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A Case Study of Panoramic Section Image Collection Method for Measuring Density
- with matched images in the Seoul Beltway Sapaesan Tunnel -
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ABSTRACT

Density is applied both three major macroscopic traffic variables (traffic volume, speed, and density) and two measures of
effectiveness (MOE) for level of service (LOS) on highway (density and V/C). Especially, it is known for the most accurate
MOE on evaluating the LOS of highway. Despite such importance, there is a lack of study on density relatively than other
variables for its difficulty of measurement. Existing density estimation methods have some limitations such as density values of
same traffic flow vary with collecting time. In this study, we researched actual density measuring method with panoramic image,
after each CCTV images in the Sapaesan Tunnel on Seoul Ring Expressway are matched into one panoramic image. Analysis
through the Central Limit Theorem shows that density of 24 1 km-images, which means 24 second, applies traffic situation well.
That is to say that reasonable density value regardless of collecting time, and practical density which represents actual traffic
flow can be taken in case of measuring density by suggested collecting cycle.

Key words : density, CCTV, matched image, Central Limit Theorem, collecting cycle
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(Z 1) IER E4
(Table 1) Characteristics of Traffic Flow

Design speed

density 120kph 100kph 80kph
(pc/km/l) [volume [ V/c [volume| V/c [volume]| Ve
(pe/hyl) | ratio |(pc/h/l) | ratio |(pc/hyl) | ratio
6 | <700 | <030 | <600 | 027 | <500 | <0.25
10 |<1,150| <0.50 [<1,000| <0.45 | <800 | <0.40
<1,500| <0.65 |£1,350| <0.61 [<1,150| <0.58
19 [<£,1900| <0.83 |<1,750| <0.80 {1,500 | <0.75
28 [<2,300| <1.00 |<2,200| <1.00 [<2,000| <1.00

(source: KHCM, MOLIT, 2013)
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(Fig. 1) Image for Density Estimation
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At p 5% &5 9 U5s <F 459 20 LOS BZ EA41% 28Y 08 ~ 094 % 29¥ 16 ~
o, 422 DEFS 7|20 2 Ak B9 LOSE 19749 w%eF 9 Axgk =3 LoS A9 IAAY
B3 A3 28YU 08 ~ 094, 29 17 ~ 19749l & AEZF 700(vehyh/) B U= 6(vehholl 717t
LOS BE, °|& AYs AddoA= ZF LOS A Fo2 MulA $£Z9 o7t AY YeE AoE B
2 ZAHAT @A 5 =2 "= 9% AEAT A4 HE wEsF 58S AES 2
LOSEA A3 w3 wEFo o3 =&% LOSS 3 A A7 59 LOS AdlA B £F02 £ ¥
frAFalTE 289 08 ~ 0941, 299 16 ~ 1941l LOS 37k A9 fle T 254 E S Wyt A glol

(Z 4) $HUe DSF 54
(Table 4) Data Characteristics of Traffic Flow

November 28 November 29
Volume | Speed | Density || Volume | Speed | Density
velyhydlane) | (kmh) | (velyh/lane) || (velyhydlane) | (kmb) | (veh/hylanc)
mean 370 102.0 3.7 414 102.3 4.1
Var. [ 57,909 | 14.7 59 66,675 15.4 6.9
S.D. | 2406 3.8 24 2582 39 2.6
Max 810 1113 74 847 114.3 8.4
Min 19 94.5 0.3 19 95.0 02
~1:00 | 268 108.0 0.6 314 109.4 0.7
~2:00 186 104.5 0.4 214 106.1 0.5
~3:00 124 102.6 0.3 147 104.4 0.4
~4:00 118 100.9 0.3 100 100.4 0.2
~5:00 132 99.6 0.3 145 99.7 0.4
~6:00 || 425 104.3 1.0 426 103.2 1.0
~7:00 | 1,203 | 102.0 29 1,250 103.9 3.0
~8:00 || 2,568 | 103.7 62 2,557 103.7 62
~9:00 || 3,022 | 101.8 74 3,052 101.7 75
~10:00 || 2,353 | 100.1 59 2,403 101.1 59
~11:00 || 2,302 97.6 59 2,270 99.3 57
~12:00 || 2,068 97.8 53 1,961 100.8 49
~13:00 | 1,724 | 100.5 43 1,817 100.3 45
~14:00 || 1,884 98.4 4.8 1,995 99.6 5.0
~15:00 || 1,968 98.7 5.0 2,173 99.6 55
~16:00 || 2,046 99.2 52 2,401 99.3 6.0
~17:00 || 2,431 99.6 6.1 2,697 97.5 6.9
~18:00 || 2,755 98.4 7.0 3,269 96.9 8.4
~19:00 || 2,456 99.2 6.2 2,933 99.0 74
~20:00 | 1,924 | 103.7 4.6 2,457 102.4 6.0
~21:00 | 1,225 | 1053 29 2,023 103.9 49
~22:00 | 943 105.9 22 1,389 106.4 33
~23:00 | 752 107.8 1.7 1,029 109.1 24
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(E 5) mfceiop ALEL FS A

(Table b) Panoramic Photo Recording Date and Time

(E 6) 11¥ 28¥ 08:00 ~ 08:05 Xt ez
(Table 6) Density at November 28, 2013 08:00 ~

08:05
Classification Description
. Volume per lane (veh) Density
. CCTY November 28, 2013 08:00 ~ 09:00 Time # 0 n # (pc/kanll)
video recording date | November 29, 2013 18:00 ~ 19:00 080001 3 7 7 S 104
panoramic photo November 28, 2013 08:00 ~ 08:05 08:00:02 7 7 7 9.6
recording date November 29, 2013 18:00 ~ 18:05 08:00:03 6 7 8 3 92
Number of obtaining November 28: 300cut (cut/sec) |
panoramic photo November 29: 300cut (cut/sec)
08:04:58 5 4 1 3 5.0
08:04:59 4 5 2 2 5.0
08:05:00 4 5 2 1 4.6
Average 8.4

(3% 5) mcefat ARRle| o
(Fig. 5) Example of Panoramic Photo

2. 2= &3 1
Bz gprt ARE o] &sta] ARl &9 AFE A
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A3ty dEE 43 ofde EE 1€ 28Y
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g 60073 (24E 300%)9] dpmetnt AR &of 2hgk
= ATt £A43 Yot
28 08:00 ~ 08:05 Aol 2] AR 7| o) B4 A
AFsH =l BALY £x+ 100(knh), ZEF
5 oF 700(vehh) FEOE wFAFol AT LOS
BOIE} LEo] HYEAANZ Fte AYrkE A
O] <, pefkmoll A e} o] wF ol Hro} Zo
AZEARl MdE E4 A aEEtA gots k. 28
%4 golHE Aydtd, 54 A7 08:00.012 2
= 10.4(pc/km/1)°] 2L, 08:00:0 f\l7‘94 UEE 92(pe/
km/I)OM, 08:04:609] W& /km/l)olli} o} 7] A
UE A A9 EA-E
Z ERANZ A3 Y

>

T =
= e
42 A EHT + oo

(E 7) 11¥ 292 18:00 ~ 18:06 &&sdt YT
(Table 7) Density at November 29, 2013 18:00 ~

18:05
Time Volume per lane (veh) Density
#1 | #2 | #3 | # (pe/km/D)
18:00:01 7 6 4 5 8.5
18:00:02 7 6 7 3 8.9
18:00:03 7 6 6 3 8.5
!
18:04:58 7 7 5 1 7.7
18:04:59 7 8 5 1 8.1
18:05:00 7 7 5 1 7.7
Average 7.4
29| B4 A Aol $HolA govl 3
EHO R AFF(Platoon)S ©]Fo Thdte Ao
o JgA 2EE E0E uE58%Y W 1A
g7 geoE B7aw, E4E 54N o
2} 4.6 ~ 104(pc/k/)7FA A ko] 7k QlTk. o] 2] &
4o g9 <1y 6~ 7>9 TYZE B 2
&3] ola g 4 Atk

Density(PC/Km/Lane)
160

MAX 14.6

MIN 3.6

TeHNRARERRIRRBSRENRNIEINBRER5INANNRERE

(3% 6) 28 b &¢te| =& LU wis}

(Fig. 6) Density Fluctuation per Second During
Bbmin at 28
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Density(PC/Km/Lane)
160

MAX 13.8

MIN 3.8

(28 7) 299 B Sote| A5 UT wis}
(Fig. 7> Density Fluctuation per Second During
Bbmin at 29
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T o V. 28

where, = ERAT B ALATeelnflane) g a2 e wE 24 wEel B8 A
p o= RAS BE AFATGeflaflane)  qynr A ARIA 4 ASE A4 A
o’ = AW FF FFh59 B4k pe/kn OJHE olLdte] olR YT} 8719 CCTVE =
[lane) A AP 1 kol shegnt GAe AT 3
o*/n = ELHT Fa AhFe] 24 Uy o) AFe 55 AA AFe] UEE F
(pe/km/lane) Aotk =3 UxE 29 3 A 5E(300%)S
no= ZEIE AF0H dA&xAog ZAHsYch AL o] &3 Hojy B
A MG % Qe BA ouAe] FH 2 o
(% 8) & Fcte| Il dol A ol g3 TAY 4 e 4 29
(Table 8) Sample Count CCTVE AAZE, $a% 2 93 S o 24
Datc Population |  Sample EE il 5 Yt AGoR B AT HE o]y
mean | Count 3 BAH dalHE 2R ekgteh

November 28, 2013 08:00 ~ 08:05 7.8 24 Exer ‘?—__]EP/] ‘ﬂ@rg —‘j‘.:/:ﬁf} Q-‘ﬂ', T LOS A
November 29, 2013 18:00 ~ 18:05 8.3 20 01]/\1 D77]-X] = x}O] 7} %*ﬂéﬂﬁ} g %}\] DEAE
& A7) GEA BAUAR AXE 2Z AR
CLTZ A-8stef 289 2049l 2ARe] B2 ojgg 2oz A3, 1 94 4% 3FFe
AFUFEELE 7.8, 8.3(pc/kn/lane))oll TAFEHE 750(vehh)5= 2] BFEEE 100(kayh)E LOS BS
FEAGY NFe AL o] &dto s 2 2T ARE 2L Aol nEZY &%
o BAT 22 e ) o W A3
n ( a/sz) @ AT W, o ERNZ UEE FYs
o gt gAY DENRS 43T & dE 2AHol
ASE AARRIT o]o] B E=RoAE CLTE o &
o7 A, F» = limit of error(pc/km/lane) o] W 2Ee @ Ao | kn ANL A& OT
o = Level of significance B2 okt A4 DERFo] HYHE WSS 27
z,/5> = Standard normal probability statistics 3 2 9=sle Basdth 7 A DEAS W
sto] BAGo) YAF £F) FFUEZL 423
95% Aifi%mw 23 o) ex}jﬂﬁ_ EED ) g e S 24508 3

2 4 And 247H(19‘ 2o 17H&| 242/] d T A HEE AT 7 S E_%S]'%‘\D]'
B = HEAR 7% BAL WEZ FAoN A
FD Lk o) A} B8 AFHA BEE  _gag peans ogsue ARE s
Aok BrHs Rl S QT AW, Axe] Aol ER Az |
km 9k 3 2 HolF o] ofd EFAZe] 1
T2 A1 ool FAL # WA 5 9
3, @ARE O go] 24" 45 Ytk B =2
2) & EEAME 1042 AL A E old A=ZA B EAHS AA ¢
3) B ERANE 2T FAFE oM 22T FE F JHE Ea Lolnu AAF 2AZNES AZHA

AANZ, 95%2 "ol 1.96¢ #-&F
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