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EXECUTIVE SUMMARY

The Execution Objective

Transform unformatted, legacy, and scanned engineering documentation into a
structured, indexed knowledge ecosystem so that Al agents can accurately
locate and deliver the exact operational context required to resolve technical
needs.

This guide outlines the phased directives, validation protocols, and structural standards required
to prepare industrial documentation for ingestion into an Al-powered context engineering
platform. The methodology applies to any manufacturer operating with legacy document

repositories, multi-revision technical manuals, and complex parts catalogs.

35% 3X <2s

Average redundant docs Retrieval accuracy gain Target query resolution
on legacy shared drives after structured cleanup on optimized data

Prerequisites & Scope

Documentation Access @ Software Stack

Full repository access to PDFs, Layout-aware OCR engine or vision-
manuals, parts catalogs, and based document parsing tools.
engineering bulletins.

O Engineering Alignment Data Isolation Environment
Point of contact within PLM to validate Secure, staged storage segregated
part numbers and document states. from production systems.

@ GRAYBEARD BEST PRACTICE

Vision-based, layout-aware OCR is the single most critical factor for parsing diagram- or image-
heavy industrial content accurately. Standard text extractors fracture adjacent engineering
annotations, destroying the semantic link between text and schematics.
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CORE ARCHITECTURE

The Data Transformation Guide

Context Engineering: RAG is Only One Piece

A standard RAG pipeline is just one utility in a broader context engineering strategy. Graybeard

sits at the intersection of an advanced enterprise search engine and an autonomous support

agent designed for technically complex products.

The agent operates dynamically, using Graybeard's architecture to execute deterministic search

tools, live metadata filters, and ERP API queries to assemble the trusted context window required to

resolve each issue.

~

User Problem Al Agent

@ GRAYBEARD BEST PRACTICE

LIGHTWEIGHT
DISPATCHER

TOOL 1
Serial Metadata
Filter

ENGINEERED
TOOL 2 CONTEXT WINDOW

Layout-Aware

RAG Search

Flawless Resolution

TOOL 3
ERP Inventory
Check

A layered approach to context engineering, utilizing a specialized, lightweight dispatcher model to
route incoming agent requests, is the most effective method for speed and token optimization.
The dispatcher immediately determines whether a query requires a deterministic ERP lookup, a
metadata-filtered manual query, or a broader semantic vector search.

If your underlying documentation is structured poorly, the agent's search tools fail, the context

window is poisoned with irrelevant data, and the final output breaks. Your goal during cleanup is to

optimize the data architecture so that Graybeard's agent-driven search layers can find, filter, and

extract exact context with perfect accuracy.
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PHASED DIRECTIVES

Three-Phase Transformation Protocol

Data Audit Context Prep Validation

Phase 1: Isolation, Purging & Asset Classification

c Inventory & Map

Inventory all files intended for the initial Al pilot. Map each document to its

respective product line, asset model, and production year range.

° Purge Duplicates

Execute a hard purge of duplicate files. If the same manual exists across

three different regional server folders, retain only the authoritative copy.

e Classify by Type

Classify data by type (functional wiki, repair manual, schematic, data sheet)

so the agent's search tools can intelligently filter files based on the nature of

the inquiry.

@ GRAYBEARD BEST PRACTICE

Up to 35% of a company's legacy shared drive consists of redundant,
un-versioned PDF variants. Classifying asset types before ingestion
allows Graybeard's dispatcher layer to apply targeted tool logic,
instantly ignoring standard marketing collateral when a line technician is
searching for a mechanical clearance specification.

The Data Transformation Guide

35%

Average redundant
docs on a
manufacturer's legacy
shared drive
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Phase 2: Layout-Aware Extraction & Semantic Tagging

G Layout-Aware Parsing

Execute layout-aware parsing across the isolated dataset. The pipeline must detect and segment
distinct structural zones, including headers, paragraph blocks, tables, and image captions, rather

than scanning the page as a uniform text block.

° Specialized OCR for Legacy Text

Apply specialized OCR to scanned legacy text. Ensure the extraction engine maintains a continuous

reading order when handling multi-column page layouts.

e Rich Metadata Injection

Inject rich metadata tags (component hierarchy, parent assembly IDs, target systems) into the

parsed text to give the agent's deterministic search tools exact targets to query.

LEGACY SCANNED PDF

REGION A Deterministic Filtering Tools

Model, serial number, asset metadata extraction

REGION B1 REGION B2

RAG Semantic Matching

Independent column extraction preserves intent

Symptom Remedy

REGION C Compliance Audits

Version control codes for system integrity
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Phase 3: Validation & Structural Sign-Off

° Programmatic Validation

Conduct programmatic validation on extracted text to identify corrupted alphanumeric part strings or

fragmented layout tokens.

° Manual Spot Checks

Execute manual spot checks on complex component diagrams to confirm text-to-image proximity

relationships are preserved.

e Registry Freeze

Formally freeze the structured document registry before releasing the data to Graybeard's vector

indexing and embedding model pipeline.

THE 3-STEP CLEANING CHECKLIST

01 Advanced Layout-Aware OCR Mapping

THE PROBLEM THE ACTION

Traditional OCR treats pages like linear Deploy vision-based, layout-aware parsing.
text strings. Applied to multi-column The engine must calculate bounding boxes
manuals or dense troubleshooting tables, for every layout element, isolating sidebars
standard engines read across columns, from main paragraphs and preserving
stitching unrelated fragments together and column integrity for clean, unbroken
rendering output unsearchable. paragraph extraction.

ADVANCED: MULTIMODAL PIPELINE

For highly visual documentation such as complex electrical schematics or exploded engineering
drawings where standard RAG falls short, deploy a specialized multimodal pipeline utilizing multi-
vector late interaction strategies. By embedding visual and textual components simultaneously as
localized regions rather than flat string blocks, the agent maintains permanent awareness of
where a textual warning sits relative to a mechanical breakdown diagram.
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02 Defusing the Version-Control Trap

THE PROBLEM THE ACTION

ECOs alter part specifications constantly. If Establish a strict chronological inventory
both a 2018 manual and its 2026 update matrix. Cross-reference every document
are indexed, the agent fetches conflicting against active ERP/PLM records. Tag with
information, poisoning the context window serial number boundaries so filtering tools
with obsolete specs. instantly hide outdated data.

Document Title Pub Date Status Al Ingestion Action
X-100 Service Manual v1.0 Oct 2018 SUPERSEDED Purge from active index; archive
X-100 Update Bulletin v1.4 Mar 2022 ACTIVE Tag Serial #001-499; Ingest
X-100 Maintenance Manual v2.0 Jan 2026 ACTIVE Tag Serial #500+; Ingest

v GRAYBEARD BEST PRACTICE
Hard-purging historical data can backfire if your service footprint includes long-lifecycle machines.
Instead of deleting superseded manuals, isolate them into discrete metadata categories. The

agent layer should only allow retrieval from archived nodes if the technician provides a confirmed,
pre-revision machine serial number.

KEY TAKEAWAY

Version control is the difference between the agent delivering the right answer and confidently

delivering a dangerous one. Every document must carry explicit serial number boundaries and
engineering status metadata.
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(03 Table Structure Preservation & Token Stabilization

THE PROBLEM

Part numbers, tolerances, and torque
specs live inside tables. Standard parsers
strip formatting, flattening data into an
indecipherable string. The Al loses track of
which part number matches which
component.

| Part ID | Component Description |
[e====cee=- R |
| PL-0943 | High-Pressure Gasket |
| BL-8821 | Stainless Flange Bolt |

@ GRAYBEARD BEST PRACTICE

THE ACTION

Programmatically convert every extracted
table into clean Markdown notation or
native JSON objects. Structural
relationships remain intact, allowing
semantic tools to map row entries
flawlessly.

| Torque Spec |

Standard vector tokenization strips whitespace and pipes, turning data grids into noise. Inject

explicit coordinate anchors into table data strings during preprocessing. This guarantees that

when a technician queries a specific part code, the agent returns the exact row along with its

parent assembly header metadata.

KEY TAKEAWAY

Tables are the backbone of industrial documentation. If the Al cannot read a parts table with the

same fidelity as a human engineer, every answer depending on part numbers or torque specs
will be unreliable.
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A PITFALL WARNING: THE VECTOR CHUNKING TRAP

Standard enterprise RAG pipelines process documents by cutting text into arbitrary blocks
(every 500 words or 1,000 characters). In industrial context engineering, this practice is
highly destructive. If your chunking engine splits a file in the middle of a continuous parts
registry table, the row data at the bottom of the split loses its header context entirely.

The agent will read raw part numbers like pL-0943 but will no longer know they represent a
"High-Pressure Gasket."

THE FIX: Implement layout-boundary chunking rules. The parsing system must never split structural tables,

bulleted lists, or continuous troubleshooting step blocks.

DEFINITION OF DONE

The Verification Checklist

D Authoritative Source Verification: Every document audited against live PLM
engineering registries to verify it is the active, current iteration.

D Metadata Assignment Complete: All files tagged with explicit metadata properties
detailing exact equipment models, asset variants, and serial number boundaries.

D Structural OCR Execution: Text extraction reads in correct reading order across
columns, with zero row-interleaving on multi-column pages.

D Table Topology Preservation: Every data grid extracted as a discrete, relational table
layout (Markdown or JSON) with matching row/column coordinates.

D String Integrity Audit: Random sampling of 50 complex alpha-numeric part codes
confirms no characters, hyphens, or trailing suffixes were altered during ingestion.

w When all five items are verified, your data is ready for Graybeard's vector indexing and embedding

pipeline.




1-) The Data Transformation Guide

UP NEXT

Continue the Transformation

Your unstructured data is cleaned, structured, and optimized for advanced context engineering.

The next critical hurdle: ensuring total system accuracy under pressure.

NEXT GUIDE
Cleaned Data /\ Accurate Output The Accuracy
Structured v ‘ ‘ Safe v Fast v ‘ Mandate

Speed vs. Liability

GRAYBEARD

The Accuracy Mandate

Balancing Retrieval Speed Against Liability and Safety in Industrial Al Support

The enterprise data architecture, verification benchmarks, and legal guardrails required to manage information

retrieval pipelines safely on a factory floor without incurring physical or financial risk.

Read the Next Guide - Schedule a Data Assessment

Ready to start your data transformation?

Graybeard's team works directly with your engineering and PLM departments to execute the
data audit, build the extraction pipeline, and validate the structured output before going live.

Every step in this guide is something we have done hundreds of times.
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