → RAG-LLM

Priority Waterfall

1
Dictionary Exact Match PYTHON

Built-in + User provided Dictionary — AI cannot override

↓

2
LLM Cache PYTHON

Same text → instant lookup, zero API cost

↓

3
RAG-Enhanced LLM AI

ChromaDB retrieval feeds terminology into prompt

Smart Filter

•  74+ regex rules auto-skip non-translatable tokens (N/A, 

digits, protocol IDs, URLs, symbols …)

Make most blocks resolved without any AI call. Dictionary authority ensures regulatory consistency.



2-Layer Architecture: Coverage vs Readability

Decouples hiding original text from displaying translation

Display translation
Independently sized→

The Conflict

Cover ≥ original bbox.
But translation may

need different font size.

Single-Layer 

↑ font → cover shrinks
→ original shows.
OR force large box
→ wastes space.

2-Layer Solution ✓

Layer 1: coverage.
Layer 2: readability.

No interference.

Layer 2: Translated Text

Layer 1: Cover Rectangles

Layer 0: Untouched original Image

EN
EN

中

中Hide original text
Anchored to OCR box→



Canvas Editor - The Human Authority Interface

React + Fabric.js → postMessage → Streamlit session_state

Note: Simulated data for demonstration only

Full Editing Control

1 Move, resize, rotate any text block

2 Change font size, color, alignment

3 Merge multiple blocks (paragraphs)

4 Undo / Redo full history

5 Keyboard shortcuts (Ctrl+Z/Y/M/A)

6 Export: PNG, DOCX, Clipboard

All the text blocks are editable
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PNG
Quick share

Editable?

No

Git-friendly?

Large binary

Compliance

Basic

.gtproj
Full project

Editable?

Yes (re-open)

Git-friendly?

Large binary

Compliance

Full audit trail

.gtdata
Lightweight checkpoint

Editable?

Yes (re-open)

Git-friendly?

Yes (small JSON)

Compliance

Diff-friendly

HTML
Zero-dependency archive

Editable?

Yes (browser)

Git-friendly?

Medium

Compliance

Reviewer distribution

Document Writeback：

Upload
original

→
Upload 

translated PNGs
→

Match by
naming

→
Replace
images

→
Download

modified doc

Export & Traceability: 4-Tier System



Text-Driven Pipeline Result: Forest Plot Anatomy

Text-DrivenWeChat



Text-Driven Pipeline Result: Forest Plot Anatomy

Text-DrivenWeChat

Wrong Terminology: 'Mean' → '吝啬的' 

Superscripts destroyed: Tau², Chi², I²

Font chaos + Graphical damage



Text-Driven Pipeline Result: PAA Form

Original Text-Driven



Text-Driven Pipeline Result: Clinical Poster

Original

Text-Driven



Text-Driven Pipeline Result: Dark Background Chart

Original Text-Driven



Text-Driven Pipeline Summary: already Impressive, But…

1 Fast 1 AI call per image · speed compounds at batch volume

2 Data-Sensitive AI sees only text fragments— images never leave local server

3 Deterministic Dictionary, 3-tier font, smart Regex filter — all reproducible

4 Human-Centered Canvas editor gives full control over every block

The 2-layer canvas + editor gives users full control.

But a blind model makes avoidable errors —broken alignment, missed context, wrong colors.

As vision models matured: What if the AI could SEE the original image during translation? 

→ Vision-Driven Pipeline



Vision-Driven End-to-End Pipeline

✓ Problem + Approach ✓ Text-Driven Vision-Driven Comparison + Philosophy

2 AI calls per image — Worker creates, Review verifies. All other steps identical.

INPUT LOCAL ANALYSIS AI RENDERING HUMAN

Upload
Image / Doc

Clipboard

OCR + Sizing
Local OCR engine / 

Auto font sizing

Dict · Cache · 
Filter

Dictionary match → 
Cache lookup → Skip 

rules

Vision Worker
Sees original image
Translation + Merge
OCR Miss Detection

AI Visual 
Review

QA + Safety Clamp

AI AI

↑
Original Image

(base64)

Block 
Assembly

Merge handling
Canvas overlay

Edit + 
Export

React Canvas
PNG / DOCX

Both AI calls receive the original image (vision)

Worker translates → Review verifies + refines

Pipelined Parallel Processing OCR sequential → Worker + Review parallel across images → Render sequential

Image 1 OCR Worker Review Render

Image 2 OCR Worker Review Render

Image 3 OCR Worker Review Render



Vision-Driven: Core Concept

The ONLY architectural change: the translation model now SEES the original image

1
Original image (base64)

AI sees the complete figure

2
OCR blocks in JSON

Text, coordinates, confidence, font tier

3
RAG context

Retrieved terminology from vector database

AI Vision

Vision

Worker

Worker Output

translated_text Context-aware

merge_group Paragraph structure detected visually

bg / text_color Colors determined from image context

missed_blocks Text OCR failed to detect

Text-Driven

{text: “Mean", x: 340, y: 82} → translates in isolation

Vision-Driven

{text: "Mean", x: 340, y: 82} + image → understands 

visual context



OCR Miss Recovery (Vision-Driven Exclusive)
Text-Driven pipeline has zero ability to recover from OCR misses

Low contrast /
rotated text

→
PaddleOCR

misses
→

Vision Worker
spots

→
Python Rule 

Validation
→ Inject misses

Python Rule Validation:

① High AI self-
confidence

②Coordinates 
within image

③Valid box size
④Reasonable 

shape
⑤Not already 
found by OCR

⑥Worth 
translating

⑦Hard cap: max 
injected block



AI Visual Review: Catching Mechanical Errors Automatically

Worker's remaining errors are predictable — Review fixes them within Python bounds

AI Visual Review

3 Inputs:

Original image (base64)

Pillow preview with translations

Structured block data (JSON)

Outputs:

Per-block: 
font size/ width/ height adjustments 
+ text_correction + merge_groups

Hard Clamp

Font Size ±30%

Position ±15px

Dimensions ±20%

AI SUGGESTS, Code ENFORCES

Before & After:

• Translation Fix

Font Uniformity

Before: Inconsistent font size (14px, 18px, 14px)

After: Unified within ±30% (15px, 15px, 15px)

Translation Fix
Before:
  暴露汇总分析数据集）→Missing opening parentheses

After:
  （暴露汇总分析数据集）→Pair complete

Color Correction

                                                        Before: Unreadable

                                                  After: CorrectedSample Text

Sample Text



Benchmark: 20 Clinical Trial Images

Real clinical figures: forest plots, demographic tables, KM curves, clinical posters. EN→ZH.

Vision-Driven:  57 review corrections  ·  95 merge groups  ·  7/20 quality wins  —  at a cost of  +74s  total wall time (+27%)

Dimension Text-Driven Vision-Driven Note

Wall time (20 imgs) 272s 346s +74s (+27%)

Avg per image 13.6s 17.3s Including review step

Review corrections N/A 57 8 of 20 images corrected

Paragraph merge groups 0 95 Vision-only capability

CJK width adaptation N/A 100% All 20 images adjusted

Per-image quality 1 win 7 wins 12 ties

API calls / image 1 2 Worker + Review

Pipeline parallelism overlaps OCR with AI calls — wall time only +27% despite higher per-image serial cost.



Pipeline Comparison: PAA Form

Original Vision-DrivenText-Driven

OCR miss recovery — where Vision-Driven excels.



Pipeline Comparison: Clinical Poster

Original

Vision-Driven

Text-Driven

Paragraph merge — Vision-Driven's strongest advantage. 



Pipeline Comparison : Dark Background Chart

Original

Vision-Driven

Text-Driven

Dark background — Vision Worker determines correct text color + right-alignment.



Vision-Driven Pipeline Summary

Strengths

1 Visual context → fewer errors

2 Paragraph merge: denser rendering

3 OCR miss recovery: safety net for missed text

4 Color-aware: AI determines colors from image context

5 Same safety layer: Python Hard Clamp + Canvas 

Editor unchanged

Trade-offs

1 Full clinical image sent to cloud API (data governance)

2 2 vision calls/image — slower, pipeline parallelism helps

Both pipelines share the same Python safety bounds and Canvas Editor. Vision-Driven adds visual context and 

automated QA at the cost of speed and data privacy.



When to Use Which: A Practitioner’s Guide

 Text-Driven — Fast & Private

Batch processing

Speed advantage compounds at volume

Data-sensitive figures

Images NEVER leave local server

Standard clinical outputs

Forest plots, KM curves, demographic tables

 Vision-Driven — Smart & Thorough

Complex table layouts

AI sees column boundaries and structure

Dense paragraph text

Paragraph merge detection → natural rendering

OCR-challenging content

Missed text auto-recovered by vision model

Production Enough: Text-Driven  |  Enhanced Mode toggle: Vision-Driven

✓ Problem + Approach ✓ Text-Driven ✓ Vision-Driven Comparison + Philosophy



AI Where It Counts — Not AI Everywhere

Trusted Human–AI Collaboration = Humans decide where and how much AI to deploy.

Human — The Authority
Final decision on every output

Python — The Enforcer
Hard boundaries AI cannot breach

AI — The Advisor
Suggests within sandbox

No final authority

Graceful Degradation:
Vision AI → Text AI → Deterministic → Raw OCR

Design Rationale — Fit-for-Purpose AI
Same principle as Risk-Based Monitoring (ICH E6 R2):

Token cost is real →
Code handles everything it can; 
AI only for judgment calls

Data governance first →
OCR 100% local; 
only text/image sent when explicitly chosen

Complexity varies →
Simple → 1 AI call, Complex → 2 AI calls; 
not one-size-fits-all

Human time is precious→
Over-translate by design — deletion is cheap, re-
creation is expensive



Thank You · 谢谢

Questions Welcome · 欢迎提问

Jianing Wang | Sr. Scientist II, Statistical Programming, BARDS | MSD, China

PHUSE SDE 2026 · Beijing
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