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B d4e H-EH AR ZA| 2~El(Advanced Driver Assistance System, ADAS)©] WH2A X
Holl whg} B8 T2 8 2}3Fo] HX|H ADASERE A2 /NEAeFe AF dHolE 9} Ak
7ol AHFAE lolEE ol &3ty AR uEHUEE FH 2 EXdte AL HHoE &
o FA A&4F wELEE T2 AFHA A 28 (Vehicle Detection System, VDS)oll A 43 =
£, S, UfE 5o HolElE /S0 AT, COTVES] A4 Re 288
21 g Agstd FAFA. o8 W2 S UE FH ] I Aol 9la,
A FA9] AF 5T Whs dAE EAT o]o £ dFoA e dddTe] dAE
7] 913 ADASERE F3E /MEAF A dolE 9 A ARE 83t B2
S AR5t YukalE W% (Generalized Density) 4] o] &3] A ZH2 nEUEE
t}. o]of wie} ADASZHFS] EEEo w2 WEEE F4 FIEE BT A, 30%
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ABSTRACT

The objective of this study is to estimate and analyze the traffic density of continuous flow using
the trajectory of individual vehicles and the headway of sample probe vehicles-front vehicles obtained
from ADAS (Advanced Driver Assitance System) installed in sample probe vehicles. In the past,
traffic density of continuous traffic flow was mainly estimated by processing data such as traffic
volume, speed, and share collected from Vehicle Detection System, or by counting the number of
vehicles directly using video information such as CCTV. This method showed the limitation of spatial
limitations in estimating traffic density, and low reliability of estimation in the event of traffic
congestion. To overcome the limitations of prior research, In this study, individual vehicle trajectory
data and vehicle headway information collected from ADAS are used to detect the space on the road
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and to estimate the spatiotemporal traffic density using the Generalized Density formula. As a result,
an analysis of the accuracy of the traffic density estimates according to the sampling rate of ADAS
vehicles showed that the expected sampling rate of 30% was approximately 90% consistent with the
actual traffic density. This study contribute to efficient traffic operation management by estimating
reliable traffic density in road situations where ADAS and autonomous vehicles are mixed.

Key words : Advanced driver assistance system, Low frequency probe data, Traffic density,
Vehicle trajectory

IEE R WFALE X3S thofs w5 TAEo] WA JloH, d¥8s A5 F kA FqRE
e Tl g o] Basith wF U E(Traffic Density)= ‘54 A7, @73 W SAlstes
o] 42 49| (Korea Highway Capacity Manual, 2013)5™, 2589 71 A2 A4
E2ZH AN AE T 7P & FAEE JHGA & 4 YUhRoess et al, 2004). )& TEER 539
HH SHAA T3 MF AFNHAES S F dv AR VEo 2N 1E5E /‘W]i—?%% LHE}
We & &33 52 A-8-Eth(Korea Highway Capacity Manual, 2013). @4 nFEE9] 74-F @4olA A
Q1 o] ofFy] Wzl A 1EEE W AXHE gt 3 AAE &8st st ok
IEEE WSS A AT 71 wEARY £ AAle R FHA Hed wet 1A
AA L} AJAAAAR TS FIAAANA = EZF3E g wFvlolEE £33 5 e AAEA
Ed oz g FH5 2 (Dedicated Short Range Communication, DSRC)¥} 2} 3 A}5-91 4] A 2~ Hl (Automatic
Vehicle Identification, AVI)= ©]-&3}+= 14 o] Atk B HA AA e - 11834 ARFFOoZ A3 1
gAzro] MG A =2 A EA AHY TS Y] o€ ©?¥o] UAthKim et al.
2017). AGHAAA A= AA717F AX= 1] A& Tdske AFe] FFHRE TR T A wEH
BE At ti3248d A-FAZAAAE A3 A A 228"(Vehicle Detection System, VDS)°| o™, £4 =
Aol a5AFE A% AT § e CCTV GAAZE o]0 2FHL o2t AHAA Al=H 7pte g
TFHEHE ATAEE £ FAHY vl Eo] ARHH, :rL AA ] gk 1 FAHRI} PG TpsAo] &
Azt FHAZE 4 Bl e AgE WAL FoH o R A HAGT =3 a-E A HAR Qe
Aol o] AlFAo] e f&ﬁl% 7FAHKim et al., 2016).

olo] B AFoie UEEE A&F AFHAA FUE FAHES $3] ADAS(Advanced Driver
Assistance System)< &-8-3}34} St} ADASE HT 1A AlA 9} GPS, 541 A58 P4 55 o831
T F YF AEE AF 22 A 9 Fdste 2HAE HEIHE Al 2Eo|th ADASS] A9 ©AE
Aot AulEe Bl AAte R A AFEH] Ags & 5 Aok =8 AW AFEHe] AR HRE
53] =2 I3t 37t A A|(Spacing Measurement)7} 7Fs3t7] W&ol Al F7HE ) nEUE o] 753t}

olgldt EAE 71X ADAS 7IWt BEHEE FHL 7|E A5AR 73 AAY Dol & F ' =2
/‘]’\E“ A vE, wEHE F4o A AR, wF EF A9 B A 55 2S5 ok

T E0, ADAS /\L/_:E“Ql Sz Qs A AAZHSZ 20300l = AlxF2] ADAS EFE0] 71%7HA] A%
g Ao 2 o =53 9] O™ (Electronic Parts N Components, 2018), ADAS « A-&F3] AlA 9] Al X2+ 2030
ol oF 532714 A 7&,"4’ 102 o =53 I T(Prescient & Strategic Intelligence, 2020). = 1414 749~ "3}
Al e @A AFALE 7] Al 20179 5E Im o] FAEAReL Ak F Tl 2085
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2338 e - SRSk tle ADASS] A2HE o] F-3H(Korea Ministry of Government Legislation, 2017)3}
AL o, ADAS7} AAE A e H 71 diolty =8 ADAS A o F-stof g W ARG A&
T3 3 ADAS AlAM | F&3te] met o] & o] &3 Y A7 AA 9 wEEE T4 A§ ThsAo] gl
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ol Aedd wgdE F42 918 : wE
7%, 2) ADAS A ER & ME ATHUE oA FHOE ro] APk & 04?01]%1 WEYEE FA3}
= A 71Ee] ARAAT] TEi HH= e, FE5 ol 83 2o] obd DAL S X-F0.2 o]
5% F SPANLT YA 2 9F0S 243 9vhs B U= (Generalized Density)Ha] & OI%ELEP
(Edie, 1963). & AFE9| 7 l& HolBE o83 Y Argate] AFAE AHstn, A5 HRE o

ol =29 I AA S FEEO WE wFEEE FAA olF B A4EE 4 uEHUEY 4 @&
2 H¢ Ao H]& 2 A (Mean Absolute Percentage Error, MAPE)S} %+ AlFT 2 2kH(Root Mean Square Error,
RMSE)E ©] 83 w5U=2 F (Ground Truth)#o] ©AHE EAgitt
B =2 O 2ol FAHY Aok 180lAE A7 wiA B 24& AHdith 28 AE ARAA
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ANSATHE HollA o ol7E Tt st Gdel TH= ustA Ftal, A&5Fe hFol T Aol
gate] AFLE £ F71E AAATE A7 Yo Park et al2015) FEAR] B5L o] &8 wFUE
£ 74 % 243tk 2HIC - AFIC 73Ee] 700mE 20mH 357 SRR UL FEOE A £E
7hEES e AEUEE FHHAT. ATE V1€ CCTVE ©| 83 nFHE T4 ¥ tieks AXgos
ook glout, A&l Holg 3ol offa 54 Az 8 b tigk Holy E4olgitks @A 3l

z &

o|xg FgFgAolY wA oA HF3 AL = FAE E3 dlolE FHMay, 1990)S 714 E A
9o AR Q3] A&HS 2A4o] oL & YTt Kim et al.(2016)2 #o|t] AR 79 AFHAHRE o]
J

T2 AEshe WS AANRT FRIEER 3582km A #old HA7E EAste A

A dolHE st S oy HA7] A 500mel 9= VDSE Sl AHlEE 33
dolt] AAZIZHE de AFAH AR T HAGY ol A X5 FFEE o5 AZh AX G| 2o
g FRAZEE o) gt WEUEES FA A THEdie, 1963). = VDS AH U oJE|E o] &3l wFFo|E 2
< ol&shs WA AR ol8she WHoR T UMY wEUEE T, AFALAE TN et

©
UeiA F 7R o] 9EE v BAST. 1 A%, REUES 20 olskl AZHelAE A7} A
A, 20 042l B ol W FEEE Aol dlste] UriA T shx ste] ox7t 3A B,
Y ATE 71E AYHIHE LERIE P4 EE 420 PAS o83 Qx AALRR 7]kl
EUEE Ak oo} AT, 54 AHelAe] RERE FAe) THTHE WA} ek

2. ZZH XS 3 nSLUT F8 uF I HAIF HAl

7189 AAE ol &dl £ BFARE FEshe W YT AFoRRE I HoHE 83
UEE FAT A7E0] AUAUTE Yang et al.(2018)> ZEH o) Ho|t] AAE ARt wEUEE F
Ak, 28 AFe] F8) AH, T A AAE f8 9 dHeoly Al dolg 9 F37 7]dte] HE
B GugEs o]8ste ZRHE A Y3 B2 P EAse AFTE FE591 FE2E AT
ARE g o wEAgMHAA AFUES F5= WHS Atk Ak S AA Z2H A
FYg T3l 7S vlolEE o] 83tY HAES Ad, A&F T2 A9 70% o] AEEE HYo,
e A7 Zgo] offtE AL FAZ Il Toru et al (20152 Z2H o] Zi-olo] Fhw|zhe}
GPS ZHE AA8] nEUEE FHIL EIE ¢ste TAIEER 142kme] 77 F GPS Y] 4%
o 4&& F= Eldo] U+ 11-142kmE A3 11km 7l tisl] 1417 B¢ 228 338 SPA A
7 2B 2Ee] GPS Hlo|ElE o]-&a) W v (Map-Matching)S 3t 1, Ei-olo] 7HgtS B8 =29 &
2 AANE WYL 35%9] T2H AFo2RE A& HolHE T3 5E &9, 05kmE o] AFHE u%E
U=E F%3}3 RMSPE(Root Mean Square Percentage Error)S ©]83le Q2188 EAg A3}, AHHA7]
o= of 28%9] 2at&S Hole ZloE BAFIN i AT 71EY AHHAE T3l % volH
£ o] 83 ABTIUEE AHAsHE Zlo] ofd FEAFY Hlo|EE o] &3 nFEEE st WS AAR
o= 297t Qth AT T2 H Apeke] FR 0] 02% FE 35%2 TAEHAA T FEE o9 uE

1=}
FRAAY BFEE FA4 FRAEE & o fivte AL IAZ E3UTE Kim et al.(2019)2 ADA
ElE 283t 7| AH AAVIE T REE FAL W AH&st= A& (Occupancy)E ©] 83 UE F4
=
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of AdsH AHEI} woAE AFE Hlou, ZRH o] vk AASA HE A& 7M7Y
2t AE =7 WA EA] ehske) i Aol A= ADASS] FhlgtE A3 A Aol A E o] &8k

AEF o2 TAR A%F

S B9 A%59 WEAE F4S oA Ak Pe WA Yk
3. Maoiqelel X0l

9% WERY LF BHL AT YA 959 DERS, FUPTEE, DFUE F AFUEE 1EE
2 AN25ES el 3 ERAER A5 T 0 BEUEE F2 VDSE B3 £UHE 15,

EAsHMay, 1990), A5 Q1 BlolE +3& shrldl= 71743 Hl&
FAIZE itk 7€ wE R e FA A A AT Ag tiRE V1= AAVIRRYH 2 JEE o] &8t
o2 WTUEE FAAG ol WAL wEdE FHo] 54 7ol d4"

4 5
© AE BT £3 7|20 ZrH AF HolHE Teote wTEE 749 FF uAE 2EE= <
sto] 72t TEE0] WE WFUE FH FE FHo] Erbsstte A3 A AFEe] F A4 e WY
2 ZPohe AE Btk wepA E AFllA = ADAS ZAE FEl FHS1 N A AF HlolE ¢t
A ApgFe] 2HFAY HolHE 85t nEUEE FAs RES E aFEE T HgEE
AT old & 7= 7R Akl A Hlojutal, Aagt £3 AAE T AR nEEE F4
o] 7hsdtth ol & Tl AFE w2 wFUE FAo] 7hsdH, FF 282 A 38 =RtaA

3.

B AdFoAe dERe] wedE FHe fdl NE AFe AT JEE F&oto] A3t 7nkE
LY e st A7 daks 24 ) AEdelAE T3 1E A dHolE 3, 2) ADAS A
Z

FAY 719k AFA nEYE 34, 3) 2 TR 2 wEUE 9 9x FHog FREAC

AA, AE 2 "olHE £35] 8] vAE 1% AEdeld ZZ Q0 VISSIM 20208 ©]&43 o

WEFY AEH)AE FHSAT <Fig. 1, 2>9F Zo|, AEH A A Avel e 742 A5t

el TR B Hed AFAL AW A7 1 AFEAY S A 2 AFHE0E R
o 1A=} ARl WE 232, 332 E& PO Uit

AL BAo Agaon, tatEe] A$es AW 2w 3 544

212 QAFTSYR =& 7| 197, M6=2(2020H 12¢)
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Headway

<Fig. 1> Headway of one-way one-lane section

B ae] gaTRe w2

ADASO)| 7]8Fel A2 pEYE =4S

<Fig. 2> Headway of one-way multi-lane section

3l 1kmQ! Eo] W ES A (Toy

Network) S 8399t} A& 42 Korea Expressway Corporation(2018)2] 1& =2 53) X}‘“* 3 ZALS
Faste] SEahFAFEH 2 0] 90:5:57F HEE A B3 AA A B2 GEHE L FSellA
Bl A FAH ARl WEF & AH|2FE(Level of Service, LOS) DE 7431l &3 Alo|&= ;q.al:o] 59Hy
sHAl Fdst= MulagE ER 7] Sl Auel e AAEES 747 sk A SHTHKHCM,
2013). ©] fJol= AlEH ol o] T A& wEF AUE FES| BEY F UEF V& AT AHE AES)
o wE A% 21 Ao, AAHQ AEd ol B4 AIRRE 3,600%60w) A FaEHTE 7

ATl A

198 Adele =

<Table 1> Traffic condition of different scenarios

el thet AAE A2 <Table 1>3 2Tt

Classification Scenario 1 Scenario 2 Scenario 3
Number of lane One-Lane Two-Lane Three-Lane
Running time 3600s 3600s 3600s
Link length 1km 1km 1km
Traffic volume 1,000vehs/hr 1,000vehs/hr 1,000vehs/hr
Vehicle ratio Passenger car:HGV:Bus=90:5:5 | Passenger car:tHGV:Bus=90:5:5 | Passenger car:HGV:Bus=90:5:5
Speed 50-80km/hr 50-70kmy/hr 45-60km/hr

2. ADAS AF7E| 7|8 AISZH nEYUE

3

W

=3 A HolE ol Z]Hkg AZITE bk $A] AR F F A2
£ &8st] A AF 2 S AFH AFARE AU ADASE 7HHe), dlold, gelt &
3 AAE S8l 5<H:—711j4 tolE & FRgth 7 etE o] &dte A A= 3 ANAARE B3 =AHE 3
BARBe} AYAEE T, Holue AARE o] &t EAEREH Eolee Rt
Atk St B4k ARl S Hotd 4 Ak EZF 2otk B¢ nEH o 2 go|AE AHgSte] A
WAkFHe] Ae] ARE FRR o8 o] ADASE AHFAE S8e -r] 3 o= AAE ARESH=Lol m
2} 1 A5 Aot AT 4 qith oldl wet B AT Ao ADASS| AW AAF AR Asele AdE F
A ¥ APt B AToA nEEE FHS el 283 Iutsl |
218 A F7HA Q1 9 (Spatiotemporal Diagram) Wloll A TIAIZE Bk 2}7Fo] AH3E & AIZHe T3 A4tE
Uh<Equation 1>. ©] 42 Hajl FHo] opd & Axta &hef AglE 8 =+ Uthe Holld 88 2

sithe g4l sl

‘?:_‘E(Generalized Density) %4 "

ol 7b%
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<Fig. 3> Spatiotemporal traffic density estimation using
generalized density

E Travel Time B E Travel Time

PESIY = NS e Region (1) % (d, — ;)

— k(veh/m) ................................................................ (1)

3. nsY: MH 3 EEE0 ME 2% FH

ADAS o] RE&S #A57] flaf 729 viad 2 wes E7 AFE F
B9 3% W2)(Sampling without Replacement)S 18] w5 33 ellA thgFat 2FAz2] A
TEE R AT FHE F22 WAL £ dve Aol Ao w8 E
of A= AEtd AFTUE F4 73 WelA &5 7hs3h A7

m Sample vehlcle D Chservable vehicle D Unobservahle vehicle Spatlotemperal density estimatien space

<Fig. 5> Sample rate : 20%

214 OUAFTSYR=E 7| 193, THI62(2020H 122)
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25 wel F4Y ATEES Al ATEES} Ao} Qe Jleng 4

L A nEBR=o F g FRE B2 4P F4 g 19 o3 )
& HwE E8) @2 vns}t 7153 MAPES & %—5‘]-95{‘31r<Equation 2>, MAPEE % #3343k Alole] &
A2 W& (Percentage) = LHERY 7] HHTOH Aol oAk EZHolA g F#HA sjHo] shsst o] gk
(Outlier) 3.3 0] 7Fsatths 0] Utk 3HAT, MAPES 24l 23} =4 & AlFstA 3517] wiol o

& 2] ffs F @t 4 @ /\}OH A2 A& UEh RMSEE F7H o2 28513 th<Equation
3> wEEES 3 1711\1_ AEdolAd e BE Ao A HolHE o8t 73 ghe orisiH, &
‘ﬁi FAE wTEEE Agdold do 2B AFE] AF volE e 28 AFEe AW e Sl 3

AFE ] AFF7 8 (Headway) HIolHE Z&sto] 24 wTUE g2 ¢t

q71A,
Y, = Actual Traffic Density
)/}i: Estimated Traffic Density

RMSE=

o714,
Y, = Actual Traffic Density
2: Estimated Traffic Density

Mz

V. 3 E g4

WE

Al
5

1. ADAS E=E20 [ME 8Lz FF (AL 1)

% of M& wEds 34 Aot Alve]el, 20 thk AlEH oA Ao BE AFEY] A4 HelHE
T3k Eo] Y E$ Z(Toy Network) 2] wEH % 3 gholl thdk MAPE®} RMSES Hl w3t nEY
o] Hla 24 MelE 300% HACE 100m 77 W EAsE AAF tiE &8st wEHE I @

A 2ol AFA A 71k AvE 2 19 A FEE0] FoldFE F ol fARRNES &
|= FE2E0] FoHEsF AlFHAQ 25 4 F1hlelA #35 7Hedt Atge] soiur] W&
AORE B 4 Atk FEE0] 10% € ", MAPEE 39.58% o2 WeHE 34 Aowrt wre Ao
Vet v FE2E0] 30% oo E FHE AS, wEEE 78 @2 oF 0% AS=E U]
Fo| 83 A ko2 B 4 th RMSEE ADASS FE o] HolRof wg} 227} ZHasts HedS
Ak T3 FEE0] 50% ©)F R FUIshE Avddle oF 97%9] B HYEE JHAA Hol, A wEEF

of Ank 39l Z2H ]’oi Fgot] WFUEE =2 FELE 74 7Hede FASIAT. <Table 2>5
f
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<Fig. 6> Ground truth of traffic density <Fig. 7> Scenario 1: Estimated density at 10% sample
rate

Density(veh/100m) Density(veh/100m)
!20 Izo
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0.0 00
' . o
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<Fig. 8> Scenario 1: Estimated density at 30% sample <Fig. 9> Scenario 1: Estimated density at 50% sample
rate rate

MAPE (%)

10.781%

T T T T T T T T
10 20 30 40 50 60 70 80 90

Sample rate(%)

<Fig. 10> MAPE by different sample rates (Scenario 1)
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<Table 2> MAPE comparison of Scenario 1

Sample rate(%) 10 20 30 40 50 60 70 80 9
MAPE(%) 39.577 | 16820 | 10781 | 5.694 | 3752 | 2506 | 1432 | 0607 | 0397
RMSE(vely/100m) 0819 | 0438 | 0326 | 0201 | 0138 | 0.100 | 0069 | 003 | 002

2. ADAS E=20 ME 8T FF (AlLEL 2)

W= 23420 Fukste] ABHClHS AW Atele 2 B4 A, BEgo] ¥oldFE WEUAS F
el AR ALsislck kel 106 L ol DFU £ e o 0% FE22 FA) 2ol
S grout, E¥gol 3099 W, LFUE 34 ol AHEE 0% o HOE F/H] B HHEE 0y
G BAE 59 AL 20 AdEIC 19 A28 S ARHOE AAT FIHE A, TS Bl
wet WEWESE F g fAAE S Festdc

8
8

©
8

©

2

g
g
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2
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<Fig. 11> Ground truth of traffic density <Fig. 12> Scenario 2: Estimated density at 10%
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<Fig. 15> MAPE by different sample rates (Scenario 2)

<Table 3> MAPE comparison of Scenario 2

Sample rate(%) 10 20 30 40 50 60 70 80 90
MAPE(%) 40.073 | 20.096 9.874 6.385 3.863 2.353 1.372 0.921 0.350
RMSE(veh/100m) 0.820 0.494 0.306 0.211 0.146 0.098 0.060 0.042 0.018
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<Fig. 16> Ground truth of traffic density <Fig. 17> Scenario 3: Estimated density at 10%

sample rate
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<Fig. 20> MAPE by different sample rates (Scenario 3)

<Table 4> MAPE comparison of Scenario 3

Sample rate(%) 10 20 30 40 50 60 70 80 90
MAPE(%) 37232 | 16873 | 8.883 6.148 3.141 2.026 1.068 0.752 0.333
RMSE(veh/100m) 0.905 0514 0.319 0.233 0.139 0.100 0.600 0.449 0.205
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