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ABSTRACT

Traffic data is the most basic element necessary for transportation planning and traffic system operation.
Recently, a method of estimating traffic flow characteristics using distance to a leading vehicle measured by
an ADAS camera has been attempted. This study investigated the feasibility of the ADAS vehicle reflecting
the distance error of image-based vehicle identification technology as a means to estimate the traffic flow
through the normalized root mean square error (NRMSE) based on the number of lanes, traffic demand,
penetration rate of probe vehicle, and time-space estimation area by employing the microscopic simulation
model, VISSIM. As a result, the estimate of low density traffic flow (i.e., LOS A, LOS B) is unreliable due
to the limitation of the maximum identification distance of ADAS camera. Although the reliability of the
estimates can be improved if multiple lanes, high traffic demands, and high penetration rates are implemented,
artificially raising the penetration rates is unrealistic. Their reliability can be improved by extending the time
dimension of the estimation area as well, but the most influential one is the driving behavior of the ADAS
vehicle. In conclusion, although it is not possible to accurately estimate the traffic flow with the ADAS
camera, its applicability will be expanded by improving its performance and functions.

Key words : Advanced driver assistance system, Image-based vehicle identification, Probe vehicle,
Market penetration rate, Normalized root mean square error



% ARE 2ol1 Yot A nEEAS 7
FHAe FE9 vlolH o] Basith dukd o
2 u% HolHe 54 X 1802 dX ¥ 9= AVC(Automatic Vehicle Classification), VDS(Vehicle
Detection System), AVI(Automatic Vehicle Identification) 52 #1715 & 433 & A 2 73t dolg
W o2 A 9t

T2 1484 AA7IE B3 $HE HolHE o|83td A&RF =2 aHAHER] UdEE FA IA
ok 2018 6€¥ 7|E ISR =5 X3S A= 110,714kme] =29 3,745/ 2] HAZ(FAZAF 6307,
FAZAL 3115707 AA o] T Aoz o 30km FALE wE HolErE FHHL e Aot
(TMS, 2018). o]} & % A AR o2} a1vke] AA7] AXH g0 Q] Aate d&F =29
W5 dolE FFdl ojzgo] Sl

H 1A AA7 9] SAE FEI] A tdd 7lEed AFEe] ARFHI JoH, dF AFAE
FYst= AFE o83t nFHE T -2 A A5 THSeo and Kusakabe, 2015; Seo et al., 2015;
Seo et al., 2015). ©] WH2 2o AzhE Ak A} 2| YA 2~El(Advanced Driver Assistant System, ADAS)
7HetE F3l ST Ay A=A AYE olfste WEE FAse WA olth

ADAS A3+ 2}Z 0187 1(Lane Departure Warning, LDW), %1%}%%7 3(Forward Collision Warning, FCW), A5
H]/3A] ‘&(Autonomous Emergency Braking, AEB) 52| 7]5-& BAIst 242k A A& Ersle HHo2
AREE L ). 53] FCWU AEB 7159 Ta& fJaliMe A8 Aeate] A S7g0] 2l 8ot} g
Ae AMGE Ao Qg wEAkae] FEE Fo)7] 93l 20177 E 9m o] SEAEA 9 20ES 233t
£ 355 Zlix}oﬂ ADAS 73] 2] A28 2] ¥-315}31 9)THKorea Ministry of Government Legislation, 2017). L&
Oﬁﬁ AT 7501] ADAS Zhd|etel AAIE @718 ARl 7o) A8 JhsAo] S ik
tF T35 43} ADAS 7HgtE #53 A AFe] ATE o8t uE R
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ol 2ol %ﬂf& Q45 SR WEREE, UE, BEPHE FY5H 4L 2053 Yok G 2
Aol T ol£ Aelextst A Al onE BHT F Ay A el 24 Aol Hgsel F o
AU 34 g2 =L Ak ¥ ATe) BHe F2HU wEFY 2L LFRA Helesh ADAS
242F9] 78 (Market Penctration Rate, MPR), 21795 ¢] A3 We] 5 Thpat shekolelo] mhe F479)
°3E BHFORM A4F B2 WER AL UF ADAS AFe] BE FsHE Avn 037 A
a3 2PPHE ANGE Rolt

1. ADAS EX|E 0|Es Sk e A7

ADAS X = T8 02 FHANFY FAEH= WL lA 1A HHEE fF =5l AEE TAAT]
AY 2o 222 2 Fo N & ot = HZAo] UAtkHeijden and Marchau, 2005).
ojg g nFetddel ek ADAS Ao EHEAL AP wFHFES Adste AS tilske AEE ]
A 718 gEsta Ut
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ADASO &% 7ol W& AT SE o= 2 F3E Al HAEHE F43 A3, LD
Abarel oF 10~14%2] ZHAEIE Ho|il AEBE FEAL1] oF 5
(Jeong, 2013). T3 Jeon and Dae(2009)= FCW2] 394 R (F2],
ot d&siA g8 ARE AlFste 2ol e o a3F<l As gt

A e BdS &85l AEB Al2H &35 BA4% AT A, A8 Al S5 A A7) 38%
At A SEE 4% ks A0 YEom, xxAE 7} 15mel M9 ol ike] 7)ol E7] Ak

3t 58 AT g S FRISFY thSugimoto and Sauer, 2005; Lee et al., 2011). SFA|TH Aol A HIs=
o] 9)x)e} £xof Foto] olelg] AEB 9&S A X e A% UERHTHTak et al,, 2017).
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E3F EUSY ATA|YHIZ 3k TRACE projectoll A= 19712 HetdA 28] g318 2435 A3 A%
Y &5 HG A2, A5 FE dENSE, FEAL B YA 2" & A FE 6-11%7HA Y T
ALS Aoz 7|sHA th(Page et al., 2009).

L5t wEHe EA AHo AXE HAAVE B ving go|stA £4 o] 7hestAT YA 73kl
FrEo] e Uxe £42 oo itk 7] HE 34 e T2 A Z9 e AHSst oy
AA79] HIZ At 1960 FEE 5F o2& o] &3 Ui, HE&MPR)S o] &3 U T8l1
BHAZIE o] &3 W Fo] ZEEIL QoM (Han et al., 2016; May, 1990), HZoll& ZEH k3 e o]

52 AA7] 39Hol AZEH dtHSeo and Kusakabe, 2015; Seo et al.,, 2015; Seo et al., 2015).

A S5 AT 7R I AA ERoA e AT 571 AR ol et WA A
o] EAstH, A I1Fe &5 HAte]l F4E AL IA Yehds A1) AthMay, 1990)
q =u x k/. .................................................................................................................................................... (1)
o 7]A,

q = traffic flow(veh/h)
u = space mean speed(km/h)
k= density(veh/km)

AR AA7E 5o A=E FAs= WAde H-fE(occupancy) S o] &3}
HHES o835t BT E AXSIE 3 May, 1990) FHEE d/48 2 i
ZHgshe B2lo] AtHGerlough et al,, 1997). Hfr&S o] &3 W= A W42 Ak W ZolE
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k: density(veh/km)
L, :average vehicle length
2.t s detector occupancy time

T:time interval

2] i S J2alo] glom, IFEY AAZE T2
THE A& 08 sl A=dts Wl o]thDo, 1989). 18y il ¥ =3 2 X walo g Z3h
3|

4) X2 HNMYEE 0|8st Uz TN Gl
Edie(1963)= 54 A3t AAYG S T3 A4 2o 42 JR2RE 5PN 5PAE =
¢ § AAYYH HA #AE B 5 ]S A|¢H3FATE Seo and Kusakabe(2015), Seo

Al

= 1=
et al.(2015)} Seo et al.2015)= Edie(1963)9] W& 7]RZ o7 o] &3t YAITH <Fig. 1>904 & & Je=
niel o] MAHQA AlF HAAGY S AFLSs Al Z2E AZHADAS 2 A8 2EF Jhel] A=

AFANEG ANFOE AFstel AAYHOE TG

q(4) = g:}:ﬁiij;' .......................................................................................................................... 3)
) ol (A4

S S —-_———— “
awlA) = %ij(iﬁ:((j)) ........................................................................................................................... )
L

q(A), k(A),a(A) : flow, density and speed estimators for region A

P(A):a set of all probe vehicles in the region A
,(A) : a time—space region between vehicle n and its leading vehicle in the region A
(A) : distance traveled by vehicle n in the region A

(A) :time spent by vehicle n in the region A

Space
Space

Point B Point B
/E‘//Rglﬁ Point A

t2 Time
<Fig. 1> Density estimation method using vehicle trajectories by Edie and Seo et al.
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TE3F Duan et al.(2015), Kawasaki et al.(2017), Khan et al.(2017)¥} Zhao et al.(2019)= 9 E]= 2} &H(Connected
Veicey £4011F B39 AHEHAN 2 59| BFO2 ALHE SHEY U HOIHT olgsiel 2FF
& 25 DUR LuAFE NS T, Jee YnaTold A £2 F3¢ 5 U8 AR B2
W s, 2 FA) A Kol AREE AL AU

3. o719l Ry

B Ad7e 71E AFERY 7P 2 Aol ADAS Al tigk Ao
wF ol FHAAR olsfsta oo tig 7S FY3th= Zlolth

Seo and Kusakabe(2015), Seo et al.(2015)%} Seo et al.(2015)2] ATF-olA= ADAS A& &) zegze] A

Qo] gk o]a)rt 1Bl EA] Fetom, A agEE wEgoly ADAS 2] Ffr&(MPR) W}l T
& WUt FESHA X Stk skARE B A= ADAS ZhHere] TIEE AFEER1A 7ol gk o] &3
Al eatel A s =28 AgeAE BAT & vAE AlEdeld RISl Htgtes
A E o A FAEEHRE =S5k Qv

Seo et al.(2015)9] AEZ FE= D thdt T2 VT EEES), AEF LA HAFEE nET
T12]3L ADAS Ao HF-&(MPR) 59 detEzE £ Ao wEF F4 : B
Atk EZ AFE AAGHY HAE W Aesto FEE A AL AAGHE AAskL A
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WER] opd A2

m. Qe Wy

H A= ADAS JHElE 53 A3 23] 91X 2 AT E AAE] Yste] AEAFEL] $A)9) ol F
AR 59 F3Zo] 7153 nAF AlEold =(VISSIM)S &3t Qo
Equations (6)~(8)2 & Ao A AASl= ADAS 7HiEtE &83 AL4F T27] BEFE FH5
*4 e

Ux F39o] Ao A wiA|F T Seo et al.(2015)2] ATFAME ] 15% = A

g Ptk LEFE) FHAE WAL DEF ol 2] TARL glov] £Eo| FPNE 4G
TG BE 220 APRY FURZERE 410G, D)4 AAY A9 2 AL =
28 AgEe] FAAYS) FAALL oot Bd dEe F4AE AAIe FASE BE TEn
e 5o 498 48 AR Aol HPE $o T + ALk ¢ FY ZE8 Agolel HHAE
mew Aol Mg Aere] Fahaeol ozl ADAS Fhilzke] A AAAE Holks A9t ek
3 5

I QAT B ATE AEGCA B Aa)uig AZlE Ao RA 9 F33 o] Jhssi
GUA) = 0 A) X (L) orrrmsoessoesessesses oot ©)
D — o
H(4) = 1,000/ Z”E’“g(: Am)jf;mhm(/‘) ................................................................................................ ®
ol 7] A,

P(n):a set of all simulation time units of probe vehicle n in the region A
h,,(A) : headway of probe vehicle n at the mth simulation time in the region A
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M: average number of simulation time spent by all probe vehicles to measure the distance
of the leading vehicles in the region A

A&EF AEF FAo Uk A Aol F&FS mA= A2 detuE e AZSF(1~32R), LEFL(LOS
A~F), ADAS 2ol HHEMPR)(G%E Z7181H 5~50%)3 A 37F AAFG B0y =713k
60~600%, 100m% F7FstH 100~1,000m)°]™, ©]& i#fate] 18,000712] Alvte] ol ek &4 AASHA
o} 7 Ay 2ol thale] ADAS A HH&(MPR) 7=l dlFsls T2H A4S 3084 29 Ao
SO ZM F 54000082 AlEH IS TEIHL, o5 B3 A5 &5, UE, uEFY F4 s 24
o A&kt

<Fig. 2>t AFA 02 1007H] AAGES dAsta glon, Fos= AR YHo| et 5L w5

M= AFtry aAFEe] AT FHA T dolsitt

SPACE(m)
1,500 f oo
100m
Non-Probe Vehicle
(Non-ADAS Vehicle)
Probe Vehicle
(ADAS Vehicle)
1,000 F-----
{ 0
/T’ j/
500 ---+ . T -
7 : )4 mib
' ' '
10 15 20  TIME(min)

<Fig. 2> Concept of estimation area with ADAS vehicles (e.g., 300secx500m area)

S, ADAS Ao A3 At Ao 4 7bs Aeet Aot =g B AT A FFE T It
ghu|Elolth, S ENEF| “AtFat 9 AFAE-F] Aed 7]Fo] B F A Fosta i+ ADAS At
Fel FCW 3! AEB 4571l ostd ADAS A& A3 ke F58A4 /g2 ZH(Time-to-Collision,
TTC)°] 3% ©]3l¥ 74$ AEB 7]%5°] 5= ook $th(Ministry of Land, Infrastructure and Transport, 2019).
FCWE TTC7} 3% Rt 2 A9 ZFHojof 32L& TICE 4% & AHoslal AFF8E& % 100kphS 18
) A 2FF} oF 111m AZ|olM FCW 7]%5°] g5 ofofstAw, & AF-olA= 120mE ADAS 7Hvietel
Aol AA7Fs A=E AR AEeld E4ES F3sAH

ADAS 7HZHE B8 wEF F49 AHAEL & H+ AF WA (Normalized Root Mean Square Error,
NRMSE)E ©]-&3t B7}stith. NRMSEE ©917F & e 1t A5 wF=8fete] Hrletr] <13 o
2 WY U5, 59 Zo] YT Ay tigk AE gE FAHXE A5t Y ARt k. )
H AU o] e wEFo] Fake VISSIM AlEd o] 29 link evaluation #-& Foi4 R sTh

= Fh(q vy ky) link evaluationd| A AlUE] LB E ©=E3F sl 314 Fh(g, u, k)2

2 Ay #Z 359 Bi(g u, S 2L g u kS 7t 1EF o] 2o 243t Equation (9)°14]
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NRMSE(g) = - - - N _ N
q q uk uk

N PP N PO N -~

S —2kk+ k) 3N — 2k +E,) 3 (k—k)?
i=1 i=1 i=1

u
N N N
= - = — = k = NRMSE(k) (©)
7] A,

N : number of samples
NRA/[SE(q),NRAISE(k) : normalized root mean square errors of flow and density
g, u, k :true value of flow, speed and density

g;> u; k; 2 ith observed value of flow, speed and density

?],E,E : average value of flow, speed and density

qA“uA“k?i ith estimated value of flow, speed and density

V. ADAS luilet A2l o3t 4 2 Agdold &4
1. ADAS ZIH2I2| 72|24}

ADAS 7Hie}E o] 83 F7at 2514 ZIH M= 524 22K dynamic error)?} 117 2 A(static error) S
T oF g} 54 2 xHdynamic erron) v AL HAE 5 23 f AJCERE WAt Tk ¢
7F A5 R B AFdME 1A ek 1% 2 A(static error)= Wi 7| ¥ 4= XH(parameter error),
o] A3} @ A}(discretization error), X7 2 2} (calibration error) A= o ZAWE ALt 1A A
o & WAsy] wfio] AXRAE Tl oAk Mo E&o] JhEdtth

o] & Wi/ 2 X H(parameter error)= B EHCE &2t H oA FAS FAL £ Jon v
A 2AF= Equations (10)~(15)e B3 A& ¢ Sth. AxHoz 1AHAE FAsks olitstest
(discretization error)(Equation (13))9} 2.7 @ 2l(calibration error)(Equation (14))= A1 2}#2] 72| (Equation (12))
o} ARAQ AAE 7N E AE & F ATHPLK, 2017). £ ATl A= 217 S X (static error) Aol AHE-H
© FepulEle] BEARI ghe o] &ate] Mt Al mE o|2F Agaks: AlLtetarh

i
4 fo

h
y:)\?:ps(py_pyo) ............................................................................................................................. 10)
— = )\L .................................................................................................................................. 11
Py —DPYo ps <X Z
1
7= (&X e I P TP PRI 12)
bs  PYTDPY
Ah 1
| AZ| diseretination = (Z=x 72) ................................................................................................... 13)
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Ah 1

| AZImH(}raﬁon =(—xX—") | Apy0| .......................................................................................... (14)
ps (py—py,)*

| Azlsmm = | AZ| diseretization T | AZ| libration T s 15)

714,
Z : distance to the leading vehicle
AZ: distance error

A i nominal focal length = 6.7mm
h : camera height = 1.3m
ps : pizel size = T.bum

py : pizel coordinate of the physical coordinate y

py, : location of vanishing point of py = 180
pyrange : [190, 360]

ADAS 7}ulzte] o] &4 A2 24 443 ol 20194 79 42 FHRE AN AT AFARER
T APESolA ADAS Fete Aeeld A5WLE A% AP FALFES AAHA doltiel
ADAS 7ilet A8 4T APAFo| YT L2 T 39 AUIAFL Folo] DHOE PTHHe
Ao AAEor, FAT FHL 408 WEFoH AAAUE G B A)sh ADAS Fuztel
AL oE BASITh FUABIA AT AP AF] AhALE 100mE A

<Fig. 3> omol A Aol 472 120m7AA lom AR BEH olgH B Az oxeh 494
Al oAe viasty @449 Aeoste] REE Jehin Ak som o149 AelAE BRPL
Aeleark o4 Adodurt 2A tehtba 1 ofd dmAAE Mle] A% HolAw M f
A%e Beth 53] 30m oldke] Aol BHNY Al este] WA 2 B olf AT
DUYAFE P DEOR HTFHE FPoIA AF SEF oA %1 AUL WHHE P 9
Fastels) mEolt,

B ATE F O @A B Ao 558 Astel v)AF ABdold BEg 53 1om HHOE 3
o9 o287 W@ AeleAE At AYLAT P F ABUCIM w9 A7Ivih ADAS AaFst 4 2
kel AHFA o gt

ol
P.l
rr
O
A
o
u
>

;\'o‘ 25 g 30

H —O— Field Test 5 3 ¢

bt = o o

£ 20 . ] 5

i —e— Error Function a °
1] °

a
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a
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o
5 10
X || x
5
0 | |
S D & L P N D L 0 °

T I AR SR S N S
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<Fig. 3> Comparison of theoretical and experimental distance errors with ADAS camera
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2. AIEZI0|M B4

<Fig. 4~6>2 7'E Alyglenit FAH= wed, 95, £50 g NRMSEE 10% ©lsh, 10% =3
30% olsk, L8]l 30% Z2HE Tiate] ZH wlg- PP AQD FABIFAY), AR AR FH(3A), 1
21 B AN Aosta JoH, /I wEFLLoS)9t /i HFEMPR)O) st 100
Aol Aol tigk HF NRMSES AASHAL 9)th

Eoe AAFY Ul 228 AFY] =Y AR FIAYE Tl FAH AT 7 FpH A
- ¢EAR] FHoE AP AT 7 Equation (9)1A AR Bl o] L] bRl o=
E%9| NRMSES W= NRMSEZF & 3¢ 2 5|28 Wwe] NRMSETHS o] &ate] B4 39T

<Fig. 4> 12 20) |38l U= NRMSES B NRMSES Je A Sty w5 F3 H-FE(MPR)
o] solgE W A A7t AAHA glom, 53] LOS AdlA LOS BE wE87F sole 2%
A% Fgxe a7l IA A= Yok I olfE IAE LOS Ad dFsle it U= HT
3.5pcpkmplo] ™ o] it AHFA e 288.6mol| d|FEHAIN E A79] ADAS ZhlEt Hof 1A A= 120m=E
A ag AFAYE HEAZ 4 §le WA LOS BREE 120me] AAAE R E40] 7Heshr] wiolth

gk deet 4% FAA Y] o oS A3 U FAHo 8 7HE AFALRY o &2 AYE
FAAAN Fhst= AFER s B Aoz ot LOS ES HF&MPR) 15%FH HIZA
HE FAA S AT 30% oWZ AYstr] Atstslom LOS FilM= A 917F 10-20% TEo2
< 3= F4o] 7Fssith

el 2 AHEH LOS E~FollA AAAR] Soldss a7t Eojte W HAF7to]
AU S| 2a7F FAEA W o= A4 80kphE 36}% FEL 100m T Z °f
Urlgts M2 ahFe] F77F oA AR 60 T Z AZPESTE SouAl HE vl AgEo] S
7M. Ao 2okd 4 QU] Hﬂfom 3 LOS E & 2Y Hi& MPR)A 540~6003%} 900~1,000m
g fAste AgEo] v

)

ot

El

T
ut

Space(m)

S S P P D PP

Time(sec)
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<Fig. 5> 2220 @t Do NRMSES Bt NRMSES Vel ok 12k2 9] 42 3e} np
A& AEF2L0S)7E Solval Af&MPR)o] ARl we} 439 At MdHE Ae &+ A
o 12AZET 2324 QA7F EolEE o] A A P E AFAT Y A0l 4A ¥ 1AE
o= el AEEE A A 77 gefsta AW Fol 7hsdhy] wiZolth

IAEOA A 9} ppIA 2 e abe] tf R FAl FAE AHFAY wEoln LoSyt AXHEA S Aol
dFete U= FAX} Fg 259 Aol7t A FolEA ©h LOS DS AFE(MPR) 5% A4 FEH U=
FAA 9 o2 M7} 30% olWZ HYsta LOS F&F /& MPR) 10%45E EAHOZ 10% FF2

235 BYozn AlFgAdo]l A M
AA G Aol e 1220 A9} npR7IA 2 FHHY RO = AZPE7F A4 el da-E A1
Qlom 10S E & 22 HAFSMPR)Y 240~600%%}F 100m HA B o)A xpH 97 AAut ARG o] &

oA FrtEs Z2H AFEE Q) 10%2 24 S Hojva o

LOS 5 10 15 20 25 30 35 40 45 50

<Fig. 5> Estimated density evaluation of 2-lane

<Fig. 6> 32120l d|F3t= U= NRMSES Bd NRMSES YeER AL Qi) 1229} 23129 £44
o} np7IA 2 2F5F2@L0S)S HREMPR)O] 23 W9l MMl G vAa ok Tde 2FA
g9 Ao 7 < 1A2Y 232RT 937} FojtE= A3to]ln LOS C& A +&(MPR) 5% 5E 30%
o oa MYyt BAst ) =3 LOS E9F H-RE&(MPR) 15% A HE 10% 52 2315 Bo Az o
2 52 8L Y ok

A&3E Hele Wale] wE A#A /)AL LOS ESF LOS FO| Aol A & 4= e npel o] S
S7HETE ARPASIS 27 SAE O AHAHOE St AS & JoH oA 1xE 9} 23R 9]
Ao}t sttt AT LOS C FF9 BEE FFEMPR)ONA 31 73 Z28]ar ZAZEe] FAR Sl e
A& 07 30%He] 93} MYS Hol= o]fE 3xkZ LOS CollA A8 A 24 Fhste= s
o] iAo E Wtom HAE&EMPR)CO] VIR B8t A &EH O R o] AtgEo] ZEH AFo R A
OH Y AFHEY FE T s E FAA T SVt AEH R 30% o] LAPEE Hol
7] wj&o]tt.

Vol.18 No.6(2019. 12) The Journal of The Korea Institute of Intelligent Transport Systems 119



7
F
() ]

<Fig. 6> Estimated density evaluation of 3-lane
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