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Solutions to MIL-SIL-HIL
Solutions to test MIL-SIL-HIL

• Tested early and more 

• Develop many testcase

• Training engineers

• Difficult to transfer know-how

System 

testing

Integration 

testing

Component 

testing

Requirements

Architecture

System 

design

Implementation

Tool 

Vendor

…

MIL : Model in the Loop, SIL : Software in the Loop, HIL : Hardware in the Loop

HIL Test

SIL Test

MIL Test
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• Integration of Test Automation SW

Solutions to MIL-SIL-HIL
Best Test Strategy

HIL

SIL

MIL

HW Characteristic

Integrated Integrated

Functional Functional Functional

• Re-use Testcase

• Avoid Redundant Testing

• Evaluate Development Process

• Continuous Automation Test

Life Cycle

Count of

Testcases

Model[Logic]

Virtual ECU

ECU and Vehicle

ECU : Electronic Control Unit, HW : Hardware
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ASAM XIL Standard

Vendor APIs ASAM XIL APIs

HILS MIL-SIL-HILS

Separate Test Automation and XIL

XIL : MIL/SIL/HIL, API : Application Programming Interface

ASAM XIL Framework

ASAM XIL API

• ASAM XIL Framework
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ASAM XIL Standard
Layer of ASAM XIL

Interaction Information

Testbench API

Framework API

Test Automation Software

FW : Framework, TB : Testbench, ECUC : ECU Calibration, ECUM : ECU Measurement, MA : Model Access, EES : Electric Error Simulation, DIAG : Diagnostic
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ASAM XIL Standard
Detail function of ASAM XIL

Test-automation S/W

based on ASAM XIL

Testcase (means test script)

using ASAM XIL Standard

Configuration Information

to connect Test Automation

and XIL APIs(with vendors)

Mapping Information

provides the standardized 

assignment of mapped values

HILS or VILS MILS or SILS Virtual Vehicle

Testbench API : access testbench and port

Framework API

manage objects to access

testbench resources

• How to Connect

• Access Key

(VendorName/ProductName/ProductVersion)

• Using ASAM XIL Interface

• XML Configuration / Mapping

• Port Configuration for Testbench

• One or more Connection

XML : eXtensible Markup Language
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X Studio : Test Automation Software
Overview

X Studio

(Test Automation SW)

NI 운영S/W

(VeriStand)

NI H/W

Control Engine with Framework

User Interface

Test 

System

Application

Software

dSPACE 운영S/W

(ControlDesk, VEOS)

dSPACE H/W

MIL Adapter

Simulink

C# Test Script

Testcase

Management

Result Analysis

/Support Tools

Test 

Automation

[Application User Interface]
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X Studio : Test Automation Software
Features

• ASAM XIL

• Support of ASAM XIL standard for Independent Vendors

• Same evaluation results between one and another MIL-SIL-HIL

• C# Script

• Testcase can be developed using C# language

• Test script using module without complex code

• Easy to standardize testcase, such as evaluation library

• Easy to Use

• Support tools for test configuration

• Commercial development tools can be applied when developing and managing test cases.

• Extensibility

• Provide control library such as Simulink, INCA, CarMaker(unsupported ASAM XIL)

• High extensibility for 3rd party SW with C# Script support
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X Studio : Test Automation Software
How to develop testcase : C# Script

• Automation

• Convert testcase to test-script

• Implement Evaluation Module to Library

• Use C# functions (as necessary)

• Managing (Recommendation)

• Managing Test Project with VS Code

• Collaboration with Git

1. AutoLightSensor Set Night

2. Wait 1000ms

3. MFLampSW Set Auto

4. Wait 1000ms

5. IGNSW Set IGN

6. TaiLamp Turns On
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X Studio : Test Automation Software
How to develop testcase : Acquisition, Stimulation

• Acquisition

• Timing critical test 

• Complex signal : Count, Period, Duty

• Record raw data

• Stimulation

• Avoid input delay

• Continuous signal input

• Edit signal (by STI file)

• Segment : Const, Ramp, Sine, Pulse, Noise…

• Operation : Add or Multiple Segment or Signal

STI file : extension of Signal Description File
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X Studio : Test Automation Software
Support Software

Test Script Developing/managing Tool (Recommended)

CarMaker

ControlDesk

Veos

LABCAR

COSYM

CANoe

VeriStand

VTD

MATLAB

Simulink

Android Studio

ASAM

XIL

TCP/IP

.Net

Python

ASAM XIL compliance SW Non-ASAM XIL compliance SW

Oscilloscope
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X Studio : Test Automation Software
Support Incompatible interface

• Incompatible Interface

• Adapter : allow objects with incompatible interfaces to collaborate.

- control / config / read-write data / acquisition / stimulation

• INCA control using ETAS Tool-API

• COM library, Python, TCP/IP is developed

Adapter

ECUM/ECUC Port

ETAS Tool-API

INCA (non-ASAM XIL Standard)

X Studio

ASAM XIL Interface

COM 통신

Testbench
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Conclusion
Development of Test System (MIL-SIL-HIL)

• Testing in HILS (NI Veristand, Vector CANoe, ETAS LABCAR, etc)

• Integrated Body Domain Simulator (BDC)

• Automation Simulator in Vehicle (IBU/ICU/ACU)

• Chassis ECU Test HILS (MDPS / ESC)

• Compact HILS (BDC)

• Testing in MILS (MathWorks Simulink)

• Control logic consistency test

• Testing in SILS (in develop)

• Virtual ECU and Environment

BDC : Body Domain Control unit, IBU : Integrated Body control Unit, ICU : Integrated Central control Unit , ACU : Airbag Control Unit, MDPS : Motor Driven Power Steering, ESC : Electronic Stability Control
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Conclusion
Details of HILS

• Tasks of Development

TESTCASE  ( C# Code base Script )

• Development test script and modules

• Convert existing testcase to test script

• Development convert tool 

• Install automation software & Support

• response to customer’s requirement

• Development additional functions 
X Studio ( Test Automation SW )

• Configuration test environment

• Mapping framework and testbenches
Framework Configuration

• Design functions of HILS

• Wiring & Connecting

• Configuration Operation S/W

• Acceptance Test

HILS System

Operation  S/W
(Veristand,  CANoe etc)

Testbench H/W
(Simulator, Loads)
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• Simulation in MATLAB Simulink

• Test Automation in model

• Re-use Testcase in SIL or HIL

• Support port : MAPort (Acquisition, Stimulation)

• Functions

• Stimulation Signal data to Simulink input

• Simulink output to Acquisition Recorder Data

• Testcase convert to Simulink input

• Reduced wait delay

Conclusion
Details of MILS

ASAM XIL Adapter

X Studio ( Test Automation SW )

X Studio Framework / ASAM XIL Interface

MATLAB Simulink

HILS System
(CANoe, Veristand, 
ControlDessk등)

TESTCASE  ( C# Code base Script )

< MIL/HIL Layer>
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• Interface with Integrated Simulation Tool

• Test Automation in virtual platform 

Sensor / Actuator

Conclusion

Integrated Simulation Tool

1. virtual ECU

2. System Model

3. Vehicle Dynamics

4. Virtual Environment

Test Automation S/W 

vECU

ASW

BSW

vECU

ASW

BSW

Details of SILS
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Thank you for your attention!

Dongsoo Yang

Test Solution Development Team

E-mail : Dongsoo.Yang@hyundai-autoever.com

Tel : +82-2-6200-4361


	슬라이드 1: Development of X Studio based on ASAM XIL for automation of MIL-SIL-HIL integration
	슬라이드 2: Agenda
	슬라이드 3: Solutions to MIL-SIL-HIL
	슬라이드 4: Solutions to MIL-SIL-HIL
	슬라이드 5: Agenda
	슬라이드 6: ASAM XIL Standard 
	슬라이드 7: ASAM XIL Standard 
	슬라이드 8: ASAM XIL Standard 
	슬라이드 9: Agenda
	슬라이드 10: X Studio : Test Automation Software
	슬라이드 11: X Studio : Test Automation Software
	슬라이드 12: X Studio : Test Automation Software
	슬라이드 13: X Studio : Test Automation Software
	슬라이드 14: X Studio : Test Automation Software
	슬라이드 15: X Studio : Test Automation Software
	슬라이드 16: Agenda
	슬라이드 17: Conclusion
	슬라이드 18: Conclusion
	슬라이드 19: Conclusion
	슬라이드 20: Conclusion
	슬라이드 22: Thank you for your attention!

