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A Dynamic Signal Metering Algorithm Development for Vehicles and Pedestrians at Roundabouts
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ABSTRACT

In order to improve traffic flow and vehicular safety, installation of roundabouts is encouraging
recently. Roundabouts are generally installed at which traffic flow and pedestrian flow is relatively
low intersections. Roundabouts reduce vehicle speed, minimize vehicle weaving, and reduce critical
conflict points. For these reasons, roundabouts are generally operated unprotected pedestrian crosswalk,
thus a shortcoming for pedestrian safety always exists at roundabouts. The purpose of this study is
developing a dynamic signal metering algorithm for traffic and pedestrian at four-way-approach with
two-lane roundabouts in which three different operation algorithms(fixed-time pedestrian, vehicle signal
metering, and vehicle and pedestrian signal metering) are suggested and its performance is tested by
using VISSIM.

The results of the fixed pedestrian signal operation show that there is a big average delay increase
in general and that increases up to 51.4 seconds/vehicle(42.5%) when the total number of approaching
vehicle is 3,800 vehicle/hour. However, the results of the simultaneous dynamic signal metering operation
for the vehicle and pedestrian crossing with push button show that there is a substantial average delay
reduction up to 40.6 seconds/vehicle(42.7%) when the total number of approaching vehicle is 3,000 vehicle/hour.
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Unsignalized R dal son(Reset)

Unbalance flow Condition + Delayed detection
= Signal Metering

Controlling approach Selection by (FIFO principle)
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2 B pproach_2

Central island diameter - 25m
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Entering design speed : 60km/h
Stop line separation distanee : 15m
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(Fig. 4> Signal composition of Dynamic Signal Metering algorithm
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Vi v . .
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30% cycle 65 30% |ﬁ| Famin + 105 30% |EJ Frin ¢ 108 30%
Phase 4 Tinay ¢ 208 Tiax ¢ 208
0660 [ 1158
Case
) 10 20% 10 20%| 10 20%
40% 40% 40% 40%
10% cycle 60s 10% |ﬁ| Fmin ¢ 108 10% @] Tiin ¢ 105 10%
Phase 4 . t 205
0060
Case
) 30 20% 30 20%, 20%, 20%,
40% 40% 40%

VISSIMS T A ZQl Al B ol B4 Z2adog AsAol 2 duazs 233 it Jejo] u%
FE aEste] BAo] 7hgsiths Aol Stk o9 2 AH S 717 VISSIMOI A A E3kH= COM Interface
7ee gste] FAT FHnAE 9 B AFolA AAg At 2 HeAs v 784 AlsHEY &9
U ES A B FE (subroutine) O 2 AZA3 o] EA3H% T}
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Approach_2

Approach_4

O Push Button
Detector

(Fig. 5> Roundabout for Simulation

3. SAH 7d &A

0l

1) 2AHEAM(ANOVA: Analysis of Variance)

BAHEA(ANOVA)E Fisher7h AIHSH F 2% ALgale] 27) o4 Rw 7ke] B Aol & AZshe
otk £ AToAS ol HHwse FHWET 47 @ AN el AT vng u AT 7k Ws
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(between group variation)S Hln3l= WHOZ YYEAHEAM (One-way ANOVA)S 53 At b Hxjo|&
A Yt £ (pairwise) AP EE GotR7] i FUFE AR A (Post-hoe test)S T3 3l oF

).

F= Sl%ﬁt'umen Groups _ E/ (NB_ 1) @
S %mhm Groups Dy [ (Ny—1)
o7|M, D : =(x—X?
B : A& 3k
W FJE W
N AHE

B AT teH I (282 R Se), tHIHE AsrEE), tIEHE 2 RdxE a3
&2 AzmER)ol mE A Aolo thgk TAA Folde ARy 98] dAdEAHEA S Fs AT

2445 gt FAX FAL 95% 23 FIHA A A E(degree of freedom) 6370l thste] Mt 71e]
TASS T3l 2 it 7k HF AAAZE ZFolE T <Table 2>9F 2o Blws$ T

FAE sAdnarz el tioh1 o] Hdgk 2ol -22.58%/, tiQtI 9] HHgk Zol= 11.53%/d, tiHe
Bk Afole - 494 tHE oiobd Btk 71 Aot BAIHCE {o3t AR EAEIT

(Table 2) Multiple Comparisons

@) Class () Class Mean Difference(I-J) Std.Error Sig, 95% Confidence interval for Mean
Low Bound Upper Bound
1 -22.58 7.727 ok -102.33 57.176
0 2 11.53 7.727 .002 -68.22 91.289
3 -4.94 7.727 .008 -84.70 74.811
0 22.58 7.727 ok -57.17 102.337
1 2 34.11 7.727 ok -45.64 113.871
3 17.63 7.727 .039 -62.12 97.392
0 -11.53 7.727 .002 -91.28 68.226
2 1 -34.11 7.727 ok -113.87 45.644
3 -1647 7.727 .049 -96.23 63.279
0 494 7.727 .008 -74.81 84.704
3 1 -17.63 7.727 039 -97.39 62.123
2 16.47 7.727 049 -63.27 96.236

**% p(p-value) < .01
3. AlLt2[Y EMZHnt
1) 2cHot | (Fixed pedestrian signal)

<Table 3>& Lt 9 Casel(40:20:30:10)3} Case2(40:20:10:30)2] A Ax= A3k Aot}
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F7vstat 53, & A

42.58% Z715te 714 &30} Q= Aoz B
> UItI o Case2 A

stk 53], & AYnTF 3,800t0/4121

F7Vste] 7Hg Bt gle Ao EAHAUT
YT 9] Casel, Case2¢ll Wt FEA A3} RPAE Pz dsf ekl x5 2

#1271
Adso] BE AuEFIM AF & FFAA} FeHE Aoz BARYon 53, 3 AduETol
WOl 45 Casel®] 749 Case2ell HIs| AA ALY F7HEo] T & AR E4HUTH
(Table 3) Analysis Result of Alternative | (Case 1 & Case 2)
Case 1 (40:20:30:10)
Delay (sec/veh)
Volume Do-NZt Savmzzz}c//veh) h}?pmvemem of Delay(s) Do-Not - Fixed Signal
@ Do (b) b)—(@ ercentage(%) 250 - |
2,200 9.95 21.65 11.70 117.67% 200 =
2600 | 1093 | 2935 18.42 168.61% 150 8
3,000 17.55 43.05 25.50 145.26% 100 "
3,400 95.28 130.05 34.77 36.49%
3,800 120.83 | 172.28 51.45 42.58% 50 . = =
4,200 16676 | 21187 a1 21.05% ’ 22-00 2600 3000 3400 3800 4200 4600 5000
4,600 189.40 | 232.44 43.03 22.72% Volume(veh/h)
5000 | 219.13 | 24991 30.78 14.05%
Case 2 (40:20:10:30)
Delay (sec/veh
Volume Do—NZt( : Savmzzz}c]/veh) Improvement of Delay(s) Do-Not = Fixed Signal
© Do (b) b)—G) Percentage(%) 250
2,200 10.86 2091 10.05 92.52% 200 .
2,600 1693 | 2491 7.98 47.13% 150 ——
3,000 71.97 89.37 11.40 14.62% 100 —| B .
3,400 113.84 | 121.33 7.50 6.59%
3,800 123.78 | 139.51 15.73 12.71% %0 . ¥
4,200 144.26 151.33 707 4.90% ’ 2200 2600 3000 3400 3800 4200 4600 5000
4,600 158.57 | 165.45 6.87 4.34% Volume(veh/h)
5,000 193.74 | 227.67 33.93 17.51%

<Table 4>= LGNS Casel(40:20:30:10)F Case2(40:20:30:10)8] EAA7S A3k Aol
THUJANY Casel 3¢ EE APnFFAA AF & BFAA7T 1.65~52.03%/HNE 16.55~54.60% 4
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sRom 53], & WULFF 340004 A9 AF 7 BIFAAT} 95282 ol A 4325%/TH 2 54.60%
Bt b & Z3 Jehde 202 EAEITL

TYUWLIY Case2 7% ZE APLTFAA 4 & BFAA 7} 093-46.242/T) 2 0.48~59.30% 743}
o 53, 5 AYLEF 3,000t A1) A5 AF G BEFAAE 77972/l A 3LT3Z/NE 5030%
sto] 7p 2 Z7 e Aoz E4FHT

TP/} Casel, Case2oll thet TFEAN 27 Be IQusFolA xF T AA7}F hste 202
BAEG oM, F YT 3400004 o]0 7 BolAFE At T AA A Zo] FojxE Ao 7 BA
=i

(Table 4) Analysis Result of Alternative I1(Case 1 & Case 2)

Case 1 (40:20:30:10)
Delay (sec/veh) .Delay Improvement of | poa o

Volume Do(j;k)t Do ) Sav(ug(je((;/)veh) Percentage(%) reo Do-Not -2 Signal Metering
2,200 9.95 8.30 -1.65 -16.55% 200 § =
2,600 10.93 9.04 -1.89 -17.28% 150 o

3,000 17.55 13.07 -4.48 -25.53% 100 -

3,400 95.28 43.25 -52.03 -54.60%

3,800 120.83 | 105.82 -15.01 -12.42% % p, .

4,200 166.76 | 153.63 1313 “187% ’ 22‘:00 2(:00 3000 3400 3800 4200 4600 5000
4,600 189.40 | 182.28 -7.12 -3.76% Volume(veh/h)
5,000 219.13 | 21645 -2.68 -1.22%

Case 2 (40:20:30:10)
Delay (sec/veh)
Volume Do-N>c])t Savin];zZZ/veh) h}ilprovement of Delay(s) Do-Not = Signal Metering
@ Do (b) (b)—(@ ercentage(%) 250

2,200 10.86 8.08 -2.78 -25.64% 200 -
2600 | 1693 | 13.18 -3.75 22.15% 150 —

3,000 71.97 31.73 -46.24 -59.30% 100 — I

3,400 113.84 98.84 -15.00 -13.17%

3800 | 12378 | 11270 1108 895% % o

4,200 14426 | 13868 558 -387% ’ zz_nu 2600 3000 3400 3800 4200 4600 5000
4,600 15857 | 157.41 -1.16 -0.73% Volume(veh/h)

5,000 193.74 | 192.81 -0.93 -0.48%

3) 2o (A ¥ HMXE T24st 2434 AlS0|EZ)

<Table 5> LYY Casel(40:20:30:10)3F Case2(40:20:30:10)8] EAA7E A3 Ao|oh
EGUQHIS| Casel 4 F FYRLTFTH 3,400th/A olate] wFFANA A 7 HFA A7 0.55~40.69%/
=2 555~42.7% ZAstRom E3], 3,40000/A¢ A A 3 FFAATE 9528/t A 54,59/ T =

=
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o .
S tietme] Case2 7 ,000~4,200tl/ Al A 2= & BEAATE 0.93~46.24% /U1 2

- F AU EF 3 3
0.48~59.30% ZAstH o 53], F JAURLFTH 3,0000l/A A% 2 & FFXAIE 77.972/H 04 69.39

245 9.

£ F A2 wEFe] PFH 43 34000
Aol wEFe] HFH % 3,000420004 0] E
SAR AARLEHI) GERfE Ao EARU, oeld A% RAiE £ 2ls) war Al

of

Al &1
AEUZ7F FAl AdEo] LEWJTAF AErE ) Boh AAZLE a37) 2 Aoz E4FHA.
(Table 5) Analysis Result of Alternative Ill(Case 1 & Case 2)
Case 1 (40:20:30:10)
Delay (sec/veh) Delay
Volume | Do-Not Saving(sec/veh) Improvement of Delay(s) @ Do-Not & Signal Metering for Pedestrian
@ Do (b) b)— () Percentage(%) 250 .
2200 | 995 | 940 -0.55 -5.55% 200 —
2,600 | 1093 | 10.15 -0.78 -7.18% 150 .
3,000 17.55 15.95 -1.60 -9.09% g
3,400 95.28 54.59 -40.69 -42.71% 10 .
3,800 120.83 | 128.49 7.66 6.34% 50 .
4,200 166.76 | 181.89 15.13 9.07% o = -
2200 2600 3000 3400 3800 4200 4600 5000
4,600 189.40 | 212.25 22.85 12.06% Volume(veh/h)
5,000 219.13 | 244.19 25.06 11.44%
Case 2 (40:20:30:10)
Delay (sec/veh
Volume Do—NZt( o SaViﬂ];zZ}C//VGh) mprovement of |- ;g Do-Not - Signal Metering for Pedestrian
@ Do (b) )@ Percentage(%) 250
2200 | 1086 | 1091 0.05 042% 200 <
2600 | 1693 | 2051 3.58 21.17% 150 .
3,000 77.97 69.39 -8.58 -11.00% o O
3,400 113.84 | 112.06 -1.78 -1.57% 10 §
3800 | 12378 | 121.90 -1.88 -1.52% 30
4200 | 14426 | 14220 2.06 143% o =
2200 2600 3000 3400 3800 4200 4600 5000
4,600 158.57 | 188.44 29.87 18.83% Volume(veh/h)
5,000 193.74 | 226.61 32.87 16.96%
V. 2% ¥ 3F 47 3

735-ok AR U= wEFe] B2 APt H3A vlE 30%E wHIste] T AU FF 2,200~5,000
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/Al HflollA FAlS SHmAtRel| Bt Fokshs AJEHQl AlsHE Y m A (Do-Not)Z 2157 E
g AlgDo)oll theh it I (244 RP4l5L%), IO A v EE) 28 v 9 Bazs
T A AEHER) AV ed e £4S FEh AARE Aol g AAR aHEE ¢
TE BAE ANEFGolAd ZEZI1#:el VISSIMY COM Interface 755 B3t HIIEAS sty on,

ol

B AT EAZAAE g R RPN E uHTt IHwAE 7H&A ASv B e &2 E(Signal Metering
Algorithm)& A A8} T
2 AT A LY T Y Casel & Case2 734 B AJuFZolA A G HaAA7F S7kekaon,

BPHNs LFog Qs T duzdo] Botdrs AF T HEAA} S8k A2 E4HAH.
SGUICHI 9] Casel & Case2 745 ZE AARFHAA 2 F FHEA A7} Ao ‘—3— 3], Case 29114
AEF 30000419 A 2 F HFAAI 77.97F/HANA 31.73Z/HE 59.30% A M 2
AIE YEhue Ao g BAFHI.
T YIS Casel - & AYLFTF 3400th/A olste] wFFollx 2 & B2 A7} 0.55~40.69%/
2 555~42.7% Z4stdom 53], 3400th/A1Q] 79 AF T BHFAAE 95.28%/HollA 5459% /=

=

A

119

271% 725k 7B 2 5237 Jehde oz ENFEAY YUY Case2 A$ % JJuEF
3,000~4,200T/ Al A 2HeF & HAFR) A7t 0.93~4624F T2 0.48~59.30% At on B3, = 1YnE e

3,000th/ 419 7S A o HFA AL 77972/l A 69.39%/HE 11.00% 74t 7H4 2 &3} Yet

= Ao BAEAUT
B AT e A 2 BYPAE v AsrEY &9 s EEE T AYR 25
FTH AE3,400TH/A] ©]3h) 28] JAHS F YR wETFol HFH FEl(3,000~4,200TH/ A ] nETF
ARt EFEHIE AR ol A= RYPANE Yoz As| W g AEUZI) FAA A
o] B Als Fek A 01 ﬂlﬂo}ﬂw Xlxﬂﬂ 57 } Ao Uehyit) ojnf ASHEEH SYOE 1Y)
ZAAZ Yol &g x9jo] 7kl A At

ARl &35 stk Ziol‘:}.

& AFE AENE 3EshE ASr P @YU IAE EE A BYAE Tl 1 she] 27k
2% 2 27 kS AuPrhe Holl oo 7zt & AFAAE Tl AN A SR
sl Bt Y-S W o Ue ofglo] 7Y B =l HE 7Y Fo QT S uxtE A83rhd
2] AFH Bt Cﬂ’zd% Al 1 F JdE BE&F et € Ao E Jgdh

£ AT aREA 2 AT Y SHAAN 53 22 FAE Zteth bepA F AT Al g
2o AFURRE ARIEH, ol BH4g FUHHQ AFE B3 dAMES FESY Bo g ENEAAE
ool ¥ F & Zlolth
AR, EFNFHE ol T wFF @ B AUe|E 13T 54 A5 HY 9 dugEY
EZo| dasith
A, &Y wAE7} opd VESL A Aol A IFuARe] FEFS uHd 534 AsrHY +F¥as
24o] F g3ttt
AR, AsrHEy &9 dxEFd 2 ZG/F X2 AF T FEA A Bk ol A 2 2P
HAHANA AT D A5 5 A ddE AFEA ] sttt
A, FF A& 2 (autonomous vehicle)} AASF I HwAE FHo| AYEEZ X}T(connected
vehicle) 71HS &3 Smart Roundabout +F ol thdk A7} H Q3
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