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Characteristics of Consumer Devices

Drivers

Physical Systems = » Controller Software

’8550@

Operation Environment
(e.g. Passengers, Pedestrians, Atmosphere, Road)

There are frequent interactions between physical system and
control software in open, diverse, and dynamic environment.




Fundamental Approach

Outside of Assumptions

I :
K Assumption

EXperIenceS ‘ ,/ Errors
f,,
PR

-

-
-""—’

Almost all automotive companies well manage the known factors. To
ensure the safety and reliability, unknown factors must be well managed.
=» Iterations are fundamental approach to manage unknown factors.




Current Standards and Concerns

e ISO 12100 and ISO 14121, the framework of system
assurance, are originally for industrial machines and IEC

61508 is originally for functional safety of industrial plant.
(* Functional safety standards were developed based on IEC 61508 in each
industry, such as ISO 26262 for automotive, ISO 13482 for personal robot)
e Management of unknown factors is the fundamental
issue to ensure the safety and the reliability of consumer

devices.
Current standards like ISO 26262 don't state:

*Rapid iteration that is a basic way to manage unknown factors
Dynamic behavior models although the term of MBD (Model-Based
Development) appears in the part of guideline

«Connection with physics




Simultaneous Process Proposal

Dependability Certification
Analysis Doc. Gen.
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HV-HIL System
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Shared Memory Communication

Main Node Sub Nodel Sub Node? * Sub Node3
(CRAMAS) (CRAMAS) (Motor Box'CRAMAS) | (CRAMAS)
Engine Model HV Vehicle & Motor = Inverter Brake
1 1 Battery Model Model |e= Model Model
Pulse - ADIO - Pulse - ADIO - 1 1
Communication Board | | Communication Board Resolver I/F Board I/F
+ t

— Communlcatlon L4
(€8
ECM | ECM |

Communication |

3 Communication (@

\ 4

PCU || [ ~—
ECM |

Motor,
Generator

CAN Reduction
_ ! Gear
_[[HV ] - MG xxx
ECMJ| Serial ECM
: Communication \&==¢ l‘=‘

PCU
ECM

Battery

N/

(the source) Aachen colloquium 2006



HV-HIL Simulation Result Example

Throttle angle  “%0.00 [ B
150.00

MG1 Torque

-170.00
300.00

MG2 Torque

-100.00
500.00

Engine Torque

-150.00
10251.00

-5057.00
13025.00

-19.00
6392.00

MG1 Speed
MG2 Speed

Engine Speed

0.00 o
Battery SOC 3300l S
Battery Voltage e .
246.61 =
5 it C t 192.21|
attery Current " T )

4905.19
0.00

. 10sec s

il §

0 10000 20000 30000 40000 50000 60000 70000

(the source) Aachen colloquium 2006



HV-HILS Application Results

GS450h

HIL system testing Actual vehicle testing

Fail-safe control
Verification

0 50 100 Rate(%)

HIL system has been applied for hybrid fail-safe control verification.
= 97% agreement with actual vehicle test results.
= 30 times faster than conventional vehicle tests.

(the source) Aachen colloquium 2006
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