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( SUMMARY )

[Purpose]

Perform the proposed methodology’ s performance evaluation and
reliability verification of the result based on the various collected traffic
accident data and traffic flow related databases

Develop a proactive road traffic safety management methodology through
systematic risk factor analysis by using advanced statistics and data
mining technique on integrated big data of traffic accident history data
and traffic flow data

[Contents]
Pé;i?esrfts& 1. Research on data integration technique for traffic accident risk factor
analysis
e Survey and analysis on internal and external traffic accident related
databases
» Develop integrated data platform for risk factor analysis
» Verify the proposed data integration methodology
2. Development of traffic accident injury severity decision model
» Literature review of risk factor analysis and relation of injury severity
« Investigate on applicable data mining technique and analysis of application
case research
» Performance evaluation and verification
Instead of applying basic statistics to calculate the mathematical risk such as
Results the number of accidents, we applied various data science techniques based
on bid data in transportation to quantify the correlations between the
factors and results of accidents
1. Science & Technical Effect
o Establish a foundation for analysis of impact of road environment
characteristics and circumstantial to traffic accident
» Contribute to the development of smart road traffic system
2. Economical Effect
Expected  Drive revenue growth of transportation system though consistent

Contribution

development of big data collection and its analysis
Expand to international market with traffic accident analysis technology

. Social Effect

Procure of national degressive safety through safer road traffic system
Provide a foundation of establishing advanced road traffic culture
Provide a measure of efficient accident prevention and risk mitigation

Keywords

Traffic accident Risk factor

analysis analysis Big—data Data mining |Data integration
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b S B8 bsd LEAL B HolguMols A 53 B 24

WEAL AP 2Rl 45 AT #d Holy Y Ve AT

D =el wSAaL B4 dHolEHol2s et Hole B HolE FFo=m F45 o

glovl wolElZt #HE AR R WY =T T

2) 54 "Heolguo]late o] &3 AL el £45E JheskAIRE bRt tlolH

3) Hlole BFE AslAE A2 dolHulo)xo] Ho|, Hol¥ ¥ oy &5, HlolH
53 A% 9 el ol U@ ol 8s

AL ™ HolEH| o] 2o thet o]sfE ¢l SWITRS, PeMS, TAAS 5 =

-5
Welel thekd LEAT B HolHuelxE FHFL B4

=~

Mo
L

7}) Caltrans Traffic Safety Investigation

(D A2z ol ws= Caltransoll A= A EU ol 1&£E22RE F3H HolEE
o] &3l wHE E4sl= Traffic Investigation Report Tracking System (TIRTS)

[e) [e)
=gt A=

Wl

(2) n1%ZAF+= Traffic Safety Investigation, Traffic Operational Investigation, 12} il
Americans with Disabilities Act (ADA) Accessibility Investigatione] A 7}3] &)<
TOoFE U, o] F At oAy A2 Traffic Safety Investigation (alF<F
A ZAPNA o] FoF]

(3) Traffic Safety Investigation Table C (All), Table C (Wet), Other Safety2] A 7}
A ZAFE HI" O R o] Fo|F]

(4) o] = Table C At A$ AE3E A2doz = PF AL R A5

(5) Other Safety Investigation®] 7-¢- nF=rollA AAstes da AA 4, 2 7
Aol o] o] FolF

(6) Caltrans®] -5 2=ALE A (TIR)AM = &71E=E, 3A 3d Aol sfdste= AbaL

go]EE o] &3k Table C FAE 53 Al oAy (HCCL, High Collision

Concentration Location) A& o] o] Fo] =
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Traffic

Investigations
i
1 _ |
Traffic Operational . .
Traffic Safety Investigation: - s‘:lr:lrl“t?:sa':\it with .
Iestigation Hoyians moteimnent of Accessibility Investigation
traffic - g

Table C (Auto): All, Wet

Other Safety (Manual):

Annual Monitering Lists,

Other Notices

2% 6 Caltrans Traffic Safety Investigation® %

(7) Table CE ©]&3 AfarthdA o HA
(7}) Table C A AFE o] &3to], th&3 o] Aol it ol thet JHE
= T U=
O Y 52 AR(FY, 1&52, HE, 03p), 73 A2 A, #3F T8 A,
o], T3+ W Aol A=
AR 479

200830 712 Table C %A

(District 4)¢] A& w3k 180 1L
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Starting Ending .
No. of HCCL Table C = i Length Accident count

Postmile Postmile

1 2008/1% 0.98 1.18 0.20 23

2 2008/1% 1.50 1.70 0.20 28

3 2008/1°% 1.90 2.10 0.20 45

4 2008/2%4 2.10 2.30 0.20 16

5 2008/3 2.94 3.14 0.20 15

6 2008/1* 4.08 4.48 0.40 58

7 2008/3 5.51 5.71 0.20 9

29 7 AparhEA el o

P SWITRS (Statewide Integrated Traffic Records System)

D vl= AzYololA Yst= RE wEAILE AFIXYol 1&% 2
(CHP, California Highway Patro)7} 7] Z8j& th-&%F do]Eju|o] ~& 1973 2E

7154

1
A
R

(2) Crash, Party, Victime] 371¢] TableZ FA o] JJom AFZ FZXZ o|F1 AL
* Crash- Abazol] o3k Hwkal AW (Aka 9%, AL §3, =2 2 714 84 <)
E 91 dow ) HolE dFog FAEH A=
o Party - AHaLe} AFHE A (S BPA) R ExAke] ok AR = 337 H) o]
H gEog A5 AF
o Victim - AbaLe} AFH Fsfi RSl g AE=E 10749 vloly dFor T4
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('rash Table

caseid yeir procdak ik date time hadge juidist | dayweek shift PP beaion
4392008 2000 000218 | 142 0013 | 1405 38876 57 1 5 1 1542
game |0 | oo | s | Mmoo | o4 | 1w § 3 § 316
4392010 2000 20000218 | 1003 0014 | 19 Fan4 CE245 7 5 1 1005
4352011 2000 20000218 |13 20001-15 135 Pl HWl44 5 5 1 1005
4392012 2010 2000219 | 100 om0l |28 462031 560 b 5 3 1568
4352013 2000 00020 | 9E3S 000117 | 18% 16200 7 2 3 301
Party Table

caseil | pamm | piype | aifat paex page | pmher | pdrug | pdiect | peafey] | prafeiyl | inowed
4392009 1 1 T M A & 3 L G T

4392009 2 1 N i 5 b 5 M i T

4332009 3 1 N F il & 3 M it T

4352010 1 1 T M 4 ki W M 4 T

4392000 2 i N M " & N ]

4352011 1 1 T i il B N P W T

Victim Table
tasedd parii viype v vage vinjury vieat veafily] veately? vijeried
43500 1 M il 3 1 L t 0
435009 1 M 25 1 1 M & I
435009 2 F A a 1 M bt 0
435010 2 F 3 I 3 L it I
435010 3 M T 1 9 3
12 8 SWITRS GIOIEHHIONIA =
(3) Crash Hjo]&
(7} Crash EH|o]E29] 8 ©HoJHIEEL ofgfo} 2L (04° -10° )

@O Azre] YFol met E7F dloly FEI} Ao 3

Collision Proportion,
Data Field Values
Count %
Not Stated 24638 0.73%
PCF:
A - (Vehicle) Code Violation 3472824 93.66%
Primary Collision __
B - Other Improper Driving 22002 0.65%
Factor
C - Other Than Driver 69078 2.04%
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D - Unknown 97116 2.87%

E -Feel Asleep 1785 0.05%

00 - Unknown 103801 3.06%

01 - Driving or Bicycling Under

251083 7.41%

the Influence of Alcohol or Drug

02 - Impeding Traffic 1925 0.06%

03 - Unsafe Speed 1026970 30.32%

04 - Following Too Closely 76950 2.27T%

05 - Wrong Side of Road 84864 2.51%

06 - Improper Passing 31814 0.94%

07 - Unsafe Lane Change 225451 6.66%

08 - Improper Turning 567824 16.76%

09 - Automobile Right of Way 413872 12.22%

10 - Pedestrian Right of Way 31327 0.92%
VIOLCAT: . .

11 -Pedestrian Violation 34181 1.01%
Primary Violation — -

12 - Traffic Signals and Signs 185507 5.48%
Category :

13 - Hazardous Parking 4456 0.13%

14 - Lights 498 0.01%

15 - Brakes 1026 0.03%

16 - Other Equipment 4648 0.14%

17 - Other Hazardous Violation 36973 1.09%

18 - Other Than Driver (or

69078 2.04%

Pedestrian)

21 - Unsafe Starting or Backing 135159 3.99%

22 - Other Improper Driving 22002 0.65%

23 - Pedestrian or “Other”

Under the Influence of Alcohol or 2 0.00%

Drug

24 - Fell Asleep 1785 0.05%

F - Felony 90184 2.66%
HITRUN:

M - Misdemeanor 564035 16.65%
Hit And Run

N - Not Hit and Run 2733224 80.69%
PED: Not Stated 1333 0.04%
Pedestrian A - No Pedestrian Involved 3289710 97.11%
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B - Crossing in Crosswalk at
40693 1.20%
Intersection
C - Crossing in Crosswalk Not at
2172 0.06%
Intersection
. D - Crossing Not in Crosswalk 28282 0.83%
Action
E - In Road, Including Shoulder 17677 0.52%
F - Not in Road 7467 0.22%
G - Approaching/Leaving School
109 0.00%
Bus
ETOH: N - No 3041107 89.78%
Alcohol Involved |Y - Yes 346336 10.22%
Overall 3387443 100%
@ A EAo| wel E£FY dole 23 Ame] B
Collision Proportion,
Data Field Values
Count %
Not Stated 865151 25.54%
A - Passenger Car/Station Wagon 1852943 54.70%
B - Passenger Car with Trailer 6461 0.19%
C - Motorcycle/Scooter 50698 1.50%
D - Pickup or Panel Truck 381275 11.26%
E - Pickup or Panel Truck with
15485 0.46%
Trailer
STFAULT: F - Truck or Truck Tractor 38447 1.13%
. G - Truck or Truck Tractor with
Statewide 51473 1.52%
Trailer
Vehicle T At
CHEe YPe AL T Schoolbus 6199 0.18%
Fault I - Other bus 9854 0.29%
J - Emergency Vehicle 15495 0.46%
K - Highway Construction
727 0.02%
Equipment
L - Bicycle 49636 1.47%
M -Other Vehicle 10307 0.30%
N - Pedestrian 32967 0.97%
O - Moped 325 0.01%
Overall 3387443 100%
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® =2 S0 wet $FE by F23 Ane BE

Collision Proportion,
Data Field Values
Count %

Not Stated 36497 1.08%

A - Dry 3022538 89.23%
ROADSURF:

B - Wet 307717 9.08%
Road Surface

C - Snowy or Icy 16760 0.49%

D - Slippery (Muddy, Oily, etc.) 3931 0.12%

Not Stated 34999 1.03%

A - Holes, Deep Ruts 11954 0.35%

B - Loose Material on Roadway 7554 0.22%
RDCONDI: C - Obstruction on Roadway 14023 0.41%
Primary Road D - Construction or Repair Zone 48590 1.43%
Condition E - Reduced Roadway Width 3750 0.11%

F - Flooded 3070 0.09%

G - Other 14095 0.42%

H - No Unusual Condition 3249408 95.93%

Not Stated 3374467 99.62%

B - Loose Material on Roadway 249 0.01%

C - Obstruction on Roadway 154 0.00%
RDCOND2:

D - Construction or Repair Zone 1306 0.04%
Secondary Road

N E - Reduced Roadway Width 2776 0.08%

Condition

F - Flooded 137 0.00%

G - Other 604 0.02%

H - No Unusual Condition 7750 0.23%
Overall 3387443 100%
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@ A% % oo uet BRY volE ¥F L Ame BE
Collision
Data Field Values Proportion, %
Count
2004 538295 15.89%
2005 532725 15.73%
2006 519203 15.33%
YEAR:
2007 501907 14.82%
Collision Year
2008 452595 13.36%
2009 426228 12.58%
2010 416490 12.30%
1 - Monday 471900 13.93%
2 - Tuesday 495463 14.63%
3 - Wednesday 494164 14.56%
DAYWEEK:
] . 4 - Thursday 496023 14.64%
D W
ay of Wee 5 - Friday 561836 16.59%
6 - Saturday 469598 13.86%
7 - Sunday 398459 11.76%
Overall 3387443 100%
® Az A AY FE B0 wet 2RE dolE ¥ 9 Alxe] BE
Collision
Data Field Values Proportion, %
Count
0 - University (Private Property) 1659 0.05%
1 - Incorporated (less than 2500) 16364 0.48%
2 - Incorporated (2500 - 10000) 49178 1.45
3 - Incorporated (10000 - 25000) 144361 4.26%
POP:
4 - Incorporated (25000 - 50000) 304035 8.98%
Population
5 - Incorporated (50000 - 100000) 624971 18.45%
6 - Incorporated (100000 - 250000) 638458 18.85%
7 - Incorporated (over 25000) 836136 24.68%
9 - Unincorporated (Rural) 772281 22.80%
Not Stated 46032 1.36%
INTERSECT:
N - Not Intersection 2553150 75.37%
Intersection
Y - State Highway 788261 23.27%
STATEHW: Not Stated 532 0.02%
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State Highway N - Not State Highway 2150400 63.48%

Indicator
Y - State Highway 126511 36.50%
Not Stated 2155859 63.64%
LA - Los Angeles County 312565 9.22%
ORA - Orange County 112579 3.32%

CALTRANC: SBD - San Bernardino County 82079 2.42%

California County SD - San Diego County 80816 2.38%
RIV - Riverside County 69886 2.06%
ALA - Alameda County 66667 1.96%
Other Counties 506992 14.97%
Not Stated 2155859 63.64%
101 - US 101 Route 116920 3.45%
5 - I-5 Route 114909 3.39%

STROUTE: 10 - I-10 Route 70835 2.09%

State Route 405 - [-405 Route 53039 1.57%
99 - 1-99 Route 50906 1.50%
80 - 1-80 Route 49618 1.46%
Other Routes 775357 22.89%
Not Stated 3143067 92.79%
1 - Ramp Exit, Last 50 Feet 52215 1.54%
2 — Mid-Ramp 56056 1.65%

RAMP: 3 - Ramp Entry, First 50 Feet 10201 0.30%
4 - Not State Highway,

Ramp Intersection 54994 1.62%
Ramp-related, Within 100 Feet
5- Intersection 51851 1.53%
6 - Not State Highway,

19059 0.56%

Intersection-related, Within 250 Feet

Overall 3387443 100%
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©® 71Ek a1Ee wet 7% doly &5 9 Aae] B2
Collision
Data Field Values Proportion, %
Count
Not Stated 20647 0.61%
A - Clear 2728237 80.54%
B - Cloudy 482808 14.25%
WEATHERI: C - Raining 129930 3.84%
Primary Weather D - Snowing 5174 0.15%
E - Fog 15681 0.46%
F - Other 3667 0.11%
G - Wind 1299 0.04%
Not Stated 3283966 96.95%
B - Cloudy 6611 0.20%
- Raini 2.35%
WEAHTER?: C aining 79653 35%
D - Snowing 2636 0.08%
S dary Weath
econdary Wealher e rog 2570 0.08%
F - Other 2577 0.08%
G - Wind 9430 0.28%
Not Stated 24626 0.73%
A - Daylight 2276527 67.20%
B - Dusk - Dawn 114082 3.37%
LIGHTING: :
o C - Dark - Street Lights 700413 20.68%
Lighting D - Dark - No Street Lights 265930 7.85%
E - Dark -Street Lights Not
5865 0.17%
Functioning
Not Stated 20355 0.60%
A - Functioning 1147997 33.89%
RIGHTWAY:
B - Not Functioning 9023 0.27%
Control Devi
PRHOLEEHEE e~ obscured 1766 0.05%
D - None 2208302 65.19%
Overall 3387443 100%
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@ A3 Pl ot BRE dolE P2
Collision
Data Field Values Proportion, %
Count
1 648656 19.15%
2 2306853 68.10%
PARTIES:
3 341101 10.07%
Involved Party
4 70554 2.08%
Count
15050 0.44%
Over 6 5229 0.15%
Not Stated 28359 0.84%
A - Head-On 148680 4.39%
B - Sidewipe 283073 17.21%
CRASHTYP: C - Rear End 1109153 32.74%
Type of Collision D - Broadside 694850 20.51%
E - Hit Object 553069 16.33%
F - Overturned 99749 2.94%
G - Vehicle/Pedestrian 86096 2.54%
H - Other 84414 2.49%
Not Stated 18202 0.54%
A - Non-Collision 100300 2.96%
B - Pedestrian 93295 2.75%
C - Other Motor Vehicle 2207495 65.17%
INVOLVE.: D - Motor Vehicle on Other
21326 0.63%
Involved Object Roadway
With Motor E - Parked Motor Vehicle 250052 7.38%
Vehicle F - Train 1096 0.03%
G - Bicycle 77469 2.29%
H - Animal 13123 0.39%
I - Fixed Object 535676 15.81%
J - Other Object 69409 2.05%
PEDCOL: N - No 3289720 97.12%
Pedestrian Collision | Y - Yes 97723 2.88%
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BICCOL: N - No 3299435 97.40%
Bicycle Collision Y - Yes 88008 2.60%
MCCOL: N - No 3299235 97.40%
Motorcycle

Y - Yes 88208 2.60%
Collision
TRUCKCOL.: N - No 3198349 94.42%
Truck Collision Y - Yes 189094 5.58%
Overall 3387443 100%

AL Azt s wel BFE ooy 3
Collision Proportion,
Data Field Values
Count %

TOWAWAY: Not Stated 17646 0.52%
Vehicle Tow N - No 1663740 49.11%
Away Y - Yes 1706057 50.36%

0 - PDO (Property Damage Only) 2091973 61.76%

1 - Fatal 23311 0.69%
CRASHSEV:

2 - Injury (Severe) 72561 2.14%
Injury Severity

3 - Injury (Other Visible) 406318 11.99%

4 - Injury (Complaint of Pain) 793280 23.42%

0 3364132 99.31%
KILLED:

1 21423 0.63%
Killed Victim

2 1493 0.04%
Count

Over 3 395 0.01%

0 2105028 62.14%
INJURED: 1 909472 26.85%
Injured Victim 2 253755 7.49%
Count 3 77362 2.28%

Over 4 41826 1.23%
Overall 3387443 100%
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(4) Party Hjo]E

(7)) Party dlo]Ele] F4 dHo|E R o}

@O AZte Psol wep E7H oy F= Ul

Party
Data Field Values Proportion, %
Count
ATFAULT: N - No 3617390 54.17%
At Fault Y - Yes 3060136 45.83%
Not Stated 173547 2.60%
A - Had Not Been Drinking 5118486 76.65%
B - Had Been Drinking, Under
260059 3.89%
Influence
PSOBER: C - Had Been Drinking, Not Under
50 42986 0.64%
Party Sobriety Influence
D - Had Been Drinking, Impairment
52318 0.78%
Unknown
G - Impairment Unknown 609136 9.12%
H- Not Applicable 420994 6.30%
Not Stated 5580507 83.57%
E - Under Drug Influence 25139 0.38%
PDRUG:
F - Impairment - Physical 9823 0.15%
Party Drug
G - Impairment - Unknown 609683 9.13%
Physical
H - Not Applicable 422042 6.32%
[ - Sleepy/Fatigued 30332 0.45%
Not Stated 1250781 18.73%
A - None in Vehicle 48834 0.73%
B - Unknown 149080 2.23%
PSAFETY1: C - Lap Belt Used 13050 0.20%
Primary Party D - Lap Belt Not Used 1836 0.03%
Safety Equipment E - Shoulder Harness Used 9403 0.14%
F - Shoulder Harness Not Used 1419 0.02%
G - Lap/Shoulder Harness Used 830986 12.44%
H - Lap/Shoulder Harness Not Used 7761 0.12%
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J - Passive Restraint Used 997 0.01%
K - Passive Restraint Not Used 514 0.01%
L - Air Bag Deployed 625596 9.37%
M - Air Bag Not Deployed 3163765 47.38%
N - Other 92699 1.39%
P - Not Required 448856 6.72%
Q - Child Restraint in Vehicle Used 288 0.00%
R - Child Restraint in Vehicle Not
88 0.00%
Used
S - Child Restraint in Vehicle, Use
339 0.01%
Unknown
T - Child Restraint in Vehicle,
202 0.00%
Improper Use
U - No Child Restraint in Vehicle 2181 0.03%
V - Driver, Motorcycle Helmet Not
1753 0.03%
Used
W - Driver, Motorcycle Helmet Used 11956 0.18%
X - Passenger, Motorcycle Helmet
120 0.00%
Not Used
Y - Passenger, Motorcycle Helmet
15022 0.22%
Used
Not Stated 2191034 32.81%
A - None in Vehicle 5790 0.09%
B - Unknown 147928 2.22%
PSAFETY?2:
C - Lap Belt Used 37979 0.57%
Secondary Party
D - Lap Belt Not Used 3816 0.06%
Safety Equipment
E - Shoulder Harness Used 16831 0.25%
F - Shoulder Harness Not Used 4571 0.07%
G - Lap/Shoulder Harness Used 4090370 61.26%
H - Lap/Shoulder Harness Not Used 35264 0.53%
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J - Passive Restraint Used 1539 0.02%
K - Passive Restraint Not Used 375 0.01%
L - Air Bag Deployed 19209 0.29%
M - Air Bag Not Deployed 36004 0.54%
N - Other 1545 0.02%
P - Not Required 6226 0.09%
Q - Child Restraint in Vehicle Used 797 0.01%
R - Child Restraint in Vehicle Not
136 0.00%
Used
S - Child Restraint in Vehicle, Use
488 0.01%
Unknown
T - Child Restraint in Vehicle,
328 0.00%
Improper Use
U - No Child Restraint in Vehicle 305 0.00%
V - Driver, Motorcycle Helmet Not
4540 0.07%
Used
W - Driver, Motorcycle Helmet Used 70298 1.05%
X - Passenger, Motorcycle Helmet
49 0.00%
Not Used
Y - Passenger, Motorcycle Helmet
2104 0.03%
Used
Not Stated 1584015 23.72%
1 - Cellphone Handheld in Use 36953 0.55%
CELL: 2 - Cellphone Hands Free in Use 69032 1.03%
Cellphone Use 3 - Cellphone Not in Use 4711322 70.55%
B - Cellphone in Use 11720 0.18%
D - No Cellphone/Unknown 264484 3.96%
PVIOLCAT: Not Stated 6201429 92.87%
Violation Category |01 — Under Influence in Public 31 0.00%
in Other 19 - Hit and Run 22456 0.34%
Associated Factor | 20 - Driving or Bicycling Under the 12850 0.19%
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Influence of Alcohol or Drug

21 - Improper Lane Change 470 0.01%
22 - Impeding Traffic 3101 0.05%
23 - Failure to Heed Stop Signal 9527 0.14%
24 - Failure to Heed Stop Sign 7399 0.11%
25 - Unsafe Speed 160518 2.40%
26 - Reckless Driving 1251 0.02%
27 - Wrong Side of Road 28762 0.43%
28 - Unsafe Lane Change 16914 0.25%
29 - Improper Passing 4155 0.06%
30 - Following Too Closely 13026 0.20%
31 - Improper Turning 126928 1.90%
33 - Automobile Right-of-Way 17052 0.26%
34 - Pedestrian Right-of-Way 1495 0.02%
35 - Pedestrian Violation 3818 0.06%
38 - Hazardous Parking 2386 0.04%
39 - Lights 2920 0.04%
40 - Brakes 1081 0.02%
43 - Other Equipment 3696 0.06%
44 - Other Hazardous Movement 9723 0.15%
46 - Improper Registration 36 0.00%
47 - Other Non-Moving Violation 16960 0.25%
48 - Excessive Smoke 2 0.00%
49 - Excessive Noise 4 0.00%
50 - Overweight 16 0.00%
51 - Oversize 194 0.00%
53 - Unsafe Starting of Backing 9074 0.14%
60 - Off-Highway Vehicle Violation 79 0.00%
61 - Child Restraint 62 0.00%
62 - Seat Belt 106 0.00%
63 - Seat Belt (Equipment) 5 0.00%
MOVEMENT: Not Stated 110959 1.66%
Movement A - Stopped 937251 14.04%
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B - Proceeding Straight 3037926 45.49%
C - Ran Off Road 184331 2.76%
D - Making Right Turn 199623 2.99%
E - Making Left Turn 505106 7.56%
F - Making U-Turn 46116 0.69%
G - Backing 107350 1.61%
H - Slowing/Stopping 366046 5.48%
[ = Passing Other Vehicle 40422 0.61%
Preceding Collision | J - Changing Lanes 245857 3.68%
K - Parking Maneuver 15157 0.23%
L - Entering Traffic 97336 1.46%
M - Other Unsafe Turning 121627 1.82%
N - Crossed Into Opposing Lane 32600 0.49%
O - Parked 407489 6.10%
P - Merging 21938 0.33%
Q - Traveling Wrong Way 15521 0.23%
R - Other 184871 2.717%
Not Stated 6612137 99.02%
A - Cell Phone Handheld 6757 0.10%
B - Cell Phone Hands Free 638 0.01%
C - Electronic Equip 1889 0.03%
D - Radio/CD 5998 0.09%
E - Smoking 916 0.01%
INATIN F - Eating 2518 0.04%
fnattention G - Children 2877 0.04%
H - Animal 985 0.01%
[ - Personal Hygiene 362 0.01%
J - Reading 1224 0.02%
K - Other 40561 0.61%
P - Cell Phone 664 0.01%
Overall 6677526 100%
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@ QIzre] B4 wet EFE dvolH &5 9 7%
Party
Data Field Values Proportion, %
Count
Not Stated 10462 0.16%
1 - Driver (including Hit and Run) 6023108 90.20%
PTYPE: 2 - Pedestrian 104456 1.56%
Party Type 3 - Parked Vehicle 426983 6.39%
4 - Bicyclist 89481 1.34%
5 - Other 23036 0.34%
Not Stated 869100 13.02%
PSEX:
F - Female 2269910 33.99%
Party Sex
M - Male 3538516 52.99%
Not Stated 1026205 15.37%
under 18 420324 6.29%
19-30 1830456 27.41%
PAGE:
31-40 1115388 16.70%
Party Age
41-50 1041339 15.59%
51-64 866588 12.98%
over 65 377226 5.65%
Not Stated 652929 9.78%
E - Used if the officer is called
away from the scene of the collision
731 0.01%
prior to obtaining the insurance
INSURED: information
Financial N - No Proof of Insurance Obtained 540126 8.09%
Responsibility O - Not Applicable (used for parked
cars, bicyclists, pedestrians, and 643286 9.63%
party type others)
Y - Yes, Proof of Insurance
4840454 72.49%
Obtained
Not Stated 1281613 19.19%
PRACE:
A - Asian 420889 6.30%
Party Race
B - Black 460885 6.90%
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H - Hispanic 1765627 26.44%
O - Other 323888 4.85%
W - White 2424624 36.31%
Overall 6677526 100%
@ A% E4o] met 2RE vlolE P2 9 2x
_ Party .
Data Field Values Proportion, %
Count
SBUS: Not Stated 6658595 99.72%
School Bus Related | E - School Bus Related 18931 0.28%
Not Stated 613505 9.19%
2003 431082 6.46%
VEHYEAR: 2000 425897 6.38%
Vehicle Year 2001 423333 6.34%
2004 414238 6.20%
2002 413182 6.19%
Others 3956289 59.25%
TOYOTA 956845 14.33%
FORD 944114 14.14%
VEHMAKE:
HONDA 701024 10.50%
Vehicle Make
CHEVROLET 655090 9.81%
Others 3420453 51.22%
Not Stated 1180514 17.68%
A - Passenger Car/Station Wagon 4058136 60.77%
B - Passenger Car with Trailier 14274 0.21%
C - Motorcycle/Scooter 90261 1.35%
VEHTYPE:
D - Pickup or Panel Truck 800745 11.99%
Statewide Vehicle
E - Pickup or Panel Truck with
Type 32476 0.49%
Trailer
F - Truck or Truck Tractor 82048 1.23%
G - Truck or Truck Tractor with
121105 1.81%

Trailer
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H - Schoolbus 16400 0.25%
[ - Other Bus 27511 0.41%
J - Emergency Vehicle 38386 0.57%
K - Highway Construction Equipment 2151 0.03%
L - Bicycle 88285 1.32%
M - Other Vehicle 22616 0.34%
N - Pedestrian 101944 1.53%
O - Moped 674 0.01%
Overall 6677526 100%
@ A3 AZEe] wel BRE ol % % Bx
Party
Data Field Values Proportion, %
Count
PKILLED: 0 6653749 99.64%
Killed Victim Count | 1 22220 0.33%
in Party Over 2 1557 0.02%
0 5159084 77.26%
PINJURED:
NJU 1 1277844 19.14%
Injured Victim
2 184005 2.76%
Count in Party
Over 3 56593 0.85%
Overall 6677526 100%
© 71g 2900 weh BRHE woE P2 P B¥
Party
Data Field Values Proportion, %
Count
Not Stated 426664 6.39%
A - Violation 504084 7.55%
OAF1:
E - Vision Obscurements 41400 0.62%
Primary Other
F - Inattention 216701 3.25%
Associated Factor
G - Stop and Go Traffic 204247 3.06%
H - Entering/Leaving Ramp 65640 0.98%
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[ = Previous Collision 36528 0.55%
J - Unfamiliar With Road 11695 0.18%
K - Defective Vehicle Equipment 15954 0.24%
L - Uninvolved Vehicle 30497 0.46%
M - Other 56527 0.85%
N - None Apparent 5053903 75.69%
O - Runaway Vehicle 13686 0.20%
Not Stated 6546740 98.04%
E - Vision Obscurements 2745 0.04%
F - Inattention 19883 0.30%
G - Stop and Go Traffic 12682 0.19%
H - Entering/Leaving Ramp 9171 0.14%
OAF2:
[ - Previous Collision 5198 0.08%
Secondary Other
) J - Unfamiliar With Road 2864 0.04%
Associated Factor
K - Defective Vehicle Equipment 2398 0.04%
L - Uninvolved Vehicle 4307 0.06%
M - Other 8042 0.12%
N - None Apparent 62120 0.93%
O - Runaway Vehicle 1379 0.02%
Overall 6677523 100%
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thH PeMS(Caltrans Performance Measurement System)
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@ Detector Health: Z+ AX| 7| Sl tjdte] G HE AA7] %], 7 AR, 2}
Al AA HEHE 7E

wirla

FUIELLN

Aggreqatad Speed (mph) for 180-E (66% Otaanved)
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-70% 11,603 -8.30% 343,139 -3.60%
-2.80% 9057 -22.00% 340,564 -0.80%
15.10% 9,353 3.20% 402,967 18.30%
520% 10,236 G.40% 426,984 5:90%
-10.30% 8,097 -20.90% 386,539 -9.50%
-11.40% 7.222 -10:90% 348,149 -10.00%
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a7 13, do|Huol A S5 ZRAX

(1) PeMS 4] 30% vith AAE Yool (Raw data)E o] &3ta] 5 HolHE A E
(aggregation)

(2) Z+ 23 8 AA7 9 AHE aelste] vk 3% dHolEolA igEHE dHol st
HolS A (HFA79 A4 == wE 0) imputed valueE AH& (regression,
pattern analysis &< ©|&)3}a, th4l observedol] %= #=H AZ9 v LS &
A, & 100%= E 3 30 HolHE BT A3 5% HlolEE m|dh
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Spaed (miler)

Accident #1: 2010-03-25 20:51:00, 14.306 postmile, not_hotspot, weekday, suburban,

fatal, hitobject fixobject, motorcycle
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Accident #2: 2010-02-21 12:10:00, 20.026 postmile, not_hotspot, weekend, suburban,

level 3 severity, overturned
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Accident #3: 2010-04-04 17:10:00, 40.926 postmile, not_hotspot, weekend, suburban,
PDO severity, hitobject fixobject, passengercar
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Accident #4; 2010-01-20 05:35:00, 40.936 postmile, not_hotspot, weekday, suburban,
PDO severity, hitobject fixobject, passengercar
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Road Traffic Accidents: The Modern Killer

rbal Status Repoet released by WHO this year, confirms that

Exposure to collision

Probability of collision

involvement

Risk in road traffic

. : Injury severity of
1.2 million collision
e In road accidents
o Severity of post-crash
50 million IEGLEIS

AT Rjed
g 25 52 % 9d 94

%i']: Car Claim, Car accident statistics of the world, 2015,

http://car2claim.blogspot.kr/2015/06/car-accident-statistics-of -world.html

AA BA7172 20043 HW HaAoA wEAtaz Qs A st= HsiE A A3
TAHOZE A5

AARZAZIF (WHO) oA == wEo EAsks AE, = Risks Wl 74 848 &7/
AL ol= Fo gk == (exposure to collision), Abal7} Lojd 3HE (probability
of collision involvement), Aba1e] 7 AZ= (injury severity of collision), AbaL & o
gtofl o] B4 A% (severity of post-crash injuries)$d

B ATE 94 Ad5E W VA 84 F AL B4 AR fFS Fe 219 risk

factorE &332 &
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(D) &= A dlolEMo] 22 HE A= ThE subgroup, & A= O EAS 7IA& o
EAL AF 2FEY HJAdEo| tis] FQ risk factorgo] €A UYElUEA Lolr
a1, ojd zo]Ho] EASt=AE dotr At g

@ B ATE Fh3tr] el dolE miold 7S &8st om A WA R regularized
random forest 7| & 7|WFO. 2 o] & subgroupE9| risk factor =% & A o|gt

(3 F WAL subgroup AO] UERE risk factor <¢1e] WEHE FAH, AFHow
248k subgroupzte] ®IFALEE 7

oA AT 2A Y E ATe) FEy

(1) Risk factor analysis A7 tig A8 AF+= O3 22 AFEC] EA3H =

A E (logit) ¥ ZZH|E (probit) ALY S &83 7€ FAY A= B4

i

43 Y AT AT

T =

Author Subject of analysis Methodology Input variables
Envi tal condition, high desi
Shankar et al. (1996) General accident Nested logit nwrmmen labend bl s
n, accident type, etc.
Al-Ghamdi (2002} General accident Logistic regression Accident location and cause of accident

Road environmental factors, vehicle typ

Yan et al. (2005} Rear-end coliision Logistic regression g, driver age, alcohol/drug use, driver in
fo
Age and gender of driver, road surface
Morgan and Mannering (2011) General accident Mixed logit Hreieg : ¥
weather
Driver, vehicle, road, environmental
Chang and Wang (2006) General accident CART T .
characteristics
Accidents in two-lane Time and place of crash, road type
Kashani and Mohaymany (2011 i * | caRT : ;
vy | ) two-way rural roads collision type, road surface, seatbelt, etc.

Classification tree, associa Ares; rond type, lighting, weaihes, pave

Montella et al. (2011) Powered two-wheeler ez ment, driver info, PFTW type, crash type,
efc
Private vehicle, goods Stepwise logistic District, human, vehicle, safe
Yau (2004) : 20 p : g HEL, Gl ty,
| vehicle, maotorcycle | regression gnwronmental and site factors
. Gender, age, helmet, alcohaol level, tri
Mostal et al. (2012) Moped and motoroycle Logistic regression B : b

purpose, number of passenger, etc.

Y 26 A8 AT 24 B5E
(2) Logit and Probit models

o Shankar et al. (1996)= 44 =7

Zt=of tigk A FEje IFS APt A nested logit B S ARE-3F

kt
1y
b

= A7, AR 8, edA 4%, A A




Al-Ghamdi (2002)= Albal Alzt=e] FQ risk factor7} Abal @A ]9} Abare] <l
A& &Qlslr] 913l logistic regression 2d-& AFE-3F

Yan et al. (2005)2] ATFolA= logistic regression @& Al§3ste] FE AaLe
o th3d} risk factore] J&Fe A=

)
U U

Oll

1::

Morgan and Mannering (201D A4+ mixed logit @& &8&3ta] FZAFe] o]} X4
H, 22 39 AH 2 o] Aol A= mR= Gl dis) A=

(3) Decision tree models

Chang and Wang (2006)2] -7 A]= classification and regression tree (CART) 7]®
L AFg3e] BAF AlZbe o) risk factor?be] BAE APt At 590, risk factorE
A AR} A B, 29 8 ¥ 54 9 Ve At BEE HEES A
a5

op

T3¢k, Kashani and Mohaymany (2011)= CART 7]W S Ap&3le] e o] A

o A Atare] Tt A A4dT= FE AFHHE w o] g AA AL 810 A
o7 7=

Montella et al. (2011)e] Aol A= classification treeE AF&3le] =2 /3%, PTW &
g, =5 79, =4, ABZ wd (curve alignment)”} PWT (powered two-wheeler)

FEo) AT AZEe WY a4Ae FAsYLS

4 ZAAow IAHE AL o FHokol theh AFtelm g o =R 3
ko] i3k risk factor analysisE 33 ATEY

=]
>,
it
Y
flo

o1

(5) &Y Hee] A= Nested logit, logistic regression % ZH7] ©t& WHHE 9 do)
B, iese AR on= A4 vart oy B4 Hdol i Ay AT
o AF WF AT gEARE 1EEtA &7 biase 7heAdo]l =& logistic
regression®] 7]¥kS & B4 7|Ho] ALEEHY o FQ risk factorE zrolu+=u]

ORGE AV EAF

T oo

6) oo 7]& AFEZHEH AESE Y3 B AFoNA = T J9 risk factor
3}

g shuel QuE Yo Mmshs A B B risk factor 7+ 9|24 S
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2 AFol AE-E dolE &= SWITRS vlolH Z=A] vj= Az Yo} 11552 FH o]
A% LEAT HolHE Aol td A AR, Aush AT A% (FL HAR)

tol8 Fx+& =A Collision, Party, Victime] Al 7]¢] ®lo]E2 FAEW, B A3
e ZAF Aae AFHE 2o Al A= g 24& 9oz collisiond

party ¥ HolE2 Fxo thd 200435 2010374A 9] 7122 AHEF

TS, HolHe ZIEHE ¥ A dEom ByPan, LEH|, AA, EY, It A

COLLISION PARTY VICTIM
CID: 1 DATE : AA CID : 1 PARTY : 1 VEH : BMW SO L IVWIEY < ooa o 0
CID: 2 DATE : AB CID : 1 PARTY : 2 VEH : FORD QD1 PARTY - 1 SEAT: P

1:N | ap:2party:1ven:emw |[1:N |CID:1PARTY:2 SEAT:D

v

Copyright & TEUE lab, Korea Advanced Institute of Science and Technologzy

% 27. SWITRS dlo]EjHo] 2~ 3

olgA FHE B4 dHeolHe F 234752879 71Fo.2 dolEuo]lx ollA 57
AAEZ FEo] Hol o sd FELS AL (fatal), A4k 74 (Severe), &
otog RHolx R4 (Other visible), 115 Z2A (Complaint of pain), A& vt ZEA)

3= 7% (Property damage only)¥
2 dAFoAMeE B B9 B33 sjasta B 2do ASE S fs 19
o A Hol= ne} o] AbAtal (Fatal), H3AaL (Injured), A& 3a&f Araz (PDO)<

A A Fzow A

BN

s
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Fatal (0.27%) Fatal (0.27%)
ALL Severe (0.83%)
[ea7sg Other Visible (6.49%) Injured (25.73%)
records,
100%) Complaint of pain (18.41%)
Property Damage Only (74.00%) PDO (74.00%)

Shs

0y 28 Alm AAE BF

nl. Risk Factor ¥ Subgroup A <]

(1) Risk Factor

e FYUS dHolEHHo]2E AFES AF<Q Kwon 9 AHAES A ‘Application of
classification algorithms for analysis of road safety risk factor dependencies’ ol 2]3f
teel AT BE MSEE F age] YR WSSt A7Ed JFL vAE Y 2
oz AL BAHIYOr ofF NoR B AFME SWITRSOIAH AF3 =

10094719 wE ALY BHE ASFE T o229 1) H4E FE3FA risk factorZ x4

ol

CRASHTYP Type of collision

ATFAULT Whether the party was at fault in the |
collision

POP Population

STATEHW State highway indicator

MOVEMENT Movement preceding collision

VIOLCAT Violation category

PSEX Gender of party

PRACE Race of party

VEHAGE_Group Age group of vehicle

PAGE_Group Age group of party

PSOBER Party sobriety

718 29 Risk Factor A4
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Risk factorZ AFL= 117]9 Wy 2tz 25

(ATFAULT), S=A499

yel (MOVEMENT), "+ €8k &= (VIOLCAT), &z A4 (PSEX), +x=}

(PRACE), #t& A4l I+ (VEHAGE_Group), +x7+ yolt} (PAGE_Group), &

o & (PSOBER) ¥

Risk Factor Description

Risk Factor Description Possible Values
A - Head-On
B - Sideswipe
C - Rear End
D - Broadside

CRASHTYP Type of collision E - Hit Object
F - Overturned
G - Vehicle/Pedestrian
H - Other
- - Not Stated

ATFAULT Whether the party was|Y - Yes

at fault in the accident N - No

1 - Incorporated (less than 2500)
2 - Incorporated (2500 - 10000)
3 - Incorporated (10000 - 25000)
4 - Incorporated (25000 - 50000)

POP Population 5 - Incorporated (50000 - 100000)
6 - Incorporated (100000 - 250000)
7 - Incorporated (over 250000)
9 - Unincorporated (Rural)
0 - University (Private Property)
- - Not Stated
Y - State Highway

STATEHW State highway indicator N - Not State Highway
Blank - Not stated

MOVEMENT Movement preceding | A - Stopped

_61_
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collision

B - Proceeding Straight

C - Ran Off Road

D - Making Right Turn

E - Making Left Turn

F - Making U-Turn

G - Backing

H - Slowing/Stopping

[ - Passing Other Vehicle
J - Changing Lanes

K - Parking Maneuver

L - Entering Traffic

M - Other Unsafe Turning
N - Crossed Into Opposing Lane
O - Parked

P - Merging

Q - Traveling Wrong Way
R - Other

- - Not Stated

VIOLCAT

Violation category

01 - Driving or Bicycling Under the
Influence of Alcohol or Drug
02 - Impeding Traffic

03 - Unsafe Speed

04 - Following Too Closely

05 - Wrong Side of Road

06 - Improper Passing

07 - Unsafe Lane Change

08 - Improper Turning

09 - Automobile Right of Way
10 - Pedestrian Right of Way
11 - Pedestrian Violation

12 - Traffic Signals and Signs
13 - Hazardous Parking

14 - Lights

15 - Brakes
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16 - Other Equipment

17 - Other Hazardous Violation

18 - Other Than Driver (or Pedestrian)
19 -

20 -

21 - Unsafe Starting or Backing

22 - Other Improper Driving

23 - Pedestrian or “Other” Under the
Influence of Alcohol or Drug

24 - Fell Asleep

00 - Unknown

- - Not Stated

PSEX

Gender of party

M - Male
F - Female

- - Not Stated

PRACE

Race of party

A - Asian

O - Other

B - Black

W - White

H - Hispanic
Blank - Not stated

VEHAGE_Group

Age group of vehicle

~5 years

6~10 years
11~15 years
16~20 years
21~30 years

31~ years

PAGE_Group

Age group of party

~18
19~30
31~40
41~50
51~64
65~

PSOBER

Party sobriety

A - Had Not Been Drinking
B - Had Been Drinking, Under
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Influence

C - Had Been Drinking, Not Under
Influence

D - Had Been Drinking, Impairment
Unknown

G - Impairment Unknown

H - Not Applicable

- - Not Stated

(2) Subgroup 44

Risk factore] <=¢9|& EA3}7] 93 7]Fo 2 14719 subgroupS AATIHoH EHF
71#e QAFEATAH W4 (demographic  characteristics), <% #4Z A
(environmental characteristics), &% 35 ¥ (driving behavior characteristics), =&

#e W< (vehicle characteristics)® 273F

o

vl 71R Y EAS 71F sub groupl 2A QAFEASHA wWaeEA LA AEI
Fo] XggFHRoH, F FAFH HFZ AFF, =4 qdF H (R
B 2 Ad HEE A2 AZAR AA-S

AFFolA =A] (urban)e] 4-$ diolguo]x=9 AT EF 7IFolA 71 =& <
T &Rl 258 W o] sEEE d&EolH, Ak Alx

X

[¢]
g
1

-

Jf

ol
R

o
Ll

CHE, Y, #F 7 Ut ARAE F M B 715 R s

L

=

u 719

N
B

o
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Subgrouping Citeia | . 29! Subgroup | Party count Severity
Subgroups Mame (percentage) Fatal | Injury | PDO
» Female 1106075 (47.12%) | 0.18% | 29.00% | 70.80%
Gender of driver 2
Male 1241453 (52.88%) | 0.35% | 22.79% | 76.86%
Asian 224544 (957%)  [015% | 2241% | 77.43% | pemographic
; Black 185126 (7.60%) | 0.24% | 29.70% | 70.06% | characteristics
Race of driver 4
Hispanic £60095 (28.12%) |0.36% |2651% | 73.13%
White 956381 (40.74%) |0.29% | 26.31% | 73.40%
. Urban 562282 (23.95%) |0.5% |31.25% | 68.60% | Enwironmental
Population 2 : ’ e
Rural 556117 (23.69%) |0.66% | 26.48% | 72.86% | characteristic
L Ar-fault 1155204 (49.21%) | 0.45% | 23.64% | 75.91% | Driving Behavior
At-fault partyindicator | 2 htei
Not-at-fault 1192324 (50.79%) | 0.10% | 27.75% | 72.15%
Toyota 392630 (16.73%) | 0.19% | 26.72% | 73.09%
) ford 280179 (11.94%) | 0.32% | 25.56% | 74.12% :
it ki s Vehicle N
BMW 50954 (2.60%) 0.20% | 24.11% | 75.69% | characteristic
Hyundai 35239 (1.50%) 0.25% | 27.50% | 72.25%

Copyright 8 TEUE lab, Korea Advanced Institute of Science and Technology

1% 30. Subgroup description

- Tree Regularization

Gai ;( ¥ ] A Gain{np, Xi] if X; is previously unused variable
ain'(ng, X;) =
P Gain[:np,Xi] if X;is previously used variable

0<il<1

CART

o +
. 3ec|5|on tree - = Random Forest
o need of

independence

x
:::.:::Er; feature / j \

Z]: Random Forest, http://kazoo04.hatenablog.com/entry/2013/12/04/175402
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urH oz Wisel FHMed MAE B Qs 8l BAH B mdo] 4

23

At AZb ol thgk risk factore] FEFS st EA5tr] fste] B AFoA = F
o}%l feature variable (risk factor)ell tj$t class variable (collision severity)S <l &3t=
= _

T8 AL 913 aiRtolle= AT daA o] EAEH, o F 1Y
3k dlolEjnfolyd EF 7]W <l classification and regression tree, & CARTZE 7]Hlo 2
Tree Regularization®} Random Forest 71'{-& &-&3%

Tree Regularization 7]¥H{-& 3$HH AL8H split variableS FHolgk AL&3al, A9
split variablesE AF&3HA] st= 7|HOZ o]E F3| risk factore] 4 T8% o]
£ U5 29t & & U+

Random Foreste= Edo] AA A AHIE=ZE FAAI|= 9 3

(1) Regularized Decision Tree

CARTE classification &A ol ojA 7k dg] 220]= ©Ho|Eulold 7| = st

Class Y1 : 400
Class Y2 : 200
/ Feature variable X1
Class ¥1:100
Class ¥2 : 100 Class ¥1:300
Feature variable %2 Class Y2 : 100
Class Y1
Class Y1: 80
Class Y2 : 20 Class Y1:20
Class ¥2 : 80
Class ¥1
Class Y2

19 32 Classification <A

CARTE &l of#le 43 o] AY E+%E (Gini Impurity)E Al4kstal split

variable2 A9 sHA 2
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n: node, m: number of class variable, Y;: proportion of ith class variable in the node

o H AT AFEE m - fatal, injury, PDO 3714

« wF parent node n,7} feature variable Xoll ¢ja ®#= w, Gini indexo] 7ZH4gkol

Gain o] =™ o3 o] A4td

k
Gain (np, X) = Decreased Gini(X) = Gini (np) — Zainmi(nm)
i=1

n,: split by a feature variable X
k: number of child nodes
nei: ith child node split by variable X

a i proportion of the number of data tuples in ith child node to the number of data

tuples in parent node

e parent node n,7} Fo]A Il feature variable X= {Xl,XZ,..,XJ,...} o of, information
gaine] Wy =P offfe} o] ALbEM A& spliting variable2 ARE-E A &
feature variableol th3t penalty=4 0FE 1 Alo]9] kS AL&3F

Gain'(n, X)) = A Gm.n(”p7 X)) if X, is previouslyunusedvariable
o o Gam(npv Xz) if X;ispreviously used variable

» Regularized Tree 7| &3l oFafl dAle Zo] B B3 feature variables =&

S o9lon O A AN = A5 AstE 5 Ae
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e 4 HE B B B E E N B BN e 4 HE B B B E R BB EEN
—— i split 1 o HiE split 1
+ +
o € + o @ +
= I > il
< b < -+
- +
o o~
mm split 2 + class 1 [ 1 split 2 + class 1
| m class 2 o m class 2
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
X1 X1

13 33 Regularized treeE &3 feature selection H3} oA

Z2]; Deng, H., & Runger, G. (2012, June). Feature selection via regularized trees. InNeural Networks (IJCNN), The 2012

International Joint Conference on (pp. 1-8). IEEE.

(2) Random Forest

e Random Forest ®3-& Decision Treee] & malgZx U3 stte] dlolg] F gt
A dole BY MEHES T o8 /e E™HE HelHE TEo] o W gags

59 ESE AL oSS AW AFHOL BE WSE A3F

e Decision Treex= =25 AAAA H& w/lHFe] go] 322 o7l 72L& Ty
Decision Treee] 7% It 2§ (Overfitting)e] o] &

e IHEZE AL o83 4 EFY FES 53 HFxEWHSFE oS35k Random forest
o A%, EYEY HIFS IWE FASIE B4 FAastnz bg Aol A =rt

= OHAIA

it

(3 ¥4

td
e,
o

=
Frg 98l Z2ad B9 RS AS3HOm RRF 97148 483492
olo] =

L]
J?l

S

n°*‘

T+ mean decrease accuracys 7|FOo 2 =9 = w3
* Mean decrease accuracy®t Zt Eglo|A] Foixl Wyl AHEE wje} O¥A e o
2d 3= 2to]E Random Forest Wol] EAjst= Ee] 2 HAS U AL

o ol ZAPL Fa), ARHoE Ala 9F 22 FaE Ui =2

=5Y

ke
i
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(4) Dissimilarity Index

Subgroup®] AFal risk factor =9 zpolE AFH O E Hlwslr] 93l dissimilarity index
=g ol

Dissimilarity index:= d}}2] subgroup?] risk factor <=9 <AZ Ud3 AL 3}
uel W2 FHstal, S subgroupd risk factor =% WEle] FIFE= AZE T8
Al A+

-+ subgroup®| risk factor =% 7} LX|et= AG HAZE 05 UERlH, xol7t S
5 & #s 7HAA 2

-+ subgroupzte] dissimilarity index’} &5 F= 4FolA F HGY &5 FdH
A

17V AR F=FRo] Ao|ds onE

o =

Dissimilarity index= ot#f o] 412 &3 A4 + U+

Rank vector of subgroup X = (Rr/v Rrﬁ, o R n)
rfy: ki risk factor, n: number of risk factors

erkE (1,2,3,...,n): Importance Rank of rf;

Dissimilarity index of two Rank vector

DIX,Y)= ﬁ] R.;)— Y(R,))

issimilarity S T3}7] YA ofefol e}

B ol B4 2AASt A AR
el u

o] A}

i
et
M
4o
N
N
ot
ox
LN

oL

4 AR A L 203, 4,100 HET7E gAH 44 AL Ae= 2, 1, 4,
=

o] ¥ wEle] fZeE AE TaE HWHAE Fel 2830 =54

Rank vector of Male :XMﬂie = (RWDLCAT’ RCRASHTYP' Vi) RVEHAGE_GT‘OH:D) = (1,2.3,4,5,6,7,8,9,10)
Rank vector of Female :XFEI]]a}E = (RWDLCAT’ RCRASHTYP! iy RVEHAGE_G?"OH]}) = (1,5,2.4,3,6,7.8,9.10)

Dissimilarity(XMale, xFemale)-[(1 _ 1)2 1 (2 — 5)2 4 .- 4 (10 - 10)4] /% = 2.83
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Rank
Risk Factor Male Female
VIOLCAT 1 2
CRASHTYP 2 1
MOVEMENT 3 4
STATEHW 4 3
POP B 5
ATFAULT 6 6
PSOBER 7 3
PRACE 8 7
PAGE_Group 9 10
VEHAGE Group |10 9

ol
o
SN
)
ke
2
>

213 35 Dissimilarity Index&

A AT A

(D A7 A3 g°of

o A AFF ZF subgroupell thsled, Tha-9] Ee} & AbaL risk factor HFE7F EEH

Pk Gender of driver Population At-fault party indicator
Male Female Urban Rural At-fault Not-at-fault
1 | VIOLCAT CRASHTYP CRASHTYP VICLCAT CRASHTYP CRASHTYP
2 | CRASHTYP VIOLCAT STATEHW CRASHTYP VIOLCAT VIOLCAT
3 | MOVEMENT STATEHW VIOLCAT MOVEMENT MOVEMENT STATEHW
4 | STATEHW MOVEMENT MOVEMENT ATFAULT PSOBER POP
5| POP POP ATFAULT PSOBER POP MOVEMENT
& | ATFAULT ATFAULT PSEX STATEHW STATEHW PRACE
¥ | PSOBER PRACE PSOBER PSEX PRACE VEHAGE_Group
& | PRACE PSOBER PRACE PAGE_Group PSEX PAGE_Group
9 | PAGE_Group VEHAGE_Group | VEHAGE_Group VEHAGE_Group | PAGE_Group PSEX
10 | VEHAGE Group PAGE_Group PAGE_Group PRACE VEHAGE Group PSOBER
Rank Race of Driver Vehicle Maker
White Black Hispanic Asian Toyota Ford BMW Hyundai
1 | CRASHTYP CRASHTYP VIOLCAT CRASHTYP CRASHTYP CRASHTYP VIOLCAT VIOLCAT
2 | VIOLCAT VIOLCAT CRASHTYP VIOLCAT VIOLCAT VIOLCAT STATEHW CRASHTYP
3 | MOVEMENT MOVEMENT MOVEMENT MOVEMENT STATEHW MOVEMENT CRASHTYP STATEHW
4 | STATEHW STATEHW POP STATEHW MOVEMENT STATEHW POP MOVEMENT
5| POP ATFAULT STATEHW POP POP POP MOVEMENT POP
& | ATFAULT PoP ATFAULT ATFAULT ATFAULT ATFAULT ATFAULT ATFAULT
7| PSOBER PSOBER PSOBER PSOBER PRACE PSOBER PRALCE PRACE
& | PAGE_Group PSEX PSEX PAGE_Group VEHAGE Group PRACE PSOBER PAGE_Group
% | VEHAGE Group WVEHAGE Group WVEHAGE Group VEHAGE Group | PSOBER PSEX VEHAGE Group PSEX
10| PSEX PAGE_Group PAGE_Group PSEX PAGE_Group VEHAGE_Group PSEX PSOBER
11 PSEX PAGE Group PAGE Group VEHAGE Group

Copyright ® TEUE lab, Korea Advanced Institute of Science and Technology

13 36. Risk factor =9 ¥ L29F
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M
En
N

1o
ol
==
l-fl:l

ulfe

e

ot IH
e

3)
=

|Fo] == 14701¢] Z}+ subgroupell i3l AR,

SolR % subgroupS HH, AAZ £ A

, T8 A adolsk & 4 2= 591 oluiel fA

53] VIOLCAT, CRASHTYP, MOVEMENT, STATEHW, POP-2 o}zfje} Zo] H A

ol A E 718 Q23 risk factor2 ==

Risk Factor
CRASHTYP
VIOLCAT
MOVEMENT
STATEHW
POP
ATFAULT
PRACE
PSOBER
PSEX
VEHAGE_Group
PAGE_Group

16364 | | 06544
18864 | | 06558
3si4a i 10533
37614 N 15636
45845 I | 12874
5.7500 | | 04330
6.7653 D 22545
6839 I 2308
79416 D 25739
8364 I 2345

ssi4 N 24500

Mean Rank Standard Devistion Rankin Whole Data

W o= N Ut W ok P e

il il
- 00 O

Copyright ® TRUE lab, Korea Advanced Institute of Science and Technology

1% 37. Risk Factor #9139 7% &4 ¥4 23}

_71_



Rank

Rank |Entire population

POP

|PRACE

W 00 N 6 n b W N

PSEX

[
o

ATFAULT

1 ERASHT‘(P
|OLCAT

STATEHW

[MOVEMENT

VEHAGE_Group
PSOBER

11 |PAGE_Group

Copynight ® TELUE lab, Korea AdvancedInstitute of Science and Technology

13 38. AA| Population o] it &9 7

Average and Standard Deviation of Importance Rank

12.0000
10.0000
B.0OOO
6.0000
4.0000
2.0000
0.0000

g

_i‘

PSEX

PRACE
YEHAGE_Grou

!'
L\'&
STATEHU s \\/
PO ./
ATFAULT s
e

YIOLCAT ==
MOVEMENT

CRASHTYP ™™ |

Risk Factor

PAGE_Grou

3.0000
2.5000
2.0000
1.5000
L.oo0o
0.5000
0.0000

e Mean Rank
Rank in Whaole Data
e Gtand ard Deviation

Copyright 8 TELUE lab, Korea Advanced Institute of Science and Technology

13 39. Risk factor <=9 3k H 2 TEHA}
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o
ru

subgroup 7]=ell thal A= top 5 risk factor7} AA| ©vlolEle] 799} dA]E4A|

ASE =A%

5
rr

ST A9} AlFA Y (Highly urban, Rural®] risk factor =% =o]E& HMW, F9Q risk
factorE Aboleoll zol7F AS & F US>

M2 STATEHWZ} TAl A= T "2 283 i, AZdAE 692 &7} 5+
VIOLCATS] ¢ &% =5 F8 93 8<dd g5, dhty o=z uj$ Fa3k
risk factor¢l ¥+ 1919} 3919 Aolx Fdoz F&

g 2=k} 7Fe 2FF(At-fault, Not-at-fault)e] - 1919 2919 &%= A3 34
BE 493 o8 S 1Y

MOVEMENT+ & m Lo A 59 <ko] == £ 9 risk factorgta & 4 o} 713)
AFol A 2&ANHE O T8 57 HobRd

T3k SOBER®] Aol 7Hal 2t el s 44A %, Fsixtgdois 7 dadFgo)

%
rr

risk factorz2 =&%
E

Hi| 2 98 X} sFoll A 8.3 risk factor2 &% STATEHWE 7l atZoA s <&

7]_ 6 ele _i_}o 3}

=

f

©1Z(White, Black, Hispanic, Asian)® =x}o]E Aty r™  wiol subgroupd ofA| ¢k
subgroup®] =97F A&

TG 59IQke] Eoi7k= FQ risk factorERF T B u, Wil I Aujy, ofAIt
o] 739 22 risk factorg& AR &1 739 POP thal ATFAULTZF 949
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Q) A3 B4 7=

Rank SubgroupA Subgroup B Subgroup A Subgroup B

1CRASHTYP CRASHTYP
2VIOLCAT VIOLCAT
3STATEHW MOVEMENT
AMOVEMENT POP
5POP STATEHW 5 g
6ATFAULT ATEAULT E% B § EEF:M
7PRACE PSOBER > PO POO
BVEHAGE Group  PRACE é A= w ERRED
9PSOBER PSEX

10PSEX VEHAGE Gro

11PAGE_Group P,l.\ﬂicﬁrcup

}.SI(F(BF Ranking
10 % 3

e SUBET OUR A

STATEHW STATEHW

# Subgroup with largest number of records

Rank

g Subgroup B

Risk Factor

Copynght 8 TEUE lab, Korea Advanced Institute of Science and Technology
% 40, 24 A3t s U

gk Aol kA subgroup w7 71E W A A HA oA A B4 7

s vEbd

<=9 A TS Y8l risk factor £ g =ZE YR o |EA,

Subgroup ##F 7l&=< &3l AAE & risk factor =91+
X =9 risk factor subgroup
S VFow AAH

5 subgroupoll Al 2] =9 ZFo|7} 2 o) o], s o] 2] subgroupell A

917} 6A1RTH ZAY & Aol LEE T o] AA HAE

risk factor &

2 o]l U= ASetE, ZE subgroupolA =7t 691
o, o]+ risk factore] L=} 6

Zasty) med 4a2e Gge] musitin Beksigly] BE

=3, oe]H o=z VIOLCAT, & ¥t #Avte] A5 25712 |5 @2 550 EA43}




(3) Subgroup ¥ risk factor <=¢] A3}

(b Gender of driver

Gender of driver

Rank Male Female 12
1 VIOLCAT CRASHTYP
2 CRASHTYP VIOLCAT 0
3 MOVEMENT STATEHW 8
4 STATEHW MOVEMENT = .
5POP POP L
6 ATFAULT ATFAULT 4 pp—
7 PSOBER PRACE 5 Sy
8 PRACE PSOBER
9 PAGE_Group VEHAGE Group o

10 VEHAGE Group  PAGE_Group @»d:‘ &8 ﬁ{“ & @Q@@:‘ 5 égg“ &
‘3?5‘&94" & & & &
DI(Male, Female) =2.83 MG

Risk Factor
Copyright ® TRUE lab, Korea Advanced Institute of Science and Technology

w4 Ak gad 4

Mo

19 41. Subgroup ¥

42 Ao wE risk factor®] =¢] £3X+= Dissimilarity index 2.830.2 o] ¥ x|g+

19919k 29, 3919k 49, 7912k 891, 991} 1094 2 subgroupe] risk factor =%

Fol EASL 20199] ol Wi 9] Aol B Hol: Y LA EANA %

(\}) Population

Populationel] w& ZA]9} A]Z 2] subgroupo] ™ 3$+ dissimilarity index= 6.63°.%2 H|ul
A & AolE

H

53], STATEHW = & 2422 o7} EAdA:s ¥

HA 2 Q23 risk factor2 YEeEE

HAZ F Q973 risk factor<!

LA A48 (PSEX)9F 21%& (PRACE)o] EA A AlZET Z83 risk factor®
UeRd uhE, A]Zo]A= VIOLCAT, MOVEMENT, PSOBER, PAGE_Groupo] =AJE.T}
Z Q3 risk factor® e

E3] OSTATEHWS} QPSOBER+
factorel] o 3t

UERR o1

s risk

N7E REE

_75_



Population

Rank Urban Rural 12
1CRASHTYP VIOLCAT
2STATEHW CRASHTYP o @
3VIOLCAT MOVEMENT 8 @
AMOVEMENT PSOBER = .
SATFAULT ATFAULT B
6PSEX STATEHW : .
7PSOBER PSEX 2 il
8PRACE PAGE_Group .
SVEHAGE_Group VEHAGE_Group g % 5
10 PAGE_Group PRACE f‘iﬁ:@‘*’x .59‘5? ﬁ#é é,(@" q%d'@oé' & ?‘o“? ?@'ﬁ
& &

DI(Urban, Rural) =6.63

Risk Factor

Copvright 8 TRUE lab, Korea Advanced Institute of Science and Technology

% 42. Subgroup ¥ 4] A3 Q1

@O STATEHW¢] Azt B =

Severity Distnbution for accidents in urban area Seventy Distnbubon for accigents in rural area
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A: not under influence of alcohol

B: under influence of alcohol

C, D, G, H: minor categories such as cases where driver was drunk driving but not

under influence of alcohol
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o EA AGoME ¥ 5F AL AME &Eo] 31.43%° Hld =5 A& AV &

E2 B UBE AF F7TE

o EAAYY w2 wEFol 5F =AY T A A FE IV FE A= AL

(th At-fault party indicator

At-fault party indicator

Rank Not-at-fault At-fault i
1 CRASHTYP CRASHTYP
2 VIOLCAT VIOLCAT 10
3 STATEHW MOVEMENT 4
4POP PSOBER i
5 MOVEMENT POP 5 S
6 PRACE STATEHW 4 R T
7VEHAGE Group  PRACE ; Ry
8 PAGE_Group PSEX
9 PSEX PAGE_Group o
10 PSOBER VEHAGE_Group .,9‘8 @_c?‘“@f' & ‘@ & 6@*‘9@0“9 & &
6' Ky Q"’
DI(Not_at_fault, At_fault) =7.87 &

Risk Factor
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o W, ThE ARelA FEHAE 9FHE PAEE Y 2de2E MOVEMENTS
PSOBER7} 9l2™ 53] PSOBERE 69 <=9 2to]& RS

+ PSEX A W &9AT 9] HolE Holi 9

_78_



(D STATEHW O] Alzt% Bx

100 =

Parcent_Fraguency
B &

£

0=

Severtty Distrioution for Not-at-tault irvers Seventy Distrioution for At-faut drivers

lLE

=il
R
L]

Pearcant_Fraguency
=

£

STATEHW STATEHW
Copyright ® TRUE lab, Korea Advanced Institute of Science and Technolozy

a9 46. 7telAbE o 8 F A& ER g A4E B X

A AFHE AFFe] WE Wsksh BYs STATEHW/E obd RolM &4 44w

22 A%l ofd Age AAE Bx |7} 27 21.27%,

33.56%= 78l AbEFe] 991 22.49%9) 25.49%1Kth o A JERG

_79_



@ MOVEMENT®] 475 Ex

Severity Distribution for Not-at-fault drivers Severity Distribution for At-fault drivers

e

FPerceni_Fraquency

m i | PSEV % fil — Ll PSEV
E FATAL g ) E T n FATAL
I E POO Eu : E PoO
ﬂ INJURED % n INJURED
(-8

i L M N P OB A B

Maovement ment

Copyright ® TRUE lab, Korea Advanced Institute of Science and Technology

9 47, 7bellabeE of B H Movementol] wE A zZtE B

o MOVEMENT®] 7-¢- 38 xpekollA] A, B, H 3% ol ths)A] 7}sxtske] Hla) e B
E H<¢ (A - Stopped, B - Proceeding Straight, H - Slowing/Stopping)

@ PSOBER9] A1Zt% Ex

Severity Distribution for Nol-at-faul drivers Severity Distribution for Atl-fault drivers
&
E- FIEY
; "'"l': . H FaTAL
i s = POO
- ) 5
T b INJURED
@
a.
|
L] sﬂhﬂw
Copyright ® TRUE lab, Korea Advanced Institute of Science and Technology
1Y 48, TR o S5 4 ool mE A4E BX
. 2ReA clRel Bl Aae] QoA s Aol &F el FF sho] ¥
g o9 A

o kA SFeH R} F 23 risk factorE4 FHEE F gle

_80_



(2} Race of driver

Race of driver

Rank White Black Hispanic Asian
1 CRASHTYP CRASHTYP VIOLCAT CRASHTYP 12
2 VIOLCAT VIOLCAT CRASHTYP VIOLCAT i
3 MOVEMENT ~ MOVEMENT  MOVEMENT  MOVEMENT
& STATEHW STATEHW POP STATEHW 8
5 POP ATFAULT STATEHW POP £ .
& ATFAULT POP ATFAULT ATEAULT & e
7 PSOBER PSOBER PSOBER PSOBER 4 Black
8 PAGE_Group  PSEX PSEX PAGE_Group ) oA
9 VEHAGE_Group VEHAGE_Group VEHAGE Group WVEHAGE Group Asian
10 PSEX PAGE_Group PAGE_Group PSEX o g White
; & bl
DI(White, Black) = 3.16 &ga 4@- @‘" *° f, F ¢
Max DI(White, Hispanic) = 3.46 @9 ‘?’ ﬁ“

o

Min DI(White, Asian) =0 K
DI(Black,Hispanic)=2.83
DI(Black, Asian)=3.16

Max DI(Hispanic, Asian) = 3.46

Risk Factor
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e 1% W subgroupel ©3dt risk factor <=9 WIS AR ™, 47]2] subgroupe] 3l 6

7N ¢] dissimilarity index’} Al4tEa 2 A}, 74 §A4E subgroup DIgko]l 002
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(1} Vehicle maker

Rank Toyota Ford BMW Hyundai Vehicle Maker
1 CRASHTYP CRASHTYP VIOLCAT VIOLCAT 5
2 VIOLCAT VIOLCAT STATEHW CRASHTYP
3 STATEHW PMOVEMENT CRASHTYP STATEHW 10
4 MOVEMENT STATEHW POP PMOVEMENT 8
5 POP POP MOVEMENT POP -
& ATFAULT ATFAULT ATFAULT ATFAULT 56
7 PRACE PSOBER PRACE PRACE & =~ Ford
8 VEHAGE Group PRACE PSOBER PAGE Group s BIVTW
9 PSOBER PSEX WEHAGE Group PSEX 2 i
Hyundai
10 PAGE_Group  VEHAGE_Group PSEX PSOBER 0
11 PSEX PAGE_Group PAGE_Group  VEHAGE Group —e—Toyota
Q{‘q & ‘@5‘\ ‘,s.‘é & y\)\:\ & o8 oﬁ@ o8 &
DI(Toyota,Ford)=4.00 & 4@";& £ & ":é,f’ € &
Min DI(Toyota, BMW)=3.46 * & 7
DI(Toyota, Hyundai) = 4.47 P—
DI(Ford, BMW)=4.24
Max DI(Ford, Hyundai) = 4.90
DI(BMW, Hyundai) = 4.69
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(4) A3 goF

Subgrouping Criteria X Y DI(X.Y)
Gender of driver Male Female 2.83
Population Urban Rural 6.63
At-fault party indicator | Not-at-fault | At-fault | 7.87

Matrix of DI(X,Y)
Suhgmup'b',t : - ¥ —1 Average
Race of driver | white Asian Black Hispanic
White 0 3.16 3.46 2.21
¥ Asian 0 3.16 3.46 221
Black 3.16 3.16 2.83 3.05
Hispanic 346 346 2.83 3.25
St by E Average
vehicle maker | Toyota Ford BMW Hyundai
Toyota 400 3.46 4.47 3.98
¥ Ford 4.00 4,24 4,90 4,38
BMW 3.46 4.24 4.69 4,13
Hyundai 4.47 490 4.65 4.65
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Application of classification algorithms for analysis of road safety risk @mm
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Keywa rds:

Traffic acodent anahyn
Severity level
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Deagion tree dassifier
Dependency

ADNSTRACT

Transporiat b continues @ be an integral part of masdern |ife; and the impontance of wad maffic safety
cannot be overstated. Consequently, eoent road affic safery studles have focused on analysis of dsk
factors that imepact fatality and injuryleve] (severity) of raffic accidents, While some of the sk factors,
sich as drug use and drinking, are widely koown @ affect severity, an accurate masdeling of thelr
influsences i sl anopen reseanch top e Funhermane, there ame lnnwmerable risk factors thar am walting
1o be disovered or analyzed. A promdsing approach {s o investigate hisworical oraffic aocident dara dhat
hiave been collected In the past decades This study Inspects taffic accident reports that have been
accumulated Loy the Califomia Highway Patmd (CHP) sirce 1273 for which each accident = port oontalns
amisnd 100 data felds, Among them; we Investigate 25 fields between 2004 and 2010 that are most
relevant 1o car accldents Using two clasclfiration methods the Mave Bayes clasdfier ami the decision
tree classifier, the ralatve importance of the data felds Le, risk factors, ts revealed with mspect to the
resulting severity level Performances of the dassifiers are compared to each other and 2 binary legstc
regressiod misde] {5 uwed as the basis for the companisons Seme of the high- mnking dok facnrs ane found
ti b 51 ponprly dependent on each other, and their Incremental gains on estmatingor modaling severty
leve] are evaluated gquantitatively, The analysis shonws thatonly a landful of the dsk factors [n the data
dominate the severty level and that dependency amang the twp dik Goors i an imperative it w
conslder for an accurate analysls.

© 24 Esevier Lid. Al rights reserved

_93_



O Kwom et ol JAocdent Ansdyric mod Preventden 75 (2015) 1-15 n

o o o T S e v
= EﬁgﬁfmT top s = Eﬁ-myumTtpin:n] = %ﬁﬁ:-ﬂThphﬁul
R_
Liks| E T
§ T
% - 5 - 8 o oaa= 2 2o
" B A S
T T T T T T T T T T T T T T T T T T T T
2. 4 8 & 10 12 14 2 04 & & 10 12 14 2 4 & 8 10 12 14
Mumber of Top Data Field Mumees of Top Data Fislas Mumber af Top Data Fieds
(a) Recall=30% (b) Recall=50% (c) Recall=T0%

Fig 7. Precicen improvemends for fieed nec# 2omeding o #e nomber of top-ranied nsk Qoors

7. Condusoms

A wariety of taffic accident data sets has been studied in the
past decade, and the most imporant nsk factors have been
identified for the associated region and tme period of each data
sat. I this study, the dependency of risk factors was analyzed for
California data, and some of the op risk factors were found (o
carmy similar, and thus redundant, informat ien. Twao classification
methods amd two related scoring algorithms were wsed for
finding rankings of the risk factors, whene the first met hod, Naive
Bayes. does not reflect dependency but the second method, the
decisien ree, does, By companng a wide mnge of precision and
mecall performances of the twoe dassifier approaches and logistic
regressinn model, we found that two out of fwe mp Ask facors
frem MNalve Bayes are moved outside of the top five when
dependency 5 congidered Furthermore, the decision tree,
which accounts fr dependency, always outperformed the
Maive Bayes and the logistic regression models Te confirm
that the paformance gap s, at leaa panly. due to the
consideration of dependency, Mave Bayes was re-evaluated with
its own top five nsk facors only and then with the decision
tree’s mop five only The comparison showed that the decision
tree’s cholce of the top five rigk factors is superior in terms of
allowing Malve Bayes to perform better and that the ranking of
nsk factors from the decision mee dassifer could contribute to
efficent safety countermeasures in imived resources. This result
indicates that it is impaonant to consider dependency among the
nsk factors and to adopt appropriate analysis methods such that
the nsk factors are fairly and accurately evaluated The
mathodolegies used in this paper am madily applicable to the
other existing data sets for evaluating dependency among risk
factors and for understanding their mlative importance on
dictating severity.

Data fields and possible values of accident data vary with
sovemment agency who collects the data. If there were some
mtssing important nsk factors in the collection, the performance of
the Mave Bayes classifier could decrease due to the lss of the
important infermation. On the other hand, the decsion iree
classifier could find alternative rick factors considenng the
dependency. For this reason, the decision tree classifier could be
less sensit ive to input risk factors than the Naive Bayes clasifier in
the perfsrmance. This sensitivity analysis needs 1o be conducied
cleardy as future study.

Far the California data, five to eight risk factors were found to
dominate the seventy of maffic accdents. Withowut a proper
oonslderation of dependency, we found the folowing factors to be
the mos important : collision type, violation category, mavemsnt
preceding collidon, intersection, and sate highway. With a
proper consideation of dependency, wefound these factors to be
the most important: colligon type at fanh. population, sata
highway, and movement preceding collision. Mote that the
decicion tree that addresses dependency replices two out of
the five top risk lactors,
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stariivems silll s ibe broad aoepance of Secmic yehides 0 ihe poblic This sudy
Invusel on the phenomenon of mnge ansiely which bs driven’ axisy abou the
limited range ol Mer elecinc ummmmmnmde

dharging oppariuniiis. FEC, EOG and papilliny siee were willited lor this sy
:n.ﬂ thiey (el procemed o rirac anoery-celied indeses Iof represantng
RTINS SR

A - Comparative Analysls of Various Poputation Groups in
Car Coflision Based on Collislon Risk Faciors using
Data Mining Technigue
Yeomghrwa Won, KAIST, Dasjeon, Korea, Repablic of,
beelirhamiicist.ackr
Rinad waledy B one of main health bmes realed 1o e sk
Gactor amadysds s perioemied Lo ity o vartdees (hat Ssemmine vty o
alisinn, 4nd 10 mesnere (her mBence b (ke Uy sverty. n S sdy, we
majnr risk facton tia deiermine cofslon meverily e vazines by
myoived in 3oddents, and compere dilleremnl subgoogs puaedistivery and
qualiiatively hasd un risk ltor importance. Subgroops are generaied by [ve
crileria of driver's gender, population of colson ared, J-lault panty indiciioe
race of driver, and vehce maker. sk factor imposiance [§ measemd using data
miming irchnique of regairized andom loesl.

W SAD4

Dueen'z 4

Marketing and Commerce
Coninbuited Session

Chair: Dvman Oguz, Bilkent University, Dept of Industrial Engineering,
Ankara, 06800, Turkey, cogur@hilkenledu.tr
1-The Impact of Business Aesponsa 1o Onifine Faviews
Shuoojia Gua, Asistant Professor, CUNE-CSL 2800 Vidory
Eoulevand, Staten Bland, NY, 10314, United Swaies,
Ty Ui, cany.edi
Dnilne leriback mechanisms have become moreangly impamant (o oenpanles’
Diidinm [ines 29 M 20 miane mesumens refy on online reviews bo syt
product or srece qualliy bednre making purchase decxdans. Hmvever, (5 almost
ceriain tal at some peind some coosumers will wrlle negalye reviews fir 3
coampany, Whille moal of the sxtant Nle@bure oo anline reviews i knsed o
B dhie valence of online reviews 2llers conmmmers’ panchase Intendions, (here
b heen viriwaily no ailengion paid in ibe: bopic ol online business responses. This
ourrent tudy sims i myesigale how managen’ rEcporees (0 OXmEr IEviews
ani in partiogar o pegative reviews allac sdaeiquen miings and reviews.

2 - Explofing the Blasing Efects of & Two-Sided Format on
Progduct Reviews

Haksn Chan, Hang Seng Management College, Shatin

Hung Kong, hechan@hsme.edi.kk
il product reviews are among the most Peguenily med. inleemeiion s
tod1y. Inberrsieigdy, miins Teiiew SoTams vary widely i e cheey sl
informadion. Some (onums give reviewen 2 iree hand in Gie rvise proces,
wherras oihiers reques reviewers in ighlight both piasive and negative prodod
i iniumivery, i iwo-skdad ioomal (TSF) I condoche 1o s
reviews. This TesEarll, BOWEVE, SXpHOrE M puterilaly blzseng eliecks of the
T Nesulis Irum Bree experzments mdcaie ot he TSF @0 have s
or 3 paliridng =ied on prodoc Gimge. These rewils have simog mpllcalom o
imniensiandny, comparing, ad driving wer-generisd amient
3- Mobliz Shoppirg More Impuise Purchases ina Higher

Friction Market

Yubs Chen, Azsodiate Dean 2nd Prolessas, Teinghua University,

School ol Boonomics and Mansgement. Heijing, 100024, China

chenyubowem lsinghua edo.m
T mpad deveinprmenl ol e mobile Iniems & dangng o Lndicape of e E-
commerce. [ becomes very impociant i undersiand wheiber zoa how (e
mabslle chunnd allerts osamer purchase bebavior. This paper stuiies (s e
by modeling ihe tata brom one of (ke legest onling reiaiien In Ching. 'We lnd
N Crmiomieny’ mofile chanrel Jccqion cn sEnUICNLY e (s pveral

Pl Irequeny and speniding in buth (e short and |ong Lerm Interesiingly,

the mokbille channe can have holh sswinueve and Lary eflieciy on 1k
traitiioral FC clomeel. W furiber sxamine the mechanien hebind the impacs of
maobdl: channs on cuslummer purckse hehavion.

4 - A Heuristic for Traveding Salesperson Probiem
Osman Oguer, Assoc. Professor, Bilkent Universiy,
Thept. o Inchustrial Engineering, Anksra, 06200, Trkey,
ooguriibikenledo i

A Tyt Prorammmirsy based Beursec aigociibm s prosermled i dofwe (e TSE

The compiexity of the aiguriiim & polynomial. The performance of the gntim
will be evaluzied o 2 500 of mEmesical Experimens.

_97_



Tt sCr, Phong: +5E- ]0-5&{6—(5]9

Oul-_r‘—l HH ,J A

“Glag;;!liilqlt ae:m{ HQ‘E ﬂt S‘i‘ﬂ i‘ﬂﬁﬂb I}.Tt nwm !El L LS Ilﬂﬁ &t‘
me
- HAE 02N 20 -nmm MJQQNMH x5 ﬁ’lﬂ( @Ei "NE EIEHW g ﬂllu 1
M8 99 offst Y2 I AR B o | gl 12 Ee e kel | ket s
~0j2g] nemrmlc.ﬁr_gué z_—'lmm hs 3R v_}mmwﬂyg aziji’su Eaum % R I s P G- g
. HEO| ENSER EEE HRM [ A i [ ¥ . + b h
: ’KW“IE’PW%’\?.I:‘EE! uz»m ople B 4B EREE . % e ik s CRbarls i b e e el e
. ‘RE“I*I" T8 LRI Q9 USHE0 HaYRARE ARl BE Eﬁ‘ah: B\i Pyﬂi [l 51 ig [TLTAE LAl

c ﬂ%* doniait sl ﬂa-ef&ul tm Y] oy g a4 »Hwﬂs te.ml seil
W EFHCE SR UG

agn
H‘H -

&
[ "cf-a :

= @A ﬁ‘!t_lﬁﬂll SO AP AR E B el
MI& &Y HQ‘E} C Mzichol. 2 s7 S RAHE 2N WA 28 ¥

: ULHE F A HEEG U JfeFRYAUFYLULTSEEBALHY 0 0 [
. w mw 5% 2BAE WO U SRV BN Y | 43 LILERTCIEER LU L SR :

. B e S ydus 2nud uk sxve pgrios ins i | | |
" HL1ss OuNtEl UG 4R T S SRuEn panaed | | 3 | st ﬁ;ﬁ :’;‘;g e )
il i e B

Mran &
2 Mediari s S e Gﬂl
. Zatd Perenile | Prcestle :: :1“ + n?‘:ﬁ G.Ei‘ tﬁ*mw iii‘ﬂi ﬂﬂxﬂ’l’m 3 *?QEE L
R ;‘iz 00| w0 | wo [gm] m? 28%1S QU F9GE 2T, 1SR 0N B,

i
129 B N
e ] o] B:l‘??‘l;l au:l_strn e.se oSl g s |

ol = 7 = o A

| 51 #ocTas GEE SEEsEoFe dEd By B &3l {(zAEY HalmH) Pa-7
HEY EyOEa 24
| 52 SIRI¥ U I EHEHAS EY AL BE EHY RS EEF (M=I7EE S4TE Pao-B
= o8y A a0 2| =
59 SHERE0E To0us @rd B4 EHY (ESUOSta 4 aad) Pa-8

HEs (EYETRE 291
S (NWCIE A TE)
HEY (EWCEE 9T

| 60 FEAW AEPEAE MR ¥ BR SHW R HaE (FUCEla 4] Pa-10

The Tith Conference of Korean Sociely of Transporiafion (2015 2 13-14) 13

I2IdE2H A E 2rE T 545

ET= P TS 7| w2l A ARTEE)
AA Pt atst 7| =2l Ema

gFolaAg A DNFAe] AL @ =2 w0 FF A=A
oAl = EHjAbe] AE oS 2R S R ] sl e =y
Fhell x] ArmEagefse] =25 =R PG5S v HESE
=] "k A FAE fF =2 S Jﬂld T3 of] A
= 20173 TR Ta4%ee] ISl olsE 1189 &5 5%E AlamE
&7 =] Rl 2SSt AE S HEE E-I—IL L, 2 oA
el A= AEA] 1199t AE 2] E5HSHE A=A GIS =
2o duol @y mESLT do]lHE wislo v X AEsra]
Fel, A7l E5EHSE 58 WE =g 7T =Fdgo= 3
e e e L s *-1?11:1-794 NEESEd o= fFEFHo=

A SEA= SHAE At

l

i

A

U

_98_



XNe|ZEAMAE Btger #E4 23

Yoon Jung Kang, Ji Seon Lee, Yoon Jin Yoon -

KMIST  TRUE

EONCIEION e s b wedl se wnd wes

Identified children pedestrian road accident characteristics

A ;
* pedestrian accident is about 20% of fotal traffic accidents
* serious injury rate(severe or fatal) in pedestrian accident is higher than the. overall traffu: ar-:ldent
74 “children pedestriah'injury'o'ccum m'DStly during school on/ off time and school months ~~ 0~ "~ " 777 7
Bl Developed pedestrlan injury risk map by Seoul d!strict based on pedestrlan |njury rate and its population

= ‘normalization of pedestrian accident rate by population in25 districts

: . Jongnang —gu has the highest children pedestrian injury rate
* Yanchun-gu has the highest proportion of children pedestrian injuryin total pedestnan |njur|.|r

i Proposed children pedestrlan Injury prediction model using stepwise regressmn
« significant variables are number of students and district financial independence -
. |mprovement in distrlct fmanmai mdependence can result in the reductlon of chlldren pedestnan |njury

= Fu rther Study

Acknowledgements - Thls research was Supported by Mmlstry of Land, Infrastructure and Transport
A st TRUE
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