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A study on the Traffic Density Collect System using View Synthesis and Data Analysis
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WEEEE T2 7P AR #AVY JoBE AXNHYI AR FolA 7P T35t
I &e1A QoW (Traffic Engineering, 2004), £78 A2t 50171 A ko] EA)st= A< o
T2 Aot AT, dEE VY S22 9 88 Ao EAE Qste] dAo) A AH
FHo] ofgth o]Y o] R =9 W HFRT AHH R A7 SEstA o] FARAA = &F
of FXH #d bk A =R ol SAE 3o A=l #3 AUt Bol 53}

thoolo] B ERelAE UEE ZAT F A WHOE o o sz 99 3T
(ynthesiopBH 714 BEHAT old @ VP2 O 0T YEE oo 7)ut 3
Aoz ARSI, of g AFAA ZAIUE

1=}
2 4HEd U= nwstdnh vady, &
A4 (fundamental equation) & ©]-&% AEWHoZ A& U= Fro] I nlwste
RMSE(Root Mean Square Error)7} 1.8-2.52 713 Zgkell 7Mgth =& &3 U=E A4 FHE
b st d 3 7+ 59 ] A olnAE S EE s} A UEE A=t ¢
olRSIT) AF Alo]ES] AA wF/4¥2 LOS BY 279, 2 F SdEEE HU
(16veh/km)oll A # 4 2(veh/km)©] Fro] Th¥stA #= Ato] ojH ot shA
o 30% HACE I5E HAUEE 83-79(vehkm)E A &S LOS BE #HH3I9Th
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ABSTRACT

Traffic Density is the most important of the three primary macroscopic traffic stream parameters,
because it is most directly related to traffic demand(Traffic Engineering, 2004). 1t is defined as the
number of existing vehicles within a given distance at a certain time. However, due to weather, road
conditions, and cost issues, collecting density directly on the field is difficult. This makes studies
of density less actively than those of traffic volume or velocity. For these reasons, there is insufficient
attempts on divers collecting methods or researches on the accuracy of measured values. In this
paper, we used the ‘Density Measuring System’ based on the synthesise technology of several camera
images as a method to measure density. The collected density value by the ‘Density Mesuring
System’ is selected as the true value based on the density define, and this value was compared with
the density calculated by the traditional measurement methods. As a result of the comparison, the
density value using the fundamental equation method is the closest to the true value as RMSE shows
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1.8 to 2.5. In addition, we investigated some issues that can be overlooked easily such as the
collecting interval to be considered on collecting density directly by calculating the moment density
and the average density. Despite the actual traffic situation of the experiment site is LOS B, it is
difficult to judge the real traffic situation because the moment density values per second are observed
max 16.0 (veh/km) to min 2.0 (veh/km). However, the average density measured for 15 minutes at
30-second intervals was 8.3-7.9 (veh/km) and it indicates precisely LOS B.

Key words : Density Measuring System, Moment Density, Time Average Density, Density, view synthesis
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WEFFES s AAAL AFE Fo sl =l BE)v SR Tz A ko] &4
Sk A9 U452 A 9|(Traffic Engineering, 2004) 3t} W= AR ol A led"r”ﬁ o] oY °oF= HE 7
AARQL AR £29 wFFRT FF o2 A7t SIS o] FARIAlE Fodth A E Eetal o
H AFAA U=E thF3 9T} Highway Capacity Manual(2000, ©]3} HOM)S TS IEHEEZ 9 AMH| 2

F(Level of Service, ©]3} LOS)S A Hsl= A BZ AR, May(1990)= B2 w5 F 2o I=E 7]t
o2 A} vAA Aole] AAGES AR, T2 UEYANA Y AA Al tir]H e Hole} AL E

£ d&Fste AAMLERE E8H = &2 thFst A F2ka 3. Traffic Engineering(2004)« YE7F 1L
Trast 7P AR #AE doBE AN AR FAA /M Festa FAYT B dEE A
A7 HeEE 1 Fgo] Bobd Zlojgtal dSH T May(1990)= R=7F AGuFAA Y 35S fsfA
WEFH 50 o] RN AY FHT F Qlojoketn, FF Fo3 Ax= FEE AL AL
UEs e Fdsks 7P T2 AE(Lee, 2009) ©lH, o]l Park(2015)2 =4 A8 AAZF A=A = AR
< BYaA dSstr] HeiA A nAA ] AAE A&l ot Adte{of s T AxE D=E &
303 St Th O E B3, ol E BEE I S B3 AR SHHE 3 Ao T3
AT7F Bol 53 Zo] 4otk

B =RoAMe HEE 24T & Jd= oz 9 CCTVY F43dS 9744 P(synthesis) 7| €S &
83}o] o]oj&o]7(stitching) = 202 A ] = st 94 %9] A AEOE HEEsE W
% stk olgA Y 2% e Z‘i%x—i d U= 4 T8 #Y vtk =3 F5
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2 1km Qe AUSE Ro)HE AES Aol A S B ), folslokhs AL ve =
o)sto] ol& F3l FelH A=TEo| Suo] 24T F e B JYH
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B By E IS P ol did E3FUFE FYsAt UEs s 72 UuE
QA WA A FHsHE WY T2 W] BAE o] &3t Alatsle o) itk olF BEE 433}
= WHE IA 99 Y AT $E HEEse WH(TREE AA S W, Park, 20143 54 A™ S
SH3he Y 5 7E sk WHAA ]SS o1 8¢ W, Lee, 2009)°] ATk olF Hot AEs U=
g 8 W Fe AR s e U IS AEAA 1kmel e #He 95t S g}
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SE3l= Aotk ey o= zl%?ﬂ% ZAS APetr)ols 74 S22z 9@ Hlg Ao A7} ok
A A £ Koshi(1983), Park(2015)5-2 &3 4 AHEIZE o, A|&3
Jl dlole] F Rt B4 439 dolg] £4 A=ET JH AM7eS o] & ¥ AAV|Y T4
o7 &4A volHE £ T v o] FAHo AABHE B EGE vnE B A7t 2
Pt AT 9] A= Greensheild®] 7] 234 2] (fundamental equation)®] 7FATol A=A,
HEHF AAEGE AR =2 B HF@Ed, £5 99 7S A FE AREHA.
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o, hEks Al B QAPEEe] SASTh A B Aol H2E QolA B o] 4A e
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<Fig. 1> System summary
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98 st o]E& 544 (Feature Point)S
Stk AlEAQd HE o2 4aAE

4 of

g3t 03751'0101%0]7](Image Stltchmg)“}é] O 2 lkm ¥4& 3

1) Overlapping Area M% 2! X2| THA|

GRTel A WA BAR Aze] GdEe) FPUE ool 5UL MRS, AL NFow &
of AFE 94 YRS ARSI )T olojol] A3 FHHE AYRE e APEE B
o RS A Avieke B4 £t ARAANE Tl G @ B VIR AFOE $Ho]
A Y e gk A1ges % A %‘*& 4 2 E4He Aol 594e)

2) Image Rectification SHA|
kmE o]oj&o]7] A ©d 17l FhvlEh 4 120m-130me] FHS FHEpoF slug ztoz

Mxlg FE vk W Ahete] e 29 Zwe] wek 9o A2z WA <Fig 2> A
JHEE BT GPOE 9B BY FEE AX HE GPolv] LEZL A% 4FH FYL BAS
o HZoE WE Fgolth <Fg 1>9] A3} L& 2R A YL ¥

£7] AAAE olel@ =g
4e wEs otk AT

R

2}
34 B S, B AzEel e G W fAste] 17 EA o
o Fao] B 714 ol WA FAolth

ox
o

<Fig. 2> Example of Image Rectification

3) Color Blending =H|
Image Rectification?Hg0] 2=, F FFE Adshe AA o] ek o, FFEe] F2E Holn
Z}Oﬂ 23 Fxehul G4 A4S 28] Color Blending #12]7F H23}t}. Color Blending®] &, 33t} 3
= B 3 W) #keld, Zel @& 55 YANATE HE 2 E Blending A7t o] FAAA & AF F
X]"’SZ_:H—?: Fol AE vk B EEFHAANZEHAME T He F A 94 F ) JAY B
= ARESETE 7P PR el A HE F =29 g7t ) dA s
of Adesttt ol &Hlgle FotE EolH HIH R ANFS Sole 9L stk

O
- v

4) Image Stitching =H|
Image Stitching2 Image Rectification® Color Blending 1817} 5% F 9’3-& Overlapping Area ¥
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o usds e a8 HolE HuEM

ZHso hje] Gaom Bolt Aol B AESH A2HE <Fig 3o 9% AT Lol ve) A%
BoH(<Fig. 3> 9% 1Y F W Fae0) BUNAS £29o) BAsel 54 L Y2 MR F,
Sttching 78 & S-S ol B2 919 YL B w5 7&} B w¥sh) S Az Uy e 2
R EAHEY the EAHNS AP BHL AYNA, BB ANFL AN F AT 3R O
5 BAYE WE LRE HEPOE AT, Fig B L2E INL AE YD IOl

<Fig. 3> Image Stitching of field feature point
3. Mg dA L nEAE AE A"
<Fig. 4>+ A 939 HSHA O we} A G doiH, 3719 7 EtE o]oj&l B/delth <Fig.

4>0] ATYAe =2YY 180m A T IS é_l/\lﬂ"i e Ao, Zzte] NEAES
2502 FZ(Object Tracking)dted 2o S£E(FUHTED)RT olUgt BEHS FHY F Utk & =

Foll A= <Fig. 4>9} Zo] ALt Ejd ol AlZH57|38kE CCTV 8715 olol&d 1kme A3 $94S A4
9, O AFGEES 2999 Aoz @Akl EEt, I o G4 ool S JLESIY] 23 A
3te WEFHS THEUTE o] Traffic Engineering(2004)0l4 A A3 Wxo] Hog UdeZ A&3 AY

OF o] B ERIME WEe] Fgow nyith

s Eﬁéj AT FEE Qo] A HY YWIFOE 8719 FHFTLS AT S 4

D) Park(2014)ell4 7] &&3t0d dlolg e s AAMsAS
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AT A5 4749 TFFES o83t vE AFT DA 2EY HFE BF AAA 1] B2
VA= TH= TR ARSI 9] AS A= 201313 11¢€ 28 0844 0941714 &4
AT 1AM 29% 18414 19AI74A] &5 AT 1A A58
2) CHat F17te] WESY 24

15 73 AF4E Awaly] 44, BEFHAEO R IEE FRT 5T ARE 59k At Ed e
WEF 54 BHAT SATts AF HolE F2 AE Qo AA o e FEZHAAVE &8
SATE T HAS LA TEF AR 1T, &5 9 HA{EY T FrAA IOM 3 s wEdol
ElE 43 E4490E e 2t 28Y Al A1 OAZFA] AZETHE] BLEFE 756(vehyh), HHEEE
102(km/h) 2 HCMOA AASE 1&=2 LOS 7]1F0. 2 Bo|th 29¢ 184 ol A 19/\177}Xl A E 1EFE

733(veh/h), BELE 99(kmh) 2 TLHEE LOS 71% = Bolth. Hole 53 AolES] WEIFE BA
o] A 4o BATE F/PAOE Ao E 7] kAl EAL Asi, dRednsEel
T A4 e ABEET} 100kmhol 1, B o MET} ¢l

F0.2 108 A4 CAolol B4 )15 AAHoE dgHoe

g

AFAA A5 FAYHL & (occupancy)= F4atste] A3t WHI AAHFEY] B (fundamental
equation)S ©o]-&3la] AWAEH= HPHol UThPark(2014)). B AFoAE Ux FRAANARHOE FX3 S

FHo g sta, s My Wt B4 oo s FA4E Urs 747t nlwaith <Fig 5>
<Fig. 6> 0.58302)TH 9 dE-E vust Jgxze|t) o474, DE BE 3 A="E 53 3¢ 2

E3CI5}, D)ol Dos M8 MBH 0T 42T WEREIS, DWolH, Dyt W47k D7) o] gy
0.2 Y WEGEIs Dyolth T LA YEF G 259, 299 7 1408 S
A, 158 @912 Ao FAT TAZ 48 Jehls uh Beld 158 HolE plorske] A4

|

1 .
e,
. . / <3
a L ] » —— A "8 L - =
= \ » \ s ooyl », . P —
5 60 1 e L4 e e e . ot L] ‘.
= \ L . | gt b .
= A LAERE e P g R
< a I ; ® ‘4 w
= o v '
£ ¢
w2
o
o
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<Fig. 5> Comparison of each of Density values(on Nor. 29, 18:00 - 18:15)
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A P /S
T e ¢ , 2 O\
= A [ [ s 2/
: S/ \ Lo '- WA\ /AN
- - ] — LI PO ARN\Y / =y :
£ 6 L] - . ¥
T - S-ug, N/ * . i - 3
S T e -, K - | 4 [ oo g .
=] 4 — = . . -
- . T x
.t .
$
20
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<Fig. 6> Comparison of each of Density values(on Nor. 28, 08:00 - 08:15)

l

H WA A= o5} 2o Tz
g DEFDHOl A& ey
Mean Squre Error)< H| 23] R ol%

m{m

A RA 5 A7) BT e Wzhe] A o] gupgo R A
2 A4ET ADwET Ftel sldshs Do 71t ol RMSERoot
91TH<Table 1>). MZ=7ke] A o] gHw o] W o} zk3le] RMSE

+ Nor. 29¢ 4%, 1.82 Zgkoll :L?@,o}yﬂ BAET 3 Te)To] W 2A 3] T 48 BE us
g WS ZEARE e Aol7p M HIAT g DE 157 B AW 12(vel/km/lane)-F & 4(veh/km/lane) ©]

o[o

ol

= 7HAH, o] LOS AdlA ol s|dE Tt D, & D Hlaste lﬂlﬁ«l BoFe vl HEs /A
A= 20 Aol7h YA etk WiRle] Do 2eme) mek e wIREAY Fa FAHE o d
Gl
<Table 1> Root Mean Square Error
RMSE RMSE
Docc Deq
Nor. 28 (08:00-15) 34 2.5
Nor. 29 (18:00-15) 3.0 1.8

-—

3. UEo| EEE 2lst =Q(=ZtH et HriT)Qt &Hliot

15 i EFAZb 1kmete] AFE 9u|sit) UEe nFTFY S99 24 ATt F454 A
37} oY th(Park, 2015). wWEtA AW EFAIZ(w=Thol SA3=Tel wel MulagEe A MulagET)
3A zel7t & 4 OIn}(Habennan 1997). <Fig. 7>F<Fig. 8> 12 ©99 UL E 05830%) 52 303 <
£H0 7 HFste = S¥sE bl 2 Z2oltt AAE] S <Fig. 7>9] (a) Nor. 289 084
3E(181%) N A 35T(210 )ﬂ}xlo]u% (b)= Nor. 28¥ 08A] 5E(301=)oN A 558(330%)71A] 2] 2ol H
32 A=3 Jgizolr YA AFE miel o] 289 FAIGY 1AIZF Beke] AX7] doly EAAy
LOS Bo|™, HCM 7]& LOS Bol| #@3t= U= 7-11 (veh/kmjlane)oll A FAH T shxvt #=5 dw

¢

ﬂl

_li

fre e o

2) w=ie] ARPAY 15%(9002)& B FHH] dkor, 90025 A gkt Ha gro] AEE= 302
o} gf R @

il
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15%(900%) Fogko] 8.3(veh/km/lane)°ltt, 0.52(30%)7He #=3F Ux HHFF-E HUIFt 12.9(veh [/km/lane),
# A%k 5.5(veh/km/lane)©] T},

<Fig. 8>9] (a)= Nor. 29 184] 3.58(211%)0lA 4.0EQ40%)7FA0]H, (b)= Nor. 299 18A] 13.5%(811
Z)oll A 14.02@B402) 714 e 2L ES] WM3tE #AS5T Tgzolt)h A AFe vkel o] 2995 28U}
YA =AY 1A T AA7] dHeld E4ZA3= LOS B, HCM 7]& LOS B HWEE
7-11(veh/km/lane)ol Al AR AT, #2H UEE= 158000%) Fd7kol 7.9(veh/km/lane)°] ™, 0.5%(30
S #A=3 1 HAFg2 HUE 4.7(veh/kmjlane), A%k 12.3(veh/kmy/lane)©] T},

oj¢} o] IEFFL off 31 MEE ol A0 R dvhy B2 #ZIAFE 7R =vbol| ma} zpo]
7 @Gt oo Lee(2009)= A1® &7t Alztel|l SA % LR} o] Hd U EE MY #Z35}
Bd e HHUEe] S oo FA0E AASHAT

D(mi):f (1)
o] 714, D(my) = mAl Al A8 = e

m; = S A2

N = A=<,

L = 237340]

1 M
i=1
1714, D = MYl #53 o=

Lee(2009)7} AAZE 7oz B =FoM AAZ UEE tQlshd, 29 U= T3 <Fig7>7} <Fig. 8>
S 24 U5 Wl e Ee] HElE plotd 18 To|H, <Fig. 59} <Fig 6>+ 158 HFLEE plotdh
Aoty HPEUEo oA 289 HFUE 83(velykm/lane)@ 29¥¢ BFLE 7.9(veh/km/lane)= AX 7] 2
gtebgh £453k9] LOS B(<Fig. 9>HCM2] LOS 71#)& At #dsta o, etdxe] SHAME
28 FH o] 15(veh/km/lane)} & 4 2(veh/km/lane)2} 20 T 13(veh/km/lane) ¥} Z A4(veh/km/lane)S 7FA| E&
LOS AdlA C7HA] thaketAl B2dTh & wE o] £3) 155 oS ZAslA o2 HFsld nEFES
THEo] ARgSHRo] MR YA AT nAEes A &) e 3 HA@S HE)old ¢
3 @S0l dig F71EQA A9 el g =9 ArEte] AT & & Atk AAR Park(2014)
TH 3FE FAFIAYE Foto] A vk gtk B AFolA]

< A&F9 5ES o) gt o]k
AANsHE T8 AL Ha 157 oo, B35 3l 303 = Al 5% 0E dEge] A=E A
& JHZE Fate] goprgit

A BEFHY oo st WFAR 42 AF SAHIAE &1, ol& HFHOE &8317
T 9 AAoltt AR o E HAAr|E] HIER st U& 9 dAoNA QA FE Ao] odH
. I E Eetan 9EE a5t MR Ay g8sted doA Y 8- AFUE 23F ofF] A
3171 Zlo] e Aotk 53] Ao F&4E A ¢ WFE AA drpntE RS oF slg1te] 1% 4
S A ST 5 A o}AL & 4 §lth Hall2001)> AAZ 2-ANA 7 783 wEAHR
T ©]5AIXK(Travel Time)Y-& F43tR 0o, TG A o] FAE AFsl] AdiAe BE 7|9 I3t
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BAEES A oF & AASHE 5 A3 15 S0 IFYS At dErge] 7 EA AT
oF HE7ke] =97t 243] o] FolAof g

WEAE Aol 7uke] nEAEFIAAAE] Fgo7 wEAL A £Fo] 7FssA HH dA A
AAAAA AT AFBAEES 7L =
(Travel Time)AH.o] A =7} F4d Ao 7|tdt.
AL Zoz AgE

«*"+., average:12.9 (veh/km/lane) AG
~_Max. Density: 15 (veh/km/lane) 14

LOSB Lose

e T el €

average: 5.5 (veh/km/lane)
Min. Density: 2 (veh/km/lane)

Density(veh/km/l ane)
o m s oo
Density(veh/kn/lane)
o m s oo ow

HEEEE8EEEEHUE0 989883 FRARR8REEE ; i SRR A
Time(sec) i

327

aas
AERA

(a) 3.0min(181sec)-3.5min(210sec) (b) 5.0min(301sec)-5.5min(330sec)
<Fig. 7> Variability of Density per Second on Nor. 28

average: 12.3 (veh/km/lane)
Max. Density: 13 (veh/km/lane) 14

LosB LOSB

average: 4.7 (veh/km/lane)
Min. Density: 4 (veh/km/lane)

811

Time(sec)

(a) 13.5min(811sec)-14.0min(840sec)) (b) 3.5min(211sec)-4.0min(240sec)
<Fig. 8> Variability of Density per Second on Nor. 29

SPEED-FLOW CURVES AND LOS FOR BASIC FREEWAY SEGMENTS

130 . .
120 Free-Flow Speed, FFS|= 120 km/h 1300 . =i

110 km/h < s ———
110 ay e~

1600

100 100k _ - J I

90t /h. 1150 P
90 X
80 0sa - Bl o ol E.. :
70 b k -

Average Fassenger-Gar speed, S(km/n)

800 1200 1600 2000 2400
Flow Rate, Vp (pc/h/In)

<Fig. 9> Speed-Flow Curves and LOS for Basic Freeway Sections (HCM(2000))
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WEt S24) ERYEE Y B =
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1)Overlapping Area T7—(2)Image Rectification ©A —(3)Color Blending ©7—(4)Image
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=9 F e Wge AT
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|
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=
PHE AN o e ASE 7.

= P
Sl BN BATUOE FHE WE S o), YRS LU PRUEES TR}

of vlza BoA BelATel i folAE D ol 2
Fabe] @Y A e Fe Ao 240 B 5 Y Hgkon, SHUEE 29 LOSTH W)
AT 5 Ak olsh o] xFOZ Waksh A3

A C AR DELEAY B
§37190 ofeigol YOBE, o|F =T B} FAT F U WUOE A % sl A8
g "ast gleh £ ATolAE Hole T BEE Fo j0ve] BEAFE DES SHY £142 @
43¢ Walol e} T gol Aol A ARkl MBS Aeko] olel W, HAW 15E A=
ARRFAS F02 HES B Dot D AR T3he AR A A e U s,
B AT S A7 D el A3 BEge JFos BASAth: AV} ok w9 AL
AEOR ALES WO QAT S F ATk AT A7) AN ueh Lo, WEE WS WHE
2 ANsgon U 44 o G ool w9 UUEs BrdEs Bdn gEe A

o 4 8 eAA AF FuE TFle] o}y FEIAE Aol ¢
e Fad deolth o)sh 2 WA BF A% WE Bl A77h AT AEHOZ o] Lol Ao}
S, ol e A&Ael WS HEoR A7) wdel aaEE A DEFEY o B4
ZEERIL LI

w 47e Ed7edTd FadA AHF oS 2ntERR Ve Y - $AHA Ades £33t

86 PrRAMSYUL=ETN| 177, M52(2018H 10¥)



Q4B 0188 DEUE FEYHD $7 lolgf B|DEA

REFERENCES

Haberman R.(1997), Mathematical Models, Prentice Hall: Upper Saddle River, N. J., pp.265 - 394.

Hall F. L.(1986), “The relationship between occupancy and density,” Transportation Forum, 3-3,
pp.46-51.

Hall F. L., Wakefield S. and Al-kaisy A.(2001),“Free quality of service — what really matters to
drivers and passengers?,” Transportation Research Record, 1776, pp.17-23.

KICT(2015), Development of Realtime Traffic Tracking Technology Based on View Synthesis (5th
year).

Kim M.-S., Eom K.-]J. and Lee C.-W.(2009), “Density Measurement for Continuous Flow Segment
Using Two Point Detectors,” Journal of Korean Society of Intelligent Transportation Systems,
vol. 8 no. 1, pp.37-44 .

Koshi M., Iwasaki M. and Ohkura I1.(1983), “Some findings and an overview on vehicular flow
characteristics,” In Proceedings of the Eighth International Symposium on Transportation and
Traffic Theory, Toronto, Canada, pp.403-426.

May A. D.(1990), Traffic Flow Fundamentals, Prentice-Hall: Upper Saddle River, N. J., pp.192-226.

Newell G. F.(1992), “A simplified theory of kinematic waves in highway traffic, part I: general
theory,” Transportation Research, vol. 27, no. 4, pp.281-287.

Ozkurt C. and Camci F.(2009), “Automatic traffic density estimation and vehicle classification for
surveillance systems using neural networks,” Mathematical and Computational Applications, vol.
14, no. 3, pp.187-196.

Park B. J., Kim T. H., Yang 1. C., Heo J. Y. and Son B. S.(2015), “A Method for Measuring accurate
traffic density by aerial photography,” Journal of Advanced Transportation, vol, 49, pp.568-580.

Park B. J., Roh C.-G. and Kim J. S.(2014), “A Case Study of Panoramic Section Image Collection
Method for Measuring Density -with matched images in the Seoul Beltway Sapaesan Tunnel-,”
The Journal of The Korea Institute of Intelligent Transport Systems, vol. 13, no. 4, pp.20-29.

Roess R. P., Prassas E. S. and McShane W. R.(2004), Traffic Engineering, third edition, Pearson
Prentice Hall: Upper Saddle River, N. J., pp.112-115.

Transportation Research Board(2000), Highway Capacity Manual, Washington, DC, USA.

Vol.17 No.5(2018. 10) The Journal of The Korea Institute of Intelligent Transport Systems 87



