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ABSTRACT

Since the operation of an reft-turn actuated signal driven mainly by vehicles may increase the
waiting time for walking, this signal causes inconvenience or stress to pedestrians. Therefore, in this
study, the change in waiting time for walking before and after the application of an reft-turn actuated
signal and the stress on the pedestrians were investigated through a questionnaire. The investigation
showed that the waiting time for walking increased by 37% during non-peak time. Also the waiting
time for walking of 62.1% of pedestrians became longer and 78% of them were stressed because
of it. Meanwhile, simulation(VISSIM) showed that the vehicle travel speed slightly decreased to
1.07km/h(a 2.5% decrease), and the average waiting time for walking decreased by 15.51sec(a 28%
decrease) with a pedestrian priority actuated signal. Therefore, it is expected that the pedestrian
priority actuated signal can reduce the waiting time for walking and relieve pedestrian stress.
Key words : Reft-turn actuated signal, Waiting time for walking, Pedestrian stress, Pedestrian

actuated controller, Pedestrian priority actuated signal
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<Fig. 1> Concept of actuated signal control
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D@E@E are points in time when pedestrian call to crosswalk

B : Point in time when closing the signal for vehicle according to a signal timing plan
C : Point time when closing the signal for pedestrian

Source : National Police Agency(2021), Traffic Signal Controller Standard Specification.
<Fig. 2> Concept of pedestrian actuated control in mid-block signalized crosswalks
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<Fig. 3> Concept of pedestrian actuated control in signalized intersection
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DS} WA 1 AFEAE AT 5 YT o] Yk T RYAFSE JURTe] BYALF
5718 4Aste] FURES Fudtels BYAF RIRAAFUEAE FE 9 B4 AEE Fi

A o] THKo et al., 2017).
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Jang et al.(1998)t ;AIT Bz wEAE7]
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o AT MRS STMA wEkATE A 2 E 9T e Zd%k—% A%

AT SFHGEE NEetal A4 @] A8 F AAREPS T By A %_‘H&/‘Ji 39
74$- BT} 4.7sec/ped(6.2%) HAadhs AE AJTh Ko et al.(2017)= ZTEA-SAT A& thet a2
A 8 SHAEE 71E 2R SA ] thul o 278% A& F7HEF ZASE YERTE Cho et

al.(2007), Kim et al.(2009), Yoon et al.(2015), Kim et al.(2015) 5 R} FF4A57] A2 71& @ S A
A0 g AT AHE AAFHOY 7|E AT ATELS ZF714 AsA 9 wihg2A] Al s A ofof A
Bzt Qg E E78t BPALSE AFetel wet BT F de AFAA ] EAHS fdste] &

29 wAR A5EFE ThesAsk] §1F W8< 2 72Ut Brosseau et al.(2013)& =3 By
ZIMZE T HutAbol o] A BAE ATFEtR A, BRirIAZMY IA] AHls £EFHY] HAE B A
o] Fo{ X t}.(Cheng and Tsai, 2014; Nie, 2000; Pruyn and Smidts, 1998).
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<Table 1> Target area for analysis

Intersection Geometric Pedestrian Number of Total
NO. . Phase . cycle
name design time crosswork crosswalk
1 | Sunam Intersection 3 way | 3 phase 243) 150 1 4 Right-tum crosswalk(2)

Sub-street(1)

7 Right-turn crosswalk(4)
Sub-street(2)

3 Right-turn crosswalk(1)

2 Gocheok Intersection 4 way 4 phase 22(3) 150 1

Ceramic Art High School

3 Intersection 4 way 4 phase 26 150 ! Sub-street(1)

4 Jangam Intersection 4 way 4 phase 24(3) 150 1 2 Right-turn crosswalk(1)
Pyogyo

5 Intersection 4 way 4 phase 34(3) 150 2 4 Sub-street(2)

6 Mullyudanji 3 way | 3 phase 26(3) 150 2 3 Sub-street(1)

Intersection

3 5 4 Asto] AA Y
PgARe) Aztel BEH7] WRo) AN Bt SAF AT} RYAAFANESE FE F 0Y
NE7h B A AES] HolEE AP HRRAPEe AR 3T nEAG dYY
W WA oR AYRAG HERANE RYALFNE/)L 2AE FUREA RYL FRF ARE U
HOE YT HE WEE AAAY, RYAAFNEY] 299 Hely A%, HIAPSAE 4§ 5 Yo
HE gAY AR P olR Qg 2EY 2 o, HIARSAELY glo] AU 52 T,

2. FS|EASNS Hg H-5 Hpe

gt

A= 2 2™T[AIZE Bl

ok B YPASE <Table 2>9F o] 27 H5(07:00~09:00) 95%, M1 F(12:00~14:00) 17%, 23 HF
(18:00~20:00) 44% = AL B TH= Ao 25 F7bstAnh 2AF A4 671 watzdl tigk Bgar) Jans
g AY7] 98l t713 A7 <Table 3> 2o] A3 AL-SAE A8 W& o4 HAF vHF &% HF
AR o] AT 67 wAt2 ] B F FArIAREe 2d HFUF 22 5ol 1% S
HAEFE 11127) 50 37% $7hskslon, o %“%b 14227} 5] 47%7F S7H3t

AT Bz Ae A3AEANE AE & B r|Agto] QAHT 11%, HAHT 37%, LFF
47%7F SV 2R A3 A-EANE A8 Foll Bgate] B AR A Ao R FI13 Zlom B
HAh 53] HAT 2 o5 HFAY] RYPr|AtE o AFRT A4 s3ed ols Bt I
SO =33H= Al Apolol] S W ZoE AIRHL
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<Table 2> Number of Pedestrian crossing

Number of Pedestrian crossing(person)
No. Infersection name Peak time(am) Off time Peak time(pm)
Before| After Variation Before | After Variation Before| After Variation

rate rate rate
1 Sunam Intersection 4 4 0% 6 7 17% 1 7 600%
2 Gocheok Intersection 2 3 50% 2 2 0% 1 1 0%
3 |Ceramic Art High School Intersection| 4 9 125% 28 23 -18% 3 7 133%
4 Jangam Intersection 4 11 175% 2 9 350% 3 2 -33%
5 Pyogyo Intersection 4 6 50% 2 5 150% 9 7 22%
6 Mullyudanji Intersection 1 4 300% 1 2 100% 1 2 100%
total 19 37 95% 41 48 17% 18 26 44%

<Table 3> Pedestrian average waiting time

Pedestrian average waiting time(sec)

No. Infersection name Peak time(am) Off time Peak time(pm)
Before| After Variation Before| After Variation Before| After Variation

rate rate rate
1 Sunam Intersection 43 48 0% 57 82 44% 20 76 280%
2 Gocheok Intersection 65 82 26% 35 69 97% 43 63 47%
3 |Ceramic Art High School Intersection| 91 54 -41% 64 70 9% 83 53 -36%
4 Jangam Intersection 30 72 140% 30 56 87% 55 95 73%
5 Pyogyo Intersection 42 32 24% 35 67 91% 45 71 58%
6 Mullyudanji Intersection 24 44 83% 78 66 -15% 57 87 53%
total 300 | 332 11% 299 | 410 37% 303 | 445 47%

AE2AE M-S A8 2 1249 16¢(5) 2Astden JHRES Ad RyA 13HF 248
6 13ttt 2AE Az A B s B4 427%(63.6%), 94 2478(36.4%)
29%(3.03%), 20t 109 (15.15%), 30T 187H(27.27%), 40U 16

(24.24%), 50t 109(15.15%), 60th ©]F 10%(15.15%)= Vel $3Ae] AL w532 24%(364%) 02

71 WA AHRA 137(19.7%), & 129(182%), T 598(7.6%), S 478(6.1%), #E A 49(6.1%), &

2% (3B.0%), 71<2 1%(1.5%), 71k 18(1.5%) =O.& UYERTE  <Table 4>+ BPA BIEE HEZA 4

Azoln] B P2} 7] LG ol«BHEIt = oAl 712% 9L 1L o= RyUVIAZe] ZoHT

7} 44.7%, “MES FE T drf T BYPANT7} AA=AE & 571 glo] 978 BJAT 7} 383% AT

fa

off
>
foi
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<Table 4> Analysis result of surveys

1. What do you think about pesestrian actuated signal?| (D Inconvenient - 47 people(71.2%)
@ convenient - 15 people(22.7%)
@ Don’t know -4 people(6.1%)

2. (For those who answered “inconvenient” in item| (D Increasing the pedestrian waiting time -21 people(53.8%)
1) What is the reason that pesestrian actuated signal| (@ It seems frustrating because I don’t know how long after the button is
is inconvenient? pressed the crosswalk signal turns on. - 18 people(46.2%)
@ 1t is inconvenient to have to press a button to cross (pressing a
button is cumbersome)- 8 people(20.5%)

3. Do you think that pedestrian waiting time was| D Yes -41 people(62.1%)
longer than before pedestrian push-button was | @ No - 10 people(15.2%)
installed @ Don’t know - 15 people(22.7%)

4. (For those who answered “Yes” in item 3) Have| D Yes - 32 people(78.0%)
you ever been stressed by it? @ No -4 people(9.8%)
@ Don’t know -5 people(12.2%)

5. (For those who answered “Yes” in item 4) What| (D within 30sec - 19 people(59.4%)
do you think is the maximum amount of time you| @ within 60sec - 7 people(21.9%)
can wait without stress? @ within 90sec - 6 people(18.8%)

6. Do you want to shorten the waiting time for a| (D Yes -42 people(63.6%)
crosswalk even if there is a slight vehicle delay| @ No -9 people(13.6%)
in the pedestrian actuated signal operation section?| (3 Don’t know - 15 people(22.7%)

[¢}

°ﬁ+4ﬂm°iﬁﬂﬂﬂiﬂzﬂ°@ﬂtvﬂﬁd 2 AR 2E HES F2H 102 o
AS7F Yo E viehe ool 292%, RAAMES FEA BIPAETL D 2 o A A SHFE A
A7F Ao FATT} 39.6%, RYAE AFoR [IAshHs Aol AAH7|E Hieks o] 16.7%, H
E 3% AoE JHEE o]go o] §iAl &Fo] HojoF ATt 145% 2 YERAT o}&2] <Table 4>2
AE SHFHEEA S 2 RPN 8 2B 2 b SEAR) T ddst $97 27 S8 23
£ EUE Byt 2EH AT W BYPWIINLE 4 () 2ol 7S BAges e A3 47822
UETE (714 Ty & 2EHA S 78 BN 730, T = 2Ed 2 8 0 BPg71ARE P=
ZEd 2 B2 i SHAT)

T_ﬂxﬂ+ﬂx&+%x&
o P+ P,+ P,
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A% AN 8 Yo ofme Wyt ehbeA) 3] al & AT oy P2 F 2ol aaAe 1
Aeg AAsY e nasAT A% XlﬂlE % 5U4E 5 YIE 4% A% Agsgn. /e
S IAA G Y] v FAIZH12:00~14:0009] A5 F7]= 150%0]H 43X 2 FAE 3 2+ A= <Table
5ye ow] FEE 9 RER) #4303S Ezﬁxvm AAHo] glor] FER JUnEd] HARAE

<Table 5> Signal Plan at the Ceramic Arts High School Intersection

Phase lat phase | 2™ phase 3" phase 4™ phase
Cye 150 | = T t, 11
‘—‘ -
Signal Time 17(3) 17(3) 22(3) 82(3)
Pec%estrlan »
signal
Minimum
green time 10 10 22 30
<Table 6> Concept of pedestrian priority actuated control
Case detection condition Phase operation sequence
. lat phase rd . nd th
Scenario 1 > Pedestrian detection lat phase — 3™ phase(crosswork signal) — 2" phase — 4" phase
Scenario 2 2 phase lat phase — 2" phase — 3" phase(crosswork signal) — 4" phase
=> Pedestrian detection
Scenario 3 3" phase, 4t phase After current cycle ends
=> Pedestrian detection 3" phase(crosswork signal) — lat phase — 2" phase — 4™ phase
Scenario 1 Soenarlo 2 Scenario 3
(Current signal)
Pedestgan call Pedest;an call Psdeﬂr‘iﬂﬂ cval\
ian ca Ly

Pedestrian priority Pedestrian priority |
actuated control actuated control
v operation operation

(Pedestrian priority
actuated control | -
signal) o+

<Fig. 4> Diagram of pedestrian priority actuated control scenarios

After current cycle ends Pedestrian priority

actuated control
v vy operation

[d]

b
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<Fig. 5> Pedestrian Priority Actuated Control Algorithm
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AlEFold B4 Axt ux=2 AA| A7F H AAA L <Table 7> Zo] 2402004 22.07%E 1.95%
(8.1%) #&3Ath AF & TR IHAA ST TAA oA o] HICH A Z (o A A 2] 7
waZ)zkelw A, 38 Hit TYEEE <Table 8> 20| 42.35km/holl A 41.28km/h=E 1.07km/h(2.5%) &4
H Axprh Uitk =38 28 HF7|AIZES <Table 9>9F 2F0] 55252004 397522 155127} 74314
28% N = At mebA AR A = Al A4t o B H 7| AR 28% 7 ﬂi@zi}ﬁ B
g2 4 AT G0l B H|AEE diF Yo 3ty B 2EH2E HAE T F IS
Aoz dkdt)

<Table 7> Simulation analysis result of Ceramic Arts High School Intersection

Queue(m) Time delay(sec) LOS Variationsvariation
Before After Before After Before After Queue | Time delay
Left turn 15.43 16.18 79.14 61.77 E D +0.76 -17.37
N Straight 15.63 16.39 13.54 15.66 A B +0.76 +2.11
Right turn 16.28 16.54 - - A A +0.26 -
Left turn 38.76 24.70 114.13 81.13 F E -14.07 -33.00
E Straight 38.70 24.64 115.78 80.81 F E -14.06 -34.98
Sttt Right turn 0.04 0.04 63.59 21.35 D B -0.00 -42.24
Left turn 17.35 17.67 98.64 69.44 E D +0.33 -29.20
S Straight 16.39 17.68 1522 17.10 B B +1.29 +1.88
Right turn 0.08 0.11 1.53 1.41 A A +0.03 -0.13
Left turn 2.69 2.17 52.82 49.72 D C -0.51 -3.11
w Straight 2.68 217 89.53 56.59 E D -0.51 -32.95
Right turn 0.16 0.12 13.55 9.36 A A -0.04 -4.19
Average 13.68 11.53 24.02 22.07 B B -2.15 -1.95
<Table 8> Analysis result of vehicle travel speed(Ceramic Arts High School Intersection)
vehicle travel speed(km/h)
Before After Variation
Up 44.54 43.57 098
Vehicle Down 39.01 37.80 -1.20
Avr. 42.35 41.28 -1.07
<Table 9> Pedestrian average waiting time(Ceramic Arts High School Intersection)
Before After Variation
Pedestrian average waiting time 55.26 39.75 -15.51
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