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Today’s Presenter

• ~20 years in Automotive / ~5 @ AVL

• ~Half at OEM

• Focus on Collaborative Research Projects 
to demonstrate and develop cutting edge 
AVL application solutions

• Languages

• Japanese / English: Great!

• German / Greek: Needs work…

Leo Xenakis CEng IMechE

Research Manager IODP [Graz]
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What is a Digital Twin (DT)?

DT definitions

▪ Digital Prototype: Generic start condition for DT – Standard calibrated model

▪ Digital Twin (DT): A digital representation of a physical system that is kept 
SYNCHRONISED (updated) with the state of the physical system

▪ Digital Shadow: Telemetry data from the vehicle to update the DT

How is this telemetry data used

▪ Online data: To perform predictions using the current state of the vehicle

▪ Offline historical data: To update the calibration / parameterization of the DT

1 DP
Many 
Real 
Vehicles

1 DT
for each
Vehicle

DS Data
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Why Digital Twins?

• ~ RT execution

• <2% Accuracy

• Accurate representation of 
vehicle for virtual 
diagnostics and tuning

Use-cases

• Complex issue 
diagnosis and anomaly 
detection

• Software update 
validation

• Fast x1000 RT execution

• <5% Accuracy

• Future prediction of key 
variables for vehicle 
control / management

Use-cases

• Look-ahead for control 
(thermal / driver aid 
etc)

• Fleet management 
prediction algorithms

Fast DT 

Future prediction

High Fidelity DT

Detailed Investigation

• Self-Adapting models

• Investigation of any 
current or historic 
vehicle/component

• High speed comms with 
other cloud resources

• Offload compute from 
vehicle

• Fleet level calculations and 
interactions

Common Attributes
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NextETRUCK 
Models

DTs and Simulation Speed Overview

Faster than real-timeSlower than real-time

3D Simulation (CFD)

1D Simulation 

(e.g., crank-angle based)

1000x

▪ BOOST and FIRE DTs are possible, but 
updating such models automatically is 
not easy

▪ Focus is on RT or faster models

Digital Twins need not be 
full fidelity models of the 
full physical system

▪ DTs need only

• Have enough fidelity

• Execute fast enough

• Model only systems / 
outputs of interest

▪ to fit the use case
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What are the challenges?

Key Issues

▪ Live communication between cloud and vehicle

− Speed / Buffering / Data integrity / Security

▪ DT creation and update methodology (automation capable)

− Calculation of delta models

− Re-parameterize models (inc maps)

▪ Traceability of models/parameters

▪ Automated Pipelines for:

− Processing large amounts of data

− Parameterizing / generating updated DTs

− Cloud capable model deployment and execution



|  | 12 September 2024 |/ 10Public

Digital Twin development timeline

Post-Production

Fleet

Development phase

System Definition
[Model Framework]

Digital Prototype
[Generic Models]

Fast 
Digital Twin

CAE

Patents pending

Data Lake

Supplier data

SOP
PaViLComponent 

Testbeds
Test Fleet

1   2
3   4
5   6

1   2
3   4
5   6 x1000s

1000s

x1000s

Digital Shadow
[Telemetry Data]

Digital Twin
[1:1 Sync’d Models]

Today’s Focus
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NextETRUCK Fast DT Cloud Architecture Overview

Real-Time Streaming DTs

On-demand DTs
[1000x Real-Time]

Management 
Systems

Physical Vehicle
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NextETRUCK Project 

Overview
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Next generation E-Truck demonstrator project

4 year project with 18 EU Partners

Develop:

▪ 3 Live demonstrators for 6 months

− Ford (Turkey), Irizar (Spain), DAF (UK)

− New required hardware and software

▪ Digital Twin Development Framework

▪ Full Fleet Management Framework

This research has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 101056740, under the title of NextETRUCK.
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NextETRUCK Project Specifics 

▪ GVW 7.5-20T

▪ 2-300km/day

▪ Overnight charging

▪ Delivery cycles

− Refuse / Variable delivery (Fixed base only)

− Depot - depot (Fixed end-points)

Project Goals

▪ 20% TCO reduction

▪ 10%+ improvement in energy efficiency

▪ Development and demonstration of new technologies
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Digital Twin Creation 

Framework
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Automotive SiL Components & Workflow

Controller 
S/W,

Models &
Interfacing

Co-
Simulation

Test 
Execution
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Model.CONNECT CRUISE M

Model Creation

NextETRUCK DT Workflow

End Users

OR

Model & Parameter Management  .

Parameter Management

CRETA

Model Management

GitHubInitialization and Calibration variables FMUs and Whole Vehicle projects 

Fast
DTs

Automation Web GUI

DevOps Pilot

Digital Shadow Data
Processing

CONCERTO

REAL VEHICLES DB Managers

High 
Fidelity

DTs

Communications

Simulation 
Engineers

Testing & Optimization

Digital Prototype Creation

AI Testing & 
Optimization

GUI 

AI Based 
Characterization & 
Reparameterization

Local or Cloud deployment

CAMEO for SiLDevice.CONNECT

FMU

DT Creation & Update

Co-Simulation Environment
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NextETRUCK high fidelity generic model base (FVVCP)

High Fidelity 400V
P2 Hybrid Truck 

Model
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High Fidelity Digital Prototype

Testbed or Vehicle Configuration
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High Fidelity Digital Prototype

Choose FMU components
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High Fidelity Digital Prototype 

Initial Parameter Setup
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High Fidelity Digital Prototype 

Main Control Window – Manual Control
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High Fidelity Digital Prototype 

Main Control Window – Cycle Execution
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High Fidelity Digital Prototype 

Calibration/Tuning Example
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High Fidelity Digital Prototype 

Post-processing Example
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CAMEO for SiL Interface for NextETRUCK
Main Control Window
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Trade-off visualisation

Journey time increase
0      2.5     5                10                15         20

High

Low

High fidelity Digital Twin with map API data access
• Predicts speed profiles, durability effects and total energy consumption

Time

Durability

Energy

Durability condition:
Energy throughput
Discharge-rate (max)
Temperature (max)

Energy 
KWh

Durability 
Index 

High

Low

Energy Consumption

Max Vehicle Speed 
reduction allowed to 
maintain traffic flow

Min Durability 
impact

Min Energy 
Consumption

Durability Index
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NextETRUCK Project
Secure Bi-Directional Communications 

System Overview
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Energy Consumption EC DT Usage Workflow

User request for 
Energy Consumption 

estimation

API-request containing 
journey and vehicle details

AVL
On Premise

API-response with 
predicted energy consumption

Internet

MQTT-Broker

Mobility-API

3. Request route via NNG

4. Simulate route with
AVL Route Studio

5. Calculate energy consumption
with AVL Fast Digital Twin

1 2

6
7
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Secure Data Transfer with the Cloud

Microsoft Azure, AVL On Premise, etc…

CAN

Real or Simulated
Vehicle

Smart Hub

SIM Card

Public 5G

MQTT-Broker

Double Encrypted 
Cellular/GSM

Device Connect 
Framework (DCF)

AVL on-premise solution Cloud Environments

Real Vehicle

OR

Inter cloud comms

Encrypted
HTTPS 
over

TCP-IP

Hardware Software

Device.CONNECT System

Workstation

USB 2 CAN

Model.Connect

Signal <> CAN 
conversion block

+

V
a
li
d
a
ti
o
n
 p

o
s
s
ib

le

a

a

a

Container

GRPC  
Server

APIs

• Here Maps
• NNG
• Route Studio
• …

Maximum vehicle
speed profile, 
weather data

Container 

Fast DT and Agent

Container

MQTT-
Broker

TDE-
Screen

Raspberry PI

Double Encrypted 
Cellular/GSM

Broker-
Hub
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Innovations on 

NextETRUCK
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CAMEO on Testbed

Automation on Testbed/From baseline data
- Full Fidelity Digital Prototype creation

DoE Data
High Fidelity

Models

Automate DoE 
Generation and 

Execution

Automate
Map/Curve tuning

Errors to DoE 
data minimized

Component 
Testbed or 

Manufacturer 
Baseline data

Tuned HF Digital 
Prototype

* Not performed on NextETRUCK project

CRETA

Parameter Storage
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Auto-Tune Physical Model Parameters inc. Maps (Components & Controllers)

E-motor efficiency map, PID controller map, battery ageing map… etc

Automated High Fidelity DT Tuning

Easily set limits and criteria to        
Auto-generate complex map shapes

No manual intervention necessary 
and up to 80% time saved compared 
to manual tuning

Auto generate maps 
to minimize errors

Simulate 
Cycle

Calculate new maps 
with ML Active DoE

Train ML 
model of 
behavior 
trends

KPI A

KPI B

KPI C

KPI D

Response 
delay T90 Overshoot

Undershoot

Sum of
Differences …

Integral

Calculate Errors 
vs Measured data

AI based map evolution to quickly get 
the best physical match 
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CAMEO in Simulation

Automated Fast model tuning (from High Fidelity model)
- Fast Digital Prototype creation

DoE Data
Fast

Models

Automate DoE 
Generation and 

Execution

Automate
Model tuning

Tuned Fast
Digital Prototype

Errors to DoE 
data minimized

Tuned High 
Fidelity Digital 

Prototype

CRETA

Parameter Storage
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Fast DT of Truck Energy Consumption

C
A
M

E
O

Fast 
Digital Twin
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Variable Acceleration and Speed ramps for EC Characterization
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Range Prediction based on “On-Demand DTs” (ca. 1000x Real-Time)

Fast DT Results for Cycle 
Energy Consumption 

<3% Error

Predicted (Offset for clarity)

Actual
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Automated Fast DT Tuning

▪ For fast DT

− Empirical – Almost no setup necessary

− Semi-physical – Formula constrained symbolic regression models 
(Reduced drift, better extrapolation)

− eg F(x,y) = Ax2 + Bxy + Cy3 + D where A to D can be constants or ML models

▪ Advantages

− Built-in Model error prediction

− Integrated hull calculation shows if interpolating or extrapolating and how much

− Models compiled to FMU, C, Python and Excel for running in any 
environment

− Fully automated via DevOps Pipeline, just feed new data!

− Including pre-processing of “messy” road data

Fast DT Results for Cycle Energy 
Consumption <3% Error

Predicted (Offset for clarity)

Actual
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CONCERTO CAMEO

Automated model tuning (from vehicle data)
- Digital Twin creation

Data cleanup

Tuned High Fidelity 
Digital Prototype

Tuned Fast
Digital Prototype

Automate Data 
Gathering and 

Processing

Automate
Map/Curve tuning

Automate
Model tuning

Errors to logged 
data minimized

Vehicle Data

Re-Tuned High Fidelity 
Digital Twin

Re-Tuned Fast 
Digital Twin

Repeat every month to update models

CRETA

Parameter Storage
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1 2 3 4 5 6 7 8 9 10
1
2
3
4
5
6
7
8
9

10

Model Validity Metric for DT updates

1 2 3 4 5 6 7 8 9 10
1
2
3
4
5
6
7
8
9

10 Base Model

1 2 3 4 5 6 7 8 9 10
1
2
3
4
5
6
7
8
9

10 New Output

Calculated Delta

x

+
Delta Model

Delta

Base New

1 2 3 4 5 6 7 8 9 10
1
2
3
4
5
6
7
8
9

10 Delta Model Validity

Base

New
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Exercise (please contribute, you know you want to!)

▪ How to handle multiple DT updates

− ie How best to combine different updates?

1. Update high fidelity, then recreate fast DT?

2. Delta models? Full new model?

3. Should you be able to “go back in time” with single model?

4. What should be done in the areas not covered by new data (extrapolate? blending? Keep base data?)

1

2

3

4
New

vehicle
data

Full extent of possible 
vehicle operating area 

5



|  | 12 September 2024 |/ 81Public

Automation of SiL project creation and DT deployment

Auto build the Project 
for specific 

Environment

Automated Configuration Builds

Orchestrator

Cloud SiL

On Premise

Automated 
Packaging

Test 
Report 

Build 
Output

Project 
file

AVL DevOps Pilot Pipeline

Hardware 
Models

Released / Tagged
Versions 

Configuration
/ Project 

Repository

Controller 
Models

Configuration

CI/CD/CT Pipelines

Test 
Cases

ECU

HCU

DCU

Variant / 
Parameterization 

Repository 

Concurrently in 

(semi)-physical 

test environment

DT Creation

Digital 
Shadow 
upload

Data 
Process

ing

Update 
DT

Deploy 
DT
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Summary & Look Ahead
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Supporting your full SiL Pipeline!

▪ FIRE: Full 3D CFD Simulation Suite

▪ BOOST: Full 1D Simulation Suite

▪ CRUISE M: Easy Creation of High fidelity vehicle models (inc. FMU creation)

▪ Model.CONNECT: Deploy Co-Simulations in any environment

− Simulate over multiple sites if FMUs can not be shared 

▪ CAMEO for SiL: Front-end for SiL execution and Tuning of DTs and controllers (inc. maps)

− The power of AI based testing for reduced simulation times and better models

− Robustness analysis for tolerance stack-up analysis

▪ CRETA: Full development lifecycle Parameter Management

▪ CONCERTO: Powerful Auto-report creation and data analysis

▪ Device.CONNECT: Secure real-time cloud communication

▪ DevOps Pilot: Automated SiL Deployment to cloud

− Including Auto-Deployment and Auto-Tuning of DTs to SiL environments

Get in touch for LIVE DEMOS or to learn more!
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Publicly declared SiL project partners



www.avl.com

Public

Thank you
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Q&A
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Contact

EMAIL

leo.xenakis@avl.com

PHONE

+43 (0) 
6644419755

LOCATION

Graz

AUSTRIA

WEBSITE

www.avl.com

mailto:leo.xenakis@avl.com
http://www.avl.com/
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Experience Cloud - the interactive platform to explore, try & learn more (demo setups will be made available) 


	Intro
	Slide 1: Digital twin development framework for NextETRUCK:  Real-time and 1000x execution speed DT Development
	Slide 2: Today’s Presenter
	Slide 4: Architecture Overview & Background
	Slide 5: What is a Digital Twin (DT)?
	Slide 7: Why Digital Twins?
	Slide 8: DTs and Simulation Speed Overview
	Slide 9: What are the challenges?
	Slide 10: Digital Twin development timeline 
	Slide 11: NextETRUCK Fast DT Cloud Architecture Overview
	Slide 16: NextETRUCK Project Overview
	Slide 17: Next generation E-Truck demonstrator project
	Slide 18: NextETRUCK Project Specifics 
	Slide 19: Digital Twin Creation Framework
	Slide 20: Automotive SiL Components & Workflow
	Slide 21: NextETRUCK DT Workflow
	Slide 22: NextETRUCK high fidelity generic model base (FVVCP)
	Slide 23:  High Fidelity Digital Prototype Testbed or Vehicle Configuration
	Slide 24: High Fidelity Digital Prototype Choose FMU components
	Slide 25: High Fidelity Digital Prototype  Initial Parameter Setup
	Slide 26: High Fidelity Digital Prototype  Main Control Window – Manual Control
	Slide 27: High Fidelity Digital Prototype  Main Control Window – Cycle Execution
	Slide 28: High Fidelity Digital Prototype  Calibration/Tuning Example
	Slide 29:  High Fidelity Digital Prototype  Post-processing Example
	Slide 30: CAMEO for SiL Interface for NextETRUCK Main Control Window
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37: Trade-off visualisation
	Slide 40: NextETRUCK Project Secure Bi-Directional Communications System Overview
	Slide 41: Energy Consumption EC DT Usage Workflow
	Slide 42: Secure Data Transfer with the Cloud
	Slide 43: Innovations on NextETRUCK
	Slide 46: Automation on Testbed/From baseline data - Full Fidelity Digital Prototype creation
	Slide 47: Automated High Fidelity DT Tuning
	Slide 49: Automated Fast model tuning (from High Fidelity model) - Fast Digital Prototype creation
	Slide 50: Fast DT of Truck Energy Consumption
	Slide 51: Variable Acceleration and Speed ramps for EC Characterization
	Slide 52: Range Prediction based on “On-Demand DTs” (ca. 1000x Real-Time)
	Slide 53: Automated Fast DT Tuning
	Slide 68: Automated model tuning (from vehicle data) - Digital Twin creation
	Slide 69: Model Validity Metric for DT updates
	Slide 70: Exercise (please contribute, you know you want to!)
	Slide 81: Automation of SiL project creation and DT deployment
	Slide 83: Summary & Look Ahead
	Slide 85: Supporting your full SiL Pipeline!
	Slide 86: Publicly declared SiL project partners
	Slide 89
	Slide 90: Q&A
	Slide 91: Contact
	Slide 92


