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A Study on Dynamic Signal Metering Operation Method for Roundabouts Using VISSIM
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ABSTRACT

After installing roundabouts, changes of travel behaviour in the vicinity of roundabouts can cause increasing traffic volumes
and unbalanced flow conditions. In that cases, the efficiency of roundabouts as a whole intersections can drop due to the
insufficient gap between vehicles in the circulating lanes. The purpose of this study is developing a dynamic signal metering
operation method for roundabouts in which a real time Signal Metering operation algorithm is suggested and its performance is
tested by using VISSIM COM Interface(Visual Basic Application). The results of the real time Signal Metering operation show
that there is a substantial delay improvements when two adjoined approaches are combined together and the flows of metering
approach are less than controlling approach. Especially, the total entering flow is around 1,600 vehicle/h gives the delay
reduction per vehicle of 70.9~102.2(73.8~77.8%) seconds for four-lane-approach with one-lane roundabouts.
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VISSIME &-&%t s|MuXtze| S8 AlSolez 2gdtor oF
1. Asgd+ 23 SRwAR] AduFaFo] F53 FedA A
TE 93 AT HMIuARE AFse
Akcelik(2004)& Zo4F RS Bl AYnFHF A9B)Y AE A3 AA ] wsFS T3 AA
o Bg5ol wt sduxze §3Fo] HaHY Th ZRE EAET. 2 23 A BEF AA
TYd A%, AR F Fo] §Fd Z IFL DA YA AEuAEZE HAEsHE F(B)
e 245 AASAT =9 A sHduzt Bt A5E 93t AFA)Y AA TAYHol
Zo|A FE29 °‘ﬂ%% Hl go] =o} AYuF HojA 1 Zasts Zx 2 A07 EAFgon,
Fo] Agox B3l T3 M uwFFo] BolA S|IARARe A58 YT A9 JHuz A
RE2 A9 oy g sty sduxze &% & WHAE 125~450th/ A /A2l A H T 125~600TH/

o] Y&3}A e TYAHE FAEE Signal ANAERA FAE F dthe AHE AAFAT
Metering =49 J8AS AASFATH3 =3 8].
Akcelik(2004, 2005)S 3IAnAZE HFo= Park(2015)> A2 AYA=E w5, 7
Signal MeteringS &% A3 B AAAZt 21719 Olﬁﬂﬂ AYA= %XMG Sl digk A
NgEdel gl ¢FuE 2 wErtast ad Ul &5 753819 VISSIMS &43 god 21
o= AFRE AASFATHS, 6] o] *l%alomﬁ 3l ﬂxﬂx}i AsuE e =

Ahn(2012)& FnEZFo] 714 we =9 d A3 ARE VISSIMAA A F3E VisVAP
AT AFHY AYZE & H(pai) o2 FolA EES 8t BAsd. B2 A4 EH
Signal Meterings +F3t= Aol 7 a2 A o] #3H v go] F/NETE ASvHIP S 5
o2 AANsAT F AYFFel 1,800~2,000pcy/ JRuARY A 4a P FUIEIAoH AR
Al ol FAYRY] YA FFNIE 60% ©1FY 7] HA ] A% 40mY o, "EE AYEf HA
H AAE 30% FEsHoy AJusFRIE 1 Az Ael7b 102 %2 20% ¥ w, Controlling
o]3lel A% aga 72t AYEE AdusH ¢ 3 Approach®| & #o] 450~650th/A1 9] 7§ Alzw]
7 1 5 &9 (circulating flow proportion)’} #5 & 7 HHo a7} Hlud 2 AS2 E4HATI]
Sl ZFV} Qe Aoz BAETH]4. Natalizio2005)= 7|1& <HTEY 3IFAuA=2

Ahn and Lee(2013) ©<=3] T HW 1#3H7] Signal Metering =4 & 3ol gt AAH FAE
Hore SARAE YRAAY SAnEF 714 AANFA s AHsL o]E RUs] 93
2AY IduFFHY BAE EZ2HoE oW SIDRAZ #&3l9 =Y A-FE Hw3lY Signal
& 4 9t E3}=(degree-of-saturation) S AH-E-3}%] Metering =99 ZoAS FH3y, BUIYZY
1, 3 ANAE Signal Metering &G0l T2 &3S AJAD 5, vHIY AUZ9 X3 T(degree of
d7] YA E SR E nEHIYAYR BAYA saturation), 72719 o] AAz], 215 9] &% (blank or
gzl MAo] 714 2238L AASAT. SIDRA green) 2 HA(red) Nt do] & EF3e= HAH
£ o] &3 B4 Signal Meteringe F Y E 9] gukels =231 THI0].
235 Fo] 03~1.0011 FEHPYR wFFo 71EATY AEAY ©@ed] 1A 5e o
YR wEFo] Bt e A§ ¥ aHs} ghHla 2 Frbek M=ok mepa] B Ao A
Ade Aoz EHFY. B3 mEHyAYRY A T AR HAAo|F wFEF F/IE A AA
dugFo] FAXNYZY AduFFRY A F AZE Z7ME S AnARY] T84 A A 4
ARz z3en|v/cHl) ol 1.0Rt Zolol 7 £2%5S 9% JHuAZ AAZE Signal Metering
MERE e AoE EAHATT. Ly 9 Y ¥ugES AAsuA .
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AFdT. MEHHAYZE AT Signal Metering
G2, thetmel wakA A A€ oh(<Table

5> Zx). HAEYANr,,) ©o1F FEHIAGS
t=rpm A ARE HAUEE G AR, 7HA
12 992 9% "dhat=1%). & A7 ZE
AYRY r =102 I 5, 2025 L35
oot=r,, Ol FFH OF HEHPE A% TR
/(D)9 Aol BRsd. oju FTRAAIE
AP AA7Y HfFeAE 18 FIFO
(first-in-first-out) AH ol webd G oA AgHnh
thek TH AR 7] FHol Wl AE(G =9) oW T
Al FAS SRR FHE Fopith

Unsignalized
Roundabout

Unbalanced Flow
Condition +
Detectors On
ondition

Yes

»| Dynamic Signal Metering
Operation(L II)

Balanced Flow
Condition +
Detectors Off
Condition

(Fig. 2) Dynamic Signal Metering operation
algorithm
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Step 0: AT SlAwAR L9273

Step 1: BAZYZE AH(G=[D],, 5] for i=1,
j=1 = PHIAUR H4)

Step 2: t=r,;, WAl HIEGAIZE AR AT

min

([Dvimsj] for i=1, j=1 and

m

<t+At<r

max)
Step 3: FIFO ¥&o] welx FRAA7] g2E
G AN BARNYR AH(D;,, S2] for
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BAE ARAE &9 A AA} AYFHoz 2
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A A7t Signal Meterlng £ A-3o FHYE T
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3. Simulation M wxIZ ML

1) HEY3 7=

S ANAZ A @2014)0] Wl 1AZF 4%
Az AR AALEE 20kmh, WHY
AE 30m, TYLFY AF 25m, JHAXNZ Z 5m,
a8y YR HUAEAEEE 60kmhE AA 5
TH2]. A AIZE Signal MeteringS 3t A x4 9] o4
AgE 15m, AA7] o]A4A g+ 50mE A5
o, 234 30%, A 60%, 3 10%9] HLE
%:%;‘(].iu} _—I-L/HQ ﬂ%ak_o_ x—lB.g—].gi'r ‘:EQ]
e BAR sto] Ty <Fig. 3>3 Zo] M A}
BEE FE8ATh

Bicycle treatment

Counterclockwise
circulation \
Inscribed circle diameter Central island

Circulatory Central island diameter

roadway Sidewalk

Splitter island Landscaping
buffer

Apron Yield line

Stop line separation distance
Accessible Detector separation distance
pedestrian i i
crossing

Central island diameter: 25m
Inscribed circle diameter : 30m
Circulatory roadway width : 5m
Circulatory entering speed : 20km/h
Entering design speed : 60km/h
Stop line separation distance : 15m
Detector separation distance : 50m

(Fig. 3> Geometry of 4 legs with 1 lane entry

roundabout
2) SYSMA (entry priority) M
JHAUAZRE AR YEE JAYstua e
A4E Ak entry flow)7} nAFE WHO 3| A X Z ol A
8Yst= A5 Ah(circulating flow)ol Al FE3= A

=
S EYYE 1] &, FAsE AF oS
4 pl% M. VISSIM Al &8 o] 42 9]
2 HA ARARES 30z 192
AL 5.0mE AAsgTh

IV. ¥3 Signal Metering &3} ¥4

1. WA H| (paired mean t-test)

3 AnAE Signal Metering A3 A A A2 A8
AA ztole] tigk FAA Fo48 HES A}
o B4 g A fFo4-E 95% Al
TZEo A A= (degree of freedom) 232 W& ZF
VA (t, = 1714) A B A (1)F 2ol AN
2 (paired mean t-tes)E T3 AFSAT A M
= 3 nE YA Og FFEAFAF
(pooled variance estimator)S ARE-3tTh TiQHE W
(ol 3k AF7HE (mull hypothesis)¥ th & 744
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(alternative hypothesis)S A4 3to] t-testE 433}
k.
D
t= 1
S,/ M
SAH, B -
S, @ Pooled Standard Deviation
n:AMEF

[}
W= 4449/t 18] Yoot HFA A o=
6lL16x/t = ZAHUAT. FAZ ﬂ?ﬁﬂx}iﬁ} 2l
ok 1 H#Fgk xtolo] that t-value= 1.835, A5 3
Auzxtz e thet mol o3 Ha g zPOlOﬂ th g
t-value=1.806 18] 1 thot 13} thot 1Mol thek B
2t zolo]l thd t-value=3.4228 £4 HUoh A4
Hla A3, AFTHE (pg=p=py) 717 (reject) 8k
NB7HE (> pys p> ) e AE3E T BFE 2
o zol7t FAHCE FoF ACE FAHII

2. AlL2|2 2o At

1) 2HUCHot I(casel, case?)

o

FI

=
=]
24

<Table 1> A A7t Signal Metering % i
9] case 1(40:40:10:10) ¥ case 2(30:50:10:10)2]
2345 A Aol

FIUE 19 case 13 #o] F IS
1400~1,800th/A1Q1 7% AF & H
4.07~1022%/0 2 18.1~77.83% ZA&stAch 53,

AP F5ZFo] 1,600th/A ¢ B AF T HF
AAE 131342/t A 29. 12¢/fﬁi 77.83% 4
Atk HA F wF g 2000tH/Al ol el A=
237 11417} /bt AoE BAET. &9
WeF 19 case2 A F e Fol L600TH/A o
d u AF T FHIAAME 2.83~7095%/
3.06~73.84% &AL 53, F AYuF ]

1,600t /Al Q1 A% A% 7F HEAAE 96.09z%/0)
oA 25.14% /TN Z 73.84% 74 Th
ST 9 case 1, 20 the 2FEA A <l

™

A3 F Al 2l wEFol HsE A¢ ALY

° AAZE 3 HpainlZ 7 UH
A2 wEFol FANYEY nEF Bt 2
U 22 AF A3 Signal Meten'ng—ff_—':’51 237}
= 15 53, A FgFo
d o 7P E &AL ‘/PE}‘/P% Aoz

<

)

(Table 1) Analysis result of alternative I(case 1,

case 2)
Delay (sec/veh) Del.ay Ty ot
Saving
Volume Do-Not | Do of
(sec/veh)
(@) ) b)—(a) Percentage(%)
1,200 789 | 782 -0.07 -0.86
1,400 | 2246 | 18.39 -4.07 -18.14
1,600 | 131.34 | 29.12 | -102.22 -77.83
Casel
1,800 | 131.83 | 96.15| -35.68 -27.07
2,000 | 119.04 | 120.51 1.47 1.24
2,200 | 115.01 |125.35| 10.33 8.98
1,200 680 | 585| -096 -14.06
1,400 | 12.11 | 12.02| -0.09 -0.73
1,600 | 96.09 | 25.14| -70.95 -73.84
Case2
1,800 | 9247 | 89.63| -2.83 -3.06
2,000 | 123.72 |112.09| -11.63 -9.40
2,200 | 142.70 |129.70 | -13.00 9.11
Delay (5) —e—Unsignalized —i—Signal Metering | (case1) Delay (5) —e—Unsignalized —i—Signal Metering | (case2)
e —— =
- —— e
e / e /
20.00 ?‘g 20,00 yAard
0.00 R
1200 1400 1600 1800 ZOO\(IID‘HM::::/M 1200 1400 1600 1800 ZOO\(IID‘HM::::/M

(Fig. 4) Analysis result of alternative I(casel,
case2)

2) 2Lt | (casel, cased)

<Table 2>+ A At Signal Metering =@ Tt I
9] case 3(40:10:40:10) ¥ Case4(50:10:30:10)2] &4
ARE e Aot
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4

5 A5olely 2ol o7

oo

Ho

Tt 19 case 33 Zol

2,200th/AI ) 7§

A 62.69%/HNE 11.83% ZA3stath L9t

cased 4 % AYLEFel 2,200th/49] %
20

ofe

2% o HFAAE 71.10%/H 9

2 HFAAE 55052/ A 53.95% /&

ﬂi
Ho 1‘)’
9#
R
fui

fr

2 k| o zo N

2
=
£
o
fr
it

rr
pot)
o
frtl
S
1%

G 9 case 3, 491

= 5 AR nEY

(Table 2) Analysis result of alternative I(case 3,

9] case 1(40:40:10:10) % case 2(30:50:10:10)2] £
A3%E A Aol

Yo M9 case 13 #Zo] &= Y
1,200~1,800t/A121 AS AF 7 H
0.12~12.11Z/H 2 1.56~9.22% 743+t 3,
AT 7ol 1,600th/Al &1 725 2k 7 F A A
131.34%/t ol M 11923%/H 2 9.22% 74
ok B F wEFo] 2,0000H/A o]l A E
AA7} F74ske Aoq BAHAT. Pt
19 case2 7% & nFF] 1,600th/Al 14 4 of
A% F HFAAE 1.40~2639%/HE 1.52~27.47%
2239 o %fs % Xﬁﬂ%%] 1600rH//\l il

r{r

i)

%Nv

case 4 Yok M9 case 1, case 29 W3 £FEA 2
Delay (sec/veh) glevliillyg Improvement I FAALZSY nfFEe AYZE T H(pain) &
Vohume |DoNot| Do | v iy E ¥ FIHYAYZS 25 $AUYZ B
& b)) —(@) ’
=% ®o AAY 22 9 AAZE Signal Meterin:
1200 | 479 | 479 | 000 0.00 O; e 1o ‘”;: 18 g
KeX 3 = 7
1,400 8.06 8.54 0.48 599 w o 347]— e AEE A H A HL}
Case | 1600 | 1096 | 1150 | 054 496 it 1o Bl 2F F HFAA FaEAT} ELZI
ase.
1,800 | 1205 | 13.06 | 100 831 oo Aoz BAHYCT
2,000 | 21.23 | 26.11 4.89 23.02
2,200 | 71.10 | 62.69 -8.41 -11.83 , .
(Table 3) Analysis result of alternative ll(case 1,
1,200 6.24 6.24 0.00 0.00
case 2)
1,400 8.34 8.34 0.00 0.00
ot 1 o | T
’ . . . : Volume Do-Not | Do feeyyeh) of
2000 | 5711 | 5635 | -0.76 -1.34 @ | o Ve | percentage(%)
2,200 | 55.05 | 53.95 -1.10 -2.00 ®-@
1,200 7.89 7.76 -0.12 -1.56
1,400 2246 | 21.94 -0.52 233
Delay 5) o= Unsignalized —i—Sigral Metering | (case3) Delay (5) o= Unsignalized == Signal Metering | (case)
1000 1000 1,600 | 131.34 | 119.23 | -12.11 9.22
120.00 120.00 Casel
10000 10000 1,800 | 131.83 | 127.72 -4.11 -3.12
80.00 80.00
1
o ya o A—a 2,000 | 119.04 |135.59 16.55 13.90
o e w0 2200 | 11501 | 14306 | 28.05 2439
1200 1400 1600 1800 2000 2200 1200 1400 1600 1800 2000 2200
Volumelveh/h) Volumelveh/h) 1’200 6.80 6.40 -040 587
1,400 12.11 | 12.07 -0.04 -0.34
(Fig. 5> Analysis result of alternative I(case3, 1600 | 9609 | 69.69| -2639 747
case4) Case2
1,800 | 9247 | 91.06 -1.40 -1.52
2,000 | 123.72 | 120.76 -2.96 -2.39
3) 2HCHOt li(casel, case?) 2,200 | 14270 [ 14001 | -2.69 -1.88

<Table 3>
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Delayls)  —e—Unsignalized  ——Signal Metering I (case1) Delay(s)  —e—Unsignalized ——Signal Metering Il case?)
. A=, "
12000 12000
10000 10000 Pl
80.00 / 80.00 b
60.00 / 60.00 /-
2000 / 2000 /
2000 d 2000 /
o o A
1200 1400 1600 150 2000 2200 1200 1400 1600 150 2000 2200
Volume{veh/h) Volume{veh/h)

(Fig. 6) Analysis result of alternative Il (casel,

case?)

4) 2HcHot |I(Casel, Cased)

<Table 4>= A A7t Signal Metering &% thet 1I

Delay(s) ~ —e—Unsignalized —i— Signal Metering Il {case3) Delay(s)  —e—Unsignalized —i— Signal Metering Il {cased)
140.00 140.00
120.00 120.00
100.00 {/‘ 100.00
80.00 > 80.00 /‘/A
60.00 7 60.00
40.00 40.00 ~=
20.00 VA 20.00 d
000 — @ 000 — =" ¥
1200 1400 1600 1800 2000 2200 1200 1400 1600 1800 2000 2200
Volumelveh/h) Volumelveh/h)

(Fig. 7) Analysis result of alternative Il (case3,
cased)

5) 2ot xetufH

(Table 5) Operating alternatives by combining

9] case 3(40:10:40:10) = Cased(50:10:30:10)2] 4] patterns
AF}E A3 Aol Variable Alternative [ Alternative 11
AT 9] case 3, 4 B5F 2 & HAAAY ¥
7t §IAY 23818 S7kste] AT Signal Metering-
o B3P} e Aoz Ut Casel
Sogek M9 case 3, 49 thak F3FEH 23} £
WEFFURY A vlFRe F YR wFHo] 3
TH A2 F AYRE 3 FpainlE F& 4 ¢
237 PHHAYZY AA7F FS7rstd AT Case2
Signal Metering&% &7} §le 202 FA4=H3
(Table 4) Analysis result of alternative ll(case 3,
case 4)
Case3
Delay (sec/veh) | Delay | Improvement
Vol st f
@iz Do-Not | Do | (sec/veh) @
@ (®) | (b)—(a) |Percentage(%)
1,200 | 479 | 479| 000 0.00
1,400 | 806 | 858 052 6.47 Cased
1,600 | 1096 | 1292| 197 17.96
Case3
1,800 | 12.05 | 16.67| 4.62 38.32
2,000 | 2123 | 89.87| 68.64 323.40 @: 3 HIK(
2,200 | 71.10 |114.33| 4322 60.78
1,200 | 624 | 624 000 0.00
1400 | 834 | 834 000 0.00 V. 28 9 33 d33A)
1,600 | 828 | 1899| 1071 129.34
Case4
LA L 3333 | 360y 3 231 £ AT AE Hanize $9EeL ¥
2,000 | 57.11 | 7245| 15.34 26.86 S 9% A AT eAoro R AAZE Aol AT
2,200 | 5505 | 82.87| 27.82 50.54 ) ) i
dAAEd ARE HAF3H7] Y3l
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