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As the global uncertainty of manufacturing has increased and the quality problem has become global, the recall has become
a fatal risk that determines the durability of the company. In addition, as the convergence of PSS (product-service system) product
becomes common due to the development of IT convergence technology, if the function of any part of hardware or software
does not operate normally, there will be a problem in the entire function of PSS product. In order to manage the quality of
such PSS products in a stable manner, a new approaches is needed to analyze and manage the hardware and software parts
at the same time. However, the Fishbone diagram, FTA, and FMEA, which are widely used to interpret the current quality
problem, are not suitable for analyzing the quality problem by considering the hardware and software at the same time. In this
paper, a quality risk assessment model combining FTA and FMEA based on defect rate to be assessed daily on site to manage
quality and fishbone diagram used in group activity to solve defective problem. The proposed FTA-FMEA based risk assessment
model considers the system structure characteristics of the defect factors in terms of the relationship between hardware and software,
and further recognizes and manages them as risk. In order to evaluate the proposed model, we applied the functions of ITS
(intelligent transportation system). It is expected that the proposed model will be more effective in assessing quality risks of
PSS products because it evaluates the structural characteristics of products and causes of defects considering hardware and software
together.

Keywords : Risk Management, PL Llaw, Product-Service System, FTA-FMEA based Risk Assessment Model
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<Figure 1> QMS Diagram in Q9
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<Figure 2> The ISO 31000 : 2009 Risk Management Process
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<Figure 3> Risk-based thinking Process in ISO 9001 :2015
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SAle A B = Q= A AA a1 (potential failure)s
ARl skef, AA s A =S Alastr] 93 A4 A
NEd B W oA BE AAH 1468 potential
failure mode)S Iotsl= Aoz Al Z3c) A]AdolL}
Aol Ao 23k o A7k % (Severity), A =
(Occurrence), 7d%.‘E(Detectlon) 37kA19] Ajtow w7t
3t RPN = SxOxD& 7] o 2 g3 A9 (RPN
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risk priority number)E ZA,
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313 &o] A9
« Adk(fault) : A]2=Elo|L} AEo A
A 71%] E& AHE AFHER 5t HEo|} AlAdEY]

| e e
SAA BAE S, ol AAY el

WA FAA S ZA 1 (failure) S PO 7)= Yolo] #
o} Age Aladouy AlFo] FHyoz YelAL
Aol b oy 7hA 9] Ado] FHEW uFS

3.2 FTA2t FMEA 25|

FTA 9} FMEAE U ‘top-down’ 9] A2z F-A1wy

T

fol E e HU Mo

olal, thZ e ‘bottom-up’ 22 st FAA
Mo g Ztzbol zkal Qle thE Haket 54O

=

olaf /pE Ao w AgE 1 YAk F 7}114 545
HA A4S HaF oz ALSditgH o £2 348 7|
g 4= TH10]. <Figure 4>& FTAQ} FMEA 3Fo] 7%

HA BAS HoEUHI].

Product Failure

Failure Mode & Effect
Analysis (FMEA)

Fault Tree
Analysis (FTA)

Part Failure

<Figure 4> Relationship between FTA & FMEA
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o ARE AR NN SRR FE 5
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A7 HE 14 el gl=39] Ak <Figure
6>#% FMEAS 7] o7 Ayt gl F 7 -
A2 % sl HASES 715 FMEA WA= 1~10
7hA o] |FE gho® Hristth & =il Sl
TFZ(Boolean algebra rule)S 483t} AAH = HAdd
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4.1 HM= DX =OI(Failure Identification)

FTAS} FMEA #2412 Agto|u a1 53 o] 59
7153 AAEA AT Wit AlFolv Al A
Foll zlgjx]olof gkt o)== FTASH FMEA "ol o ¢
FA gz B AAY a7AR B oA 2

e ZAA 17473 (failure identification) 552

317 o]

telligent transportation system)2] 7]
e mE AR LAEEE ]’\]3}t 7]F(ODSA : op-
gato] Adrst
2 <Figure 7>7}

timized driving speed advisory)< Abel] &2
™, ODSA AJ2=gle] -39} 247}o] 7]
ZoH11].

4.2 Z& 2|A3 XIEKQuality Risk Assessment)

(top event)S Yo
}74“”3«] i E B
¥

O 278 7k FTACl o8 EA4sloF & Abz(top
event)S A3} . FTAS it 24

@ A A=) H9E Aot FTAS ¥ 44

@ EA oA aelsfor st QA A (causal events)
S Aoldtt FTAS 24 ++ 24

@ A A zFo 2T HE et

ITSE =909t &

_“f_
Mﬂom rrHToﬂ FTA %‘_— % Z3l Thets
0 T

. 7t e &
Fub 247 el o Qlon, RE Age tE A
s FEE F IAY AAH e i F 5 7] 9
&oltt o]& F3f 7 Ao LALES B}t G
H7ket & 9 Aoy, AAWGES FYHoz Hrts)
7] AEiM = EFEOIY L&) A kA #

<Table 2> ODSA2] A4 A 7153 Ao+
g5 A3 Aoy, Af{3d T 4R Q79 A
7} v §- 2 Hojoj A QAo MAEATE SEAR

Qrol tigk F-&dir 73S 483 HF FTAT <Figure
8>3} o, FTAS 7| EAF (basic event)Z} 7| ZAMAE
°] ‘AND’ B+ ‘OR’ #A|2 AjtE = ARd(event) Eoll
gk A <Table 3>° Attt o] A3E 2=

Aslael 4 A S8l vEA Aasolof o
Cmad Anmel B Fs s o2 B 491400

A beAe BERA W

ShowSpeedAdvice()
ShowRemainingTime()

¢

=ubsystems
Central ITS Station
SynchronzeWithTL{) ModifyMapDatai) CalcSpeedAdvice()
BroadcastSPAT() ModifyTrafficLightPr() UpdatePosition()
BroadcastMapDatal() T ReceiveV2X])
—==l1| 4 1
sbiocks sblocks
UMTS UMTS
Rundpplic Receive Broadca Rundpplic || Operator || SendDat Answer Receive Rundpphcati DisplayS UpdatePositi || SendR
ation() Modified || stSPAT() ation() Controls || aToRSU Vehicle SPATY) on{) peedAdy || oni) equest
Prograrm Broadca ¥ 1) Reques Receive icel) {)
s{) siMapD s() MapDat DisplayTi
atal) al) me{}

<Figure 7> Architecture and Functions of ODSA
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{Table 2> Failure Modes in the System Elements of ODSA

System Element . .
Function Failures
Name ID
ShowSpeedAdvi
System oD ShggRgen?ainin\g%eir(ge() * System does not work properly
SynchronizeWithTL() * SPAT/MapData wrong
RSU(Road Side Unit) R BroadcastSPAT() (SPAT : Signal Phase and Timing)
Subsystem BroadcastMapData() * Broadcast failure
* Central ITS(Intelligent ModifyMapData() . T
means the Transportation Systems) Station ¢ ModifyTrafficLightPr() Modification error
subsystem in
<Figure 7> CalcSpeedAdvice()
OBU(On-Board Unit) 0] UpdatePosition() * No SpeedAdvice displayed
ReceiveV2X()
* Fail to connect
TLI(Traffic Light Interface) Rl GetDataFromTL() * Wrong data
* Emergency not detected
* System frozen
RSU computer R2 RunApplication() * Unit broken
* Time not synchronized
. . * Fail to connect
Ethernet(at RSU) R3 ReceiModifiedPro() « Packet error/loss/delayed
: BroadcastSPAT() B
802.11p device(at RSU) R4 BroadeastMapData() Fail to send data
- * Unit brok
Block ITS computer Cl RunApplication() . S;sltemmfrz;en
N * System frozen
means the HMI(Human-Machine Interface) C2 OperatorControls() * Unit broken
block in » Wrong operator input
“Figure 72 Ethernet(at ITS) C3 | SendDataToRSU() * Fail to connect
* Packet error/loss/delayed
. ReceiveSPAT() * Fail to connect
802.11p device(at OBU) C4 ReceiveMapData() * Packet error/loss/delayed
* System frozen
OBU computer 01 RunApplication() * Unit broken
* Time not synchronized
. DisplaySpeedAdvice() * Fail to connect
Display 02 DisplayTime() * Driver does not see/watch/react
* No reception
GPS Receiver 03 UpdatePosition() * Unit broken
* Wrong or unsteady position

I:l: Event
O : Basic event

Wrong speed advice
dizplayed

[

<Figure 8> Fault Tree Analysis of wrong Speed Advice Display
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<Table 3> Events and Basic Events in wrong Speed Advice Display

Basic Source
Event Fault mode Related ID Component fault event H/W S/W
Remaining time(s) wrong X1 @)
State(s) wrong X2 O
. . Lane no.(s) wrong X3 O
Al Tr.afﬁc light interface R1 Time stamp wrong X4 )
failure -
Phase time(s) wrong X5 )
IntersectionID wrong X6 @)
Intersect. status wrong X7 O
A2 Communication C Delayed packet X8 @)
channel problem Bit error X9 o
A3 RSU problem R Traffic light data failure Al
Communication channel problem A2
A4 SPAT bl R
fessage proviem RSU problem A3
Lane no. wrong X3 )
AS A h R4/01
pproach(es) wrong 0 Position offset wrong X10 @)
Reft int X11 O
A6 MapData problem R4/01 ceTefice PoIt WIoTe
Approach(es) wrong A5
A7 RSU problem R MapData problem A6
A8 MapData message R Communication channel problem A2
problem RSU problem A7
Delayed X12 @)
. Heading wrong X13 )
A9 PS-R bl 4
GPS-Receiver problem 0 Speed wrong X14 5
Position wrong X15 @)
A10 Position failure 04 GPS-Receiver problem A9
. . SPAT message problem A4
All Traffic light data fail
rattie Ight data arre ¢ MapData message problem A8
Calculation error X16 @)
Time/Clock failure X17 @)
{Table 4> Risk assessment for the failure
Fault Relation - . .
Cause Probabilit Impact Severit Risk
Mode | Related ID H/W | S/W / P /
X1 RI TL does not change timing pl wrong speed advice 5 pl x5
TL has no emergency info. ©) p2 wrong speed advice 4 p2 x 4
Unit broken o) pk no speed advice 4 pk x 4
Al10 04 - ;
Internal part failure @) pk+1 no speed advice 4 pktl x 4
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