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What is HIL? IIIII
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E/E Architecture Transformation

Body & Comfort Chassis & Safety Connectivity

Traditional E/E
Architecture

Segmented Interfaces
High Interface Standardization

Domain
Controller

Body &
Comfort

Service Oriented
Gateway

Domain
Controller

-

ADAS

ik

Powertrain

Domain-Centralized E/E

Architecture

Segmented Interfaces

ADAS and IVI Interface Fragmentation

Zonal 10 Zonal 10
Control Control

Central Compute
Gateway

Zonal 10 Zonal 10
Control Control

i ©

[l Body & Comfort [] ADAS & AD [ Powertrain [0 Connectivity

Zonal/Central E/E
Architecture

Converged Interfaces
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The Drive towards Software Defined Vehicle (SDV)

Platforms

Software Defined Vehicle Platforms

Software
Platforms

\Y,
Cockpit
Connectivity

Security

E/E
Platforms

Zonal
Centralized
Sensors
Connectivity

Security

Cloud
Platforms

OTA

SAAS

Digital Twin

Analytics

Security

Industry Challenges

- Race to capitalize on billions of $$

of unrealized potential

- Paradigm shift requiring innovation

and disruption of traditional
technologies

Mounting time to market pressure
Constrained resources

* Increasing safety, security
regulatory pressure
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How SDV Validation is Evolving

Software Defined Highly Automated Test Platforms

Software Enable Efficient Workflows

Software
Platforms

ADAS
Simulations

CICD

Virtualization

Connectivity

Security

Hardware
Platforms

Flexible

Software
Defined

FIU
Connectivity

Security

Cloud
Platforms

Linux
SAAS
Digital Twin
vECU

Security

Key Principals

+ Aligned to customer platforms

we need to build test capability
around the same three pillars.

+ Unified software & hardware

platforms, reduces silos and
maximises leverage.

»  Customer workflows are

increasingly being depended
upon to drive high autonomy,
utilisation and operation
efficiency.
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Typical Challenges include...

$ Cost and Resource Management

°..° Manage Many Suppliers
E@E Distributed Sites Across The World
& Handling Big Data and Data Processing

Pﬂ Increased Volume

v
Deploy Current Testers to New Sites
(9]

CE NS

(@ &

-
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Meet Technical Specifications & Safety Certifications

Faster and more efficient HIL testing

Deal With Obsolescence

Fit Current Floor Space

Reusability of the investment (systems & IP)

Global and Standardized Supply Solution
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The NI HIL Advantage

-

I/O BREADTH

A broad range of 1/0
ensures you can meet
the test requirements of
advancing technology,
including MIO, CAN, LIN,

Automotive Ethernet, RF, etc.

PXI
SLSC

Desktop HIL

L7

= .
MODEL INTEGRATION

Execute power electronics,
motor, and vehicle dynamics
models across desktop,
real-time, and FPGA compute
paradigms in
a single platform

L]
1]

ADVANCED COMPUTING

Test with higher fidelity
through high-speed
deterministic execution
of parameterized and
configurable models in 1/0
connected FPGAs

CUSTOMIZABILITY

A customizable, open
platform lets you adapt
to changing requirements
and lowers the risk of
purchasing a system

VeriStand LV FPGA Modular 1/10

MathWorks Collaboration OPAL-RT Partnership Flexible Software

Scale Across DUTs and Test Systems
Configurable | Scalable | Customizable | Hardware & Software

o8

INTEGRATION

Integration with standards
like ASAM XIL, FMI/FMU,
OSI and 3rd party systems
helps you adapt to changing
requirements and lowers
the investment risk

Standards

Open Ecosystem

Component HIL Sub-System HIL

System Integration HIL



HIL System HW Architecture

EMBEDDED
CONTROLLER e 1/0
W CHAssIS
CHASSIS

Instrumentation:
« Data Acquisition * RF, Radar, V2X, Navigation (GNSS) Helps our customers to handle switch, load, and
* FPGA-based 10  Digital I/0 signal conditioning (SLSC) modules targeted at
« Counter/Timer * Programmable Resistor embedded software, hardware, and system test.
* Automotive networks , * Faultinsertion - Enables larger switches for fault insertion

(CAN, LIN, FlexRay, Automotive *  Multi-Computing Modules _ _ o

Ethernet) - Signal-conditioned Measurement * Handles small to medium loads on a simple circuit
+ High-Speed DIO - Synchronization card
* Power Supply * Adds custom signal conditioning

* ADAS Cameras (GMSL, FPDL) * Reduces signal routing complexity

&
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Switch, Load, & Signal Conditioning

An open architecture for extending NI hardware

with Switches, Loads, and Signal Conditioning

targeted at HIL applications.

Enables larger switches
for fault insertion

Handles small to medium
loads on a simple circuit card

Adds custom
signal conditioning

Reduces signal
routing complexity
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NI SLSC

Fault
Insertion
Sensor
Simulation
Signal
Conditioning
Load
Simulation

Network
Interfaces

Power
Supplies

Analog
I/O

Digital
I/O

(SLSC) for HIL

Real-Time
Processor
Host
Interface

VeriStand
RT Engine

VeriStand
Ul
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Benefits of Standardized COTS HW Architecture

Other Suppliers’ Our Cabling System

Point-to-Point

Wiring

= High wire counts - Low cable counts
(100s-1000s) (10s-100s)

- Long time to wire . Short time to cable
and test and test
(1000s of hours) (100s of hours)

= Complex - Simple maintenance
maintenance - Modular and

- Low scalability reusable
and reusability - Quick feature

= Labor intense additions

feature additions
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NI HIL Software
A4 VeriStand

NI’s primary HIL tool and core for the HIL platform
Ready to Run Software for HIL

Model Integration
Customizability
Test Automation

Quickly Configure Systems

\’ Model Generation'
Addon

* MATLAB/SimuLink Model Generation
support to create VeriStand compatible
models

» Deployable to Windows Desktop and NI
Linux Real-Time target platforms

\’ HDL Coder!
Addon

» HDL Coder™ package support for NI
FPGA targets

» Map model algorithm 1/O to FPGA
onboard interfaces

» Generate HDL code, LabVIEW FPGA
project artifacts and bitfile

VCOM
Addon

NI’s Vehicle Communication Toolkit

provides automotive customers with:

* RestBUS simulation

+ Diagnostics & Calibration

* CRC, Counters & Database Viewer

* For CAN, LIN, FlexRay & Automotive
Ethernet

vECU
Addon

Revolutionizing Software Validation:

* Unlocking the Power of SDV Platforms
and Next-Gen Electrical Architectures

* Empowers customers to seamlessly
integrate FMI compliant Lv2/3 vECUs
into the VeriStand SIL/HIL environment

\’ Power Electronics
Addon

* Import and deploy power electronics
models and deploy to NI's FPGA
hardware platform

* Providing no HDL deployment and
reduced compilation times
* Applicable for signal and power level

ADAS
Addon

Providing industry leading real and

synthetic data replay and HIL capability

for ADAS data streams:

* Flexible plugin-based camera injection
solution leveraging NI's leading FPGA
GMSL/FPD Link products

GNSS
Addon

» Enabling plug and play connection of
industry leading Spirent GNSS
simulation capability

* GNSS and IMU data injection and
emulation

* Realtime or pre-defined trajectories

test scenarios

* Fully synchronised

" For MATLAB® and SimuLink® by The MathWorks

Y
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NI HIL Systems

HIL Specialty Partners + NI Services and Support

System Integration
Load Board Development
Custom Signal Conditioning
Software Integration
Startup Assistance and Technical Support

© o
°s

[ )
NI VeriStand

HIL Software Test Rack Busses, Industrial Comms
Infrastructure & Network Interfaces

General Purpose Products

v NI TestStand
DIAdem

Test and Data
Management Software

FPGA Enabled PXI
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ADAS/Infotainment Camera & Display Test TECHWAYS
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ADAS/Infotainment Camera & Display Test TECHWAYS
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ADAS/Infotainment Camera & Display Test TECHWAYS
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Increase Development Efficiency with HIL Simulation

Challenges (=X 2tx|)

Xtz ECU 42 57} 9 Lt AmESo] 2704 =i
(S}, X2, HAHe|)

Xt EA AZEE=SOR olot T T4t 8l
HIHL7IREZE AR/HE ER

ST ATEY 2FALL0 LS| et HE Z2MA
g3t eyt

HIL simulation improve product quality
XA O|To)| 2 AlR/AS

AlR7I2t B 3 A8 EY

HIAE / AS 72| x| Sci

XA Al 02 CIATHEIAE Tk

HIAE HH5d Sl

(B2 (07| HC0|E Al HEHAL 2231

New methods and tools are 1
required to deal with the \ Testing evolution
software complexity explosion
Virtual HIL Test-Stand In-Car
[ } f _—] _l. ”*TI“ ﬁ HIL Test Coverage in Validation & Verification
s‘"””aled con[,o’ Slmwaled Ha{m : S’mula’ed co""o'led - - -
and Environment and Environment Environment Environment Enwronmem
Project design cycle time

HARDWARE IN THE LOOP SIMULATION

—_—

RT Processor | I/O Interface

IR

J
Electronic Control Unit
Host PC Hardware in the loop (ECV)
Simulator
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ICMU H|0{7]| 7{ Challenges

Requirement : H|0{7| 2{|'& ICMU

SILS AlEl 25 o ARHAIE o oM
SILS ! X} A& 718t H|oj7| 22| AF
Camera Recording &H| 2§

SILS 7|1 AE

=]
Aol 22 FA MY =, Application Software 29| SILS Al 21t
gl

X} 2HH0IM Kjof7] 2id HB 3
AXt2H0llM real human testeret Mof7] 2ld 4=

TECHWAYS

ASS 98t MAHEE ICMU B4 22 R HILS 82 75 19

Challenges Record & Replay HILS =¢

AR SHZOIA HIO7] 1 M5 PSS MABIDE,
73 SH0IM ICMU 45 AS S 238t0] 02 Baist
£ K53 A ZTO| A30| of2iRie

Hlo{7] Application Software 2iHI0|E A,

Hlo{7] eIl 7| EHT 2t S ot 2HE0]A]
A sdsh="Ueto] gis.

HadstEl HI0]7] S/W Test ot sty

H|o{7] 22 ‘45 HALE Recording =]
HIL ZH[0lM ICMU 45 258 702t S4 =3t HofE] 2=

H|o{7] S/W Regression Test
AXt A0 M real human testeret ®0{7| 28l AEC2= S 2 7o 2710t
HE2 845104, ®017] 2{E ICMU S/W2| Regression TestE +3 7Hs

Replay HIL 0|83t Lab. S0l &xt % ®o{7] M5 HS
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ICMU 72t S8 22 R HILS

Ht A AR P

« 722t ICMU GMSL Atojol| 22 ZH[7t HA (Tap: Test Access Point)
: Raw Image (MIPI) 2t 12C HZEE Xl

« ICMUZ}7HHI2} Exposure, Gain, IR LED H|of (22 Et|= 12C2H FHl2tof|A] )
+ 12C Write/Read 7|55 7% : GMSL 12C EAOR #|K|AE] A Q! TIL|E{R

o A RIS YU 2L A CIAZY0] 715 HE (IR, RGB FAt 28 H3)

« 2= |R-RGB A2 GMSLE ICMUO| &3 (HIL 21Z20] 7]5)

+ Raw Image 2IZ2[0] AF2t S7[31E! ICMU CAN 22 7|55 7

» CAN E2E (Alive Count, CRC) M2&l Message &3

IR—RGB

GMSL ZHH 2}

Storage




ICMU 7it|2} & 22 R HILS &3

FtH|2t Ak 22 / HILS | - ¥

* IR-RGB7IH2t # S 22 7|s
« EZ A S|5kEl CANEZ VIS

IR-RGB
GMSL ZHH2t

NEZQC

GMSL

v

6Gb

GMSL ZtH|2t

ps %AF (RGB/IR, 60Hz)

vy

GMSL

3Gbps

o

AOF

FEEZ [HILS

[

*4TB 27 AEZ2|X| M5

/|- EItH 4ch FtoRt A7 Ths

27 3l

B+, IGN

GMSL

DC Power Supply

ICMU % B2

(B+, IGN)

AIdE

AFRX} OIE{H|O| A

AT ES|of ‘

220V AC

QIE{H|O|A XI5

1024Wh

LQHY3 - mhe| 83 17T 1.2A17F AME THs
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ICMU 7it|2} & 22 R HILS &3

7tH|2t S& 2Z / HILS Zt| — HILS 2E

* IR-RGB 7IH2t # S& 2|Z20] 7|5
+ 2|E0| Al™2 S7[eHE CAN 2Z 71S

IR-RGB
GMSL ZHH2t

GMSL

« 27JE1 7102 RAW 45l
GMSL &2{ 2|Z2{o|

o = 1 |
( ICMU CAN &3 27 ICMU H|o{7|

L
HILS 7] 8eds

B+, IGN

v

GMSL ZtH|2t

GMSL

6Gbps ¥4 (RGB/IR, 60Hz)

GMSL

vy

3Gbps Y4t

ICMUZE12C §AI 8%

DC Power Supply

ICMU H 35

(B+, IGN)

—_—— —TH

AZEgo] ‘

Xt QIE{m|o| A

Lab 2t50ilM 2| Z2o|

220V AC

ﬂ-: 2|E 220V AC X2

= QUEm|o|A XIZ
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ICMU 702} g4 24 Y HILS 7|5 2213

tH|2t =223

IR-RGB 7it2} B4t 22

12C, CAN H|0{ 5! 2L[EE
=2 Y L|A=2[0]

Replay HIL

IR-RGB 7it[2t Fe 2[Z210]
12C, CAN H|0] 3! 2L[EZ
c|S8[0] & ZLEE

IEEEEEE

IECENEEEEN

IEEEEEREEN:

IENENEEEEN

IEEEEEREEN:

ICMU IR-RGB GMSL 7}t|2t 22

REC OFF

CAN AlLtele £x |

I HILS 2EH FHA| |

IR-RGB 2|E2{ 0| E&
DLE2al

[ cANAlLzle 57 |

EEERIRE
ES=C
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ICMU 7t|2} G4 22 9 HILS 7|5 Demonstration

ICMU IR-RGB GMSL 7IH|2} 2Z

A2 AZE(F5) R A A st FS) ) 12C Viewer TDMS Viewer Gt E=
L
Power Supply 27! 20 0|2 (F4) ( prefix : YYMMDD_HHMMSS_) *
suug ()| BAT(R) Test A2 oHy
12. (A
5.0 0.0|A @ oFF —<|:|Gm (F3) ,Ez" 89 =2 Ay szqe SZOANZ ALLEe is:a;[a)'efgz'% ;’-l_alﬂlémliiglqﬁ‘l’é% Bene
@  oewa 000 ‘aeg [l e e
CAN 1 Tx ] onoiauae | Idle HDOE
ID Message Name Signal Name Value Unit | Data Time Signal Name Value Table Value
Ox1AA CLU_01_20ms Bx1AA CLU_Crc1val OxO~OXFFFF:CRCValue OXFFFF 1 0.0 VCU_GearPos5ta D x5
Ox1AA CLU_01_20ms Ox1AA CLU_AlvCnt1vVal Ox0~dXFF:AlvCntValue 0x0 2 0.9 VCU_EvDrvRdySta None 0
Ox1AA CLU_P1_20ms @x1AA CLU_SpdUnitTyp km/h ox0 3 0.0 CLU_SpdUnitTyp fan/h [
Ox1AA CLU_01_28ms Ox1AA CLU_DisSpdval 0 km/h o 0x0 4 2.0 CLU_DisSpdval ox78
ox35 VCU_01_10ms Bx35 VCU_GearPosSta Not Display at Cluster 2x9
CAN 1 Rx [ onouuae | Idle > il &
ID Message Name Signal Name Value Unit | Data Time Signal Name Value Table Value
ox171 _Sems @x171 ICC_FD_Crcival Bx0~OXFFFF:CRCValue 0x0
ox171 _Stms @x171 ICC_FD_AlvCntival Ox0~OXFF:AlvCntValue 0x0
ox171 _Sems @x171 Unknown 0x0
ox171 _Sems @x171 Unknowin 0x0
12C Bus
Address
CAN 2 Tx E
ID Message Name Signal Name Value Unit | Data
ox15 L_ISCM_02_0@ms Ox15 L_ISQM_Crc2val Ox0~OXFFFF: CRCValue OXFFFF
ox15 L_ISCM_02_eoms 0x15 L_ISCM_AlvCnt2val OX0~OxXFF:AlvCntValue ()
ox15 L_ISCM_@2_oams Ox15 L_ISCM_CrshActvStat Crash Inactive ox0
|
Type
CAN 2 Rx E Device Py Wiite
) Message Name [ Signal Name Value Unit | Data Address M Date
ox71 1oms Ox71 Ox0~OXFFFF: CRCValue 0x0 Ao Read
ox71 1us ox71 Poswal [0 OXTE o I -
ox71 1oms 0x71 Poszval | @ 0x20
ox71 1ams Bx71 0x0~OXFF:AlvCntValue 0x0 12C Result
ox71 10ms 0x71 PosXVal | @x@~dxFD:Value OxFD X
o5 16ms 0x75 Unknown 0@ e status Q) coce [ EGE
e Stamp
ox75 1oms 9x75 Unknowin ox0
Ox75 1ems Ox75 Unknown 0x0
|
ALE UE FPGA 5% HEf T HH 0.00B EZ U Idle CAN 1 B2 MEf CAN 2 H{£ MEf

= m_g ® R ©

TECHWAYS

REC OFF

1st CAM VCO (2]

1st CAM VC1 (@)

[@ALL & 1stCAM @ 2nd RH CAM @ 2nd LH CAM]

E2H0|E 27t 2819 GB / 3725 GB

75.7%

0.0 MB/s

27F 11:29
2025-11-19



ICMU iz} & =22

2% HILS 7|5 Demonstration

TECHWAYS

ICMU IR-RGB GMS

L 72t 22

REC OFF

ASAZ(FS) AL E (F7) 22 AR (F9) =2 F5 (F11) 12C Viewer as 3= (e} 30.4 FPS 206.9 MB/s|
ozls =23 o71=E
R =71 =0 012 (F4) (prefix: YYMMDD_ HHMMSS_)
Sl AER O BAT (F2) A A2 oHy
12.0|V Gupe iy | 0N o S20 BHARSL SYNT () HEE
1.0|a (Con .——[Icm () e zzgqy S=ASAZ cptge SRR
‘o@ 002 e:00 ‘aeg [ e
CAN 1 Tx m CAN 1 AJL}2|2 l idle ‘
ID Message Name Signal Name Value Unit | Data Time Signal Name Value Table
Ox1AA CLU_01_20ms Bx1AA CLU_Crc1val OXOOXFFFF: CRCValue OXFFFF 1 0.9 VCU_GearPosSta D
Ox1AA CLU_01_20ms Ox1AA CLU_AlvCntlval OxB~DXFF: AlvCntValue 0x0 2 0.0 VCU_EvDrvRdySta None
Ox1AA CLU_91_20ms Ox1AA CLU_SpdUnitTyp km/h 0x0 3 0.9 CLU_SpdUnitTyp km/h
Ox1AA CLU_91_28ms Ox1AA CLU_DisSpdval 0 km/h o ox0 4 0.9 CLU_DisSpdval
0x35 VCU_01_10ms Bx35 VCU_GearPosSta Not Display at Cluster 2x9
CAN 1 Rx [ eweoauae \ tdie | B &
ID Message Name Signal Name Value Unit | Data Time Signal Name Value Table | Value
ox171 77 T1.56ms @x171 ICC_FD_Crcival 24486 DX5FAG
ox171 \_56ms @x171 ICC_FD_AlvCntival 15 OxF
ox171 |_50ms @x171 1CC_Symd Ready Ox4
2x171 \_50ms @x171 No Blockage ox2
1st CAM VC1
l12¢ Bus PR | BEEH
Address
11:29:40 | 82 W
CAN 2 Tx B 11:29:43 | 80 W
D Message Name Signal Name Value Unit | Data 11:29:43 | 81 R
(55 L_ISCM_02_0oms Ox15 L_ISQM_Crc2Val OXO~DXFEFF: CRCValue OXFEFF 11:29:44 | 89 "
ox15 L_ISCM_02_0ams Ox15 L_ISCM_AlvCnt2val 0x0~0xFF:AlvCntValue 0x0 11:29:44 | 81 R
ox15 L_ISCM_92_0ams Ox15 L_ISCM_CrshActvStat Crash Inactive 2x0
|Send
[Type  DMASEE
CAN 2 Rx B |Device | 80
D Message Name Value Unit | Data | Address =
ox71 L1000 _Uon_0 L R 20646 Bx50A6
o7l | 1oms 0x71 Poswal | Tnvalid oxFF E:ﬁgt . TR
ox71 1oms 0x71 [Poszval | Invalid BXFF
ox71 1oms @x71 8 oxs4 12C Result
2x71 10ms 0x71 lPosxval | Invalid OXFF X
ex75 10ms 0x75 Active o3 Eg‘e
ox75 10ms 0x75 Unknown ox0 P |® AL ® 2nd RH CAM @ 2nd LH
Ox75 1oms Ox75 LHD Vehicle ox1
1
AlAE 4E Running FPGA S3t MEj Acquire S HE 2.08kB 22 45 Idle CAN 1 H{2 MEf  Error Active CAN 2 H{A MEf  Error Active LC2t0|E Z7t 2819 GB / 3725 75-1%
2% 11:30

L N

2025-11-19
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ICMU 7t|2} G4 22 9 HILS 7|5 Demonstration

PLAY OFF

| ICMU IR-RGB GMSL 7HH|2} HILS

A|ASH AIZE(F5) AjA ) A4k AZE(F9) 14 = 11) 12C Viewer TDMS Viewer 15t CAM VCO (@) 1st CAM VC1 O 0.0 MB/s '
= 0i71s THEE
Power Supply =0 z=| 7| H
S AER O BAT (F2) XS ON/OFF ~ XBE 0.0 %| ALS oHY
12.0 01 0.0|v Ouptut (F1) . OFF . OFF Az A | YY-MM-DD HH:MM:SS AIZEO0| BX| 0] USLICE AI2ES
« . —— M KjAE AjZF CAN A2 AIRSISMA AILES RS H, BYREL
W]A | 0.00A @ oF Hieni(r) | oz mmam| 25-11-19 11:36:56 TE AT |Ser/Des M2AS o ICMUS] RS
@ o B0 sec o z=| YY-MN-DD HH:MM:SS | | 00:00 | @ong  ECIFAL
N == LR Test M AN ALEIR [ Idle H D E
=63 Y 20| AlEFAIE = AR Ist |2nd RH|2nd LH Time Signal Name Value Table Value
1 251118_150223_20min 00:00:59.466 | 00:00:00.534 | 00:01:00.000 . 1 2.0 VCU_GearPosSta D x5
2 251118_150223 20min 00:00:59.466 | 00:00:00.534 | 00:01:00.000 . 2 0.0 VCU_EvDrvRdySta None ]
3 251118_150223_20min 00:00:59.466 | 00:00:00.534 | 00:01:00.000 . 3 0.9 CLU_SpdUnitTyp km/h 0x0
4 251118_150223_26min 90:00:59.466 | 00:00:00.534 | 00:01:00.000 L] 4 2.0 CLU_DisSpdval ox78
2nd RHCAM VCO O 2nd RHCAM VC1 O 0.0 MB/s
CAN 1 Tx B
D Message Name Signal Name Value Unit | Data CAN 2 AliE|@ l dle u = | m
D V.01 0w B Vau_EvDnvRdysta None d o Time Signal Name Value Table Value
0x35 VCU_01_10ms 0x35 VCU_GearPosSta Not Display at Cluster 0x9
Ox1AA CLU_@1_20ms Bx1AA CLU_SpdUnitTyp km/h [
Ox1AA CLU_@1_20ms Ox1AA CLU_DisSpdval [] km/h o ox0
CAN 1 Rx B
ID Message Name Signal Name Value Unit | Data
ox171 Séms @x171 ICC_FD_AlvCntival Oxe~XFF:AlvCntValue ox0
ox171 Soms @x171 ICC_SymStat Unknown ox0
oxi71 Soms ox171 Unknonn 00 Bkes
ax171 Sems 0x171 No Failure 0x0
ox171 Séms 9x171 Default 2x0
ox171 Soms 0x171 No Failure 0x0 2nd LH cAM VO O 2nd LHcaM Vel O 0.0 MB/s
ox171 Séms 9x171 No Warning 0x0
CAN 2 Tx B
ID Message Name Signal Name Value Unit | Data
Send g 7
Type A
Device B By Write
Address M Data
CAN 2 Rx B Read Read
D [ Message Name Signal Name Value Unit | Data Length - Data
ox71 _1ems @x71 0SM_Crcival OXOMXFFFF: CRCValue ox0
ox71 _1@ms 0x71 | OSM_AlvCntival OxeOXFF:AlvCntValue ox0 12C Result
ox75 1oms @x75 | OSM_1stRow_SymStat Unknown ox0
ox75 _1ems Ox75 Unknovin ) 1
ox75 _10ms @x75 Unknowin 2x0 ] [
| | B | [+ ALL @ 1stCAM @ 2nd RH CAM @ 2nd LH CAM|
AILE UE FPGA S% MEj S HE 0.008 TR ME Idle CAN 1 H{A AEj CAN 2 HiA AFEj EZH0|E 37 2810 GB / 3725 75.4 %
27H 11:36

2025-11-19
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MAXLE/X|A|XE H|0{7] VCU 7% Challenges TECHWAYS

Requirement : X|Ax} &|0{7] (VCU) 21 MIZHZC] 7|5 X M5 A2 HIL & 1= e

Challenges X|AIXEHILS =€

AR AIE 2132| X|[AIXE H[07] HE
2XE A 712 Fl0]7] ALER0] HE HEI31El H[07] S/W Test tot 2t
XIAIRF RI07] (VCU) @17 RIEHS 24T Al A1KH AL 915 25 At SHAUIM 07| M5 ZS AREH ZH| I3t Xo17] S/W Regression Test
VCU QUTE ZAL| Al AIE &3t 7S 30l 7 AQ 2 ol H= g|E Efolol =7} al *'ﬂ BH0llM real human testeret &[of7] 2l ZE02E= SY &4 713 =7t
i | Alﬂtlcl-;l-;ll " Qli?_;";i ‘:IE:_ZI_E_II‘ z_x'.lllocl’lytll'r’_: o3 ot RS oliAstof, Mo7| 2l X[AIXtF017] (VCU)2| Regression TestE
2 =|or — = of >l 7
mof7] el iSst Z5 BEe 0=y =S == = T s
X|AIX} HILS o|&¢t x[07] 7|52 =5 U AHS3t HE
o Hlof7| 2153 Als 3 E41 M5 AS0|H, BLIEYS S3
Hloi7] Application Software 2HIO|E Al, HO7| 715/ ZAL, HO7| EAE HO|A A4 B2 2!

HI0f7] ol 7|Z T2t St S0l ERERE

= ASHEL=
HE sdok= Weto| gils




X0 7|
—

HILS HW &3 A& HILS RACK
- P& Relay 2EA

Low Side/High Side

EPPR 22X 0f

Analeg Output

—

Sensor (iner)

Active Low / High ,' Dh‘

Sensor (Slgnal)

4 EA

>
10EA
-

30 EA

—_— ETEE

6 EA

Actuator A

(I
| vod v2|] o andull | wed ancino] [ i) )

- ofte ] Ha
12 EA
Analog Input
: Sensor/Switch DAt
Pulse Input ZEA
CAIN%J‘\-IJ HS: 3 EA
™ Moz g4 2A -
— RS5232 ’
TEST CASE 4
ECU releted information
N
TS_EDITOR — TS _EXEC
Testcese Template Eculnfo  TestSute Test Report
System related information Legend
EHAE HIAM OA|
HW_EDITOR >
- —Generate—p- B, oo o
. ra
E2E Mepping |EquipConfig 2
—Refered—s

TECHWAYS

ZH| 2
« ArQIKkl/RIAIKL HIOf7] ECUS) 7|5 S HIAE 43

FRAMNY

* X[AIX} Hlo17] /EH, E4, HAEE |/0 AS2[0|¥ U 5H
- AL/ 125 S5 s

* BOBHAE &
« SUBRACKS S35t
- DUTH /0 8d 2 S4 AH
* Excel 7|8t Test Case 44 % HIL &H| 28
« HOM MY

[HE Test Case

« HO{7] SW HH &9l

« CAN £ 22 17} (CRC, Alive Count 5)
« H0]7] ¥Z2 9 CAN B4 28 AI™

« HAE ALI2|Q 7[8E RI0]7| &2 Y EA NS
- HeHE AIY

AlEz{|o|M 3 ot



X|AIXt ®l07] (VCU) HILS 7 4

X|A|x} ®|o{7] HILS - Block Diagram

HILS RACK 7

RS232
1
= .
Break-Out
Physical I/0 Box
MBS
CAN
BAT
HESL 7HE St
LAN ! }
TERMINAL

BLOCK

TECHWAYS



X|AIXt ®l07] (VCU) HILS 7 4

X|AXt Mjo{7| HILS - 28 S/W +

" E{|AE FO|A AHAM O

» HILS HIAE AlsH xj|of & Xtz

- HIAE Hjo]E] XA

. BTN Y

* Main Test Ul &4

- 45 E3MUS T g
o7 Y& e ZLEF

= HILS H/W Interface 2& M9

= CAN E4I H|of

= Power Supply Mo

= MM, HO07] USH A2 A
(Simplified Plant Model Z%g})

- 22| M5 USH, S SHEYO]
- ECUHS 23

MRS SE S/W

HILS Main S/W

HILS H/W

TECHWAYS



NI HIL Platform0i|A J1939 LS

J1939 VeriStand Custom Device

« Native XNET 7[{tC2 J1939 LHE 7|5 F7}
- Address Claiming (FA&%g})
- Transport Protocol (CH22F H|0[E] FZ)
- DTC 22|

- 22 HE

TECHWAYS

D System Explorer - Default Projectnivssdf®
flle Edt Tools Help
S |«
W Default Project
=1 Q) Targets
=il Controller
- Hardware
5 @ Custom Devices

#4 Manitor

&3 Incoming

8 e OO of

Bl Simulate

& # Device 000
@ Incoming

& # Device_0x03
@3 Incoming
% QUGOING
Simulation Models
User Channets
Jr Calculated Channels
@ alarms
Procedures
XNET Datsbases
System Channels
a3 Aliases
4 Scales
S System Mappings
e Data Sharing Network
W3 System Initialization

11939 DB Import

Name

11939 Addon

CAN Port Termination
on

Baud rate [Bd]
p 500k

Incoming Decimation

- 410

11939 DB Path

wyhjWPTyeCt | A1 XE_HilsWvertistand TestwTest 251028WCANDEWI1839
s Addon_251051_151608.xmi

XNET Database

% 11939 Addon_251031_151609

XNET Cluster
% 11939 addon 251031151609 Cluster

Vession
425

Qutcoming Decimation

410

Enable aifle
Oorron

K@ System Explorer - Default Projectnivasdf
Fie Edt Tools Help

MSH | & nE
® Default Project
T 31939 Monitor Page
= Hesdmrn 31939 Monitor contains name and address parameters for the simulated node.
& Custom Devices
=¥, 11939 Addon

3 Incoming
a1 Single Point

. Outgaing
0 Cyclic
»$ Cyclic Event
B A Event Triggered
& Simulate
& i Simulation Models
User Channels
F Calculsted Channels
Alarm:
Procedures
& XNET Databases
11939 Addon 251222 171506
@ 3?7 System Channels
A5 Aliases
“d Scales
System Mappings
Data Sharing Network
W3 System Initiakzation

What do you want to do?
Set 11939 Address

Set the 71939 network address for the custom device in the 11939 Network Address field. This is the address
custom device wil claim on the network. Select an address value that is not claimed on the network as this
custom device doss not neogiate if anather device exists at the reguested address.

Set 11939 Name
Set the 71939 network name for the custom device in the 11939 Name field.

Delete multiple frames

To delete multiple items, right-click desired device in the configuration tree and select Delete Multiple Frames
from the shrtcut menu.

11939 Network Address 11939 Name
0 0

linclude Dest Address in PGN?

[l enforce Source Address?

Ouster ECUE

uE |
1. Clustsr SR0K Cluster HUBT
ECU Node SEOL [HUE HUELE
SE GUE 7| BOR Tk Messagelt Rx Mesagrl HBED)
3 4%0 MENG ORSY 25 RS HES 2 LS URE OSR0

* Cluster - CANGDE) Network® WERCH Protocal SRS

et Cluster Ust T Message Uit Total Message List
Cluster [ o Timing Type | CycleTime MName Vertstand Rx Usedd?
EICEE | | o0 | RecehePoNSlAs £CUTK Cydc 00500005 CANT, CANZ ReceliePGHE 1443 £CLTK O
xCFO0MD0 | ReceivePGNB1444 ECU T Cydc 00100005 | CANY, CANZ RecelvePGHB 1444 ECL_TE NO
OcIGFECADD | ReceivePGNES226 ECU T Event 00000005 | CANT, CANR ReceivePGHE 1450 MAST TX NO
OcIGFEFD0 | ReceivePGNG5263 ECU TK Event 00000005 | CANZ ReceivePGH3226 ECUTX NO
rIGFFIG0] | ReceivePGN65302_ECU TK Cydc 0100000 s | CANZ RecelvePGNGS226 FSCU NO
OXIGFFIS00 | ReceivePGNES305 ECU T Cyde 01000005 | CANZ RecelvePGNGS226,F1p NO
ReceePGNES226 TCU NO
ReceintPoNG3263_ECUTE NO
ReceirePGNE3291 FINGERTIP TX No
et £cu Ut o Meage Uit RS LT po
o  ECL
= frer Lol LB Feceie Send PG 85 CLUSTELTX "o
Device Cagt None. SengHCEPGNS1460_ CLUSTER TX NO
Device 0o33 None. SendHCEPGNGS132_ CLUSTER TX NO
Bevice 014 | None: SendHCEPGNGS241_CLUSTER TX 0
Device 020 None SendPGN1,SA14, CLUSTER T NO
e SendPGH1_SAZF_CLUSTERTX Device 0x2F | Device. 001 NO
Device 030 None. SendPGNI9936 CLUSTER TX Device 0xE6 | Device 0x00 NO
Device 632 | None

Device 0xE6_ None

YT ECU A4T Mot used Message List
Setting 2718 ) Narme Timing Type | CycleTime.
TpelE T s A BBD12D | ReconuPGNETAS0MASTTX Cyele 2010000 5 | CAN2
O<TBFECATE | RecevePGNBS226,FSCU Event 0000000 | CANY, CANZ

e AT | e RS2 Event scesees s cant
oot = WePGNES225.1CU Event 0000000 | CANT, CAN

0B 712 Tx AN OcIBFFIB30 | RecsviPGNES29! ANGERTTK | Cycic 0010000 5 | CANY

Wonitordd RXE MEBCL  0ciBA00503 | Receive Send_PGNG1445_CLUSTER TX| Cyclc 0100000 s | CAN

(DB 718 Re AT A8 X gxCFOT4ZF | SendHCEPGNEI4G0_CLUSTRTK | Cyclk 0.
'5"5':"“;:":0‘,‘ e OrCFEGCEE | SendHCEPGNES 132 CLUSTRRTK | Cyclkc

R MANSE tawr,  OVEFEDIE | SendMCERGNEs2Hl CLUSTRTM | Cycle

S8 %0 ECUE DvieS  G6C000TIA | SendPGh_SA14 CLUSTER TX el 0010000 % | CANZ

s280 0:000012F | SendPh1_SA2F CUSTER TX Cyelec 0.010000 5 | CANY, CAN2
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X|AIXt Mjo{2] HILS 7ls

Demonstration

X AKX H O 7] HILS

Forklift 2 | 45D-9VB_Mech 3 ME] %% | TC Template_260105

TECHWAYS

i3 2026/01/13 11:03:39.0

xt=a}
1S3t

HIAE Foj2 X

AEE

[ TC Template

~ TC Template_260105

C:#TechwaysHDWY2025%Forkliftw45D-9VB_MechWVeristandwasD-0VB_ Mech.nivspr.

==
7t

ic
LD L] o a7 R w2

= . TC Template_260105

=
45D-9VB_Mech - VeriStand 2024 Q4

File Edit Operate View Help

1| TC Template_260105

AIE EHAE #Hoj2
TC_01 Sample - Test - 001

| [ TCTemplate 260105 TC 01 Sample - Test - 002

TC Template_260105
TC Template_260105
TC Template_260105
TC Template_260105
TC Template_260105

Sample - Test - 001
TC_OZ Sample - Test - 002
TC 03 Sample - Test - 001
TC_03 Sample - Test - 002
TC.03 | Sample - Test - 003

o

2026-01-13 274 10:59:33
X

e 9 B Az 2026-01-13 24 11:03:15

Power Supply - BAT

o
©®

sar @ oFF

SENSOR FUEL SENDER
(AIN RES TEMP 01)

i»/'

T/M temp sender
(AIN RES TEMP 03)

| @ Connected ‘ 45D-9VB_MECH.nivsscr *

21 SystemDefinition.nivssdf - ¢

H HYUNDAI
XITESOLUTION

Power Control Setting
Power Supply - SIGNAL

.o
®

Power Switch

16Nt @) oFF

Analog Input

SENSOR HYD OIL PRESSURE
(Analog IN 05)

V—
P oy
RN

SENSOR HYD OIL TEMP.

— X
1 e 0.00V
T
0 9 2034 5 6

SENSOR T/M OIL PRESSURE
(Analog IN 07)

—

P TR R CEy LRy

0 1 2:3 4 56

SENSOR LOAD INDICATOR
(Analog IN 02)

P — oV

@ T2 34 56
SENSOR HYD OIL PRESSURE 2
{Analog

—Im

||m||m|.m|m|||m|un| -
01 2 3 45 6

Digital Input

SW FORWARD
(Digital IN 09)

SW ENG START SIGNAL
(Digital IN 18)

SW LH TURN
(Digital IN 01)

€

(Digital IN 12)
&
N

SW PARKING PRESSURE SW SEAT SW AIR INTAKE PRESS
(igital IN 24) (Digital IN 23) (Digital IN 16)

() ©

SW INCHING SW DPF REGENERATION ~ SW DPF INHIBIT
(Digital IN 21) (Digital IN 19) (Digital IN 20)

SW RH TURN
(Digital IN 02)

SW REVERSE
Digital IN 10)

SW NEUTRAL
(Digital IN 11)

SW GEAR SHIFT
(Digital IN 25)

SW ENG OIL PRESS
igial N 15)

SWTILT LEVER  SW SEAT BELT
(Digital IN 05) (Digital IN 06)

Digital Out

RELAY ATTACH CUT  RELAY TRAVEL CUT  RELAY SHIFT 2F RELAY HYD AUTO REGEN RELAY SHIFT 15
(DIGITAL OUT LOW 02) (DIGITAL OUT LOW 03) (DIGITAL OUT LOW 04) (DIGITAL OUT LOW 06) (DIGITAL OUT LOW 08)

[ won W won W wou Wl wows W wons |

RELAY WARNING BUZZER RELAY ANTI RESTART  RELAY AUTO PARKING RELAY BRAKE
(DIGITAL OUT LOW 09} (DIGITAL OUT LOW 10) (DIGITAL OUT LOW 11) (DIGITAL OUT LOW 12)

E Pulse Sensor Input

SENSOR SPEED Plant Model
(E PULSE SENSOR SPEED (VRS, HALL)) (Forkift)

[ Disable Model m

ENGINE RPM
(CAN)

DPF XSS 7 vl Hof ‘2
(EPPR OUTT)

1500

63445 635 636

SENSOR ENG COOLANT TEMP

AP IIS71X

J1939 Command

OCCURRENCECOUNT

DPF LAMP

CHECK LAMP

HAL 22 AZH

N
AN BB AT

00:00:00
2026-01-13 27X 11:03:15

M AE B A PASS FAIL ERROR
7 7 0 0

AEE BE AR HE

=
&
3
AW BE
sW uiH
DB Bi%

ail g Al AE Y LER

> AE AlZEF

2zE 7HE B MY EA

D\HD\V2025\Forkllﬂ*\45D 9VB_Mech\2026-01-
& 13\ 260113_105933

£ Errors and Wamnir Output

v1.0.59.24 TECHWAYS




Key Takeaways

1

Validation & Verification
Efficiency

2

ECU Software Regression
Test with HIL

Scalability

Testing time was reduced by our new workflow

ECU Software regression test can be covered with HIL environment

HIL system supports various forklift vehicle models

TECHWAYS
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Tel 031-737-4750
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E-mail huhkh@techways.co.kr
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Copyright(c) TECHWAYS All rights reserved.



	Slide 1
	Slide 3: What is HIL?
	Slide 5: What is HIL?
	Slide 7: What is HIL?
	Slide 8: E/E Architecture Transformation
	Slide 9: The Drive towards Software Defined Vehicle (SDV) Platforms
	Slide 10: How SDV Validation is Evolving
	Slide 11: Typical Challenges include…
	Slide 12: The NI HIL Advantage
	Slide 13: HIL System HW Architecture 
	Slide 14: Switch, Load, & Signal Conditioning (SLSC) for HIL
	Slide 15: Benefits of Standardized COTS HW Architecture
	Slide 16: NI HIL Software
	Slide 17: NI HIL Systems
	Slide 19: Thanks for your time!
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

