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Architecture: Cloud-Native Python/React Stack Deployment: Browser-Based Saas Scope: Model-Based Calibration to Remote ECU Management
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CIE Pro: The Calibration Intelligence Engine
Complete Model-Based Calibration (MBC) in the Browser

Al Capabilities
104,100

Core Value Propositions

@’ Efficiency: Delivers 50-70% test time reduction via
Constrained Bayesian Optimization.

@ Zero-Install: Fully web-based interface replacing
desktop-heavy tools like AVL CAMEOQO.

: Export
@ Status: Production Ready (92.9% success rate Formats (/10
across 14 critical test categories).

Cloud

10/10 3
Readiness

Technical Specifications

Input: Multi-format data ingestion (MDF, CSV,
Excel, HDF5)

9/10

Modeling:

Output:

Random Forest, Neural Networks, Gaussian
Processes

ASAM CDF, A2L, HEX, INCA MDX

Map Editing

B CIE

UX / Usability

Pro [l Industry Standard / Legacy Tools
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CIE Pro: End-to-End MBC Workflow

From Raw Data to Production ECU Export

Stage 1:
Data & DoE

T

E

Generate Design of
Experiments using LHS
(Latin Hypercube),
Sobol, and D-Optimal
methods.

support for Dynamic
DoE sinusoidal sweeps.

Ingest MDF/CSV formats.

Stage 2: Stage 3: Stage 4: Stage 5:
Modeling Optimization Map Generation Export

-
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>
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Train surrogate models Multi-objective Create 3D maps with Generate
(REBF, Neural Networks) optimization (Pareto monotonicity production-ready files
with Uncertainty Fronts) + Al Constraints. enforcement and (AZL, HEX) for ECU
Quantification. W Gaussian smoothing. flashing.
Minimize
Real-time training BSFC/Emissions while
monitoring via maximizing Torque.
WebSockets.

v

Web-Native & Automated

v
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Advanced Optimization & Explainable Al

The Al Core: Constrained Bayesian Optimization & SHAP Analysis

Fe

Constrained Bayesian Optimization (CBO)

Utilizes risk-aware algorithms to navigate calibration search
spaces 50-70% faster than grid-search methods. Includes
Uncertainty Quantification to provide confidence intervals.

Torque (Nm)

-

N Vi
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Explainable Al (XAl)
Uses SHAP (Shapley Additive Explanations) and LIME to

demystify ‘Black Box’ models. Visualizes which signals drive

predictions.

Feature Importance (SHAP Values)

Spark_Adv ‘ I1.25

Rail_Pressure | I 0.9
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Driveability DNA & Automated Analysis

Quantifying Vehicle Feel with Al Recommendations

Concept:

Advanced profiling that quantifies
"vehicle feel" using 0-10 ratings,
comparable to AVL Drive
standards.

Vehicle DNA Profile

Al Recommendations:

The system analyzes issues (e.qg.,
"Tip-in response delay") and outputs
actionable calibration guidance with
severity levels (HIGH/MEDIUM).

Tip-In Quality

Base Stability

9.0 79,2

Idle Stability

-

> DETECTED: Tip-in response delay l

SEVERITY: HIGH

> RECOMMENDATION: Increase

transient fueling gain

Response Smoothness
8.0 7.8
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DiagAl: The Vehicle Diagnostics Brain

Senior Engineer-Level Analysis via Multi-LLM Architecture

= IR =

Input Query Orchestrator & d
LLM Router )
béepééek (32k context) for complex -
reasoning | LM Studio/Ollama for low latency
e
J I\ —
——  Engineer
i l Response
Signal Database @ DBC Files @ RAG Knowledge Base m e
1,817 indexed signals, CAN definitions Gemini File Search -
155 alias patterns Technical Docs
Roboto

The Intelligence Core: Not just a code reader, but an engineer-level analyst capable of complex reasoning.
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Specialized Multi-Agent Architecture

O Specialized Agents
CANBusOffAgent

Bus health monitoring. f

.-""'j

DrivabilityAgent f: / \

StartWarmupAgent
Cold start profiling.

Anti-jerk & torque filter
analysis. /
IUPRAgent
OBD compliance | !
monitoring. 4

Coordinated by a Central Brain

/ for per-cylinder detection.

0

MisfireAgent
Uses CSVA, FFT, and ML

.-'.--l.

DFCAgent

Parses P/B/C/U codes,
~/ analyzes freeze frames.

Diagnostic =
Orchestrator \f WLTPAgent
- / Validates drive cycles &
~/ emissions compliance.
F FuelAgent
| , Calculates BSFC, identifies
GearAgent ~/ efficiency islands.

JetBrains Mono

Detects gear hunting &

rapid shift events.
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DiagAl: From Raw Data to Engineer Report
Workflow: Smart Signal Matching & Automated Reporting

Ingestion

{

—
II—

-

"’ |

» Supports MDF/MF4 (up to 1GB),
CSV, and Excel.

+ Auto-detects FEV nomenclature
files for signal renaming.

-

Analysis Logic

0

 Smart Signal Matching: Uses
Fuzzy logic to map signals (e.q.,
“Veh_spdVeh" -> "Speed").

« Statistical Analysis: Z-score,
IQR, and cross-domain
correlation.

Example Case

-~

Output

* Professional PDF Reports with
automated Plotly visualizations.

« Content: Time-series plots, FFT
analysis, Heatmaps, and
Engineering Summaries.

[ User Query: “Analyze Misfire" —» MisfireAgent detects event —» Generates Severity Plot —» Outputs Engineer Report.
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Visual Intelligence: Efficiency & Misfire Mapping

Automated ldentification of Optimal Operating Zones

Engine Torque (Nm)

Efficiency Islands Analysis
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Misfire Severity Index

Misfire Severity Analysis
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HELIX: Cloud-Native ECU Calibration

Removing the Desktop Dongle Dependency

Pt I F

The Problem - Legacy | The Solution - HELIX

Legacy tools require expensive dongles (XETK), VPNs, | Web-based XCP Master Proxy replacing local software.
and per-seat licensing (approx €10k). | SaaS model with real-time WebSocket capabilities.

Technical Specs

{ Architecture: Backend (FastAPI) + Frontend Transport: Supports XCP on TCP/IP ~ Status: Foundation Complete, Active
(Next.js) + Real-time WebSocket Layer. (Ethernet) and UDP. Development on Real-Time Layer.
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Engineer / Browser

b

Remote Calibration Architecture

WebSocket /
HTTPS

Latency-Resilient XCP Streaming

r

Cloud XCP Gateway

il Ll

li— ooo
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Y o

Next.js Frontend

Internet / 5G
(TLS Encrypted)

Vehicle Agent

=,

i“t' ’:‘!IEZI
[

8 A

Acts as XCP Master
Proxy.
Manages TCP
connection pools.

Ethernet /
XETK

\,

Lightweight
Python/Docker Agent.
Local buffering for
latency management
(B0-250ms resilience).

'

Latency Management: Uses command batching and local buffering to ensure stable flashing and 50-100Hz DAQ streaming

over unstable cellular connections.
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Enterprise Data & Workflow Management
vCDM-Compliant Project Control

p

= HELIX

Variant Tree

[ Project_VB8_Engine
= Base_Calibration v1.0
— Varant_US_Market [Active)

= Variant_EU_Market [Frozen)

!
i3

Work Packages Kanban

To Do

Tune ldle Spark

Q

Pending

Boost Control v2

B
L

In Progress

Cold Start Validation

F)

Aot

Stanimes Validation

(f)]

Validation

EGR Map Refine

L

Eade Map Refina

2

Done

Boost Control v2

3

[, pe—
D —

0 —

Q)
‘o)

Variant Management: Full
variant tree structure with
freeze/unfreeze capabiiities.

File Handling: Advanced
parsing for A2L (ASAM MCD-2
MC) and HEX files.

(Roboto and JetBrains Mono)

Work Packages: Track changes
with status transitions,
permissions, and merge logic.
(Roboto)

RBAC: Role-Based Access
Control for departmental security.
(Roboto and JetBrains Mono)
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Competitive Advantage Matrix
The Modern Suite vs. Legacy Incumbents (AVL, ETAS, Vector)

rll'-

Feature Category
Al / ML

Platform

Cost Model
Collaboration
Optimization

Deployment

Legacy Tools

Basic / None

Desktop / Windows-Only
High per-seat (€10k+)
File-based / Siloed

Manual / Grid Search

Complex Hardware (Dongles)

CIE / DiagAl [ HELIX Suite

Advanced (Bayesian Opt, XAl, Multi-Agent)

Web-Native / Cloud SaaS

Scalable SaaS

Real-time / Multi-user

Automated Constrained Bayesian

Zero-Install / Cloud Gateway

& NotebookLM



Modern Implementation Stack

Scalable Technology for IT & DevOps
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: PyTorch / Scikit-
FastAPI (HELIX) / Celery + Redis | .
Backend & Al I:g:;:::ill: Flask (CIE) = (Async Tasks) Lear? ;ILgng?ham
JetBrains Mono JetBrains Mono , i
J & J E JetBrains Mono !
v
J |
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r DuckDB L PostgreSQL e ChromaDB
Data & Storage (Time-series Signals) | (Metadata) - (Vector/RAG)
l JetBrains Mono JetBrains Mono JetBrains Mono
- v ' Aa L

N\

Deployment

Docker
Containerization
JetBrains Mono

AWS [/ Render /
Heroku Compatible
JetBrains Mono
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The Future of Automotive Engineering

Production-Ready Intelligence. World-Class Optimization. Anywhere Connectivity.

- Y e Ny
CIE Pro DiagAl HELIX
_ 7 1,817 CDM |
50-70% | | 1, vV
Test Time Reduction Signals Indexed Fully Compliant —
Pl 2
92.9% Feature Engineer-Level - Remote XCP
Success Rate Multi-Agent Analysis Architecture Validated
v . v

Transforming the stack from fragmented desktop tools to a unified, intelligent cloud ecosystem.
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