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<Summary>

Purpose &
Contents

The objective of this research is to develop an application technique of
ensemble empirical mode decomposition (EEMD) based on a crash frequency
simulation for less than five percent error rate of hotspot
identification

To develop a traffic crash frequency simulation techniques that reflects
the stochastic nature and spatiotemporal correlation of crash occurrence
in an condition controlled by exogenous factor

To reflect the spatiotemporal influential factors that affect the crash
occurrence using continuous risk profile(CRP) computed by analysis of the
intrinsic mode functions (IMFs) from EEMD, and develop the application
technique of EEMD based on the traffic crash frequency simulation for
verification and improvement

To perform the sensitivity analysis of parameter with the traffic crash
frequency simulation in various situation and calibrate the robust
parameter that could reduce the error rate of hotspot identification less
than five percent

To test adequacy of developed simulation-based technique of EEMD and
improve its applicability by applying it on real crash frequency data .

Results

A traffic crash frequency simulation that reflects the stochastic nature
and temporal and spatial correlation of crash occurrence

A application technique of EEMD to identify the hotspot based on the
traffic crash frequency simulation

A Method of robust parameter calibration of EEMD application technique to
reduce the error rate of hotspot identification less than five percent

An application and evaluation of developed EEMD technique on real crash
frequency data

Expected
Contribution

The traffic crash frequency simulation based application technique of EEMD
to identify the hotspot, developed in this research, can reduce the loss
cost of traffic crash that amounts almost 49 trillion won annually and
improve the efficiency of national road safety budget

The traffic crash frequency simulation can be used in as a evaluation
technique in new technologies of traffic safety and extended to the filed
of traffic management, emergency management and structural reliability as
a basic technique

The EEMD application technique that verifies the performance in real
traffic crash data can be used universally by simplifying the sequential
process of tradinational hotspot identification technique.

Keywords

Ensemble
Crash . Robust
Hotspot empirical
) . frequency parameter
identification ) . mode , .
simulation calibration

decomposition
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M(d) =

— A X FHE T3 A Y 2Eo] s, CRPY 79 BEFLe
2 Yehve 34 B8-S 838 71E AP A vlo)=of vlE o JAdsA HHEo
29 34 HE AT F+ U+ (Lee et al, 2016).

— 5 7FA F2huE <l windowe] o] 5w9(D3} windowe] Z7](L)e] AHA3] A = o]of

slw, shebu| o we} false positive$} false negative] A4 vl g&o] Db,
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7] 0 [1/4] o | o [1/a|1/a| 0 |1/4
8| 0| 0 0| 0 [1/a[L/3[1/3] 0
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27H8 Mok gy
Poisson(p* UH*)*SC,,
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<CHA|> <M 2 LCHA > <Notation>

th Interval = constant
Cto|17} 210 Fr(i Leng
L'I'l; |_|- Eclr ?n_l'—v—h] N | ofsites = ronstant

Year = constant

Aniriai = constnat

5Dpn = constant SDpp = 0.5

1
SDyy = & = constant SDyy= 7 0.5

SWyi, = constant
5W,zg = constant

OH;~log(Normal( Number of site, 0, 5Dpg) | Feli =0l g el

Observed heterogeneity Hi Ao i~ Amiriar X OHy, Aows = 14X OH;
. UHpGarmmal Mamberof site, 150z 1/5Dy) UH;~gamma(20,2,Z)
Serv r HFH
Unobserved heterogeneity 2FE Aumro Ao % UH; Ayz; = Ao X UH;

# [JH;»1 2l site= true hotspot0| E!

=W

Asyne; = Agag X W

¥Y* ~Poisson(Year , Aoy i)

- i
Site i2] AFX k7 O] CHSH O] F “mﬁ]rmﬂﬁw A] zHo]d, Z280]3H)

(219 3.3] ARl =Al g olde] A =

G5 A, ol vy e R FHE

o S AZEY S A

Ed oA @94 718 SerE = /\lgaﬂow A A Zg3F A E o}

o] FE2 9 a&ET 2 o] HATH gA AAF o, ofge} o] HA Abae}
E

of AAHE H A3l 47, observed, unobserved heterogeneity®] 3%
Az, 30 AHAE FHX T 09 AleEdeld setrElE FASHH AlEd el
= %%‘FSP—‘: zb Aol E43 FARE Ataats A o] 7He

— EEMD §871% 712l tsixe A 3 =2 540 218 CRP ArE S F
Aok Zlo] FHo)7] o] AEdeld ArgE T8 AuARE st
o gt ADREEZE BASIH S

O Atz Al EHIA HT
(1) Historical validation
— B2 AFoNA NIgE A A gl B BEAdS HAEet] HEl vl A x
Yol 57 n&E29 10d X A AR E
— 10 ¢ *}ix}i ZT AWt A gdold BeE FESHE © &85k, YA At
2 A5E 79 ARE AFste wAa 8 AF5S I8 A =

— AL 0.2v1Y SR A AA Aluxse AlEH el AbaatE 9 Pearson 4
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2 1Y

— Ax Aol BAAE 0201 WS NFOE FF An A5 16% =] 27
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al
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— mebA T E AL AlEE ol gL s
AR T A S 917 EEMD 8719 43 2 A A9 Zez A,

s
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Fi

[¥ 3.3] A &AL Al Ed o)A Historical Validation A3

7 Az ®
Pearson AHEAH 4= (s (é =of 3(|)0 2 AT
CHat =2 CHANZ |2t —= ° me "o T
gg | T ov s EZHR
Xt
. . 2000~
[80W, California 200944 0.66 0.05 0.06 0.07
. ) 2000~
I80E, California 20094 0.47 0.05 0.06 0.04
. . 2000~
I580E, California 2009 0.46 0.10 0.23 0.07
. . 2000~
I580W, California 2009 0.61 0.15 0.26 0.09
. . 2000~
1680S, California 500914 0.56 0.08 0.22 .0.07
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Generated Crashes from Simulation
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— ASE B BAHOE FoF T WFE B2 AR, $F BB, 25
T EFE, AGAE =9l HE SO YENE
— SN BARORE foF Fa WrE S AF Y, T2 A, 1ua
H, E25F, A5 5O UERe.
— AAH B TAHS 53 BT AEL 5.1%2 =4 YERY B AFA F£ET 9
AZ 2y gIEdS BAFAS
1 Upper level (Level 2)
Region 1 Region 2 Region n
| Regi egion 175 municipalities
Lower level (Level 1)
Individual | | Individual | + +| Individual | | Individual | | Individual | Individual Individual | | Individual |+ « +| Individual .
Accident | | Accident Accident Accident | | Accident |Ac:idcnt Accident | | Accident Accident 27,731 local bus accidents

2

[219 35] H2Aa A= By oA 7=

WY ALE wE A

2011~2013d, ol A AT 3 d7E BaAla Azt ee] GF eSS E4EH] 9
3 Pt R HAA £AF 23 RIS NEes

A9 FAFEoR At A9 543 Wgr) niAe dFS AAAcE E4%
FHAEEAA BAHCRE o T8 wWFE AFHEE, AFEH 5P, JAF T
=R AFHE FOoF YERS.

st A FAHCE Fo3 Fo WrE FFLA AR, EEuAE By
o, ol i, FAF AR, =29 UH|, 733 H soE2 YEE S

FrE AAE T BALAEEL %R AP FEOE JERS

Upper-level : 230 Municipalities Lower-level : 137,470 Pedestrian Crashes

Gender of pedestrian

o
: e \ Age of pedestrian
p TR Population density u Gender of driver

Intoxicated

Percentage of elderly residents Crash location
Road width
Level of financial independence Vehicle type
skl u Time
g Number of doctors B O Weather

(18] 36] RaiAlz AZds mdo] 9A F+x
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G5 AL AZEe] 1A REEA Bd ATV} F/E FYETE B Aol
A AR AEdCld BYe) Bue AYS ARe A BES FR5HE AT
g 59+ Ao

3. AAg] W3 EEMD £87)< 73

7. Az Akg o] ti gk Continuous Risk Profile (CRP) Al 7] <

O 7l

< U ELA AA 7

71& HSMel| A A A|3F= sliding moving window 7] 3 peak searching 7] -& &4
Segment A °](L), window®] =Z71(W), window®] o] 5D, HEE 71¥(d)

&3 FeuE ALHE a8k g shebrE o RIEE S48 B9
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Traffic Crashes on Interstate Highway 80W in California, 2008
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Traffic Crashes Generated from 50 Simulations
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Reproducibility of the EEMD-CRP
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CRP Calibrated by True Hotspot
EEMD-CRP Calibrated by Crash frequency simulation
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