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Abstract

Traffic accidents can be defined as a physical collision event of vehicles occurred instantaneously when
drivers do not perceive the surrounding vehicles and roadway environments properly. Therefore, detecting
the high potential events that cause traffic accidents with monitoring the interactions among the surroundings
continuously by driver is the prerequisite for prevention the traffic accidents. For the analysis, basic data were
collected to analyze interactions using a test vehicle which is equipped the GPS(Global Positioning
System)-IMU(Inertial Measurement Unit), camera, radar and RiDAR. From the collected data, highway
geometric information and the surrounding traffic situation were analyzed and then safety evaluation
algorithm for driving vehicle was developed. In order to detect a dangerous event of interaction with
surrounding vehicles, locations and speed data of surrounding vehicles acquired from the radar sensor were
used. Using the collected data, the tangent and curve section were divided and the driving safety evaluation
algorithm which is considered the highway geometric characteristic were developed. This study also
proposed an algorithm that can assess the possibility of collision against surrounding vehicles considering the
characteristics of geometric road structure. The methodology proposed in this study is expected to be utilized
in the fields of autonomous vehicles in the future since this methodology can assess the driving safety using

collectible data from vehicle's sensors.

Keywords: Algorithm, Highway geometric, SDI(Safety Distance Index), SSM(Surrogate
Safety Measure), Traffic accident
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oldd 7HHlEte ARgStel I ASFEE F
FOV (Field of View)& 2% o] 2 A &S 94 & & A= 25t HolH
WE/ggl wheh I & = Sl A A el 9E T 2

1
S 22 SesHAon, A4 24240 F8 E4L Table 1] AASHAT.

Figure 1. Survey vehicle

Table 1. Sensors on survey vehicle

Model Novatel SPAN-CPT Velodyne LiDAR CCD Camera ESR-Radar
Type GPS-INS 3D LiDAR Camera RADAR
Frequency 100Hz 20Hz 33.3Hz TTHz
Collected data Location, Position, Speed Road Facility Lane Width Vehicle
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AFo] FP L Bk TR LEHAAE Sl E7I51 72 RARUAAL, tHEAL), 1584
QA A ] FAle] W E SDIS LEFAX L Hefslsict. S5, SDIC] 7} 2
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Table 2. Description of variables

Variable Description ~ Sensor Data Source Value Variable  Description Sensor Data Source Value
h Headway RADAR Vehicle Ground i Cross Grade ~ GPS-IMU Vehicle Ground
Truth (Roll) Truth

v, Speed of RADAR  Vehicle Ground G Vertical Grade GPS-IMU Vehicle Ground
Leading Truth (Z Coordinates) Truth
Vehicle(km/h)

Vp Speed of RADAR  Vehicle Ground d, Stopping - Vehicle Ground
Following Truth Distance of Truth
Vehicle(km/h) Leading Vehicle

Vi Safety Speed - Vehicle Ground d Stopping = Vehicle Ground
at Curve Truth Distance of Truth

Following Vehicle
Ve Speed Limit - Assumption 90km/h ¢, Perception - Assumption  2.5s
Reaction time

f Coefficient of — Assumption 0.3 Uy Length of - Assumption  4.7m

Friction (90km/h) Leading Vehicle
goldE ol-gsto] Aol M wF HHEE +HFIL = AFIE Figure 29 AJAISHA. Figure 20 A4 =

2 A2 SolElol A FAE AR CHE, 2 AVIE)S Slelolel, 818 AZkS A Aje0] ol 245

419 = A2ke] 477218 olgate] o] FAHHAS B

7l ABAFE feldich, S5, SDEE 3% Al Sl
Y AR AL AT, DG S DAL TP e B
L 9ol RO FEol WA, BT 4oz nastsd,

Front Camera

i R e
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£ Aol Aok Gl ] FATAHS VS STZLS S o] §oks 523 SDIS ol g1
1:1

o) 1 Table 291 AN 45 745 W B A150ek, 48 GhL Figure 390 ANIE S22 4 B2} oban
25l AN Gre] ek Bohsel, A0 AR, 2ol g Boi,
£E8 o] ol FHAAL o] Fol

2 e AA( HAREA, ]
1 AN E AFEE(Vy)2ke] vnE Sof 2] FMade Tt ez F2d 111* M=
TR QPAEE o vl w s, AR QPAEREE 26hs A-polle fldet Ao wadttt & Aol Agt
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S FR | PAE = A (FELFY, 2013)0] AlAE FAH & olgstgon], AMGelAL] Z4
o S A4Sttt Aol A o] mHE 4 §FE(R) o glom, HAAL e AAGE
-2 AR 4FEA1S Equation(1)of] AJA5HAT Equation(1)& ©]-8-6to] 4ol A Zpegfo] QbdstA| 598
T = S (V) E 4AHET 2, Equation(2)ofl 4FEA1-& ARSIt 2 @) oA T8 ok= 2Fe] &7}

SH
=
5.9 SPASE veto] A SHATH AR, QHISES 2T B9l B 4F02 wesier

[

Data Acquisition (GPS/IMU, Radar,
Camera, RiDAR)

Data Synchronizationat (j) ‘
(Location, Object, Frame, Speed)

i =Tangent Curve?

Yes

No

SDlat(i) =07

No

Safe Unsafe

Figure 3. Driving safety evaluation algorithm
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Vi (
_ _r 4)
dp=Vpxt, + 254(F+ G)

0 (Safe),ide*dF> 0
1 (Unsafe), otherwise

SDI= { &)

4. &tghtol HE

2o FYMM A ool it AukE ASot7] Yell Akal-&, EPDO(Equivalent Property Damage Only)E 4t
£5}o] R4 WS AR T700) Ao BEFE Tfslo] BEALT] WA HEES ApH 2 B}
7} 7V St s ob W oloh i bl A AR AXF AF S AETF A FF(AADT: Annual Average
Daily Traffic volume), 3t Aol(km), (D& HWrolA AHale&S 4FESHH, Equation(6)l AIAISHAT
EPDOE wEAMAL Mol ot tiam sty ez Al 44 AlRFelshe WHioltt. 1719] Apal &Ae]
I AFGARLE 129] 711, /ALl E 39 7FS A S F-odstH, Equation(7)9f] 11 A& AlAsHalth. Alard=s,
A1, EPDOE ol ool 4848 H7He REE dhap7iold wateh 4] Ab A 87ke] QAAE Botshe
A0] ofal, 2 Aol AN T FEEe] BeAS ARa}] Sfat ek 2 Sasioc

A7 AFaLzd*10°

&= A « kme
LE = S AT R e T kmE) ©
=4 21}

AT A 7] A2 65.365kmol ™, A Aol A 2 F7H2 50.434km, A F7H2 14.931kmo]tt.
A 7oA o] A R) M= 11-3,646m, THHARE —3.22%14 2.95%2] ©9Z2 A= QAT £ 2}
FH W E3LA) AReste] FaPstg o, B £ 5= 77.3km/h, 10-128km/he] H9)& 35+t Table
of= 37 S FHESto] ZF 7] theh A AR A% AR A% AN FHAAL Hdt FYLEEE A S

Table 3. Road section information

. Length of Length of . . Average
Section No. Tangent(m) Curve(m) Radius(m) Vertical Grade(%) Speed(km/h)
Section 1 Janghang IC 18,412 2,444 87~3,646 —2.30~L.12 77.60
—Gayang Bridge
Section 2 Sungdong IC 22,187 5,976 11~2,942 -3.22~2.95 81.13
—Janghang IC
Section 3 Dangdong IC 9,835 6,511 36~2,748 -2.17~1.54 79.26
—Sungdong IC
All 50,434 14,931 11~3,646 —-3.22~2.95 77.30

Oistu Eat2|2], &l 353 A 2=, 2017'H 48 123
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Table 4°fi= 37] 23l gt 2he] F3E04d §7F 235 AAstAT. 2R ek 7oA 3 hd4d 3
7t Azt Eedsiehal vehdh 232 720l A AR 1,799, AR 86771 0= 7P = vrEkyTh 2Eu
AFE 1251 H&(%)S AHESHe 49, FARE F2H(8.40%), 1342(8.10%), 7743(4.50%), TAF-= 73t
1(32.70%), 73¥2(14.50%), 77+3(8.10%)2] <=2 & UrE}Ur”E} 2 AFollAl ARbE R ES 487 Ape] 5
AR BIF At A7, 382, 3139 AR IET Ao R YT

Table 4. Result of the driving safety evaluation for each section

. Tangent Section Curve Section
ection No. Length(m) ‘Unsafe’ Point  ‘Unsafe’ rate(%) Length(m) ‘Unsafe’ Point ‘Unsafe’ Rate(%)
Section 1 18,412 1,522 8.40 2,444 799 32.70
Section 2 22,187 1,799 8.10 5,976 867 14.50
Section 3 9,835 440 4.50 6,511 527 8.10

2. MAM my} A}

120

& Aol A AlQre AbFe] S/ 87 are|5e] 8895 HESP] 9Isted, 37] 7Rt A At A
WEAILE o]-gsto] AFaLZA%, Abalg, EPDOE AFEslth Table 5 AF2 23S AXH W, B Azd4-2t
B EPDOE F2H(AF1734: 1 6171, EPDO : 225), F72(AFA4 ¢ 9.337, EPDO : 38), #7B3(Ak 17
3. 67Zj, EPDO : 32.22)9] <A 2 &A] vrebgteh, T=fuh, Abg-2 77H(3.84), 1743(2.30), 7782(0.93)2] =41

Table 5. Result of # of accident, accident rate and EPDO for each section

i # of Accident Accident Rate EPDO
Section No.
All Tangent Curve All Tangent Curve All Tangent Curve
Section 1 61 51.33 9.67 3.84 3.66 5.19 225 160 65
Section 2 9.33 6.67 2.67 0.93 0.84 1.25 38 20 18
Section 3 3.67 1.67 2 2.30 1.74 3.15 32.22 8.89 23.33

EPDO+E= 1719] ARALO| A I AFFARIL 12, BAFARILO = 39] 7HEA] 7} Fo{ =l B2, EPDOZ} =] Uehd Afale
A DAZE T} == A0 & Ao 7Hgoltt, Egh, Apefo] dp&ate] At A sh= -9, AAAZ 7 = A U
Ehdth= A2 7K (Aarts and Schagen, 2006) &= &3}, whaba], EPDO Ak} 2he] 3k /d-& wash=
G Fo)A vepd A3k H|uotH 2 Aol A Aljtet garefE-2 Adstrtal dekE

T3 AIEE(FAR), PGS E(FAR)E 2ol 2ol AR v]&-S HlwalH, 71, 1712, #3113 &
o= &k 23} 217 Hl-go] =7 YERElth o2’ A= EPDO9| 4= A3t s 1} fAfsHA vrelstet, - 513t
O] ARF&E L (A AF)E 21kt H-&-2 F7H(7.50%), T-712(6.60%), T7¥3(4.40%), SPAEE (FAR)E 6=
H-8-2 774 (32.10%), 17Y2(14.00%), 7713(7.90%) 2.2 el o ™| Table 69 A1-E A|AI51% . EPDOE
ZHFo W - AHC(A AR 1 160, TR : 65), FFC-AFICH AR 1 20, FAF : 18), ASIC-FHFIC(RAR
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Table 6. The result of comparison of EPDO for each section

. Tangent section Curve section
Section No. - = - =
Unsafe’ rate(%) EPDO Unsafe’ rate(%) EPDO
Section 1 7.50 160 32.10 65
Section 2 6.60 20 14.00 18
Section 3 4.40 8.89 7.90 23.33

 FAIAA N e AR Faoh AL BUSHAE ST, AAA Bk S AR ekt webAl, 2
Faebao] S E A g FZIOIAE LEARL WA 7Rs Aol A0 R Fri RS AN & 4 9

Table 7. The result of comparison of # of accident and accident rate

. Tangent section Curve section
ection No. ‘Unsafe’ Rate(%) # of accident Accident rate(%) ‘Unsafe’ rate(%) # of accident Accident rate(%)
Section 1 8.40 51.33 3.66 32.70 9.67 5.19
Section 2 8.10 6.67 0.84 14.50 2.67 1.25
Section 3 4.50 1.67 1.74 8.10 2 3.15
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Figure 4. Result of the driving safety evaluation algorithm
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