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Abstract

The Korean real-time traffic responsive control systems, Cycle Offset Split Model of Seoul
(COSMOS), employs a single theoretical model to estimate the degree-of-saturation (DS) on
approaches. However, the deployment of the system has been accomplished without practical
consideration of its field performance. This paper delivers a diagnosis study performed to find
the relationships yet known on the DS values against the operational conditions unproved in
theory but ordinarily observed in field practice. Based on the analysis of the historical log
data (476,505 cycles) obtained from the COSMOS server, it was found; (1) full coverage of
lane detections should perform better than the sample coverage of detection in ordinary
conditions, (2) the sample coverage of detection perform better than the other case with an
exclusive bus lane, (3) detection in which a shared lane is involved provide poor estimation
of DS, (4) poor DS estimation when a detection lane is adjacent to a shared lane, and (5)
the DS values obtained during a day can hardly be stable all time. The findings suggest
traffic engineers a progressive direction to move forward for the next real-time traffic control
systems.

Keywords: COSMOS, degree of saturation, detection, geometric condition, traffic responsive
control
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2. 7|ci=1}

DS Wg= AARE AgelA X Riso] 2425 tiAlshs Wol7] miZell COSMOS #7F ofyzt AjE7
ntAsE At AARAZAAA SRR 2)E AME AR odEn. 277 g @A COSMOS
DS F7ggAel WA 71E 7Hdell tiet A== viEel] AdE AAA A AR @7F vl TA]
&

3. el
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A1 S A o A 2l DS 43’%‘01 =g Aol EP%"'?_ 7oz 233 AHE R Aol e
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%

2 AT QTR A SHANS TP 2eH AU AT BT Tl AFAA DA 4
A ole] ANZIEA ALY F A WA THH AAGASACINAY LFuAZE AT @
At

d A 2E A o] & WHE 75 dethe A7 @Al DS aERge] i 3 DS g
A2 A ﬁi—%‘ et o] L3 vh Qoh(Lee, 1995; Lee et al., 20065 Son, 2012)(Equation 1). ¥k 2000
Aol 24 ol2fet AT S A A AE 71571 A7 S olf = AATAIR A0l B SHEE AT
Hrz £Pd F7rdTFs FASHH.
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Ds— G*(ZSpacef(g*hk)t*Enocc) (1)

G . Displayed green time,

SSpace - Sum of unoccupied time (sec)

N . The number of vehicles (veh)

t . The average unoccupied time when saturated

hik . the number of vehicles experiencing startup—lost time

Fnoce - Total unoccupied green time of vehicles experiencing start—up lost time

A2 A ]OV\V\E“O] ARESHE DS Blge Ws3etolA ARgShs 144 v/ (volume to capacity

ratio, X) M4-9] A§-2 BhAISHE thApESole, of7] A XaﬂTf S AIZF X 158 B8] ANl Ar|x
$25 Brlske 7AAl B7Hmacroscopic evaluation)ol] AFEEE Wolt}, AAZto g2 X537 T o &
o AT DR B capacity) A B W 25 Bl X Az gk 7ol B7Fsstel DS 7t

ol& tiAIst ] s Ag-Ht.
Al o

AAZRA S A A AE-o] AL E= A watzg Au]|A5F(level of service; LOS) BEAHMH 0 2 Kim et al.
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ol % /I DB o|8AmE A4S FxotH 2 A7 58] Bet 4 AmE FE5H7] Sl Visual Basic
NET Z2 78" elojE AR85te] COSMOS Historical Data Management Software (CHDMS) T2 73S
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Log data of Log data of
Traffic movement volume counts Traffic signal timings
per cycle from detectors

per cycle from regional computer

14 intersections
(2 months; 20,160 hours; 476,505 cycles)

Geometric data
including

Data matching detector placement data

(software developed
for this study;
Visual basic .NET)

Data reduction
Data conversion

*rk xlsx

Data filtering

I —= -
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! vy |

Data monitoring

Analysis

Results

Converged databasc
(A big single database)

Figure 1. Data manipulation and analysis process
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DSt WEFE W A BE| GFS Witk LEFSWY BANH LEF&o] Z7H5H DS =
= e, I A Aolas DS ) 2

DS 7 Z7kshe whlel AS SRtk WEREI DS o HEA, A7) gl

WAE SAo] Ak vk ASE DS Asote] ARpAA HE BAS tehic, 1
urgste] DS | BAL 98] DS T WEFE T SANT ] &R T EAsYT

-

7oA AEmARY] AulAtE B A QA0 AL X BAE AAHISA AT
o F7] &9 e Y &2 AR 8Fe oA B i FAcks Zlo] E7ske] AMEAL QA okt
(Kim et al., 2005). & A7 542 AAZHI A oA 2 €] ﬁi*]{ “741011 AEEE DSAHE 29
Ak ool QeF2 7|Hto 2 SF /¢ ratio H
DS He}t sfE B2 Figure 29F Zo] AA 37 B W F
Graphical comparison of DS against v/g ratio (thru movement)

(OF1(.) 'MW Effects of detection coverage on DS)
1. The all-lane vs. the sampled-lane coverage of detection

(P11 a'WA Effects of using a single DS model )

2. Consistent enough to cover various traffic conditions ?
(affected by hours of day)

3. Consistent enough to cover various geometric conditions ?
(affected by design properties)

(P11 'Y Effects of detection locations on DS)

4. What if an exclusive bus lane is placed on the approach ?

5. What if detection is made on a shared lane ?
6. What if detection is made on the right next to a shared lane ?

Figure 2. Composition of study subjects
1) A" e
AR 19T FRoAE A2Ee] HAL AAY A EZ] e DS AAEAY Y v 24 5
Fteh. AAAAGA AN 2H FAA QA7 e @ ool met i ARtz AR H7E sk A
upet A5 Zpofut AAEo] G| gt o5 F
wsta Agsict

2) DEZA Y J|51R2 2 Cry
AEEAR oede AR 2AL ekl tehdt et @4 Jlskre 24 steld DS 242
o) =28 DS 4 o] 4417 m}u} AR, 5, oRDR AT WSkl

ol olsto] the Wil Ao r|AE A Lol sl mAm AAe] 45ed AR AsiA]
L ATE 2@ 4 9tk “RERY 2 Jlolrx 27 REolAL AaRe] A, slelzd chopst
27 et DS AEAT AR g Ae St

3) 2I'ET'_'Q -T'—E-1
BAAGAZL AR A= Aetel HARgARI} EAche Aot 194 ek 7
AR Rt AAE A4S oY Ao wae HARGARE o] A Hi A A%
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AAZ] 2k ®E9E 5 o A&7 Stz AAHAY FaAtzel vtz IRt A= x| EHe 7
T EARG. AR g Ude dote AFEC] ARE TR EA TASE 2 A =7 AV

Ao WrgE & 3o AReY FEAME TSR 84 F HARe] et 54 20l ot 4

Bl

@4 FEE Figure 2] 3 72 MR ) 6 /1A L94B] i BAFIE ofef AnEos M 7
stel AN},

LR

A 567l MR F AAR A AL HJAIE AARE (187, 32%)9F G5 Az AAE A
2 (3871, 68%)2 F-E5}to] Table 19 AASFSTE. Table 1] AIAE A8 E(case index) ] YA 4= 4
ARZ 5 oulstd, S2 = 22 9 HA7] A4 AFE Fiokes A Zolt

Tt MAREARRIE A2E PR oA HAHEAR o8 } 2 AR AR e Ak 1Y
< FAE w2 7R HAKEARE ALF e B AR HA7|7F dR AxE Aes A

21A AA77F BRE 2o A" Aoz LEsT},

Table 1. Cases observed for the all-lane and the sampled-lane coverages of detection

Case Cove;age Number of through Cases observed
index det e%tl on Lanes Detectors Bus lane All Sampled
1-1 All 1 1 0 8

2-1 Sampled 2 1 0 - 3
2-2 All 2 0 5

3-1 Sampled 3 2 0 - 25
3-2 All 1 1

4-1 Sampled 4 2 0 - 2
4-2 Sampled 1 1
4-3 Sampled 3 0 = 7
4-4 All 1 4

Sum 18 38
Total 56

1) B X2 vs. L7 22 HAEHY (SLA2 )
BAAAAAZI7E BE Axatzo] AAH et dF ARApRo]| HAH F9-E v 5t Table 2
AAZ=7E 2709 A=A 170 2p=olwt AR7|17F AAH Ao 271 A2 B5 HA[77F A
(Case index 2-1, 2-2) Hlw EASH AE AAg}
BAAAAAZ 7 B AR AAH S DS 9 vg
ok AA717F 48 dEARent AR =] Sl 7% dig W /%}33’33’74]% Eﬂz‘ﬂﬁi ‘7’3’—3— 0.69322 =
EH U ofid Bigs 19 AR FAA 71718 BT 23 Z47F 1.893 1 16472 AJolet ZAoR &
A=

2) BE A2 vs, YR A2 HRES (RAAZ )
AR 47} 4342013 1 F 3 AeAEe] G717 AR =] glov we 1 AUt Sz v

CiSHESIS|R|, A| 342 A 15, 2016 22 87
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27482421 7-9(Case 4-4)&F Lyt A2 2p=Q1 7 (Case 4-3)F H|u FA4I5H3IT}. Table 304 &4 2
7 oF AXSAY,

Table 2. Comparison of DS estimation for the cases of all-lane and sampled-lane
detection on two-through-lane approaches

. Computed values
Coverage of detection Constant Coefficient (v/2) ®
All-lane 0.101 1.893 0.918
Sampled-lane 0.105 1.647 0.693

Table 3. Comparison of DS estimation for the cases of all-lane and sampled-lane
detection with extended data

. Computed values
Coverage of detection Constant Coelicent (/P R
All-lane 0.112 1.895 0.839
Sampled-lane 0.095 2.140 0.906

AR 2ot HA)7)7F AR B(Case 4-3) vig 9 DS T AL (R)E 0.90622 veptou,
A717F B Abzoll A" 7% (Case 4-4; 7f=HHANGate dubsr Q] HA)E Adidos He
0.839¢1 Aoz ZAHI ARz AX7|1E AAoks B¢, 7t=HHAd8A 2 FH0] 7H o] A7
7] AAARTA FF= vAA Y= Ao wohEn, Ty B Apz] ZA7|17F A" Feole 7=
M2z o] AE ¢od A B &d SolAE fdt BAlY] Y 22 FHIVE Ho H=2C
= HA7] Azl AgEo] oA ol Ast

2. MEZA U JI5IZ 27 Chy 8L

Figure 32 371 A2 GAR) ol 270 AA=Zolwt AA717F A28 ol el DS siedigks AA]
gk v/ ghol WobdaE DS 4HEZAT} gho] 3 WolAl= Aol URHAQl dEout A DS - 0.1-0.9
ool WA HAA Exshe Aoz it
ol @A wEFEo] Hout HARAATA oA A C] F2 DS T2 AMESHL e 2
v/g BN DS grol AR @42 wE AL A1 4 Qo thE olf7t 9le Sk glolA Eelo
fstth. Figure 39] A= o]AmE ARMER FiokA] @2 AmE ¥ w AA7F BAsHs At
TEokE A Y B4 Seo] sttt A (wEE 5
F7F #aste] DS A Fo] A Aol gt AdS shlen] I Aibe thy AlFgEte] AAskEIH
Figure 4= 471 2 A2 (4AFR) F 37) 22l H2|7]7F d2)9 8o g Figure 37 22 tiixtz
217] AA] Agrolv 1 DS selH3}t JEjrt o=k

to mt ne rlo

Figure 4°A v/g gkoll w2 DS #3} figlo] A= bg Al 719 FHIe7D= Y gl 2s &4
& Qe LR A= = B gAY A2 2SR of2Rt 2t et dde A Atzaet HA]
71 A7) 23 ofok AT R ER gt vette 54T 5 fle 7IsHE 8450 285 e AL

2 s,

X7 AN Figure 39 Figure 49] AIE Fotol AAMTA A LD E (1) AR Wale] e BHE
A sk () AEEd Jlskrx 240 Wste] wet DS st gl SUsHA e 4 e WA
ok wetd F7bEoR () AZE P () JlshEE 20 FES B AR 2AS sk
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0 01 02 03 04 os 06
V/g(Volume/green)

Figure 3. Abnormal noises (high DSs) sample from the historical data

DS{Degree of Saturation)

[ 01 02 03 04 os 06
V/z(Volume/green)

Figure 4. Various relations found with the sampled- lane coverage of detection (from case 4-3)

1) B ZAYAZTHE) 24
@A T A olHAR61DE HHste] g o DS o AT 24 ATrez FEste] Figure Sofl &
NSt g mARE A FARAADZA AHAZE Fotel A7HE, WA, A 5o w2y
A7 B9 B Ao BsE EAS JHT gl Aol
Figure 5 s LAReIA v/ 9 DS 2k AGLATE Al A2
2 UEhdIT) ol i 2HE Slulstaat sHe Ao AviAelx) ke FaEst dxvle] AA= DS
2ol W Zo] AN Zow 2R oldAhn SUYA A AnEE 3
BoPssht 7% AARMIEAIAAE DS FARYE A7 R ks Wekshe wEASS agdo
2 4gan Baks WA gleg shelstert.
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Figure 5. Abnormal noises (high DSs) found only during a certain time period (at Guksaechung intersection)
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N

) 7152 ZAE(H22E) 24

Y AR YA FRolg o] Aoldt JIE F IS st o 52 HE e vwig & DS #
2 HwstHth g wAlRE YF2uWARER Figure 6(a) HFET=RO] 24tz ALx2 G
Figure 6(b)= AFHTRY 1A2 FRAE F4Fs e

ol F N HIE A=A DS A3}t fjdS 3ARAS T A% 71&712 Uetlid 27 1.490 o
233622 3719 ztolE UERHLL it} o= 71E AATMIZA A AR DS FAEY o] HLE 7|sHEX
2229 oA met wglels DS WigtHiES g 8doz Aot Fokal S UERHATH

3. 2A22Q &

Figure 6914 7st% 2tz d%dol wet DS #s} sigle] b 342 & Sl&2 Slstiin. ol
Hop Aoz oot 7152 A= 8RelA e AR s A oA~ ] DS

DS(Degree of Saturation)

R? = 0.846

T

E L
‘ T e o 01 02 03 04 0s 0s
: i V/g(Volume/green)
(@) Northbound exclusive lane case (b) Westbound shared lane case

Figure 6. Comparison of DS v/g data from different approaches at Youngdong2bridge intersection

1) HAUE QYUAZE HARY

HE2 W 7tERH2d8A2 fol w2t DS #et dige] g 4 glow, WAEA R dREA Yl 914
of Wi EA] e B¢ 1 HePt g5 AY 5 e ittt dihunxz o] B9 ARtz et o
Atz Atolof] WA-GA =7 YAISHH, S Aol vget DS AuEAE ATHER 25t et

(Figure 7 &),

i
»"Mﬁ

it
<0t | it -2 | @ | <3edi>
& i |

asm | I 56> | o <6~7h> <T~8h>

<21~22i> <22-23v <23~24p>

Figure 7. Abnormal noises (high DSs) found during the bus operating hours (04:00-23:00) on an approach with
an exclusive bus lane (at Sungsan 2bridge)
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Figure 7014 ®lA7} sl AI7H05:00-23:000¢] DS Wah mels sl easld o A
(23:00-05:00)9] TElo] ThE 7L el 4 ok, MATE QWA e HopATTe] DS ghe duAe
Age Elo] LEhbg Maga Azkdle] DS g A7HY ez E719 FHol Mgy He
offa gtk MAREAE 920 A SEA AF Y AzW7A Aol FFo] WA Amel EF
2 5ol 71E ARHAEA A AH DS FARGL HA LA e, E
QubHo] ) ore Wejo] 24 wet DS e GRAoR Yt Roks WAS AT 9SS

.

-

2) S22 dA29Y
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(a) Southbound at Ansaebyongwon intersection (b) Westbound at Hannamdong intersection
Figure 8. Thru DS data plots from a shared lane
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(@) Southbound Thru data at Suseo intersection (b) Eastbound Thru data at Posco intersection
Figure 9. Thru DSs from the next to a shared lane
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