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ABSTRACT

There are increasing policies and safeguards to prevent various human resource losses with the development of automotive industry.
Currently 18026262 1*' edition has been released in 2011 to ensure functional safety of electrical and electronic systems and the 2™ edition
will be released in the second half of 2016 as part of a trend. The E/E (Electrical & Electronics) system requirements verification is
required through walk-through, semi—formal verification and formal verification in ISO 26262. This paper describe the efficiency
of model checking for the E/E system requirements verification by applying the product development project of ASIL (Automotive Safety
Integrity Level) D for the electrical parking brake system.
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Table - Methods for the verification of requirements

ASIL
Methods A B C D
1a Informal verification by walkthrough ++ + 1] 1]
1b Informal verification by inspection + ++ ++ ++
1c Semi-formal verification (a) + + ++ ++
1d Formal verification 0 + + +
a Method 1c can be supported by executable models.

Fig. 2. Methods for the Verification of Requirements
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Table 1. Example of System Requirements

Function System Requirements
PBC shall send the PbcOutHostCommand
Park Apply to 27 if PBC can check the actuator

status.

Static Release fuction to stop if the
PbcInApplyReleaseRequest is 27 during
operation.

PBC shall send the
PbcOutMotorCommandLeft signal to 54
after the EPB switch operation

Static Release

Dynamic Brake

Table 2. Parameters for System

Host Command Process

Name Value Description
5 None
v_HostCommand 27 Apply
54 Release
Host Availability Process
Name Value Description
True Available
Apply -
False Unavailable
True Available
Release -
False Unavailable
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Table 3. Property Equivalences

Name Property Equivalent to
Possibly E<>p
Invariantly All p Not E<> p
Potentially always Ell p
Eventually A<> p Not E[] not p
Leads to pagq All (p imply A<> q)

Table 4 W-4-2] YFE o2 50 AHHEW “Electric Parking
Brake System shall not operate RELEASE when the HOST
Availability value is ‘Apply’ or ‘None™” 7]&3 ¢bd 2 FAS)
< “A[l T_ActuatorStatus.Status.StatusReleasingimply not
T_HostAvailability Release or not T_HostAvailability. Both”
& UPPAAL £A4EYS AHEstol @5 sld £49
o= Actuator SF=¢o17} Host availability A& Fko]
‘Apply’ B+ ‘None'S! 49 Host Command Z 24 29| Rele
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Table 4. Example of Technical Safety Requirements

Technical Safety Requirements Propoerty

All

Electric Parking Brake System shall | T_ActuatorStatus.Status.
not operate RELEASE when the StatusReleasing imply not
HOST Availability value is ‘Apply’ | T_HostAvailability. Release
or ‘None'. or not
T_HostAvailability.Both

Electric Parking Brake System shall

to be override the switch ]iK; tuatorStatus, StatusR
command(APPPLY ->RELEASE, —Actuatorstatus.statustie
leasing(Start

RELEASE->APPLY) while the

o ; Location=StatusApplying)
motor 1s 1n operation

The motor actuation shall continue
to operate during normal mode.

Electric Parking Brake System shall | T_ActuatorStatus.StatusA

Al] not deadlock

not operate APPLY after the ppliedanot
parking force is generated to the T_ActuatorStatus.StatusA
maximum pplying

A 71eA kd 27N A58 93] Host Command
T2 A9l BAGle] Host Availability = 2 A 29 w2}
#t % Released}el B 9] gho] FalseQl 729 Actuator Status
9] Location?] AEj7} StatusReleasing®] 2 4 {IthsE 4
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Fig. 132 “Electric Parking Brake System shall not
operate APPLY when the HOST Availability value is
‘Release’ or ‘None”9] 7|&4 ¢td QFAES A58 o
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Table 5. The Ratio of Inspection and Model Checking

The number of found major faults

Inspection Model Checking
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Table 6. Types of Defects
Types
Grammatical error,
Tnspection Wrong scope of requirements,
Type errors,
Traceability of requirements
. Logical error of requirements,
Model Checking Un%ieﬁned requirenr?ents
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