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W h o  a r e  w e ?

Who are we ? 
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Why Rig-based Testing?
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F R O N T  L O A D I N G  V E H I C L E  D E V E L O P M E N T
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F R O N T  L O A D I N G  V E H I C L E  D E V E L O P M E N T

Cost of fixing issues
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Many virtual 
prototypes 
at low cost.

Open to 
anyone to 

use.

Earlier detection enables faster time to market and lower cost.
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Vertical Toolchain
O v e r v i e w



C U S T O M E R  L O V E U N I T Y I N T E G R I T Y G R O W T H I M P A C T 11

O v e r v i e w  o f  V e r t i c a l  T o o l c h a i n

ViL
Vehicle or Dynamic Lab Car with 
each wheel connected to a dyno 
for road simulation

PiL
Propulsion components 
connected to dynos with vehicle 
model simulated

HiL
Real ECU connected to virtual 
vehicle model

SiL
A desktop-based environment 
with vECU connected with 
virtual vehicle model

MiL
Low fidelity Simulink models to 
form the vehicle model

❖Safe Fail Fast Environment
❖Signifcantly decrease 

development costs
❖Earlier software and feature 

development
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Test Assets
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XIL (SIL to HIL to PIL to DIL to VIL to Road) Correlation is KEYXIL (SIL to HIL to PIL to DIL to VIL to Road) Correlation is KEY
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X I L  U n i f i e d  F r a m e w o r k   &  W o r k f l o w  

Test Automation Method

Vehicle, Environment & 
Driver Model

Powertrain & NGD Model

One Test, One Driver, One Model -> Correlation Powers Rig to Rig Testing
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C o r r e l a t i o n  D a t a  S I L  v s  P I L  

S I L  v s  P I L  C o r r e l a t i o n  – T r a n s i e n t  T e s t  C y c l e ( U S  M a r k e t  S C 0 3 )  

Good correlation of vehicle speed, pedal, total HV battery energy consumption, EDU torques and oil temperatures
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What is Software in Loop?
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I n t r o d u c t i o n  t o  S o f t w a r e - i n - L o o p  C a p a b i l i t i e s  

W h a t  i s  S o f t w a r e - i n - L o o p ?

Design Intent

Virtual Replicas

Physical Prototypes

Across the 
System V

Digital Twin
Virtual prototypes
System Simulation

Virtual ECUs

Virtual L3 Hardware-in-Loop Rig

Virtual Powertrain level system model

Vehicle 
Dynamics
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Software in Loop Use Cases
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U s e  C a s e  E x a m p l e  1  - S t a t i c  D r i v e r  i n  L o o p  C o n n e c t e d  w i t h  a  S I L  V i r t u a l  R i g
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U s e  C a s e  E x a m p l e  1  - S t a t i c  D r i v e r  i n  L o o p  C o n n e c t e d  w i t h  a  S I L  V i r t u a l  R i g
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U s e  C a s e  E x a m p l e  1  - S t a t i c  D r i v e r  i n  L o o p  C o n n e c t e d  w i t h  a  S I L  V i r t u a l  R i g

FAIL SAFE

Virtual Environment
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Nürburgring

Davis Dam

Grossglockner

Real vs Virtual 
Gradient 

< 2 hrs

U s e  C a s e  E x a m p l e  2  – V e h i c l e  a t t r i b u t e  v e r i f i c a t i o n  u s i n g  S I L
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Verify & coarse calibrate sw 
using SIL

Fine tune & validate sw 
using PIL
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U s e  C a s e  E x a m p l e  3  – T r a c t i o n  L a u n c h  f r o m  S t a n d s t i l l  o n  V a r y i n g  R o a d  S u r f a c e s

D e v e l o p m e n t  o f  B E V  T r a c t i o n  C o n t r o l  F u n c t i o n s - T r a d i t i o n a l  D e v e l o p m e n t  A p p r o a c h  

Pedal 

Rate

Entry 

Speed 

Target 

Pedal

W/O 

Trailer 

BEV

Vehicle 

Mass
Mu vs 

Distance 

Standstill vs 

Rolling 

Terrain 

Modes

❖ Typically, weeks of test time

❖ Constraints – environment, driver safety, driver fatigue

❖ Low noise factor coverage 

❖ Testing in realtime 

❖ Mostly – verifying software logic, software integration & course 

calibration activities 
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U s e  C a s e  E x a m p l e  3  – T r a c t i o n  L a u n c h  f r o m  S t a n d s t i l l  o n  V a r y i n g  R o a d  S u r f a c e s

D e v e l o p m e n t  o f  B E V  T r a c t i o n  C o n t r o l  F u n c t i o n s  – M e t h o d o l o g y  

❖ A comprehensive DOE Methodology was 

created using SIL XIL Toolchain 

❖ 6 noise factors identified

❖ 450+ unique noise factor combinations 

generated 

❖ The DOE was executed upto 70 times 

faster than realtime (3minutes of test time 

in total vs 3.75 hrs in real time)

❖ A small portion of test cases will be driven 

on a physical BEV rig to test robustness 

and fine tune the calibration content 

1

2

3
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U s e  C a s e  E x a m p l e  3  – T r a c t i o n  L a u n c h  f r o m  S t a n d s t i l l  o n  V a r y i n g  R o a d  S u r f a c e s

D e v e l o p m e n t  o f  B E V  T r a c t i o n  C o n t r o l  F u n c t i o n s  – M e t h o d o l o g y

1

2

3

❖ A comprehensive DOE Methodology was 

created using SIL XIL Toolchain 

❖ 6 noise factors identified

❖ 450+ unique noise factor combinations 

generated 

❖ The DOE was executed upto 70 times 

faster than realtime (3minutes of test time 

in total vs 3.75 hrs in real time)

❖ A small portion of test cases will be driven 

on a physical BEV rig to test robustness 

and fine tune the calibration content 
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What is Hardware in Loop?
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I n t r o d u c t i o n  t o  H a r d w a r e - i n - L o o p ( H I L )  C a p a b i l i t i e s  

V i r t u a l  E C U
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I n t r o d u c t i o n  t o  H a r d w a r e - i n - L o o p ( H I L )  C a p a b i l i t i e s  

R e a l  E C U
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Sensors
simulation

Measuring
Devices

HIL Simulator

Electronic 
Control

Unit

Networks

Actuators
simulation

I n t r o d u c t i o n  t o  H a r d w a r e - i n - L o o p ( H I L )  C a p a b i l i t i e s  

High speed 
simulation

H I L  i s  a  p l a t f o r m  t o  t e s t  a n  E l e c t r o n i c  C o n t r o l  U n i t ( E C U )  
i n  a  s i m u l a t e d  a n d  c o n t r o l l e d  e n v i r o n m e n t

C a p a b i l i t y  t o  r u n  c l o s e d  l o o p  v e h i c l e  s i m u l a t i o n
- S o f t w a r e  - H a r d w a r e  i n t e g r a t i o n  l e v e l  t e s t s
- S y s t e m  l e v e l  t e s t s  
- B a s e l i n e  c a l i b r a t i o n

Unified Vehicle Model
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HiL Use Case
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H I L  U s e  C a s e

Propulsion HIL

Inverter HIL

Propulsion & Inverter HILs

Customer

I would like to test features requiring 
interaction between Propulsion and 

Inverter systems

R e a l  E C U

O p t i o n  1 :

2  x  H I L s  t o  c r e a t e  a  M u l t i - E C U  H I L

P r o

R e a l  E C U s  c o m m u n i c a t e  t o g e t h e r

C o n s

H a r d w a r e  c h a n g e s  r e q u i r e d

T e s t i n g  p a u s e d

M o r e  c o s t  a n d  t i m e
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H I L  U s e  C a s e

Propulsion HIL

Inverter HIL

Propulsion & Inverter HILs

Customer

I would like to test features requiring 
interaction between Propulsion and 

Inverter systems

Advancing HIL Capability for better test coverage

O p t i o n  2 :

I n t e g r a t e  t h e  v E C U o n  e x i s t i n g  H I L

P r o s

N o  H a r d w a r e  c h a n g e s

U t i l i s i n g  e x i s t i n g  r e s o u r c e

T e s t i n g  c o n t i n u e s

L o w e r  c o s t  a n d  t i m e

C o n

H a r d w a r e  i n t e r f a c e  r e l a t e d  i s s u e s  
c a n  b e  m i s s e d

R e a l  E C U

V i r t u a l  E C U

Propulsion & vECU Inverter HIL

Inverter & vECU Propulsion HIL
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So What?
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F R O N T  L O A D I N G  V E H I C L E  D E V E L O P M E N T

40% less 
development time

Up to 60% fewer 
prototype cars

£10+ billion 
savings  

24/7 Test 
Automation Development testing equivalent to 40% 

of vehicle lifetime in just 14 weeks

Test up to 70x 
faster than real 

time

Repeatability to 
within 0.5%

100s of test noise factors 
controlled accurately 

575 tonnes CO2 
benefits

15 tonnes less 
scrap 



34

Sulabh Dhingra
Technical Special ist ,  V&V Test Methodology 

Powertrain Software,  Calibration & Controls 

Michael  Lee
Subject Matter Expert,  SiL Propulsion Design

Powertrain Software,  Calibration & Controls 

Thank You!
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