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Agenda 

• Internal Document Architecture
• PDF Document Types
• Key Concepts for Data Extraction
• Data Extraction Challenges
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PDF Document Basics

• Direct text extraction
• OCR text extraction
• Vison-LLM Text extraction and Markdown Conversion

Data Extraction Methods  

• Background & Situation
• PoC Concept
• User Interface / Functionality
• API Interface for integration
• Medical document AI Assistant

IOERD Clinical Fax Document Processing System PoC

AI Powered Document Processing and Data Extraction

Document to Markdown Conversion tools
• Doc2MD
• DeepSeek-OCR (Optical Context Compression)
• Docling
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PDF Document Basics
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PDF Document Background

File Structure (4 Main Parts)
• Header: Identifies the file as a PDF and its version
• Body: Contains the actual content objects (text, images, fonts, 

etc.)
• Cross-reference table: Index that maps object locations for 

quick access
• Trailer: Points to the cross-reference table and contains 

document metadata

Content Objects
• Text objects: Store actual character data with positioning 

coordinates, font information, and styling
• Graphics objects: Vector graphics commands (lines, curves, 

fills)
• Image objects: Raster images stored as objects, typically 

compressed
• Font objects: Embedded or referenced fonts with character 

mappings
• Metadata objects: Document properties, creation date, 

author, etc.

Text Representation
• Native text (text-only PDFs): Characters stored with Unicode 

mappings and positioning data - directly extractable
• Image-embedded text (image-only/hybrid PDFs): Text exists as 

pixels in images, not as characters - requires OCR
• PDFs use various compression schemes to reduce file size
• Each page has a content stream with drawing instructions
• Instructions are executed sequentially to render the page
• Text positioning uses coordinate systems, not semantic structure

Extraction Challenges
• Text Only PDFs: Simple text extraction using libraries
• Hybrid PDFs: Must extract both native text and run OCR on images 

to get complete content
• Image Only PDFs (common for faxes): Require OCR or vision-

capable LLMs to extract any text

Medical Fax Implications
• Lab faxes are typically scanned documents (image only PDFs)
• May have poor quality (fax artifacts, low resolution, skewed/rotated 

pages)
• Traditional pipelines require image preprocessing + OCR + text 

extraction

PDF Internal Architecture Key Concepts for Data Extraction
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PDF Document Types
Text Only PDF Hybrid Text + Image PDF Image Only PDF

• All content directly extractable as 
text

• Mixture of text and images
• Text extraction is incomplete
• Extracting text from images 

requires OCR or vision capable LLM 

• No text is directly extractable
• Extracting text requires OCR or vision 

LLM
• Typical of scanned and faxed 

documents (medical faxes)
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Extracting Information From PDF 
Documents
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Extraction Method Results for PDF Types
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Direct Text Extraction - PyPDF

INVOICE

DATE August 25, 2025 INVOICE NO 8675309 Alien Encounters Inc 1100 Fairview 
Ave N. Seattle, WA 98109 (206) 555-1234 rmcdermo@alienencounters.com 
INVOICE TO Bobby Jones 123 Main Street Salt Lake City, UT 84118 (555) 555-
0987 Bobby@gmail.com

SALESPERSON JOB PAYMENT TERMS DUE DATE Robert McDermott Alien Sales 
Manager Due on receipt September 1, 2025 QUANTITY DESCRIPTION UNIT PRICE 
LINE TOTAL 1 Martian Meet-and-Greet (15 minutes with a Martian ambassador) 
$150.00 $150.00
2 Galactic Photo Session (Souvenir holo-photo with alien guest) $40.00 
$80.00
1 Zero-Gravity Dance with Andromedan $200.00 $200.00 2 Interstellar Snack 
Pack (samples of alien cuisine) $25.00 $50.00 3 Alien Artifact Keychain 
(replica meteor shard) $12.00 $36.00 Subtotal $516.00 Sales Tax $51.60 
Total $ 567.60

Input PDF

Output Text

PyPDF

Example Code

https://github.com/py-pdf/pypdf

PRO: Very Fast

PRO: Accurate Text
CON: Only works on text-based PDFs
CON: Formatting and structure is lost
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Text Extraction with OCR - Tesseract

DATE INVOICE NO Alien Encounters Inc fo,
1100 Fairview Ave N.
August 25, 2025 8675309 Seattle, WA 98109
(206) 555-1234
rmcdermo@alienencounters.com
INVOICE TO
Bobby Jones
123 Main Street
Salt Lake City, UT 84118
(555) 555-0987
Bobby@gmail.com
SALESPERSON JOB PAYMENT TERMS | DUE DATE
Robert McDermott Alien Sales Manager Due on receipt September 1, 2025
QUANTITY DESCRIPTION UNIT PRICE LINE TOTAL
1 Martian Meet-and-Greet (15 minutes witha | $150.00 $150.00
Martian ambassador)
2 Galactic Photo Session (Souvenir holo- $40.00 $80.00
photo with alien guest)
2 Interstellar Snack Pack (samples of alien $25.00 $50.00
cuisine)
3 Alien Artifact Keychain (replica meteor $12.00 $36.00
shard)

Input PDF

Output Text

Tesseract

Example Code
PRO: Fast

PRO: Captures all text

CON: Formatting & structure is lost

CON: Text can be jumbled up

CON: Character recognition errors 

https://github.com/tesseract-ocr/tesseract
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Extraction & Markdown Conversion - Vision LLM

# INVOICE

**DATE**  
August 25, 2025

**INVOICE NO**  
8675309

**Alien Encounters Inc**  
1100 Fairview Ave N.  
Seattle, WA 98109  

(206) 555-1234  
rmcdermo@alienencounters.com

**INVOICE TO**  
Bobby Jones  

123 Main Street  
Salt Lake City, UT 84118  
(555) 555-0987  
Bobby@gmail.com

| SALESPERSON     | JOB                | PAYMENT TERMS  | DUE DATE          |
|-----------------|--------------------|----------------|-------------------|
| Robert McDermott| Alien Sales Manager| Due on receipt | September 1, 2025 |

| QTY| DESCRIPTION                                                  |PRICE   |LINE TOTAL |

|----|--------------------------------------------------------------|--------|-----------|
| 1  | Martian Meet-and-Greet (15 minutes with a Martian ambassador)|$150.00 |   $150.00 |
| 2  | Galactic Photo Session (Souvenir holo-photo with alien guest)| $40.00 |    $80.00 |
| 1  | Zero-Gravity Dance with Andromedan                           |$200.00 |   $200.00 |
| 2  | Interstellar Snack Pack (samples of alien cuisine)           | $25.00 |    $50.00 |

| 3  | Alien Artifact Keychain (replica meteor shard)               | $12.00 |    $36.00 |
|           |             | 
|-----------|-------------|
| Subtotal  | $516.00     |
| Sales Tax | $51.60      |

| **Total** | **$567.60** |Doc2MD
Vision LLM

Input PDF Output Markdown Rendered 
MarkdownRaw Markdown

https://github.com/robert-mcdermott/doc2md
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Input PDF Output Text

Tesseract

OCR with poor quality scanned documents - Tesseract

• Character Recognition Errors

• Formatting Lost
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OCR with poor quality scanned documents - Tesseract

Input PDF Output Text

Tesseract• Character recognition errors

• Formatting lost

• Jumbled text
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Vision LLM with poor quality scanned documents – Doc2MD

Doc2MD
Vision-LLM

Input PDF Output Markdown Rendered

• Formatting preserved; tables

• Computationally intense 

• Possible hallucinations

Helpful info, but 

not included in the 
source document
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Vision LLM with poor quality scanned documents – Doc2MD

Doc2MD
Vision-LLM

Output Markdown Rendered

• Formatting mostly preserved; tables

• Computationally intense 

• Possible hallucinations

Input PDF
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Document to Markdown Conversion 
Tools
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Doc2MD – PDF and Image conversion to Markdown
The first version of the IOERD document processing pipeline was using just text extraction and OCR to extract data from the medical fax documents, 
and it worked “OK”, but there was missing data and errors. Part of the problem was errors from the OCR process with poor quality document scans, 
and the other problem was pulling required data attributes from the blob of unformatted (often jumbled) text. To solve this problem, I experimented 
with using vision LLMs, which improved the extraction, but it still wasn’t good enough. I then discovered that if I recreated  the documents in 
Markdown, preserving as much of the formatting as possible, especially tables, that data extraction accuracy increased dramatically. I created the 
Doc2MD utility (and open sourced it), which is now used as part of the IOERD PoC. Without the conversion to Markdown step pri or to the structured 
data extraction, the accuracy of the system would not have been adequate. 

Code Repository https://github.com/robert-mcdermott/doc2md

How it works

Command-line arguments

Examples Specifying a different API endpoint (optional)

Authentication (optional)

Supported file types
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DeepSeek-OCR – Optical Context Compression

https://arxiv.org/pdf/2510.18234 https://huggingface.co/deepseek-ai/DeepSeek-OCR
Research Paper Model Download

DeepSeek-OCR is a breakthrough vision-language model that fundamentally reimagines document processing through what its developers call 
"optical context compression." Rather than converting documents into thousands of text tokens, it encodes entire pages as compressed visual 
representations using just 100-800 vision tokens, achieving 7-20x token reduction while maintaining 97% accuracy at 10x compression. This 
approach leverages the insight that images can capture text, layout, and structure far more efficiently than sequential tokens, enabling a single GPU 
to process over 200,000 pages daily. The significance extends beyond mere efficiency: by treating documents as visual objects rather than text 
streams, DeepSeek-OCR addresses the fundamental long-context limitations of language models, dramatically reducing computational costs and 
memory requirements. This paradigm shift opens possibilities for large-scale document digitization, LLM training data generation, and real-time 
processing of complex documents, all while making advanced OCR capabilities accessible through its open-source architecture.

Code Repository
https://github.com/deepseek-ai/DeepSeek-OCR
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DeepSeek-OCR – Bounding Boxes with Coordinates

Output Doc with Bounding Box Overlay Extracted Text with Bounding Box Coordinates in the Doc

Unlike the other tools we’ve covered, thus far, DeekSeek-OCR doesn’t just output text or Markdown, it can produce multiple outputs, two of which are 
the original image with colored bounding boxes over each section of the document that text was extracted from, and a text/html content output that 
has tags and bounding box coordinates to indicate what was extracted, and from what position in the original document. This p reserves information 
about the layout of the input document. 
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DeepSeek-OCR – Multiple Outputs

DeepSeek-OCR

Input Document

Document Description

Markdown

Text with Doc Coordinates

Doc with Bounding Boxes

Vision-LLM

Example Code
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 Parsing of multiple document formats incl. PDF, DOCX, PPTX, XLSX, HTML, WAV, MP3, VTT, images (PNG, TIFF, JPEG, ...)

 Advanced PDF understanding incl. page layout, reading order, table structure, code, formulas, image classification, and more

 Unified, expressive Docling Document representation format

 Various export formats and options, including Markdown, HTML, DocTags and lossless JSON

 Local execution for sensitive data and air-gapped environments

 Plug-and-play integrations incl. LangChain, LlamaIndex, Crew AI & Haystack for agentic AI

 Extensive OCR support for scanned PDFs and images

 Support of several Visual Language Models (GraniteDocling)

 Audio support with Automatic Speech Recognition (ASR) models

 Connect to any agent using the MCP server

 Simple and convenient CLI 20

Docling
 

Features

Docling simplifies document processing, parsing diverse formats, 
including advanced PDF understanding, and providing seamless 
integrations with the gen AI ecosystem.

https://github.com/docling-project/docling 
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Docling 

Docling

Input PDF Markdown

DocTags with Coordinates

Example Code

HTML

Rendered

Rendered
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IOERD Fax Processing System PoC
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IOERD Fax Processing System PoC
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Background
IOERD stands for "Internally Ordered External Results Delivery," and is a workflow concept used in clinics and hospitals where 
labs, and other medical services are requested internally by clinicians that are fulfilled by external sources, such as outsi de 
laboratories, or third-party healthcare providers. 

Situation
Clinics can receive several hundreds (even thousands) of faxes from external providers such as genetic testing, bloodwork results, 
pathology reports, radiology and other. The faxes come in via an eFax service and are delivered as PDFs. Clinic staff must manually 
review the faxes to determine what patient the results belong to and then attach the PDFs to the media tab in the patients record in 
the Epic system.

Opportunity
Electronically process new IOERD documents as they come in, extract the identifying information that clinic staff can monitor what 
orders have been delivered, with search capabilities to make identifying the orders more efficient. Phase 1 is stand-alone and not 

integrated with the EHR system. Future phases could potentially include the ability for staff to review the order in the processing system 
and make any adjustments as required and then approve patient recorded attachments in the EHR. Perhaps after running in this human-

in-the-loop mode for some period to refine the system and gain confidence, incoming external results could automatically update patient 
records.

Status
A minimal working PoC has been created to validate the capability of such as system.  The system functions as intended but ha s 
only been run in a development mode, and it not part of any clinic process or integrated with any production systems.
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IOERD Fax Processing System PoC – High-Level Concept

Qwen 2.5-VL
1

2

3

Vision-LLM

Input PDF

Prompt
“Convert this document to 
Markdown preserving layout 
and tables”

Text-LLM
Granite 3.3

Prompt
“Extract the following 
schema and provide it in 
JSON format”

Convert Pages to Images Convert to Image To Markdown Document

Convert to Image To Markdown 
Document

Store document data as 
record in DB Table

Markdown
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A data schema must be defined in the system configuration file for each pipeline instance and document type. This schema is 
included in the prompt for the data extraction phase of the pipeline. 

Name patient_full_name specimen_number

Type String String

Description Complete legal name of the patient as it appears on identification 

documents

Date when the specimen was collected from the patient in MM/DD/YYYY 

format

Name patient_identifier collection_date

Type String Date

Description Unique patient ID, medical record number, or other identifying number 

assigned by the healthcare facility

Date when the specimen was collected from the patient in MM/DD/YYYY 

format

Name patient_address test_name

Type Text String

Description Complete mailing address of the patient including street, city, state, and 

ZIP code

Name or description of the laboratory test or panel that was performed

Name patient_dob result_date

Type Date Date

Description Patient's date of birth in MM/DD/YYYY format Date when the test results were finalized and reported in MM/DD/YYYY format

Name ordering_provider_name performing_lab

Type String String

Description Full name of the physician or healthcare provider who ordered the 

laboratory test

Name of the laboratory facility that performed the testing and analysis

IOERD Fax Processing System PoC - Data Extraction Schema
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External Delivered Medical Fax Processing System PoC 

External Labs

eFax

Intake Folder

Images

Structured Data

LLM
Order Database

YES

NO

Monitor

APINew

YES

File Signature Check

New File 
Event

Clinic Staff

External Order Processing System

• Search
• View
• Edit
• Print
• Export

Config & Prompt

Web Interface

Vision 
Mode

NO

YES

V-LLM

Config & 
Prompt

PyPDF Tesseract

OCR ExtractText Extract Convert to Markdown

Optically 
Scanned 
Documents

Converted 
to PDFs
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For this presentation, the following 20 lab result reports were copied into the intake folder to start the pipeline. These reports 
contain no PHI; all information in them is fabricated.

IOERD Fax Processing System PoC – Medical Lab Results Documents 
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IOERD Fax Processing System PoC – User Interface

Administration and Monitoring Interface 
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IOERD Fax Processing System PoC - User Interface
Search ResultsSearch Interface
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IOERD Fax Processing System PoC - User Interface
Document Detail – Review, Edit, Export Document Content View (raw & markdown)
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API Documentation Example using the API to retrieve a record

The system has an API endpoint that can be used to monitor the IOERD system, search and retrieve records, create and update records and start and 
top document processing. It can also be used by generative AI systems via external tool usage or MCP.

IOERD Fax Processing System PoC - API Interface
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IOERD Fax Processing System PoC - AI Assistant 
IOERD AI system integration via API/MCP with models that support tool calling

eFax

Intake Folder

IOERD System

Converted to 
PDFs

GPT-OSS-120B

• Searc h
• Vie w
• Edit
• Print
• Export

IOERD Web UI

API

LLM V-LLM

AI Chat System

LLM

MCP

IOERD Assistant

API

Clinic Staff

• Q&A
• Reporting
• Analysis

The IOERD System’s OpenAPI API interface can be used by AI systems. The LLM used must have been fine-tuned to support to tool calling. For good 
results, a relatively large LLM should be used, such as GPT-OSS-120B. This system can be completely self-hosted (on-prem if desired), so the 
organization can maintain full control of the data and avoids the need for BAAs and trusting external vendors to protect our sensitive data.

External Labs
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IOERD Fax Processing System PoC - AI Assistant 

IOERD System Chat AI Agent Examples
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IOERD Fax Processing System PoC - AI Assistant 
IOERD System Chat AI Agent Examples
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IOERD Fax Processing System PoC - AI Assistant 
IOERD System Chat AI Agent Examples
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Thank You
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