Al as an Engineering Force Multiplier

AND PROJECT
MANAGEMENT

System Architecture, Capabilities, and Workflows for Multi-Agent Engineering Environments
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Transitioning from Fragmented Data to Coordinated Intelligence

-

The Current Challenge

LS

- Data locked in disparate documents and individual
minds.

- High volume of manual, repetitive traceability
analysis.

- Risks of misaligned requirements, architectures,
and testing.
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- A coordinated environment of specialized AI junior
engineers.
- A force multiplier for gathering data, preliminary
analysis, and drafting.
- Human experts are freed to focus purely on critical
design decisions.
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The Multi-Agent Engineering Architecture
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Human Expert

Provides direction, context, and

final engineering approval.

Systems  [|€—

% Orchestrator

Coordinates decisions,

Project
Management s

Specialized Agents: Focused entities
executing specific engineering roles
and generating drafts.

Projects 1| delegates tasks, and

manages data flow.

\

~p|| Electronics

Software

—>> Test

/.

Knowledge Base

Curated, structured organizational data.
Agents rely purely on this defined
knowledge to prevent hallucination.




Strict Division of System Responsibilities

Storage
(OneDrive)

Raw Data.
Houses, backs up,
and organizes raw
project files and

document histories.

Knowledge
Base (DB)

@

Accessible Context.

Transforms static
documents into
searchable,
contextual data for
Al consumption.

Specialized
Agent

Processing.
Analyzes specific
subsets of
knowledge to identify
gaps, trace links,

and generate drafts.

Orchestrator

Traffic Control.
Analyzes complex
queries and routes
them to the
appropriate
specialized agents.

User / Expert

Authority.

Initiates queries,
reviews outputs,
corrects errors, and
grants regulatory and
engineering approval.
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Profile: Systems Engineering Agent

Core Focus

- Multidisciplinary system architecture definition.

- Requirements analysis, allocation, and traceability.

- Trade-off and risk analysis.

- Lifecycle and Verification & Validation (V&V) planning.

Key Outputs

- Requirement documents and traceability matrices.
- Interface Control Documents (ICD) draft support.
- Gap analysis and design review summaries.
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Profile: Project Management Agent

|, N

Core Focus

- Simultaneous management of multiple engineering
projects.

- Resource coordination and task allocation tracking.

- Technical-to-management translation and alignment.

- Decision support based on project constraints.

Key Outputs

- Project schedules and work plans.

- Automated project status summaries.

- Risk tracking matrices and mitigation logs.
- Open action-item tracking.
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Profile: Electronics Design Agent

Core Focus

- Electronic architecture and communication
recommendations (e.g., Ethernet).

- Trade studies (e.g., FPGA vs. MCU architectures).

- Redundancy, thermal, and power architecture
planning.

- Component selection support and MTBF
(Reliability) concepts.

Key Outputs

- Power budget calculations.
- Thermal and reliability estimations.
- Preliminary electronic architecture drafts.
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The Junior Engineer Paradigm

Al acts as an engineering multiplier, not a full replacement.
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Al Sweet Spot Human Imperative (@
(What It Excels At) (System Limitations) V)
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- System-level multi-disciplinary - Safety-critical certification
integration. 0 and regulatory approvals.
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i Regmremgntst manabglg{nent - Detailed expert routing (e.qg.,
QN Tlassive HacedilIlLy full professional PCB routing).

L Checks. o U M )
" Architecture trade studies 2 O " - Advanced physical optimization1
and rapid documentation (e.g., High-speed SI/PI tuning,

L generation. ) _ intricate RF design). N
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‘Anatomy of a Specialized Agent Configuration

Step 3: Define Expected Outputs

Pre-program standard templates.
Example: Verification Matrix, Gap Analysis,
Open Question List.

Step 2: Assign Knowledge Domains

Link the agent ONLY to relevant directories
(e.g., Verification_Agent_KB + specific
project docs) to eliminate hallucination.

Step 1: Define Role & Mission

Establish strict boundaries.

Example: Verification Engineer Assistant -
Assist in creating verification plans and
spotting test gaps.

Agents are
Interchangeable
processing engines.
The structural
definition and data

are what provide the

actual engineering
value.




The Knowledge Vault: Folder Ontology

standards.

Creates a single source of
truth for company-wide

Accessible to ALL agents.

<

Shared_Knowledge

- Standards
- Templates

- Lessons Learned

2 =
|_AI_Agen‘cs_Knowledge_|

|

Accessible ONLY to

|_speciﬁc agents. |
[Role] _Agent_KB

- Verification_Agent
- System_Engineer_Agent

- Project_Manager_Agent
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Structuring an Agent's Brain

) Verification_Agent_KB

01_Project_Definition
(Scope and boundaries)

02_Requirements

Key Principle: One
(Customer and system specs)

| Document = One Topic. |
| Strict separation (e.g., |
separating Requirements
'~. from Interfaces) allows the /

03_System_Design
(Architecture and interfaces)

agent to find precise context
quickly.

04 Verification_Methods
(Test equipment and methodologies)

05 _Test Procedures
(Specific step-by-step tests)

06_Outputs_&_Lessons N——
(Drafts, approved matrices, historical corrections)
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The Operational Human-in-the-Loop Workflow

Save project
documents to
standard folders;
system syncs
updates to the
Knowledge Base.
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S Query &

- Context
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User assigns a
focused mission to
the Agent, pointing it
to specific document
Versions.

Agent identifies
connections, performs
gap analysis, and
generates a
structured draft

based on templates.

J

> Review &

Approve
| i

7\

|

The human expert I
reviews, corrects
errors, makes
engineering
decisions, and
approves.
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Treat the agent like a junior engineer: provide clear tasks, strict scope, and desired output formats.

Prompting Like an Engineer

Requirements Analysis

7
> Analyze the V2 requirements document against the customer SOW.
Generate a list of missing or ambiguous requirements in a table format.
N Traceability Generation

> Build a traceability matrix connecting the Customer Requirements in
Folder 02 to the System Design Interfaces in Folder 03.

Quality Assurance

> Review the draft Verification Plan. Flag any system requirements that
do not have a defined test methodology.
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Capturing Institutional Memory
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AI Generated
Draft

N

Expert Human \
Correction

.

i ©OX

Every human
correction is an
opportunity to
improve the

‘ ~ baseline system.
-?j/

Approved
Document

(7

Folder

(&)

Outputs are fed
back into

Lessons_Learned

Shared_Knowledge.

D

2/
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me Compounding Result: Over time, the agent learns the
- company’s specific engineering style, common pitfalls, and
preferred phrasing. The AI becomes a highly tu
reflection of the organization’s best engineers
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System Summary & The Path Forward

/] - Organized knowledge is the
foundation; agents are just
interchangeable processors.

/| - Rigid folder structures ensure
accuracy and easy Al upgrades.

W/ - Human experts strictly retain all
engineering authority and final
sign-off.

/| - The system drastically improves
multi-disciplinary traceability
and coordination.

Integration with
Smart-home / DOORS
Hardware (Requirements
integration Management)
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