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"A bar-feeder throws Alarm 504 at a steel manufacturer's 
facility. The technician is working hands-free on the live 
machine. The corrective procedure is somewhere in a 300-
page manual — in a cabinet across the room. Every minute 
of downtime costs the line."

TACIT EXPERTISE

• Scarce specialists, often unavailable remotely

• Experience is hard to scale across shifts and sites
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Alarm 504. Live machine. Two hands occupied.

TECHNICAL DOCUMENTATION

• Long manuals, visual procedures, poor searchability

• Inaccessible at the point of work, under time pressure

Industrial knowledge-access failure translates directly 

into downtime, errors, and safety risk.



A FLUENT LLM

• General pre-training knowledge

• No access to your documentation

• No verified source references

• No XR integration
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A foundational AI model is not an industrial assistant

AN INDUSTRIAL ASSISTANT

• Answers grounded in approved documents

• Scoped retrieval with page-level citations

• Abstains rather than fabricates

• Adapt to the end user Real failure — a pilot LLM correlated a page header numbered “8” with a 

sensor count (“8 LASER DISTANCE SENSORS”) and produced a confident, wrong 

answer. The operator had no way to detect the error without checking the manual.



The XR5.0 LLM Engine

AGENTIC

Plans what to retrieve, how many 

searches to issue, and which 

documents to target — before 

generating a single word of response.

A reusable knowledge layer for human-centred industrial XR
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MULTIMODAL

Preserves figures, schematics, and 

tables at ingestion. Technical images are 

described, filtered, and linked to the 

text chunks they illustrate —

retrievable alongside text.

USE-CASE AGNOSTIC

One deployment serves unrelated 

industrial domains through 

configuration alone. Pilot knowledge is 

isolated; the pipeline is shared.



Industrial documents are multimodal — the ingestion pipeline preserves that

Most RAG pipelines extract text and discard 

everything else.

This pipeline treats figures and tables as first-class 

retrievable content.

Each image is described by a vision-language model, 

filtered for technical relevance (logos and decorative 

graphics are dropped), and bound to the text chunk 

it illustrates at ingestion time — before any query 

is ever issued.

Each use case is stored in its own isolated vector 

namespace.
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How Documents Become Queryable: The Ingestion Pipeline

1  Structure-preserving OCR
Headings · sections · tables · figures

2  Image Filtering & Description
Drops logos / decorative graphics; VLM generates technical descriptions

3  Segment-aware Chunking
Chunks carry section metadata + figure references

4  Embedding & Storage
Vector embeddings →Vector DB namespace per use case

Image references travel with their chunk. When a chunk is retrieved, its visual context is already attached.



Three stages, one short-lived workflow per request

1 — RETRIEVAL PLANNING

The tool-planning LLM receives the query, session history, use-case system prompt, 

and a catalogue of available documents with summaries. It decides whether retrieval is 

needed, and if so, issues one or more targeted vector searches — letting multi-part 
questions be handled by several focused searches rather than one broad one.

2 — IMAGE SELECTION

Retrieved chunks arrive with their associated figure references already attached. A 

second LLM selects only the figures needed to understand the answer. Marginal 

images never reach the response.

3 — ANSWER GENERATION

A third LLM receives the use-case system prompt, the retrieved text, and a summary 

of the selected figures. It produces a grounded response with page-level citations and 

explicitly states where the documentation does not cover the question.
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From a Question to a Grounded Answer: The Query Pipeline

A short-lived workflow runs for every request. No state persists after 
response. Use-case isolation is enforced by data partitioning, not separate 

deployments.

Tool-Planning LLM

query + docs catalogue  → tool calls

Image Selection LLM

retrieved chunks + figure refs  → filtered figures

Answer Generation LLM

↓ grounded response + page references



Platform Architecture

Every interaction crosses the same 

authentication and use-case boundary. 

No client or model reaches storage 

directly.

The system is model-agnostic: 

OCR, embedding, VLM captioning, 

and inference LLMs are each 

consumed behind an abstraction and 

selected through configuration —

commercial API in one setting, on-

premise stack in another.
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Four layers connect clients to secured persistence

L1  CLIENTS   Web client (React SPA)  ·  XR client

L2  API & SECURITY   FastAPI — JWT auth · use-case-scoped authz

L3a  Document Ingestion

• PDF upload → OCR (Mistral)
• Chunking & embedding 

(LlamaIndex / OpenAI)
• Vector upsert (Pinecone + 

MongoDB)

L3b  Agent & Platform 

Mgmt

• Identity & access control
• Use-case management
• Agent configuration
• Knowledge base management

L3c  RAG Engine

• Tool-planning LLM
• Vector retrieval
• Image selection LLM
• Response assembly

L4  PERSISTENCE   MongoDB (metadata, GridFS)  ·  Redis (session caching)  ·  Vector DB (per-use-case namespaces)

Stack:  FastAPI · · Mistral OCR · Mistral Pixtral (VLM) · OpenAI text-embedding-3-small · GPT-4.1-mini · Pinecone · MongoDB/GridFS · Redis
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Pilot Context What the agent does

Pilot 3 
(EKSO)

Smart water pipe inspection
Installation procedure guidance with 
visual aids

Pilot 5 
(SPACE)

Edge device assembly training Self-service VR/AR training support

Pilot 6 
(LNS)

Industrial machine 
troubleshooting

Alarm diagnosis + corrective action 
retrieval

Pilot-agnostic architecture: A single deployment, independently configured per use case via system prompt + knowledge base. 
Self-service Integration
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One Platform for Different Industrial Use 
Cases



Evaluation: Measured at the Claim Level

Evaluation uses RAGChecker, which 

decomposes each response into 

individual claims and compares them 

against ground-truth answers —

separating retrieval failures from 

generation failures.

40 queries span heterogeneous 

document types: comprehensive 

installation/inspection manuals (Pilot 

3) and concise alarm-code procedures 

(Pilot 6).
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RAGChecker across 40 operational queries, multiple use cases

Metric Mean

Faithfulness 97.7%

Hallucination 2.0%

Context Utilisation 75.2%

Claim Recall 84.4%

Context Precision 66.0%

Metric
Pilot 3 (EKSO) 

k=5

Pilot 6 (LNS) 

k=7

Faithfulness 0.929 0.980

Hallucination 0.037 0.011

Context 

Utilisation
0.763 0.700

Claim Recall 0.854 0.950

Context 

Precision
0.570 0.700

Cross-pilot comparison confirms reusability with numbers: different document structures, different 

sectors — same pipeline, similar or better performance in Pilot 6.



Integration and Trust Are Part of the Product

INTEGRATION

• REST API — web and XR clients consume the same endpoints

• Per-request use-case scoping — no cross-pilot knowledge bleed

• Stateless workflows — horizontally scalable, no session stickiness
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Trustworthy behaviour is an architectural property, not a prompt trick

TRUST

• JWT authentication + use-case-scoped authorisation at a single API 
boundary

• Source references with page numbers in every response

• Abstention over hallucination: outside the ingested documentation, 
the system says so rather than generating an unsupported answer

• Multi-turn coherence: follow-ups interpreted in context of prior text 
and images

Latency is the known cost of the three-stage pipeline. It is monitored and will be addressed in future work — not hidden.



Live Production Demo
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