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ABSTRACT

Since the traffic conflict technique is typically based on analyzing spatiotemporal movement

trajectories between vehicles, it has been expected to use data collected through video footage.

Recently, with advances in mobile image-related technologies, research in traffic safety using the traffic

conflict technique has become more challenging. This study aims to review the use of image-based

traffic conflict studies and surrogate safety measures (SSM) by type of image data and to suggest

a direction for constructing mobile image data for measuring traffic conflict. This study reviews SSM

Received 25 September 2024 ysed in image-based traffic conflict assessment over the past 50 years (1972-2022). A total of 40
Revised 14 October 2024 studies were reviewed to identify the types of image data, collection equipment, and SSMs. Most
Accepted 15 October 2024 studies have used fixed devices, while there has been no research on the exclusive use of mobile
image data, identifying research gaps with previous studies on the use of mobile image data. The
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© o e Bany @ results are expected to be used as basic information in traffic safety using mobile image data.
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<Fig. 1> Safety pyramid (Source: Astarita and Giofre, 2019)
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1. SSMe] 3¢ 2 7E 9T 32

B Aol A= ssMe| #9, Ao, A3 F dAol s 1@ 71E dFE BA wEekd A4 74
of & w5A4F 71l tia] 1223 Mahmud et al.2017)] AT = F 3871H SSM A BE THEHL
H, A54F 76 bAA el tig AAE HEE 7S Arun et al.2021)2 F 59719 SSM A EE 1L
A3ttt B ATl s G4 BrledA 39 AR VHte g AFAE B4 AT A3t SSM A o
s 22S JPstH e, F 3570 SSM A Zoll tfa] &3

1) AlZ+ 7|8t SSM

Hayward(1972)= Y5 o[ME0 H&3 & & SA4FCZE SFE/A A= ]J'(Tlme to-collision: TTC)
< Mt en, 5 ago] A S5 A8 22 AER 01%%‘ o =

X*fq;}dt}(Hayward 1972). TIC= €AR 4 gl 4o 2 IS 4= Q) s AL
o aiA= & 7 flom, A REE o F o Aa A4S & 5 gtk TET (Time-exposed TTC)

+ Minderhoud and Bovy(2001)°] 93l 7l¢® A EZ ‘TTC ol YAZGRT A Yehys F AZPS 9n|
gtk TETE AAE EE Alkto] 7Hsd Xl 9 9 TTC #oll ok A4 #3584 5 §

= $A7F Itk TIT (Time integrated TTC)—,: TETS} Z©] Minderhoud and Bovy(2001)¢ll ]3] 7T %l o
‘AAZ PIRE AIZE FRF TTCprofiles & 3 40& oWtk TIT 42 TETS o] 2ot b 3
TZ0] 7bed Aol FrETh ey TITE 9v] dfAo] ofgf¢-H, AlEgold dFtoll= utE2lstA gt

ZZEAZH(Gap time: Gap)-> Huang et al.(2013), Pawar and Patil(2017)914 &5 9o, x3)-58) zpeF 7H
AN 22 B NS AT 2 FH7F AUt A3 39 2pgF oHEEo] AU A Afo] AP
< 9P|t} Gape TTCS 22 A S 7ML glov I S22 FAYES dS3)of stn, 45 A7
AE PETOIA O B2 HARE A& F o822 A ALHA g=th 45 F AlTH(Post-encroachment time:
PET)2 Allen et al.(1978)¢ll &J3l] /Lo, < A7 AAH T 49& Hold & o2 AA7 &
= F90l Eﬂo} T7ke] AR AP E ov)gith PETE wat $&59 4% TTC Btk AgsiH, A&E# oA
AN QA FAL + de Aol Utk T2y AR ¥ FE TS 1HHA ¥ A Ao
PPET (Predicted PET)= Mohamed and Saunier(2013, 2015)2] 7oA Z&EoH, ‘=2 AL&AI} FYg
&5 g ARZ A& Y Al S 289 ZF £t o 4EE PET #°S vttt pPETE w2k 3ole
TTC 2t o A3 Aol dov dA% S5 FAYS dSalof obn, Aae #Al= 2AEA] e
SHAIZE Ak

ALkl A= A7 (Time-to-accident: TA)S 294l 2 w5 ¢Hd H712 9438 Hyden(1987)9 &) 7
e lon, Lol Wkl Wt gle AEolA 39 P& ARG =1 *%Ol H“&ﬁ‘ HH?JV] @
AZP& oJu3it}, (Hyden, 1987). TAE =431 €a % 24
Aol glov 39 ol oEdtH, £ AYE FHA A oEd}
(Time headway: TH)S nF 43 F4o &85 = A%
9J ] g th(Mahmud et al., 2017). THE 24 o] g1 oA ki
Ig &2 1A doH, FE $& AT A FEolT &8 5 = AV} ok @XVJ}XI Zé_ﬂl

A ZH(Time to stop line: TTS)S Hurwitz et al.(2012)°14 &8H A BZ A&Fo] AT} £=5 FAE o

¢

&

o
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A £DT W7R G ARFS
NE FH 2 i A S0 4
o A4 A Wil gtk

ojm|gith. TTSS| AL 4% 7Faidol tigh F40o] idsin, A4
sty 18y Al 98-S kg H o7 Ao 4= glom A AE

2) 32+ 7|8+ SSM

DSS (Difference of space distance and stopping distance)= Okamura et al.2011)°l 2]3] 7= R oH, F3t
Aglet AAAR Y zto]'E oulgth. A7|A FHAR e AY AFH 3 A7F Aol foE AL
DSSE AlxkA 3 dAIZE Alske] idata WEgh Aol slov 9 AEel A&HAIR o] AHEA e o
Aol 9t} Okamura et al.2011)= DSS} FAlol TIDSS (Time integrated DSS)E A9+t o™, ‘DSSe}F $1¢
AAZ Abo]l B3 & 1A HA oz A3 TIDSSE A8 A=} AHAS 18se DSSe| g
AE FEIFoY F2 T FEov H4T & e AV Utk

DTI (Distance to intersection)< Noble et al.2016)A4 &-8H AZZ ‘O 2F HIHNA AX X 713
QE7NA 0 Al E Yugth. DTI= A4tel 4191, & 453 Adstd 459 M3E A9 &+ Ue
Aol vk 18y AFe SHASE AYT 4 glom, Al AFAETE A9 gle @Rl Utk SD
(Stopping distance)= Oh et al.2010)0l4] &3 AFE 2 7+& Al o] Ans= A S 9|3t}
SDE A=S A 2 =32 G838 £ ks AH-o] glo . A= ARE AR AdstA] = o
ST} PICUD (Potential index for collision with urgent deceleration)2 Iida et al.2001)°l 2|3l /&=l o, <M
7oA Ay Beyolart AEde o, A% Ag 38 A BT 4] Aaste ARE vt
(Mahmud et al,, 2017). PICUDE £57} W3 94 A4gFe] &5 9138S Wrlsted TICEY o #3shd,
WE Y SE WsE o udsiA A4 }% Aol Stk a2y gAIFke]l YEhA] fon, SH =
aHsA ka1, AT Aol Bl Bdlola AFE Wy A WA ARk d§o] 7hed A7 ATk
PSD (Potential of stopping distance)= Allen et al.(1978)°l 23] /WA=l oH, A F= X g Y
HA A 8T F A HA: XA Abo] Hl& S vttt PSDY] AH-2 = g HIL ks
stm, Aol Bolsitt. vt G kA EAlCl daiAnr 4T & e $A7F ATk UD (Unsafety
density)= Barcel et al.2003)°l &J3ll Ao, ‘AlEHoIH T E2F ALHE T A I BAANA %
AstA] 5 T2 Yt UD AL o] a2 AEH ol ARt o AHes A3yt AlgEy, 93
Fva ATt F3o] hssitk 28y ARE UL g AAZE gurt glow, A4 Znt wE Agelnt
A go] 7hsst AT o

o

L

to E

3) 233t 7|g SsM
H3}(Change of curvature)= Wei et al.2019)°14] E&H A EZ ‘3 A5I= 7_4'%* | Q‘—*S]'% '?'_

AN Ao B&E vt B Ao A 3H Aol
F At 2y FES 5302 AW 5 gla, FEY e HASHA &t FE MX](Colhslon
energy: CE)E Astarita and Giofre (2019)2] 7ol Zg¢=%lom, A4 FEE s P25 = F AUA'E
out CE9] AL 44 &F 848 AT 5 9loH, T= AaL 23S AEdoldsta 45 Aa
Aze 2dd & 5 ok e SR Fo Bab A7 Ao oL wHo] itk

) A4 =(Critical speed: CS)= Paul and Ghosh (2018)° 2J3] 8% A BZ A% 2io] 4F FHo| &
AN o, FA o] AAE A8 A £5°5 ov|dth CSE F& PET # ddste 55
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Axstal @A 285 £5 HE i 45 A% ol 7hsstH, AR 91 #e] 249 71
= AL F e Aol stk ey A A AEE] tiek A2lo] Bastn, FEI AV A5
] 9k2 A7} ATk CPI (Crash potential index)= Cunto and Saccomanno(2008)ell o]} 7| & o, <FFofx
A7 74 &9k Fo x5Sl DRAC (Deceleration rate to avoid the crash)’} HU 7}8 7+4E(MADR:
Maximum available deceleration rate)S =33 858 oJu|sith CPI= Wk o] 5o ZEstA] gon, wxt
2ok 283 4= 9= @ o] ¢tk DRACE Almgvist et al.(1991)0l] oJ&f NTE Ao &3 2pFx} A3
2 3 EEE TEATLLE UiE g0E 9udith. DRACE ¥ A3dA AF £=9 4&S 18 &
Aol o, FAH uF S AFs| FofstA ks, AWEF olsolle AstA &tk

Delta-V+= Laureshyn et al.(2017), Ulak et al.(2019) 5l %"B-Q?Q‘ﬂ %l:é‘ 72 AHEH %%O] 01])6]'3
= AR7A F Ao] BF dAS £5E2 AL 3ol AF = F
Extended Delta-V:= Laureshyn et al.2017)°14 &8 A EZ ‘FE 7E}7<] ANHBE =
o] RS & HEE AlFehe AS TEE U AH £& HsPE Yu|dth Extended Delta-VE}

<

i

Delta-V&= 3548 A& Hrlshs 4o Atk E3H Extended Delta-VE Delta-VY 54 7HS /A s 4
Aol F7hdth 18y Delta-V&} Extended Delta-V B & A2 =t #Al= AR Fon, kgt A7
T o U YA ARl FAT Do) At} JerkE Tageldin et al.(2015), Wei et al.(2019)° 2] &
H ARZ AR ME 7SR WSS |t Jerke A5 AAAS AEE F doH, BE 179
Aol &&= A= Aol Ank mIF Aol FAAQ B Ade] ok Iy wAtE Ane #AlE §f
SHA gkon, £x HolE ¢ & toly &&o] Brlsstty wolzo] & S e ThHo] Stk
AKE (Kinetic energy loss per unit mass)i= Ma et al.(2018)°1A] -8 X E=Z H|=3F Ao A5 1k FEZ

A3 WEH e F &5 AUAE 9vgoh Lat A/Lat D (Lateral acceleration/deceleration)= Guo et al.(2010)°]l

A Z8E AR SH &F BEA 7‘]"3*«] & M AE S ARRit B ARE FE 39 Yo

< AMT e Aol Aok 28U AS5E SHHCE AT 5 glom, Ataste
o

AKEE & AZE g 1tddt FAHXE AFstd, T8 GE SAY A%ste] nAE Aukzel ok
A AFE AT 5 Ae AHel Aok 18y AL 7Hsdo] A o, g &7 "o =E Qg 9
YA &85 FAE L A% £5 7Nt E vy A8 oS8t ©o] Uth RA (Required longitudinal
acceleration)-< Sharma et al.2011)oll4] &9 AFZ AN A& M5 A zgko] A B2 s a3
7HEEE Yugith RAE AN s FYPO R QIS AFol AeiH, DEnt 99 937 B =Rl 2
T A= Aol itk Iy A& sl Ao, 44 B 27 EAS 13%’5}7(] v ©ilo] Utk

RDR (Required deceleration rate):= Babu and Vedagiri(2017)°l 4] && Zo] dAIE = 2}k

Ato] AlZto] PETSF Z& Al, 2HFe] <HAg AAE 918 Bad 2 3k RDRE DRACS; A}

sk, i]'a'ol WASE AT ZA 35l DRAC 54 7H8S SE3I= o] At} 12} DRACS}H 2ol 45

HtS Y3 A o] oJf@dY RS (Relative speed/speed difference)= Lee et al.(2013)o4] &8 A Z=

35 A A Ad&EERE oUgith RSE AES AAZ AHE 3 o2 dxs 34 &8

A A AFEJ FHo] AT ol AsE HRE AFIERE o2 x99 A Agdlof et &A
o]

U:L‘

ﬁre
__>{l_tl‘
jg

o -]1“} iy
32
|o

ETN ﬂl’lm
A m[
1o

FA

4) 7|E} SSM
4% E-E(Conflict probability: CP)2 Ma et al.2018)04 &8 A RZE ‘WAZE YL FUS A WFHO

Vol.23 No.5(2024. 10) Journal of Korean Society of Intelligent Transport Systems 151



Dol 7|8 Yy NE BE DSYE 24 W

2 U 5 2t o9 Apo] 2 Ao FAd =23E ZE & ofv|dth CPe wALE FF9] A Bt
of Agte Aol Aok Ty wFEF F AFE&H 22 ANA TE W V|RIEIER nAIY FE v
UES A9 4 13, H8 sl AgEl ©-o] At A% &=(Conflict speed: CS)E Saunier et
al 201D F&EoH, ‘FEo dFE Y EE ALAY Hi £2°F 9n|dth €S AL tE
Aot A% A kst Ao o3 AAH 28-S AFE 5 ATk Y A5E SPH R Ao

T glom, Ao}l AJaaA 7 eksk ©gol St

3]3] 85 (Evasive actions: EA)2 Yan and Radwan(2007, 2008), Hutton et al.2015) oA &84 A XZ I
A 71E 5 g IFE Y8l Akge] mEA ARE ¥wASAY A2 Alsdte 59 e or|g
EAE UEH I Adte] AX ti7E A7l A3t =3 o8 A EE &3l 458 TZHo=2 =AY
T om, At BAV AFHATE o] Aok 2 AT EFA, dAG tigh d3E Aot
slon, Adg 37 AE TS HsiAe &9 7|3te] dastt B3 o 77)1E T AsTFFel e
SIERE Hgo] @o] A8 5E @] Itk NC (Near crash)< Guo et al.(2010), Wu and Jovanis(2012)E >3}
st B2 AFoA Z83 ARE FA A Ee AFshe Aol FE JIE AN A& 39 2&4&
Qe AoA A 220l Ak A A THHIAES RtEE A9-E Yr|gth NCo| AT
EAS} 2t}

Saf. 1 (Safety index)™ Alhajyaseen(2014)0ll4] &&= oW, ‘F& &I} A4S A3 A4 E on|d
th Saf. I+ &3 A4S thgh S8 4%ES shte] ARE AdetH, A A 7159 EA9k 2ol 5= 4
Fo] G vAE oAy 7S st BAY & 5 ok Em=3 AT SE AL oo dATE 45EH U
o a8y S FEHE 5 duA A4 Al B2 7ol B33ty HARSH, AAE ¢ 2
E A= HRE AFshA e o] Utk SI (Severity index)= Autey et al.2012)°14 &3k A EZ F
= AR Y S AAEE 0914 1744 @9 jleol SR, 00 7k E AG R 2 AE of|g
ok SIE #< AREsty 45 AAEE g4A Png § lon, nFdFe] A4 g T3 ofelt
o g At o] Atk T EHA SF Azt tigk FRIF 8, ol @4 dFolA= EA
T T gle ARo|H, At1ete] A= AFHA & AL Ut <Table 1> oA A3 SSM A E =
o] #4& A8t oM, <Table 2>+ ZF SSM A 329 Aoz tisf A3ttt

<Table 1> Summary of SSM Equations

SSM Equation Parameters

t: Distraction time

1 1 6: Heading angle

CE Zr 97% = o 2. Em(v « sind)* » 3 |L: The length of the road segment
m: Vehicle mass

v: Vehicle speed

Change of df 0: Heading angle
Ch Curvature = —

Curvature ange of Curvature ds s: Arc length

Conflict Con flict Probability = prob,, < prob,, Probj, » probij,+1): The probabilities of simultaneous
Probability o iln 1) arrivals of vehicles n and n+1

Conflict if] t;, ¢;: Final time and Initial time of observation

onflic v .

Speed Conlict Speed — =t v: Vehicle speed

T T: Total travel time

152 QIR TSYUR| =27 233, M52(2024H 109)
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SSM

Equation

Parameters

CPI

tf;
3 P(ADR" " < DRAC,) -

t=1ti,

At e

CPL = T

MADR: Maximum available deceleration rate (")
ti;: Initial simulated time interval for vehicle i

tf;: Final simulated time interval for vehicle i

At: Simulation time interval

7: Total travel time for vehicle i

b: A binary variable(1: interaction exist, O: otherwise)

CS

a
= PETX ——
@ 0.039

a: Acceleration

Delta-V

my

— 2 2 .
Ay, = vy v, — 2v,v,c080

m, +m,
my

Ay, = ————
m; +m,

2 .2
vy +v; —2v,v,c080

m,, m,: Mass of vehicle 1 and 2
vy, vy: Velocity of vehicle 1 and 2

DRAC

Uy 7Y
2
2[vyt," —d]
DMerLglc = tl/
d , d ,
Vo<t <25t =
Uy Uy

DRAC.,, . =

Tear

d+1,

Uy

v, vy: Velocity of vehicle 1 and 2 (m/s)

d: Longitudinal spatial gap between the rear of the leading
vehicle (vehicle 1) and the front of the following vehicle
(vehicle 2)

t,": Time taken by vehicle 1 to clear the conflict area
d: Distance of the closest boundary of conflict area from vehicle 2
l,;: Length of vehicle 1

DSS

2 2

v (¥
DSS= (5+d,) — (WPAt + )
2ug 2ug

vy, vy: Velocity of vehicle 1 and 2 (m/s)
w: Friction coefficient

g Gravity acceleration ("§)

d,: Distance between v, and v, (m)

At: Reaction time

Extended
Delta-V

v, —agt, if(vu1 —alt) >0
v = .
0 otherwise

b — {1}02 —ayt, if(v,, —a;t) =0
2 0, otherwise

v,y Uyy: The initial speeds(m/s) of the subject and conflicting
vehicles, respectively, at the start of the conflict

t: duration of conflict (s)

Awv: The formula given above

Gap Time

Gap Time = t, —t,

t,: Time taken by vehicle 1 to reach the conflict area
t,: Time taken by vehicle 2 to reach the conflict area

Jerk

as, a;: Acceleration rate of the primary vehicle at the final

time and initial time of observation
t;, t;: Final time and initial time of observation

Lat A/
Lat D

LCLtA/L(ItD: vf,lut _Ui,lat
t,—t,

Vg 1at> Ui 1q: Final speed and initial speed of the vehicle

in the lateral direction
t;, t;: Final time and initial time of observation

PET

PET=1t,—t,

t,, t,: Time taken by vehicle 1 and 2 to reach the conflict area

PICUD

127sz
— AL

PICUD(m) = 5

Vi, V,: Velocity of leading car 1 and following car 2
S,: Distance between car 1 and car 2

At: Driver’s reaction time 1
«: Deceleration rate to stop

PSD

RD: Remaining distance to the potential point of collision (m)
MSD: Minimum acceptable stopping distance (m)

d: The distance from the stop line
v: Vehicle speed
t: the time remaining till the onset of red

Vol.23 No.5 (2024. 10)
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SSM Equation Parameters
v .
RDR RDR = SPET v: Vehicle speed
RS As As: Relative speed of the pair of interacting vehicles
< AKE AKE: Kinetic energy loss per unit mass
Saf. I=
Saf. I f SPET PET: Post-encroachment time
5 ] .
SD sp=_"Y \& Vehlcle.speed o
25441 2 Coefficient of friction of the pavement surface
A 2
SI 57— TORT? A: Temporal proximity measure like TTC or PET
TA =1 Vi V., V. Initial d and d
TA =15X 16.7 % exp(— 0.0306 < 0.5 ) 7>V, Imtial speed and mean spee
_ . Small time st
TET 51 = Y} (6(0) - 7,) T e e B
=0 ‘ 0: Switching variable (0 or 1)
TH TH=1t, —t, t,, t,: Time taken by vehicle 1 and 2 to reach the conflict area
t t: Time
TIDSS TIDSS = / TH— (DSS) tdt
0{ ( )} TH: Threshold
r V0 < TTC (t) < TTC*
TIT 7, = M 17C — TTC(t)] » 7, TTC*: TTC value below the threshold value
t=0 TTC (t): TTC subject vehicle
X — X (t): i i
e e < KO- X -1 VT)(” . E*; peluve dbaee
(t) = AGESAN0) i\ .— l,].t . Relative spee
I: Subject vehicle’s length
TS _ T x,, x4 the position of the vehicle and stop line
vy v,: the vehicle speed
AS: Relative speed of the pair of interacting vehicles
S: Speed of the follower vehicle
Un ty=AS SR
nsafety b R,: Unsafe parameter
s v V,: Number of vehicles in the link
UD St i
N3 unsafety, g o d S,: Number of simulation steps within aggregation period
Unsafety Density = >—"— Tl d: Simulation step duration (s)
T: Aggregation period duration (s)
L: Section length (m)
AKE AKE = %(1)% +3) — %UI’UQCOS@ vy ot velocity of vehicle 1, 2

<Table 2> Definition, Advantage, Limit of SSM

SSM Definition Advantage Limit Reference
Can specifically C?lptulf: driver e}ror o Astarita and
CE Total energy released due to a | factors; Can simulate possible | It is difficult to measure the Giofté
potential collision outcomes of collision and model the | driver’s attention diversion time 1olre
. .. (2019)
results of single collision
The ratio of 1 i lai
Change of e ratio of the tangent angle Can describe evasive actions taken Cann.Ot mdepende.ntly (.exp am the Wei et al.
Curvature to the arc length traversed by by turnine vehicles conflict; The relationship with the 2019)
a turning vehicle Y € conflict has not been validated

237, M52(2024H 10¥)
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SSM Definition Advantage Limit Reference
when the intersection area is It is based on macroscopic flow
ividing i 1 cell jabl h ffic vol
Conflict dividing 11.1T0 equal cell areas, | afety evaluation of the intersection variables suc as.tra ic vo uIrTe Ma et al
Probabilit the probability that two or more is suitable and occupancy, so it cannot explain 2018)
Y| vehicles will arrive in the same microscopic collision mechanisms;
cell simultaneously Limited applicability
. Wh bined with other SSM, | It cannot independently defi .
Conflict | The average speed of the road | . en comh ted wifh © ?r canno fhclependen v 1‘n © | Saunier et al.
. . .. |it can provide an overall picture of | a conflict; The correlation with
Speed users involved in the collision . . . (2011)
the evolving conflict crashes is weak
During a given time interval, the Cunto and
CPI probability that the given vehicle’s | Partially resolve the limitations of | Lateral movements are not applied; Saccomanto
DRAC exceeds the Maximum | DRAC Only the intersection is affected 2008)
Available Deceleration Rate.
Th f the h hicl Knowl f hicle’s criti
e .speed of the host vehicle conflicts can be quickly idenified; oW edg.e of the ve. cle’s cr}tlcal Paul and
required to successfully brake . . deceleration rate is required;
CS . Lo Can support the implementation of . . . Ghosh
when a conflict vehicle is present L Relationship with crashes is not
. . real-time risk management measures . (2018)
in the conflict zone validated
The ¢ g.e. m Yehlde . -due Such as Extended Delta-V; The
to a collision if both vehicles relation with collision severit Laureshyn et al.
continue to move at a constant | Same as Extended Delta-V; Evaluate | . . . Y (2017),
Delta-V . .. . . is not valid; There is a lack of
speed from the point of collision | the results of the interaction; cie . Ulak et al.
. . . threshold guidelines for various
detection until the expected time . (2019)
.. levels of severity
of collision
The difference in speed betwi . . L.
© . cem . M In traffic flow, vehicle speed and | Potential traffic condition are .
the leading vehicle and the . .. . s Almqvist et al.
DRAC . S deceleration are explicitly taken into | not identified exactly; Lateral
following vehicle is divided by . . . (1991)
. consideration movements are not applied
the deceleration time
DSS Difference space distance and | The Equation and threshold of the | Danger level and duration time | Okamura et al.
stopping distance calculation is clear are not considered (2011)
M alculati ;
The distance from the target casure 'ar.1d ¢ .cula ton are CE.).Sy, It cannot independently define a
o, By combining with other conflicts, . R . | Noble et al.
DTI vehicle’s bumper to the front . . conflict; There is little information
. the evolution of the conflict can be . (2016)
edge of the stop line . about crash risk;
explained,;
There i . finifi
It is suitable for large-scale studies of (:}r; iiinoe::ﬁzt?;ezigﬁliz
Actions such as a vehicle | across the entire network; Conflicts €S . . Yan and Radwan
. L . be used; A long period of time
quickly changing its path or | can be comprehensively measured | , . . (2007, 2008),
EA . . o s is required to collect a sufficiently
suddenly braking to avoid a | by utilizing multiple indicators; The . Hutton et al.
. . . N large sample; It is costly because
crash during a turning maneuver | relationship with crashes has been . . (2015)
. multiple devices are used for data
validated
collect;
The change in vehicle speed due
o . V-
Extended to a collision if the velnclle brakes | Same as Delta-V; Improvemer}ts Laureshyn et al.
Delta-V at a constant deceleration rate | were made to the constant velocity Such as Delta-V; 2017)
from the point of detection until | assumption of Delta-V

the expected time of collision
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SSM Definition Advantage Limit Reference
In a leading-following relationship, . .
I h
£ b b b e 0 0
the rear of the lead vehicle In conflict studies, it is rla)lrel’ (2013),
Gap Time |crosses a specific point on the Same as TTC, TH o Y| Pawar and
used due to its disadvantage of .
road and the moment the front viding less information compared Patil
of the following vehicle crosses po P (2017)
: to PET
the same point
. . Evidence of a relati ith crash .
It can explain the severity of the 9 ce o8 Ie.a oW s Tageldin et al.
. . . at the intersection has not been
Rate of change of acceleration | conflict; It can be utilized for all . (2015)
Jerk . . established; When only speed data .
over time types of conflict research; It has a | . . . L Wei et al.
sitive correlation with crashes | available, it can be significantly (2019)
po affected by noise
Lat A Instantal.leous acceleTano.n or Description of steering maneuvers 1t c?r{not independently .deﬁne. A Guo et al.
deceleration of the vehicle in the .. . collision; Weak correlation with
/Lat D . . taken as part of collision avoidance .. (2010)
lateral direction of motion collisions
In a situation where the subject Guo et al.
vehicle or the conflicting vehicle (2010),
is required to perform rapid evasive Wu and
NC | rnaneuvers to avoid a colision, and Same as EA Same as EA Jovanis(2012)
the vehicle’s operation approaches and several
the limits of its capabilities others
leadi hicl i
After al e;?]]]njon ‘:m: ft}hseti?ntz Cross-crash is more suitable than
I. . ’ .| TTC; Measurements is easy; Video | The severity level and collision | Allen et al.
PET difference until the following . . .
. .- | or simulation can be used to measure | effect are not considered (1978)
vehicle reaches the potential .
.. easily;
collision zone
When the emergency brake of | There are more appropriate methods | Threshold is not clear; Side collision
the leading vehicle is activated, | than TTC to assess the collision risk | is not considered; When emergency lida et al
PICUD both the leading and following | among vehicles with similar speeds; | brake of the leading vehicle is 2001) ’
vehicles come to a complete | Tiaffic condition and changes in collision | activated, lane-changes are the
stop. are perceived more responsively |only possible action to be applied
The expected PET value at each The calculation assumes movement
. .. . . . Mohamed and
PET moment of interaction if road | It is more suitable than TTC for |at a constant speed; There is a Saunier
P users continue driving at the | angle/crossing conflicts limitation that the relationship with 2013, 2015)
same speed and on the same path crashes has not been investigated ’
Ratio betw tential collisi
© . een poten C,O, on Evaluation of the crash is possible; | It is possible to measure only some | Allen et al.
PSD zone distance and the minimum . .
. . calculation are easy safety issues; (1978)
allowable stopping distance
Acceleration required for a | Suitable for conflicts resulting from | Limited applicability; It does not
. . . . L. . . Sharma et al.
RA vehicle to pass the stop line | running a red light; Can aid in |consider driver and pavement @011)
before the red light begins modeling risk in dilemma zones | characteristics
St an e vice el KDR i sl he o videly
ithhe conflict is the same as used DRAC; By measuring the | Like DRAC, it is difficult to| Babu and
RDR . quantity after the crossing event, it | determine the threshold for conflict Vedagiri
PET, the deceleration rate .
over comes the constant velocity | assessment; (2017)

required to safely stop the
vehicle

assumption of DRAC

237, M52(2024H 10¥)




ZHtY JlEE YA KR 28 nEAE B4 WE
SSM Definition Advantage Limit Reference
It is simple and can be used with | It provides limited information
RS Maximum relative speed of the | other measures to provide a |about the conflict, so it should be| Lee et al.
conflict vehicle comprehensive explanation of the [ used in conjunction with other (2013)
conflict indicators
It combines measurements of
collision probability and severity | Calculating the kinetic energy
into a single index and can be adjusted | released in a collision requires many
An index combining collision | by considering various factors that | assumptions and is cumbersome; | Alhajyaseen
Saf. T L. . . - . . ..
probability and severity influence collision outcomes, such [ It does not provide collision (2014)
as the presence of vehicle safety | severity information based on
features; The relationship with the | severity levels
severity crashes has been established
D The distance covered by a|lt can be used as a decision-making | It does not provide direct information | Oh et al.
vehicle during deceleration tool for predicting conflicts; about the conflict; (2010)
. . .. | Provides a clear idea of the severity
Measuring conflict severity . . . .
. . of traffic conflicts; Suitable for | Information on driver response
from O to 1, with no units where . . . ..
SI a value closer fo 0 indicates large-scale studies across the entire | time is needed, but this is data| Autey et al.
. . network; Normalizing the values | that is not easily obtainable in field (2012)
lower severity, right up until the allows for con of conflict | studies
moment before a collision . ey Com
severity
The time remaining until a
collision occurs from the moment . .
one obiect involved in the fraffic measurement is easy;, calculating | TA measurements depend on Hyden
TA . ; . . . through hand-work or video analysis | evasive action; Speed and distance 4
conflict begins evasive action, is possible; depend on subjective judgment; (1987)
without any change in speed and P ’ pe ) Judgment;
direction.
The total time during which the Separate data can be senerated for TET remains unaffected, when | Minderhoud
TET TTC measurements are below eag}?rvehicle‘ 8 TTC measurements fall below the | and Bovy
the TTC threshold. ’ TTC threshold; (2001)
The time it takes for two vehicles | Measurement is easy; Safety level o by
TH .. L are not considered; A rear-end -
to teach the same position |can be distinguished; .. .
collision can be applied
The total sum of the integrated L
TIDSS | value intervals between DSS z)a;lsgiflz::(\l'.el and duration time are Rear-end collision is only suitable; Okalgg?l? al.
and the danger threshold ’
Advantages of uncertainties in
The value obtained by mteglamlg Safety level of collision can be @ver actlc.m are small; It. is | Minderhoud
TIT the TTC-profile over the time deduced: Same as TET difficult to interpret the meaning | and Bovy
below the threshold. ? of the results; It is not desirable (2001)
for simulation studies;
TTC is far more frequently used | Assuming a constant vehicle
If they continued on their present | in practice than PET or TA due to | speed, it is not possible to account
TTC path and speed, the time until | theoretical issues; Many automobile | for crashes that may occur due| Hayword
a collision between the vehicles | collision avoidance systems have | to acceleration or deceleration; (1972)
would occur. used TTC as an important warning | Can provide the magnitude of
criterion; crashes but not their severity;
The. time remaining until Fhe It is simple p mte the‘ likelihood Tt cannot reliably define risk: .
vehicle reaches the stop line | of a conflict; It is suitable for | _ . . . . | Hurwitz et al.
TTS . . o .| It ignores the action of the conflicting
while maintaining a constant | predicting violations such as running vehicle (2012)

speed

a red light
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SSM Definition Advantage Limit Reference
In simulations, the level of ?}f:;et;i;fz?e izll]llts ;r;agi:;liz(: The result values are meaningless Barceld et al
UD ‘unsafe’ between two consecutive micmsinmlatiﬁ Y five studics | ™ their own; It can only be applied 2003) ’
vehicles on the road between links can be( conducted: to lane-based traffic conditions;
Provides a simple est of collision Limited applicability; Ignoring
. . . .. | energy losses due to physical
Total kinetic el'm'rgy released seventy', 'Bycombmmngm Cf)lhslon deformation of the vehicle;| Ma et al.
AKE due to a collision between | probability measurements, it can . . i
. . . . Predicting future trajectories (2018)
vehicles of similar mass provide an overall safety index for
the intersection based on constant speed at the
measurement point
2. XAz o] ME JIE Al 24
1) DEA G gl 71k Al 2
Hayward(1972)= €14€ D. C. SAYTFATE 149719} F Street Abololl QU= 44 A5 aap el A 2t)

=

9] CCTV(Closed-circuit television) = 1% o|HE H ol 3 & TTCE 4+=3}5th Hyden and Linderholm(1984)
& 299 F 1570 wARS] CCTVAlA as &% dHolHE F38td TICE AH=EaH3th. Michael et
al.2000)2 "= W E 3/ n&ER] AXE FATEE S8t AF F4 HolEE 38l THE
AFZE8F3TE Uno et al(2003) wES] A wap 73tell Ax® F37tvletol A A 24 dold 3 wF
S FR59.o1 TIC9 PICUDE 4H&3}9]th Songchitruksa and Tarko(2006)S = Qltjojuta ghutd E
Ao F 167} 474 A5 warRel| 7SS AA st A FA dHolHe} wEHES FHNeH, F
A F4 vlo]E 7|2 PETE 4FHE3IITh

Yan and Radwan(2007)2 4312 8 =29} 2329 Bz T2 7} H2o] Mg H3)d Aol e 4
wAtEe] 2th o] FA7HIEkE AA st 3 A FHI A, +3H, F8) e FS TR, #
peFol thgk EAS £43519 . =8 Yan and Radwan(2008)& o] d 3} -8 Ho|E1Z $-314 2}
£35S T Oh et al.2010)2 T Al AA wAtZ el A AtZ o] AAH CCTVl

Iy
Lo

B3z b e Slal AAE ATl 1S dE volHE sk e, TIC,
PET, GapS &3} th Saunier et al.(2011)2 AE 72| g 4] A5 w2 A oA 238712 o
T A5 11619 AtnHolHE FH 38, Delta-VEF CSE E=Z3H3T

Sharma et al.(2011)& Jt]ofu}F ZE2E o] SR 373 SR 327} n A= 44 A& w2 A" CCTV
oM WE 2 4 dole9t AT HEE FHBNSH RAS A& Guido et al.2011)2 o]g&|o}
FAA A B4 SRAuAEAA GRS E A 53] vlolHE #3891, DRAC, TIC, PSD, TITE
4HZ3HAATE Sayed et al.(2012)2 FHUTE BHEL F of = E A 118 of Bl makR o AX|G 2tf o] F37tv
golA 2E54F tolHE N oM, TICY SIE AHESIATE Autey et al.(2012)2 U]= 979 114
W BlA s uAtRe] HAE 2718 Gt et A F4 vlolHE FREd e, TIC, SI, 4%
4+&3F99 ) Caliendo and Guido(2012)= el Al BlAIZ W AFZ oA WA 7 2o] F2) 21 AlalH| o]
gaaton, WEF HolEe AR FA7 A FRst AlEgoldstath. AgEold 7Nk
39 doly 7|¥oZ TTC, PETS &3t

Meng and Qu(2012)= A7IEE A3} A&EZ U] CCTVAIAN nEFHS F38Y, TIC 2 25 A%

u:_q,

b o

=
sl
Ly
put
E
o

B
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ks

HT

£ 2SS Y. Hurwitz et al.(2012)2 79 =29} 103¥] =27} WA8H= 44 4215 wat2 9o AR A o2 HE
500~600T E Eojzl 314 FRE| 4719 YA7HEE AXste Aart v e Al7IS AR S SHEke
A dolHE FH31929H, TISE A& T Peesapati et al.(2013)> ZA|o}F N ETELA 187] A& o
2o G ErE Akl A 33 dHolHE F35H, PETE AHE3SHAT Lee et al.(2013)2 47|15
BEA L 4] A5 warRe] GAztuetE X8t Ak S FH RYFS FRSAT 1 doly 7
wo g wE AEFo]AdE AYsIHN oM, TTC, PET, RS, Delta Speed, DR 4+&3l31th. Mohamed and
Saunier(2013)2 7] Saunier et al.2011)2] HloJE|E &-&3tHom, TIC WA o|Y waf FYo B2 A}
BA7F EFdte oS ARt Aboldl pPETE AHESHAT

Sayed et al.(2013)2 H AT Street®] Burrard The] X 9| 42 A5 w2 U 3719 G347 E A X
o A F4 dolHE FH9eH, TTC ¥ 1% A% HNEE AE39 T Huang et al.2013)2 = @4
o] 107] A& watRel 47]2] FA7HEtE AAske 1,77479) 3 FE, 551749 A4 W7, 572749 wat
FES ¥gete F 280779 wEAF HolEHE £HEH LN, TTC, Gap 5 43S Alhajyaseen
(2014)2 €& Yol 57 A5 wAE IS 15 219 Foirle] Fd7erE AXstd AE A= 4
olH|E 3O M, PET, Saf. IS A&3}3 T} Tageldin et al.2015)S F3 A38lo] $YAY 2 @A wat
2o AXH FA7HE 22 AA 33 HolHE FHSIA M, TIC, DR, JerkE 4F=3tSTh Essa and
Sayed(2015)= iUttt A Al 729719k 1280712 & 27 A3 wARe| 8o YT ElE E8sle] u%F
ZF, A F3 dHolH, AT E&ee A, 1E 74 2 dFuE WA g HoHE FHE e
], AlEH oS WPt AlEH|HS B3l F3H ol 7|¥e R TTCE 4H&313th. Mohamed and
Saunier(2015)> Ut ZET &9 wAZ 24 13 AEo] AXS F7lvete ] AF F3 dolHE
Akl on, TICS pPETS 4H=31th

Ahmed et al.(2016)& Z# o] Ao} HAZWAEY 1719 FATIH S Rt 22 33 HolH S +H
stgon, wEASE NEe AZ4EE 2459 Babu and Vedagiri(2017)2 HhAl 9] 2petof watZ44] v
IwAR), FY o MIDC RAZEBA BATHAR), Fuo AutE2A wAZ3A] HjAlTaxtZ)e] CCTV
A 2545 HolHE 3359 21, PET, RDRE 4+&3} ) Laureshyn et al.2017)2 #elF 2 7123 4%
AT wxEel TA Ao AXHE 2019 JHHEE AA FA HolHE F33IH M, Delta-V, Extended
Delta-V, TTICE 4+&3}9 ). Pawar and Patil(2017)2 1% vlslelrEDL YA o] E31F2 A9 44 wAZ 3
Aot 32 wAR 17 7+ 37§ o] G FivetE At At 4 dlolElE S, Gape 4H=E
skt

Ma et al.(2018)2 F= FA -9 nHlATwAtZol| HAXH GA7tvetol A 2gF 4 dlo|EE AL
o EAE N 2 72 WA oA dAYstE CPE A4FSIATE Paul and Ghosh(2018)S Q1= NCR A< H]Al
SR AXE CCTVOlA wE &% HolHet 4% dHolHE 78t%.2m, PET9 CSE 4H=33th
Astarita and Giofre(2019)= AR AX|H F7tuetol A At 54 dolHE T3 stHoH, AlEdHolA
< 53l TTC 2 CEE AHE3I9 T Wei et al.2019)2 Aslo] U] 71o¢t 229} B& 204 2= Alo] wiat
2o AAE FE7MEE T3l 4190 T2, 2,930t 583k 805t A AL AA FF dHolHE £33
2™, Jerk, Change of curvature, CRS AFE3}TE Ulak et al.2019)2 Z 2| thE €3] Ao $1X|3 A&

© 34 AR 379 FFES AAst] wEHF B AF FH HolHE AL olF V|ROE AE
go) s APt AEY ol 71WHO E Max Delta-VS TICE AH&3tgl o, Az s £3& A&369
T} Raju et al.(2022)2 QIE AF I&EER IR F3ho| FA7MeEtlA 4 dolHE s8R oH,
DRAC, TTC, TET, TIT-S 4H&31Th.
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2) 0|34 et &l 7[8t Al 24
Guo et al.(2010)< 100Th AFFoll Thekst AlA 5l 7hveks Aarste] 24 el i 244 P&
T4 dolHE 338921, Lat A, TTC, DRAC, PETE 4F&3H3th Wu and Jovanis(2012)= ¥ 2t

392, Lat A, NC, TTC 52 A%E 4+&3l4 T Hutton et al.2015)= =& Ul A3 7lvje} 79t
el #A31d T AgS YT A HolEHE #5921, PET, NC, EAS 4+&313{th. Noble et al.(2016)
< A g AR AEE AA dxZde] 9 et Zvre s 24 gE vlolEE R, TTC

RDR& 4FE3}%TE <Table 3>

71E A7l sl FHI Foloh

<Table 3> Summary of Literature Review

Reference Data collection equipment SSM
Two CCTV installed at the signalized intersection between 14"
1972 TT
Hayward(1972) street and F street in Washington D.C.’s CBD c
Hyden and N L

Linderholm(1984) CCTV Installed at a total of 115 signalized intersections in Sweden TTC

Michael et al.(2000) Video cameras installed on three Highways in Manhattan, USA TH
Uno et al.(2003) Video cameras installed at weaving section in Kyoto, Japan TTC, PICUD

Songchitruksa and Video cameras installed a total of 16 signalized intersections PET

Tarko(2006)

in Lafayette, Indiana, USA

Yan and Radwan(2007)

Two video camera installed at a 4-legged signalized intersection
between 4-lane main road and 2-lane minor road

EA (Left-turn, U-turn)

Two video camera installed at a 4-legged signalized intersection

Yan and Radwan(2008) between 4-lane main road and 2-lane minor road EA (Right-tum)
Oh et al.2010) CCTV Insta.lled at intersections of Jungja and Naejung in D
Seongnam city, Korea
Jsmail et al.2011) ideo cameras installed at a signalized intersections in Oakland, TTC, PET, Gap

California, USA

Saunier et al.(2011)

Video camera installed at a 4-legged signalized intersection in
Kentucky, USA

Delta-V, Conflict Speed

Sharma et al.(2011)

CCTV installed at a 4-legged signalized intersection in Noblesville,
Indiana, USA

RA

Guido et al.(2011)

Video cameras installed at a roundabouts in Consenza, Italy

DRAC, TTC, PSD, TIT

Sayed et al.(2012)

Two video cameras installed at a signalized intersections in
Alberta, Canada

TTC, SI

Autey et al.(2012)

Two video cameras installed unsignalized intersection in 97
interstate highway

TTC, SI, Average Conflict

Caliendo and Guido(2012)

Video cameras installed at a unsignalized intersections in Salerno,
Italy

TTC, PET

Meng and Qu(2012)

CCIV installed at a underground highway in Singapore

TTC, Conflict frequency

Four cameras were installed on fixed structures 500 to 600 feet

Hurwitz et al.(2012) away from the stop line at the 4-legged signalized intersection TTS
of Route 7 and Route 103
Peesapati et al.2013) Video cameras installed a signalized intersections in Georgia, PET

USA
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Reference

Data collection equipment

SSM

Lee et al.(2013)

Video cameras installed at a 4-legged signalized intersection in
Pyeongtaek, Korea

TTC, PET, RS, Delta Speed, DR

Mohamed and
Saunier(2013)

Video camera installed at a 4-legged signalized intersection in
Kentucky, USA

TTC, pPET

Sayed et al.(2013)

Three video cameras installed at the signalized intersection
between the Burrard bridge ramp and Pacific street

TTC, Conflict frequency

Four video cameras installed at a 10 4-legged signalized

Huang et al.(2013) intersections TTC, Gap
Vi . o .
Alhejyaseen(2014) . ideo ca.mera }nstalled on the rooftop of a building five signalized PET, Saf. 1
intersections in Nagoya, Japan
. Video cameras installed at a signalized intersection of Wu Ning
Tageldin et al.2015) road and Lan Xi road in the city of Shanghai, China TTC, DR, Jerk
Essa and Sayed(2015) Eight video cameras installed at two signalized intersections in TTC
Surrey, Canada
Mohamed and Video cameras installed on the rooftop of a building near a 4-legged
. L Lo TTC, pPET
Saunier(2015) signalized intersections in Montreal, Canada

Ahmed et al.(2016)

Video camera installed at a unsignalized intersections in Malaysia

Conflict frequency, Conflict severity

Babu and Vedagiri(2017)

CCTV installed at the Chanakya intersection (4-legged
unsignalized intersection) in Vashi, the MIDC intersection
(3-legged unsignalized intersection) in Pune, Samarth intersection
(3-legged unsignalized intersection) in Pune

PET, RDR

Laureshyn et al.(2017)

Two video cameras installed on the rooftop of a building near
a 4-legged intersection in Minsk, Belarus

Delta-V, Extended delta-V, TTC

Pawar and Patil(2017)

Three video cameras installed at three 4-legged intersections and
one 3-legged intersection in Kolhapur, India

Gap

Ma et al.(2018)

Video camara installed at a unsignalized intersection in
Guangzhou, China

Traffic conflict, CP

Paul and Ghosh(2018)

CCTV installed 4-legged unsignalized intersection in NCR area,
India

PET, CS

Astarita and Giofre(2019)

Roundabout, signalized intersection and Complex unsignalized
intersection in common cities

TTC, CE

Wei etl al.(2019)

Video camera installed at a 4-legged signalized intersection
between cao’an road and north jiasong road in Shanghai

Acceleration, Jerk, Change of
curvature, CR

Ulak et al.(2019)

Three video cameras install at a 3-legged unsignalized intersection
in Tallahassee, Florida, USA

Max Delta-V, TTC

Raju et al.(2022)

Video camera installed on some segments of western highway
in India

DRAC, TTC, TET, TIT

Guo et al.(2010)

Various sensors and cameras installed on 100 vehicles

Lat A, TTC, DRAC, PET

Data collection equipment, including video cameras, sensors, and

W .
u and Jovanis(2012) radar installed in vehicles driven by a total of 241 drivers Lat A, NC, TTC
Hutton et al.(2015) Front and back camera in vehicle PET, NC, EA
Noble et al.(2016) Adaptive stop display and camera installed inside the vehicle. TTC, RDR
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3. AIAHY

S A we Adio] yehr] del A7 52 9 wseA °ﬂ ‘I}F/} thofsh SSM A E7F &85 1
ANoH, o] Ao we} Adg SSM A xS Addte] Fgate= o] TS AARITE o E SSM
A% =S 9% I AHE B AR A FHs st 1A Al A HolHE FHshe AS
7 BT ol 7€ aBAML HlolE Y FAE Hof HIFE o[HlE gt A8 o] Jhsdtr|e AN
44 F7HE glojud HlolE o] EVbed A2 A7 YEebETh A2 Butd G4 Al 7|Rke R
% B9 dolg o] o]FA L glon, o]F &8 F U= ol 24H UFAE FAA =ut
B ARl 71Nk v F= oHIE HolE o] EdetA o|HAL YA+ ¥ ARt & mutd I A&
g3to] HlolE & Bl wEekd EAlo] META 7|E 184 G Aule] @A S5o] Jhs
g Aot} T3 A F4T2 v F9 Al(Artificial intelligence) 7143} Edge-computing 7] &S &-8-3Htd
A WEOHA EAo] 7hsdlH TEuESHHe] ddE Ao 7 Holt

w gl o
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1. ZHIY A4 XjZ J[Ht SSM 75 Hiot

2utd YEARE olFetiA FHE FIY HolHE AulsiH, A7 E-Nbs AntEE Bl EE,
S 2o AAn) Jhto g o5 HA HE RE HolHE wntd JAAFEZ Y dth<Fg 2> FX).
A FAEE ol FstHA FAARE FHIERE St Ao ALHA ARE TGk 1182
Zulel wls R E = ol 1 ¥ Aty a8y Butd @4 A5E 2 J2A, AARE dolH 3
VA2 G AH FFAGAA HolE o] VHEstER wE b Ao fr&sith 53], mutd 4t
e oA Aok XM S FUT Aol TRt wFEAelA HolE FF o] 7hsstth
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ks

zeid 7t Ay K 2E usHE

HT

A7, AT 24 o] TFEY. BLoT BELEH Bl I dolg AF F dolE 4 AL met
DEAZT BEE AAe) $AAAF 21 5)S BAG 9% 24F Awac Ao 9y 2a
4 2
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