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Abstract : Recently, an autonomous vehicle, which is issued in the automobile market, is a combination of a high-level
driver assistance system. Therefore, the safety and reliability of the driver assistance system is directly connected to
autonomous vehicle safety and reliability. For an improved vehicle safety and reliability, emphasis is placed on the
development and verification guidelines, such as the ISO-26262. In this paper, we studied the functional safety analysis
method of Full Speed Range(FSRA) ACC, which is a typical longitudinal driver assistance system based on the
1SO-26262 Part 3. We conducted a Hazard Analysis and Risk Assessment(H&R) to derive the safety objectives, as well
as proposed a functional safety concept(FSC) and monitoring concepts for the typical malfunctions of the FSRA

system. Finally, we verified the proposed concept in a simulated environment and proposed an index for the functional
safety evaluation.
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Fig. 1 Longitudinal driving assistance system preliminary
architecture
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Table 1 FSRA system subfunction define

Function

Description

Speed increase Accelerate for the set speed

Speed decrease Deceleration for the set speed
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Table 2 FSRA system malfunction

Malfunction Description

Wrong increase of
vehicle speed

Not a acceleration condition,
but acceleration is performed

Excessive increase of
vehicle speed

Acceleration to system
maximum acceleration

Wrong decrease of
vehicle speed

Not a deceleration condition,
but deceleration is performed

Excessive decrease of | Deceleration to a higher deceleration
vehicle speed rate than the normal deceleration rate

el 249, WEF 5 &

rﬂ

A7 2.810] 2450} A
% 4~3=9] Hazardous eventE AJAJ 8} Z} Event &
Severity(S), Exposure(E), Controllability(C) 55 = &
3F3lo] ASIL 558 A4Sl oA g e
= dAe BAgorh B =M HEd B A &
2hgo]l dojuh= 7F 3] tiste] S, E, C 5w &
Foll B Q3% 8 £ 312100 km/h), FE(70
km/h), 4230 km/h) .2 A 3sle] L3 @
45 A Belol Mg Fa AL AAE oS 5

FIC 5T B Fasg

h

31 &8 BN

A}} 2218 Hazardous eventS A uff 112 &
=342 9o A od 24 A4S B
A8h7] 913 Aotk @ abso] dojubs A4, &
8 7Skl AbEdll osf doju= Ad A
= <o AvEl e FH e s k. & =1
o X] Hazardous event A8/d-5 915+ &4} 4] A] oL

213k 3794 Q<212 Location(2L& =2, =5, Al
Road shape(Z A=, X2, 2], &FA4, 7]
), Traffic(}2.E, =5, A A), Vehicle action(ZF4 -
Z], Time gap &, AW 2 A<&/5744)S 18

st

S

32 S, E C S& A

Situation analysis ¢} Malfunction®] 3% 53l =
%4 Hazardous event©ll S, E, C 55 2Hd3lo] A
2dlo] ASIL 51§ 2HEdh S S Abg el V&

2 1S0-26262 Part3 2 SAE J2980° -4 & 3+31519)
. E & C 559 7|5 X [S0-26262 Part3 &] F-20
A= zlig} Jom A AZrE S SFI A
7Hs8S YEhl= C 559 242 FSRA Al2=¥l
o] @ &F Al B oA} FAARE vE o2 4%
3tk

321 2%

O_uﬂmil_ly

S AlZso]lM

glo] o ZHE A B0l s o)A 2}
2 %‘21 o w e {— TESISAFS] veDYNAE ©]-&-3F YF
zfe} meloln of2l S1gl3) o] AlgElold &
4 ]

Al &9 o] A A v 2 = Host vehicle©] 7 H; x}aF

Transactions of the Korean Society of Automotive Engineers, Vol. 26, No.2, 2018 151



Daeryong Ahn - Seonggeun Shin - Kihong Park - Inseong Choi + Hyuckkee Lee

1

8909

Virtual Sensor R::l;ig:le
(Radar, Camera 5) Dynamics
______ Pisanatatale i g PSS sl

Photo. 1 Simulation environment

< Time gap 5% % Host vehicle?] 2] &3] ¢F& 7+
& Y JkEg sasts Adeer Pk
Time gap 5% Al A% 2F=Fake] 2H7F A 2= Time
gap 1.0s, 1.55,2.0 soll W& 7 2] = A7gstgl o
Wk 2}eke] AubA ol =04 g, HAIE Al A4
=E=08 gi A3k w3 Al E o] Aol 3
% 9§ 25 A Awe gria pgste] FE

=g ﬁwo}oﬂt} FESms okl 2 (1)) 2k

Jl-} i

ml

A= i ) (M

9714 avi &% WshE JEh L, ml e FE
Aol Awk mt 9 FE Aol A v FE
Aol FE A &, v2E IFE 2He FE A

55 YERTH

Host vehicle2] 7+&: Alua] Q. A] Al 32 =14
Q1 180-221797 0114 A|SHeE FSRA Al 2=¥le] &
) 24529105 g, 7HEEE 4 m/s 02 A Sk
Controllability & AHg3}7] 913 =7*%}2] Reaction
timeS ©F 1.2 sec” 2 7} 8l3L Q2 WAl & A
st T 5 39 FrE FRskslth

A WA A1 A b 9= -4 £ FSRA @ A5 O

N_I

Rsaction Tims 1.2sec

Malfunction

Dacseleration 0.8g

Fig. 2 Driver brake reaction time and deceleration

152 SEASABEASE=2E M6 M2, 2018

= LR R R TR
“rvomar foas b b

Table 3 FSRA system malfunction simulation 1

Velocity Distance Col_v Av
High 50 m 81.5km/h | 40.75 km/h (S2)
(100 km/h) 30m 64.6 km/h 32.3 km/h (S2)
Mid 50 m 70 km/h 35 km/h (S2)
(70 km/h) 30 m 65 km/h 32.5 km/h (S2)
Low 30m 30 km/h 15 km/h (S1)
(30 km/h) 5m 25.1km/h | 12.55 km/h (S1)
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Fig. 3 Malfunction simulation example 1 (100 km/h, 50 m)
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Fig. 4 Malfunction simulation example 2 (100 kmv/h, t-gap2.0 s)

Table 4 FSRA system malfunction simulation 2

Velocity Time gap Col v Av
Hich 1.0s 36 km/h 18 km/h
1g
(100 kn/h) 1.5s 41 km/h 20.5 km/h
20s 47 km/h 23.5 km/h
1.0s 39 km/h 14.5 km/h
Mid 1.5s 45 km/h 22.5 km/h
(70 km/h) : .
2.0s 49 km/h 24.5 km/h
L 1.0s 38 km/h 19 km/h
ow
(30 km/h) 1.5s 43 km/h 21.5 km/h
2.0s 45 km/h 22.5 km/h

Table 5 FSRA system malfunction simulation 3

Velocity Time gap Av Col t C
Hish 1.0s 3225km/h | 3.02s
1g
(100 knm/h) 1.5s 31.5 km/h 3.75s
2.0s 22.5 km/h 4455
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ow
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2.0s 11.5 km/h 2.81s
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Table 7 Safety requirement of each component

Component Safety requirement

A plausibility check can be applied to the

Forward sensor .
forward sensor signals

Driver control | A plausibility check can be applied to the
switch driver control switch

Actuator a plausibility check can be applied to

Actuator .
the actuator signals

The controller unit detects faults in the
forward sensor

The controller unit detects faults in the

actuator
Controller

The control unit, which detects and confirm
the setting of an impermissible acceleration
and deceleration, brings the system into a safe
state as a fault reaction
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Fig. 6 Worst case speed increase/decrease malfunction
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Table 6 FSRA system safety goal

ID Safety goal

Prevents unintended acceleration due to an increase

Gool in the speed of the vehicle

Prevents unintended deceleration due to an decrease

G002 in the speed of the vehicle
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Table 8 Derived evaluation index

Evaluation index Evaluation item

Appropriateness of

. . - Check for malfunction detection
malfunction detection

- Whether malfunction is measures
- Solution of malfunction
- Measure time of malfunction

Appropriateness of
malfunction measures
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Fig. 11 Unintended acceleration and deceleration simulation result
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