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B AHL o) g3tol ALoIRANB VW FAT AX @ 28 AF A5 L ALY
o Ak o] EabY BN Aistel 325 28 1 Al $25 294 A7)
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b ST gh BYOE A% FANE AAND I 2BAHS dZ3d Bt Iee B
drk 293 1 AREE A AP F T8 AP g B L B 02 e
sk,
Syl : AP, ZEB A, ALeolBUUS, FA%, AF A volg

ABSTRACT

This study developed a shockwave detection and prediction of their extinction point method based
on continuous wavelet transform using trajectory data from probe vehicles equipped with automotive
sensors.. To analyze the effectiveness of the proposed method, this paper proposed two measures
which are a distance error between the extinction points of the predictor and an time-location error
of the extinction points. The proposed concept was proved using the micro simulation based
experiment with three exogenous variables of traffic volume, lane-close duration, market penetration
of probe vehicles. The analysis results show that the proposed method is capable of detecting the
traffic shockwaves as well as predicting their extinction point, and also that the accuracy of the
proposed method is highly dependent on the rate of the probe vehicles.

Key words : Automotive sensor, Probe vehicle, Continuous wavelet transform, Traffic shockwave,
Vehicle trajectory data
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Z 3} o] Z(Shockwave theory)S ¢HHZQl wEF Ae)7} oj' g9ld] o]5le] EokAE A=
2 Oy s AdEhe B R OII_—O—E, ARA T4 2 AFEJET ol 155
A= vl F8% GAE AT HIole AT o|ES 83t HAIRE 7HH
(Varlable Speed Limit) 7]&€olU 1EEE S5 Z28A0] (Speed Harmonization) 7N1E 5
Ay AFS FHsL o] E AA nEER &3} 7|ed H &5t she 0] 28
5 3] A FAA 9 3 wFeFHE SHAA FE9ke] AT HA Y %Z!l’} &8 A o
g ATV = gt} o3 A 2 T2 AXd FZ HAVIZERYH Y A £5, 0
, 2 A& tlolHE 7HEste WO o] FoA sb] Wil AU SA% HAAE fsiA e At
17} wl¢- 2skA A= ojof a1, o] &4 SHAA vigAskA] Zslthe It wolgith
[FE WrlA oA, ~HtE & 5 GPSE A3d FAFA 71717 tiEstEaA AExiae] AT
FHo] g9 OHzi"’ ] 2-0] ADAS(Advanced Driver Assist System)®} A-&F33} o] Mtk AlA
FaRgE Abeke] Hgo] SUhsAA Ao xRt ofyet = AbFe] $1A4] HolHE FAl ASE
HAk olgg HolHE o] &3t TN 1EH, wEHUE T3 T8 HEE AR HAs
Zote 71EE0] BWol dFHA Jou uFFoAA FasH RN e FA9E AH AA e ATE
oba] wmg o2 Vel mata 2 dAFoA e 3 A AA7} s AFAAE A
B atgFo 2 £35 F8 HA& o] &3ste] AL o]E 3 S (Continuous Wavelet Transform, CWT) 7|8k
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A% o8 FA o 77 % AEF olBe TEY vIY S8 s HEHo gk
w BolAs S43 ol & 7Ivke] Iule] B ATEe LESHL AAS =it
& 2l

£ FAs] Y%t 4352 1}o]| E(Horizontal Shockwave
Lee et al.(2008)-> T&7F 1555 BAFSH| 913 S43 7|uk AAAH AlggolA
28-S ASAT Kim et al.2010)2 Kang(2000)2] AT-E 43t W29 $8AH2 o] Folzl Hlx3 &

FHZANE o] g3dte] AlsuAE} W FFA AloldlA A= AAE 4HFE]
g 2y S ARbEA e, ol s8aket M2t 491 S wEF AFeA nAR T W] FAE <l
=

3 A3 W3lE 2383 Stk

Park et al.(2010)5 2 SA 0| ES o &dt £& x3} dgFS /NEsta vAY AlEgold Rye
okl O A S BAskE ATE A8, T4 9 o]E& SEx5}0l| A 83 Hegyi et al.(2005) & &
ADE AASES ke FFF 5 24 dugFol AA B4 FPALE Hd 2197HA Y F AS
S ANEYHIA B¥E Tt U39 T Hadiuzzaman et al.(2013)2 52432 TAS oS3l duEES
Nl o] & Ao E A Gt FRE SEE Alofste WA oE 23} 7S 8L, ol2E
Wajo] B9 T8 ES BS dEeA TS olsd AR kA ARE o] &3t AF3HATE Popov
et al.(2008) 74-%- AAIZF wFH-EE HolHE RUHY 311 neF-EUE J4E 75, otF5 A= U4 T
° & Qg FATLY WS WA e &S AR ste AFFE FREE 24 dugES MPstaey
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AXNA AEHOIA BHE ot 1 94 E4sIth

RN FREE wFE, S5, HFE 5 vl o]Ent “HolE & (Data Noise)™s 3kl 9l

A AAE A& 78] 18 FEE 2 usFUE FHE 45]'01 FA| = ofH o] B A
Holth, WetA AAE @4 vlolHE o83 43 HAE I AYREE FGH7|7)F &olatA] & Zo=
1A Aot ol AH TAE FE3H] fete 2 7HA “E—?T‘;Z‘o] TREHAEH, 1 F HZ S 43
£ Wy JE Vo R AL o] &8 (Continuous Wavelet Transform; CWT)©] Tl CWTE AA-F3 &
S T A FopollA Wol F&EE AsAE Z ASIHY 7 4 8A4AEA e &85
S TH(Huang et al., 2000; Ovanesova et al., 2004; Rucka et al., 2006; Solis et al., 2013; Rakowski et al., 2017). &
3], HolH e Wol £t FAFA okl Fs F2 08 AAsL Fond AE5E HA S

< 7l A &&H 1 ok ol2d CWTY 5434 547&01]*1 TREE wF dHol" 9 e o]
] RS X3t ke Aol ZA¢ksto, Aol CWT7|RE BB S A83 T4 3 HA] daelFoe] wol
Ae Aoty B AT =3 CWTE 283 S43 H4A dagES ARbstar gl7] wiel o]t
TAEE s Edtt

Zheng et al.(2011)8 ZIAANZ F£HE AATT HolEHE CWT 7o &85l 17 HE A=
AA S dagES At vs AgEy ol F 101H = =(US Highway)doll A =35 tlo|ElE )83}
of Aljkd dagFol HE Xl?ﬁ%—e— Hln A AgsiA AAdrhe AMLE ST Mohan et al.(2014)
Y EEAEE B4 22 Yo]E3 M3 (Spectral Graph Wavelet Transform) 7]Holl A 83l EA X9
go A HAEE EF AXE HABE ¢uEEe Adeded, 7319 AFT £EASE dolE

T2 el
Fe 2 HE3IL ol BAY3I= ouA| AolE AX TS g TR YA EF S HASE TS
2 g5ttt

o Zol AEF 7|E AFELS FE 7IEY HAA] vHolH (Aol E3HE 7S o] &3t F
AvtE ARSI o] & 7O R G/ EF F1HE AAskE WS sk ‘:}. SFATF ADAS, A&
ol FgE= A7F AA vlolEE E83 AT Al Zrotry| o & Al Aotk Elfar et al.(2018)%}

Xavier(2017) 59 A7lA] connected vehicle HI°|E}E &85l o BslA &5 X E 7o R SAT
E 248t mEtA B ATelA s Ak A HlolE g A&dolEElS VHS E8ete SA%E A
Asta 1 ABHES G5 WHS NEEAT

<Fig. 1> £ oﬂ%ow Aehs B AFHOE BAGT PH, FA 4TS AAT & UE A
AANE B Z2D 2P| AAZE o5 A vlolelst AAH FW AFEY AX % S5 HoHE §
Gotel mzw A 71 AR AAE FHDT FAT BAT A Al A%, 22 AP 7Y
i Ao WAL olg3ke] FA% AAMS WYLE 08 ALY F S0 3 AANS FHB)
YT PUOE FA% 29 A BY A5, 3243 97 o) 42§ 45 AANS T,
of AN 27 FAste] BANT 93 AHS Sfotste] FA3 2N S 09 we] 3
& o Wel Fhsslon, B ATl s AYIARLL o gtel 1 ghe FRTL
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<Fig. 1> Concept of the proposed method
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Soh FPAA7 98 9 Azl 2AD 24 D 94 o5 A e a9 golTh F, a9} SE
A&Aon zAFORA NFWAFG9 YAUEE UYL o] B ol 8ale] Be] FA WS 7

AR AMelA »7F vtz spgsiete 52 Rhhdo

A W1 g A5 of EL <=
A1 Morlet, Mexican Hat, Gausian 3+ 5°] T2 o|&Ht} &
A& 93] Mexican Hat(MMH) T FH3+E A HT
7 FEHZ A5 EAEES Hole XoE dY

}\\_]- A=Y
) §-8317] WEo|th (Zheng et al, 2011). MHESE T1-9] A 2ol Ao)g

=8, 2 [ar e ——
W(T)_m[°2 e @

CWTO 98 Az 2 Azt o &= ( )& o] &3 mEtA Lo mE CWTE 4 33 2o, o

A G A2 AH 20 GE BT AolH2 AR BG)E A @F o8] A
t= [ ot a)“ﬁ[ei(; 1)}# ................................................................................. .
ot _ma;( )/UOO|Q 0 8) |y o @
V. A A3

B AAE AT WH ERYE B AT AEUCIH 71N g HZ(Proof of Concept;
S, <Fig. 25 ole¥ RHRYL AGHOE BART T4, B 4} FAT =

5 AEH ] S F men ek o P A FgAAe ARt SH8 A A7
telHe 2 (5)F ol&3std dgAs Rygow WE, TA 4 (3)3 o838t CWT Fho] AxteE ozl
o ABE ol B3l g o &3te] 7k ARFE olUX WMakE AL AP Gt & THe PR
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<Fig. 2> PoC Analysis Process
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AZ AU BAL 93 <Table 1> 2o] WEF, AZH A A&A 7L T2H 4 H[ &L A
A2 AAER T, B AEFoA ZFS VISSIMS &83le] 2312 d4F £ 4kmS T3] iy
=

o

, 5%, o s FR3le 77} 600, 1200, 1800 (TH/ A/
azke B3] 9igelct.

- Al IR 28 AHS AgE WwoE
= o] Holy] el £ 74 @] Ado] PR Fa3I o] F 93] E29| AN A2E A=
S AEHAE, F AEHIA AZH000%) F A2 A Az AZHS AS 10029} mHAE 20025 A9 e
AZI oA B9 2 MYEl =R 3191, T AL A7 120, 180, 240, 30022] 472 AT F, A BE oA

| £ B RN AAAAS A5AL) G, AE So AEANY 4F F 1902 F
A2 A7} AdEe] 1202 B A4E FE 9T, EE 5002 Fo 3002 5% 427 A4 S Ak
AokE P e ZEn Aol e AN ol g3l Ful x}ﬂka AAT HolEE olg3t] uzol] 4

WEF U ZEH

ai & 7l
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53 &3 ZWolA WEF o] BAshs T2B o] g ¥

zhEEe] B &S AAME AR Y AAHFEE AYsAT, AFEREo wE Ay ay B4 9
3 AFATES A4 5%4 10% FEoE H 35%7MA =2 “7‘4;}@1 BAS Pt
<Table 1> Experimental variables of PoC
Experiment Variables Range
Traffic Volume (veh/hour/lane) 600, 1200, 1800
Duration of lane-close (second) 120, 180, 240, 300
Market share of probe vehicles (%) 5, 15, 25, 35

BE AYQA 3t 29e Akl F 48(=3x4x4)7) 9] AlEd ol AuE et AAH A, 7 Alue] e
GFE o] 85t HHE Al gdolde FHTORA F 24039 AlEH oI A é_‘/\lo}%‘\
A& fJste] AAl Algdeld AuEes 3te] MZ GE An HFE A

ek
=
al

ofr

<Table 2> A B4 AT ABHolA 3 ATE 4 (5)9 28H 1 Az 224D) 9 4 69 A
A LB HEAZ 2okstel Yepa itk pe] AuiAeh HaAE 247 3159 21 (2vE)R
Uehsth Do) AdAE 5%e] TER A vle BE 2o B3t AglA Uehty, Aas £ 4
g A 35%9 T A% ulgolx et ot FlAE $Us ‘f&%ﬂ‘zi% i, HojA o HaXE 7
ol v ZE A ulgo] £ WE Exto] 242 AME WHe) AR} Folde veaAl At
¥ 4 Aok S 5YH Zan A vgel talK B 120 B2 Do £ kel Aol7t X ¢ &

A gone AP HolA S 0T Hol HHEE WEFHTHE L2 A vl go] B VLT 2
oF DU, o T B Aol BLSE, 5 6 Be A4 HolHs} FUL4E FA%E U Hds)
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Al FAT F 7] WEd Aoz el st
AFTFI A2 A DD A5 olHT 2 F O WA AHEn. <Fig 3>04 & 5 A%
o, Z2H AF AFEe wistel vt 2 wEFel wE D2 FUD FPHL Holx glor ol
Z2H A vlgo] ¥olAS4E QAL FolmE o) ARPAR AMHET F, Ze2n o] 23 ul o
EeTE & U A8 S49e AEAHS 5T 5 3k olE A2 AREHA LAHE)E FHAE
SY AT 4 Ytk
350.0
300.0
;E: 200.0
o&- 150.0
100.0 =
==

50.0

0.0
5 15 25 35

Market share of probe vehicles (%)

——Vol. 600 vphpl Vol. 1200 vphpl ~ ===Vol, 1800 vphpl

<Fig. 3> Distance errors by market share of probe vehicles

<Table 2> Experimental result

Market Share | Duration of o) el iy lans)
of Probes lane-close 600 1200 1800

(%) (se) D E D E D E
120 2873 21.6% 328.5 23.8% 2913 222%

5 180 329.9 26.6% 315 26.1% 3102 22.6%
240 158.0 19.4% 2717 22.0% 241.5 19.0%
300 2126 192% 288.1 19.7% 1735 14.2%
120 1972 19.6% 258.5 19.9% 263.7 17.5%
180 257 17.6% 249.0 20.1% 150.6 12.5%

b 240 2183 21.0% 107.8 14.0% 1514 13.0%
300 264.4 19.7% 1673 13.4% 1423 12.1%
120 1442 11.9% 212.8 14.7% 108.3 9.9%
180 183.7 142% 1262 10.1% 166.1 11.1%

» 240 114.7 11.1% 776 6.1% 70.8 5.8%
300 89.2 7.7% 56.1 5.9% 50.8 4.3%
120 85.1 8.8% 1154 8.6% 98.7 9.5%
180 81.6 5.6% 1135 8.2% 527 3.5%

35 240 645 5.3% 38.0 3.0% 28.1 2.6%
300 365 3.1% 284 2.4% 210 1.4%
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Ago] 3718 FBo| RolA] WRol  BE FAAHE 2 5 e Ao Jjuk, wEYo] A1
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S A2 o) ALARE Fkel BE F4% A4 YAE Fye] APl AAE A0 tehdeh
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