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ABSTRACT

The purpose of this study was to calculate the appropriate yellow-signal time for intersections,
to find out the relationship between the approach speed and intersection width when calculating the
time, and to secure safety by minimizing conflicts and dilemma sections in intersections that change
according to the signal operation. For this purpose, 6,824 data points from 5 intersections were
collected and analyzed. The main results of the study are as follows. First, the approach speed of
individual vehicles in different lanes was analyzed, and the width of an intersection was defined by
considering the conflict in each direction. Second, we developed a multiple regression model based
on the approach speed and conflict points, which compensated for the problems of an existing
formula. Third, a standard table is presented for applying the appropriate yellow-signal time according
to the approach speed and intersection width based on a development formula. A method is also
presented to determine the safety of the length of the dilemma according to the change in the
yellow-light time by presenting a calculation table that can cross-analyze the yellow-signal time and
a dilemma section using the relationship.

Key words : Yellow light time, Intersection conflict, Dilemma section, Intersection safety
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Gazis et al.(1960)° &]3+ 34 A F Ao A7t AALET glon deul 2L A5 waR A A 2
57t AR A A BEES AT FE Q1 34 25 F8 A 232S 979 53T SR Qe
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Equation2)°ll 9]3l El9A3S YS3tHTh

v Vi +2a+85—v
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At

Lee et al.(2003)S 34 ATHA A w2 AT 2%
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57 2evie Aosgon A2 Age SEsh /% v g s 98] DeviTgte] Wakdrk
BTG

X,(0)=AT,(0)+ mEOFYe I 5 OO U OO OO Q)
X(t’)zX(t —1)+7[1}(t'—1)+u(t )} .................................................................................................. (6)
Xp(f’):%j [’U(t*1)+v(f)] ............................................................................................................. (7)

o}7]A, X(¢') : stopping distance (m) at time t X (') : continuation (passing) distance (m) at time t
AT, : perception reaction time of drivers(s) v(¢) : vehicle speed at time t’(m/sec)
d(#') : deceleration rate at time t’(m/s%) G, : denotes theacceleration rate of gravity (m/s?)

D : indicates thedistance from stop bar to gate (m) Tp : gate delay(s)

n

MSmAR HHMEE ol

Jang et al.2009)> AA| &5 7|WtoE e ulihe ghofste], zpgFe] Geuptike] AR =238}
£ AN HAAZE Fob A ATAZE AFste] dEukte AASE 2
£ A o+3IAtE Park and Bae(2017)E A Z29 3 wEALTY] BAAM AHMANTAIZE ol WE Al
o ZAHE B fE AFA 370 A5 WARE = g
20%, AR 5 28%, A AA ATAZE G wE Al A5 TAE 6~35%2 HIISHAT

3]

Park and Bae(2017)2 AswAt29] obdAg He-S 93k AFolA B8 21 2 24 29 HEFE 89l
of gt £4A7, 215 HutAbae] 7Hg Bol G WA= 84 F shie 3 ASAIZE o9 ARA
o] J& W QU 278 HEEE T2 4t AT U wAze] oF 98%0)A HAl
S FA AT Azro] Algtle] ogh A AT AMET o, O Hd g 3.5%0 o]2& ZoE §A43
o, 2gFa Azke] AlFo] thFet AT Y9/ AFe wRel AP, v} & Y= +
AR}l ik A HH]*\% “EﬂU} ﬁﬁ Aole] HEg Tl AT AAIE oY e TaAT]E 7
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<Table 1> Collected data property definition

Traffic volume properties

Number of vehicles passing the stop line

Direction properties

Left turn only=2, Straight lane=1, Combination of straight and right turns=2 Right turn only=3,

Speed properties

Measuring speed when passing the stop line

Vehicle type
(6 Types)

Sedan=1, Less than 9 seater

SUV=2, Less than 9 seater

Truck=3, Less than 9 seater

Van=4, More than 9 seater and less than 15 seater

Bus=5, More than 15

Motorcycle=6, Motorcycle

71eTA 2 NEEA A, 3

o, &3 1879tho]H,
24.48km/h,
6094% % 714 =

2% 336kmhE 05
ok AE

P
AEE 7= 2
A

&% GEHolEE oA 4858,
AFA S57F 7.88kmh A UERSLT X}%— H & Sedan ©] 67.05%

M SEE o84S A o A

O A 4918T), £5 1906Tho|H, x}=

25 18791 =

Etﬂ 0] E]*‘E 27 4905

S

A Van?] 457} 2531kmhE 7HE =3

o, 9F ATE SUVY £57} 3534kmhE M A BAHAL BE MEe oF TN $8A)
454%% 718 E3koH, SUV, Truck oItk e HFAI= ol&at 9 A& Holgrt EAeHA eskeh 4
T8 AL d=9 AEE AHE3I9 21, Snedecor and Cochran(1980)] o] &4l 93 AFAdo] A=A
<Table 2> Descriptive statistics result
N h{,i:li:;g Avg Standard Deviation Skewness Kurtosis
AM Speed 4858 60 24.48 10.72 0.42 0.34
Vehicle 4905 13
M Speed 1879 27 32.36 20.84 1.33 372
Vehicle 1879 27
<Table 3> Frequency analysis result
AM PM
n Ratio(%) | Avg speed(km/h) | Over speed(%) n Ratio(%) | Avg speed(km/h) | Over speed(%)
Sedan 3289 67.05 24.79 1145 60.94 32.01 454
SUV 683 13.92 23.85 279 14.85 35.34 8.24
Truck 386 7.87 22.15 236 12.56 31.67 424
Van 350 7.14 25.31 88 4.68 29.85 2217
Bus 130 2.65 19.90 57 3.03 26.22 351
Motorcycle 67 1.37 3351 1 74 3.94 29.91 4.05
Total 4905 100 1879 100
18  OI=ZTSSR =2 T|223, M42(2023H 8K))



2. Wiz 2N

w22 E2XL& Road Condition, Ttraffic Condition, Signal Condition, Lane Condition® 2 ¥/F3}3 Road
Condition& 2 ¢} wa2 7+ A2, wazdo], w2 gz FRSHUT Tiraffic Condition &-F<
ol SEAn FRE AE3FE9 oM, Signal Conditione AEF7)9 FAAIZEoZ AE315+99 T Lane
Conditione 9, 217, 37, 934, 2% ALAE FPoE FESIAT WA= IF Age d—i, 53—
W o2 FEstY AgE SR, SV 4 AAMEE =2 ARAls ol A I
s 27HAE 4% AZE Bk

<Table 4> Intersection analysis indicator definition

Division Detail
Road Conditions(RC) | N(Number of Lanes), D(Intersection Distance), Ti(Traffic island), W(Intersection Width(m)), T(Intersection Type)
Traffic Condition(TC) | Os(Operating speed), TES(Traffic Enforcement System)
Signal Condition(SC) | C(Signal Cycle(sec)), Y(Yellow Time(sec))
Lane Condition(LC) |Ly(U-turn), Lr(Left turn), Ty(Straight), Rr(Right turn), Ty+Ry(Straight+Right turn)

<Table 5> Intersection analysis result

N D Ti w T Os | TES C Y Lc
Yakdae NB—SB 5 59.8 . P 180 3 LutLri, Tas, TatRr
Church SB—NB 4 332 56.6 3 LutLti, Trwo, TutRr
NB—SB 5 339 61.8 N 3 Ly+Lti, Tus, TutRr
Doseogwan 4 50 180
SB—NB 4 202 62.4 3 Lri, Tus, Rni
Gyoyug NB—SB 5 202 v 36.8 4 50 180 3 Lu+Lri, Tus, TutRm
jiwoncheong SB—NB 4 \/ 374 3 LutLt1, T, TutRyy
Daehaggi] NB—SB 4 39.9 3 50 170 3 Lu+LT1, THz, TytRyy
T-junction SB—>NB | 3 | 280 39.9 N 3 Tin, Rmy
NB—SB 4 279 60 3 LutLri, T, TatRri
Jeonhwagug 4 50 180
SB—NB 5 60 N 3 LutLri, Tws, Rmi

53l oA E AASA oA vlolH Heje 9

2l A T8 F 7] AFe dolE, fH AFoE A

ofstatt meh, waE AEF7|9 FAE st tistdNAY 41%, ASALDHAAY 8%, TATAL

A 72&, @ﬂ%&ﬂﬂ 72%, O a3 ALA AFATE 2 o)A HolEH 2 A8 th

=2 %éﬂ?‘zﬂr, 2 WEFE 4753, LF WFEHS

85.69%, &3 A 4.77%, %31 953% %

plas 28.47kmyh, 23] 19.63kmyh, %34 21.14km/h £

EM%M 7}%} S kE} 2N HFEEE 24 24.69kmjh, PL%‘Z 4km/h2 23 HFA|7} 931km/h EA 415
At
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W R ARETE ot w3 A2 SBoNB7F 23kmhE 7HE =9kon BT A7 SBNB7} 19.58km/h
A E &S BUEABAALYT} 9286%% P BRI, ABFAA LT 69.42% 2
1 otk B A WA AAAAL NBoSBY} 13.15kmhE 7H8 Woko . okl ms A A2 NBoSB7}
2664kmhZ 713 =9k}, ek w g A Ele} BT TAAEE FHE AT 28 £57) 1§ =4 Uehton,
AR AIH SEE ANEEY 6879%2 A

<Table 6> Traffic volume and speed analysis results by intersection

Traffic Volume Mean Speed(km/h) Ratio(%) Tu Avg speed(km/h)
Direction N—$S S—N N—§ S—N N—$S S—N N—§ S—N
Lr 20 41 26.64 25.68 3.57 11.55
Yakdae T 186 124 44.63 44.86 33.16 34.93
Church T 175 141 46.72 40.12 31.19 39.72 1088 .
crossroad Tus 124 41 43.74 4193 22.1 11.55 ' '
Tu 21 2441 374
Ty+Ry
Rr 35 8 27.81 33.55 6.24 225
Lr 34 25 2171 13.8 491 2.99
T 231 277 26.3 20.62 3338 33.17
Kkumbit Tio 211 273 2176 1912 | 3049 32.69
Library 234 19.58
Intersection Tus 176 211 232 19 2543 2527
Tu 39 2237 5.64
Ty+Ry
Rr 1 49 292 21.04 0.14 5.87
Lr 56 25 13.15 19.53 7.84 291%
Education T 219 314 20.59 26.41 30.67 36.55
T 203 292 2124 25.1 28.43 33.99
Support = 2181 | 2527
Office Tus 183 202 272 2431 25.63 23.52
Intersection Tu 34 2268 476
Ty+Ry
Rr 19 26 11.27 18.33 2.66 3.03
Lr 19 13.8 3
College Road T 251 336 30.56 34.07 39.65 32.94
three-way T 290 342 30.14 33.03 45.81 3353 28.84 33.55
intersection Tu 7 25.82 1137
Ty+Ry
Rr 1 342 752 33.03 0.16 3353
Lr 40 43 20.19 2222 13.07 11.59
Telephone T 75 109 2823 28.94 2451 29.38
Office T 129 113 27.97 2623 42.16 30.46 27.83 24.04
crossroad Tus 11 33 2728 16.94 3.59 8.89
Rr 51 73 18.48 11.19 16.67 19.68

20 RrRTSYUY =N M227, M42(2023H 88)



FANBAZ A B ASE AT ADEE, AANLA, FEE, BAZ Z, A% Dol7} glow,
TAZ EWe Fue B9 2@ 2 AT 12F A% G J1E0] A8 ¢ 4 AT Gazis et

al.(1960)= 2FZ Zo| )3l Stopping line#} Clearing line2 7 2|3t oM, H2 2 X
T TuE AAAZAZ G EAT Lee et al(2007)> D vFES 1T A5 9N o
ATolA nAE AR WE HIE B2 07 Ao &

=
4

Ak T4A A E ARS wAz
olgti & F oH, TYAol v EEeH Are Fojx AHRE waro] ARoR B 4 Utk

WAE Fe 7] Bl o3 FoJE FE o-FA HAW, A5 FAG AR &F #He 1HH wAt
2 45e Boue AS BAEh wa2 iAo e watE delA 3 Ee iAo 4,
Bzotel B} T& Aol A M F URE sh= o, FFo FH|, o 5ol A 9
A9 A7), a8 A BEFY HEEE T8 A 248k 7 AAR ARRE Fojste] A7)
& AN HEE @ gAEA AAHE AXER stofof ok F, B84 249 $¥L84E 1T
WAE Fo] HHFAAZE Ao g ofof gt

71€ ERAAE BAR & AAARE AAAHA] B JEE E2EAA AR Ao oy &
ATE B3l As AA A ) ol R/ WAl AAEHI olF R Aeo] HAshE AH S 1Bt 9
A AR Zoz AN oAl WAR EL o|FFIF WA A|HA LA FEol
SasE AR A5 wet AR T3 A o AAZE 7] A wAR Y 7R abEke] AAEE Ao
2 W Zlo] Bdsith whebAl, Az Abe] Faete olF AT E <Fig. 2>3 2ol Aostaon, 4

AYE

A T3 akgo] 4 glold A AAE ols AlY Tzt Attt oAl LEHd, o] T
e AHAA AFFe SV B3ske AMo] F o]F A E Aotk 4 A Ad V&

ol we} B A ol FF v

A BAsle] A=Y AF A-E B A= % < 7FE
2 AR & HSAT <Fig. 1>F <Fig. 2>+ WAE & AAss GAY FAA T 2 v} &
o] AAE YepdTh

SEE BRAM FRE Y5 AASESL AARASEI) Qon, 52 oo AU $FSEg} B
FASEE R, AVHOE FAUSAL H§ A 2YSEE 71208 AEHT Utk $FEEE A
F2e APEBY =0 SHYUNN $87 SES 2] LEAE0E D T 8%l AP &
52 Holstn, aedd] BLY FelH SO AURS UEiE SEE AVSE 7Y% @Y E2of
Aol A%e £9AY 59 A SR Tt A BAG] oF BN TAR S DEG U HoLE
508 o8 AREE Aol B gtk & BHAT A4 HEEEE 955 Hol7} glow,
BASES} 2Y5E AT 10kmh o)l Aol Wl 2FlA Mg 5 AEs Bash

)
WEEE $5 54 Bs Qa 9B 9L S8 e MEg S=
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01
Cg1g» : Collosion due to signal conversion

Casel <= Wy, * : Before Pedestrian time Length

Wo1 =Max(Wg1a, Wo1g ) Wo, =Max(Wgia, Woig )

[61] [92] [@B3] [04]
oo o B =

W3 =Max(Wgi, Wosp )
' Wiy =Max(Wyip Wosg )

T!_

fib

<Fig. 1> Conflict due to intersection width redefinition

Xo : Distance length during actual yellow signal time
Xc : Stopping distance at maximum deceleration

Q
=

(Stop Distance=Free Running Distance+Braking Distance) |
. |
W5, : Intersection length Vehicle route
@ : Straight + Straight Collision
N X L ———» Utilization of signal operation
@ : Straight + Turn right Collision
@ : Car + Pedestrian Collision
@ : Turn left + Straight Collision After Pedestrian Time Area
Ty =0, Y—(W,4) 0}
0= o34 PRA = - ==
2 e
=t +i —
Te = Ul T 5, _
A B C
o | ©)
—‘— -Caﬂ-ﬂﬂf-smﬂ—l- ! P12 AN

% I — NG
“arrotgo- Stop fne After Pedestrian Time Area

Dil | L2
2
Can stop Can't stop >Can go !
I pRed signal time| Ty
passed 1
Z, on
! | Before Pedestrian Time Area

— v .
BC=x,—x,=v,(t,— ¥)+ 55t Won = Optimal yellow signal time-Operating yellow signal time

< e e >
21 Yellow time All red time, etc.

(Vehicle and pedestrian

conflict resolution time)

<Fig. 2> Yellow signal time and dilemma section
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<Table 7> Intersection width recalculation based on points of conflict

direction W(m) W, () W,- W(%) v (km/h) ¥ (m/sec)
N->S | SON | N—>S | SON | NoS | SON | NS | SON | N—S | SoN
Ly 49 32 42 24 | <1429 | 25 | 2664 | 2568 | 7.40 7.13
Thi 60 57 48 46 20 | -1930 | 44.63 | 4486 | 1240 | 1246
Yaifi;i:ﬁmh Tio 60 57 48 46 20 | -1930 | 4672 | 4012 | 1298 | 1L14
Tis 60 57 48 46 20 | -1930 | 4374 | 41.93 | 1215 | 11.65
Tir 60 48 20 24.41 6.78
Ly 52 60 40 45 | 2308 | -25 | 2171 | 1380 | 603 3.83
Klkumbit Thi 62 62 48 54 | 2258 | -1290 | 2630 | 2062 | 731 573
Library Tiz 62 62 48 54 | 2258 | -1290 | 2176 | 19.12 | 6.04 531
Intersection Ths 62 62 48 54 2258 | -1290 | 2320 | 1900 | 6.44 528
Tir 62 48 2258 2237 621
Ly 41 41 24 26 | 4146 | -3659 | 1315 | 1953 | 3.65 543
Education Thn 37 30 30 30 | -18.92 0 2059 | 2641 | 572 734
Support Office |  Tip 37 30 30 30 | -1892 0 2124 | 2510 | 590 6.97
Intersection Tis 37 30 30 30 -18.92 0 2272 | 2431 | 631 6.75
Tir 37 30 -18.92 22.68 6.30
Ly 40 26 35 13.80 3.83
college road | 40 40 31 38 | 2250 | -5 | 3056 | 3407 | 849 | 946
three-way
intersection Tiz 40 40 31 38 | 2250 | -5 30.14 | 3303 | 837 9.18
Tir 40 31 -22.50 25.82 7.17
Lr 57 53 40 31 | 2982 | 4151 | 2019 | 2222 | 561 6.17
telephone office|  Ta 60 60 46 42 | 2333 | 30 | 2823 | 2894 | 7.84 8.04
crossroad Tiz 60 60 46 42 | 2333 | 30 | 2797 | 2623 | 177 7.29
Tis 60 60 46 42 | 2333 | 30 | 2728 | 1694 | 758 471
avg. 5100 | 49.61 | 3943 | 3989 | 2292 | 1804 | 2630 | 2677 | 7.32 744
<Table 7> <Fig. 1>3} <Fig. 2>0ll e} AAH A8 3} 7|ZuzE £ oS A3k A o7 7]
EUAE F& AAHANA AAANAE 7]ESE 5t —57% g Zlojt}, B4l wm2d, A E A=
Zo 7] oiu] NS RS 2292%7F EQ.0.H, SN WHERe 18.04%7F 4 HATE Mg Be Zage A
FAAE L2 NS WEFe 2082% 2 UERESH, SN offo% 41.51%=Z YERT]
V. 3RS A By g
1. SMAMSAIZH APY ER}
FANTAZE A A HEs 9A EEG.0m/s3) e AR AR TE(1.0%) 2 SRS AIZH15%), 2
F dolGmy7t oy 7t F FEFE VX E AR Z3 JIEEE HTE 4 F 8ol 7 3HARY
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Ty = YD_ sz L (13)

71X, ¥, = DynamicYellowtime, z,,© Y, & A& z

<Table 8>+ Equation 129 W, W, Vss, Vr= Z-83to] Wslol] W& FANTAZE 2847 o]t. case 1
& 7|EUAE 3 LPEE S0kmhE 7IEOE AR AFolH, case 27 7] EALA }i Z3 AA AEE=
= A g3 Aot} case 32 AAHLY wAR EJJr 2 HIEEEE 835t A4S Ao} ‘case 1 - case
oA 71 & xpole] HIF S HolE wARE BHT AT SNOE B 831% z}OI om 2ZH o=
Lol A 114722 7V 3A Yebgth b ‘?—FEHEE]A}HE] SN& i 1.93% Zol7} ow =29 714
2k Zpol= NS TipE 13522 YEFRTE ‘case 1 - case 3914 713 & Zfolo] HHFS HolE AR
+ BHEAH SNOZ Hit 622%9 Aol7h EAstom A2 ztole LiollA 75522 71 FA] UE
St 7HE 2k Hto] Apole FuI|AbAE SNOE HF 0.94% zo7} wom, =E 71t &2 Aol
= wmwma} NSO TpE 043tk ‘case I'C.2 AHA3 AL oA Als %og o] 7}58 TACE
Holuy Aa] 4L ES 283 case 29} case 39 A AE BF Z 2fo 1%: Hof wFF W3l w}?/} A
S A FE7F as Ao BAHL BAEA dF A2 4,
a3t Ao Jeisth adt H49 FALT AR ] BETG HY g, © %’4 x| 7} A A ?—HJO] ofd w
A2 WA SHA 5401 °4—#€}04 &Y st ApFe A} H 01] =E2HT AL FALsAZE A3

o]

pad
o=
.
had

<Table 8> Yellowtime calculation result according to the application formula

case 1 case 2 case 3
Y Yy Yy casel-case2 casel-case3
W, Vgs W, Vr W, Vr
NS SN NS SN NS SN NS SN NS SN
Lr 4.78 3.55 8.36 6.20 7.42 5.08 -3.58 -2.65 -2.64 -1.53
Twm 5.57 5.35 7.08 6.82 6.11 5.94 -1.51 -147 -0.54 -0.59
Z;l;rd:}? T 5.57 5.35 6.92 7.23 6.00 6.24 -1.35 -1.88 -043 -0.89
crossroad Tus 5.57 5.35 7.15 7.06 6.17 6.11 -1.58 -1.71 -0.6 -0.76
Trr 5.57 10.53 8.76 -4.96 -3.19
Avg. -2.60 -1.93 -1.48 -0.94
Kkumbit Lr 499 5.57 10.23 17.04 824 13.12 -5.24 -11.47 -3.25 -1.55
Library T 5.71 571 10.22 12.40 8.30 11.00 -4.51 -6.69 -2.59 -5.29
Intersection T 5.71 571 11.86 13.20 9.55 11.70 -6.15 -7.49 -3.84 -5.99

Vol.22 No.4(2023. 8) The Journal of The Korea Institute of Intelligent Transport Systems 25



case 1 case 2 case 3
Y Y, Yy, casel-case2 casel-case3
W, Vss W, Vr W, VI

NS SN NS SN NS SN NS SN NS SN
Ths 571 571 1127 | 1328 9.09 1176 | -5.56 157 338 -6.05

Tir 571 11.60 935 -5.89 3.64
Avg. -5.47 831 334 622
Ly 420 420 12.59 9.10 7.94 6.34 -8.39 49 374 2.14
Education | T 391 341 8.04 5.82 6.82 5.82 -4.13 241 291 241
Support | T 391 341 7.86 6.00 6.67 6.00 -3.95 259 276 259
Office Tus 391 341 7.49 6.12 6.38 6.12 358 271 247 271

Intersection | "1 391 7.50 6.39 359 248
Avg. -4.73 3.15 2.87 246

Lr 4.13 11.82 8.17 -7.69 -4.04
college road | Trs 4.13 4.13 6.56 6.17 5.50 5.96 2.43 2.04 -137 -1.83
three-way | T | 4.13 4.13 6.61 628 5.54 6.06 -2.48 2.15 -141 -1.93

intersection | .| 413 7.29 6.04 3.16 -191
Avg. -3.94 2.10 2.18 -1.88
Ly 5.35 5.06 11.72 10.20 8.69 6.64 -6.37 5.14 334 -1.58
elephone | Tt 5.57 5.57 9.44 9.27 7.65 7.03 -3.87 37 2.08 -1.46
office Tw | 5.57 5.57 9.50 9.96 770 7.49 -3.93 439 2.13 -1.92
crossroad | . | 557 5.57 9.68 14.22 7.83 1040 | -4.11 -8.65 226 -4.83
Avg. -4.57 547 245 245

<Table 9>9} <Table 10> <Table 8> ZA¥}E Equation 99} 100 wet A E 2, 2, A34E YepATH
‘case 4’5 W, Yg, Vs 2T AHATE o 232 B2 59 #o2 Uyt &, 29 59U ANz AZ

WARE FAE F Qe ARte] AUjF R BET RS ov]sin, wAE ZHT AL S AT
st Ao E BAHATE ‘case 5= W, Yo, Vi’ ZUOZ 4HG%k, A2 WSAYA 1E AYsty =
(HE YeboU A7 HZZ2AA 9% o] YZ7F UEFST ‘case 6 W, Yp, VI' O 1S
Adg BF FHY go® yegton, oju FANTAME FHEMT Ty T, TiwE AL 257
= 013}§ HE 7Fed A2 EAHNT BAAHE TFd BY, uxE F 7|Ed HLE S50 net

HstElon, 253 FANTAMS AE3 A 1,8 AAZE wAZ Uil X8k o, AA
A28 74 A8 The e G B AREo] AP H A, ‘case 49} 5700 HISl z, Fhol SV AS &
-3 A B 2 9] AAA A TR AFS HAFAN TGN S AP
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HIETeot ASXHE 7|8t SHEMAMGTAIZE AE o1
<Table 9> z, Calculation result
case 4 case 5 case 6
Ty Lo Lo case4-case5 case4-case6
W, Y. Vgs W, Yp, Vr Wy,» Yo, Vr
NS SN NS SN NS SN NS SN NS SN
Ly | -1233 4.67 7.88 7.22 12.88 12.22 20.21 255 | 2521 | 155
Tw | -23.33 | -20.33 22.77 22.99 27.77 27.99 -46.10 | -4332 | -51.10 | -48.32
Z;ll‘l‘:jﬁ Tw | 2333 | -20.33 24.82 18.56 29.82 23.56 4815 | -38.89 | -53.15 | -43.89
crossroad | TH3 | 2333 | 2033 2191 2021 2691 25.21 4524 | -40.54 | -50.24 | -45.54
T | 2333 6.38 11.38 29.71 -34.71
Avg. -37.88 | -31.33 | -42.88 | -36.33
Ly | -1533 | 2333 4.67 0.30 9.67 5.30 20.00 | -23.63 | -25.00 | -28.63
Ty | 2533 | 2533 7.64 4.01 12.64 9.01 3297 | 2934 | -37.97 | -34.34
Iiliﬁ;b;t T -25.33 -25.33 4.70 3.13 9.70 8.13 -30.03 -2846 | -35.03 | -33.46
Intersection | T | 2533 | 2533 5.60 3.06 10.60 8.06 3093 | 2839 | -3593 | -33.39
T | 2533 5.08 10.08 -30.41 -35.41
Avg. -28.87 -2746 | -33.87 | -32.46
Ly 4.33 4.33 0.01 3.37 4.99 8.37 4.32 -1.70 932 | -12.70
Education | TH! -0.33 6.67 3.99 7.72 8.99 1272 -4.32 -1.05 932 | -6.05
Support Tz -0.33 6.67 4.38 6.83 9.38 11.83 -4.71 -0.16 -9.71 -5.16
Office Tis 0.33 6.67 5.29 6.31 10.29 1131 5.62 036 | -10.62 | -4.64
Intersection |1 [ 033 527 1027 -5.60 -10.60
Avg. -4.91 2.14 991 | -7.14
Ly -3.33 0.30 5.30 -3.63 -8.63
college road | Tht -3.33 -3.33 10.70 13.42 15.70 18.42 -1403 | -16.75 | -19.03 | 21.75
three-way Tz -3.33 -3.33 10.38 12.59 15.38 17.59 -13.71 -1592 | -18.71 | -20.92
intersection | T, | 333 732 1232 -10.65 -15.65
Avg. -1050 | -16.34 | -15.50 | -21.34
Ly | 2033 | -16.33 3.75 498 8.75 9.98 2408 | -21.31 | -29.08 | 2631
telephone | Tm | -2333 | -2333 8.99 9.50 13.99 14.50 3232 | -32.83 | -37.32 | -37.83
office Tw | 2333 | 2333 8.81 7.59 13.81 12.59 3214 | -3092 | -37.14 | 3592
crossroad | . | 2333 | 23.33 8.32 1.92 13.32 6.92 3165 | 2525 | -36.65 | -30.25
Avg. -30.05 | -27.58 | -35.05 | -32.58
<Table 10> z, and z, —z, Calculation result
case 7 case 8 case 9 case 10 case 11
T, T, T, — X T, — Xy T, — X
Vss Vr case 7-case 4 case 8-case 5 case 8-case 6
NS SN NS SN NS SN NS SN NS SN
Yakdac Lr | 3318 | 33.18 12.88 1222 45.51 28.51 5.00 5.00 0.00 0.00
Church Tw | 3318 | 3318 | 2777 | 2799 56.51 5351 5.00 5.00 0.00 0.00
crossroads | | 3318 | 3318 | 2982 | 2356 | 5651 53.51 5.00 5.00 0.00 0.00
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case 7 case 8 case 9 case 10 case 11
xc xc xa — xO xc - 370 xa — .730

Vss Vr case 7-case 4 case 8-case 5 case 8-case 6

NS SN NS SN NS SN NS SN NS SN

Tws | 3318 | 3318 | 2691 | 2521 | 5651 | 5351 5.00 500 | 000 | 000
T | 33.18 11.38 56.51 5.00 0.00

Avg. 5431 | 4726 5.00 500 | 000 | 000

Lr | 3318 | 3318 | 967 | 530 | 4851 | 5651 5.00 500 | 000 | 000

Tw | 3318 | 3318 | 1264 | 901 | 5851 | 5851 5.00 500 | 000 | 000

KLli‘]‘J‘r’;‘fy“ Tw | 338 | 3308 | 970 | 813 | 5851 | 5851 | 500 | 500 | 000 | 000

Intorsection | T | 3318 | 3318 | 1060 | 806 | 5851 | 5851 5.00 500 | 000 | 000
Tir | 33.18 10.08 58.51 5.00 0.00

Avg. 5651 | 5801 5.00 500 | 000 | 000

Lr | 3318 | 3318 | 499 | 837 | 3751 | 3751 5.00 500 | 000 | 000

Education | T | 3318 | 3318 | 899 | 1272 | 3351 | 2651 5.00 500 | 000 | 000

Support | Tw | 338 | 3318 | 938 | 11.83 | 3351 | 2651 5.00 500 | 000 | 000

Office | Ty | 33.18 | 3318 | 1029 | 1131 | 3351 | 2651 5.00 500 | 000 | 000
Intersection | [ 33,18 1027 33.51 5.00 0.00

Avg. 3431 | 2926 5.00 500 | 000 | 000
Lr | 33.8 530 36.51 5.00 0.00

college road | Twi | 3318 | 3318 | 1570 | 1842 | 3651 | 365l 5.00 500 | 000 | 000

three-way | Tw | 33.18 | 3318 | 1538 | 17.50 | 3651 | 3651 5.00 500 | 000 | 000
Intersection | . | 33.18 12.32 36.51 5.00 0.00

Avg. 3651 | 3651 5.00 500 | 000 | 000

Lr | 3318 | 3318 | 875 | 998 | 5351 | 4951 5.00 500 | 000 | 000

telephone T 33.18 33.18 13.99 14.50 56.51 56.51 5.00 5.00 0.00 0.00
office T 33.18 33.18 13.81 12.59 56.51 56.51 5.00 5.00 0.00 0.00

crossroads Tus 33.18 33.18 13.32 6.92 56.51 56.51 5.00 5.00 0.00 0.00
Avg. 55.76 54.76 5.00 5.00 0.00 0.00

2. SMAMSAIZE ARY T JHE

FANSAEE watR F3 JIE50 wet MstEth waR Fo] AR A LR ARDTE
G TS 2o, L5271 AT 74 wAz Fo] ARFF GFMNTARES AR &, WAz F
I o AFBA Jom, FIETdE o AFAA Ut BebA, L=} AR £& 5YPd
TE RSt FANSARES FEUTE AAstY] a3 d 2450 O3RN 20 o] =9
Ast shue] FEUT JAE B8 FAVIMeRE SYPSTL FEHHT rAE 9FE FAZ L
= foug AHRIA S ol #AE Uele S wet ARG So] 7hssith

Equation (8)~(13)2] v, W, ©] AT Aol mX= TS HSeta oju st AAZ Wslst=A AS3}
7] 93 AR S AAEAT A Aeye BE AYRTE & Wl FYste g o3
Aoz AP JARE FoA HFS ANOVAEY Axs S8 fAsined, A4 SAF F =
134.680, f/&E p = 0.0002-2 o 0.05E T 2o} FoFF 5% stollA IARY S Fotith 37
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HosTol 4ENE T SHYMNBAZ 4Y |

2yo] AFAE votaty] s 28 28] adj. R%= 0.924Z 19 w]%- 7171 A o) AHE = H)
& 024%°) AR e Yt 23 594 o FE A7) #1F Dubin-Watson®] $AF A H
9, SAEE 183002 20] 747k9] o] Syl e AR yEhton, A7) Fds FASER 34
TR dRY s FHGT AFR] HTEE B=0.538(p<.00)E FHADAT ] FofF FF= ]
AL AT B FEE FOFHRE HIEETE 1 S7keHE A5 AR ] - 05385 ATt WAk
o] B=0.134(p<00DF TAH R FofA UEhgom B Foc AMH R waz Fo] | F7kskd 3
AAZARIE 01985 S7kehs 02 delhgth HIEES} aAs £ 3 oW 23o] A E AR
VIS d MIAEA A dFHE dobry] Hsl BES Al Bake Tl vlas) Hanh TSR B -

1024, IAZ E B = 09412 HAEEETF AUFoR o o
Tol = 0.729 > 0.1, VIF=1.372 < 1022 ZX4A ZA7} gl= Ao 2 Yehyth

<Table 11> Regression model validity

e unstandardized coefficient standardized coefficient %) TOL VIF
B SE B
(constant) 6.072 343 17.704
v, -538 036 -1.024 -14.875™ 0.729 1372
W, 134 010 941 13.667" 0.729 1.372
F(p) 134.680"
adj. R? 0.924
Durbin-Watson 1.830

p<.05, "p<.01, "p<.001

Z
&

F49 th5 3942 Equation 149} 201, A HIZEE9} Aoy Wil wet HstE e uaz &
43 FAHFANEAZOZ Aot

YD, =6.072 — 0.538 Vr +0.134 Wzn ............................................................................................. (14)
A7 v, =54 FANZAZL, V= 22 IS 0] 1 (m/sec)

<Table 12>%} <Fig. 3> Equation 37 140 &3l +H8 % 2= FALSAIZE 23 @ o A o]t} Equation
39 9% avgY:: 5.80<Y<10.03 Atolell &A1t 71 52 avg. Yo BEEAT SNOE 10.30seco|™, 7+
& EE Yr BUEAT TipE 1047secE YERGTE 9 7HE A2 avg. Yo SFtialdAbA e SNOE
5.80seco|™, 71 22 YE FHRIAAT LiZE 545secE EAF AT FUAAR Y Y7 7 A e
olfr T wAtEe| Hs) A& Hvto] AlY Y 19.58km/hAIR AR F2 48met 54mE 7MY 7
AL Yoo A 4 gk
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HISTo MBI 7| SHEMABAIZE M o7

——— Vehicle route |
|
—— Utilization of signal operation |
Xo : Distance length during actual yellow signal time |
Xc : Distance length during the appropriate yellow signal t|me
Yoin : Weg, Minimum passing time p After Pedestrian Time Area
7 —; N
Can stop or go S
A B €
— ®
Stop line > After Pedestrian Time Area
. T
@
Can stop . Can go \ ‘
X.=Xo=12.88m, Ypy=1.74sec W=42m, Y;1=5.68sec
Yp=7.42sec __l_ Before Pedestrian Time Area
1
1
01 Yellow time All red time, et

(Vehicle and pedestrian
conflict resolution time)

<Fig. 3> v, and =z, =,

<Table 12> Comparison of multiple regression yellow signal time calculation results

Y(sec) Yp  (sec) Y-Yp ' (sec)

NS SN NS SN NS SN

Lt 172 545 7.42 5.08 030 -0.37

T 5.83 5.53 6.11 5.94 0.28 0.41

Yakdae Church T 552 6.24 6.00 6.24 0.48 0.00

crosstoads T 597 597 6.17 6.11 0.20 0.14
Tar 8.86 8.76 0.10

avg, 6.78 5.80 6.89 5.84 0.11 0.05

Lt 8.19 10.04 8.24 13.12 0.05 3.08

T 8.57 10.23 8.30 11.00 027 0.77

Kkumbit Library T 9.25 10.45 9.55 11.70 0.30 1.25

Intersection T 9.04 10.47 9.09 11.76 0.05 1.29
Tar 9.16 9.35 0.19

avg, 8.84 10.30 8.91 11.90 0.06 1.60

Lt 7.32 6.64 7.94 6.34 0.62 030

Ty 701 6.15 6.82 5.82 .19 -0.33

Education Support Tio 6.92 6.34 6.67 6.00 025 -0.34

Office Intersection Tis 6.70 6.46 6.38 6.12 0.32 034
Tir 6.70 6.39 031

avg. 6.93 6.40 6.84 6.07 -0.09 033
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Y (sec) Yp ' (sec) Y-Yp ' (sec)

NS SN NS SN NS SN
Lr 7.49 8.17 0.68

T 5.66 6.07 5.50 5.96 0.16 0.11

thre;‘j:;g;;‘;:iﬁon Tie 572 623 5.54 6.06 0.18 0.17
Tix 6.37 6.04 033

avg, 631 6.15 631 6.01 0.00 -0.07

Lr 8.41 691 8.69 6.64 0.28 027

T 8.02 7.38 7.65 7.03 037 035

telec'i};(s’;za‘;fsﬁce T 8.06 778 7.70 7.49 036 029

Tis 8.16 9.17 7.83 10.40 033 123

avg. 8.16 7.81 6.37 7.89 -0.20 0.08

Equation 14°] ]3] 483 FANTA L AT 7]E A 2] Equation 33 Aol UAATE avg. BlaLA
2 Ao} g ACE Yeh} HARYe| 9@ FANE mFL WA 02 BAYL g A0 BT 4
STk, <Table 13> BEET 2] 3l 4% PANSATCE HRE TAZ Zo) A7 910] e}
TSRS A AT ofatH AFEe] g Foo whE IS AT F Utk HIEEE (Y FFS
WA R gho] RopdsE FANTATI| AR AL & ¢ Aov, BAR E& HH 93
wAE F FTte] wEt FANTAE FThskE S A1 F Aok 3740 BE FA
1321seco| ™, HA = - 3.87secE HHY3L7] ol AT 23] AU wEbA, H NG 9secE, FHE4k
3sec2 ALt om, 7|EAAY ZAHE <Table 13> <Table 14>9] 2,9} z,9 A AA AFE 5 STh

3. 2|70l &t JIEE HAI

<Table 13> Dynamic yellow signal time result table by regression equation

Vi Wan 15 20 25 30 35 40 45 50 55 60 65 70
15 5.84 6.51 7.18 7.85 852 9.19 9.86 10.53 112 11.87 | 1254 | 1321
20 5.09 5.76 6.43 7.1 777 8.44 9.11 9.78 1045 | 11.12 | 11.79 | 1246
25 4.35 5.02 5.69 6.36 7.03 7.7 8.37 9.04 9.71 10.38 | 11.05 | 11.72
30 3.6 427 4.94 5.61 6.28 6.95 7.62 8.29 8.96 9.63 10.3 10.97
35 2.85 352 4.19 4.86 5.53 6.2 6.87 7.54 8.21 8.88 9.55 10.22
40 2.1 2.77 3.44 4.11 4.78 545 6.12 6.79 7.46 8.13 8.8 9.47
45 1.36 2.03 2.7 3.37 4.04 4.71 5.38 6.05 6.72 7.39 8.06 8.73
50 0.61 1.28 1.95 2.62 329 3.96 4.63 53 597 6.64 7.31 7.98
55 -0.14 0.53 1.2 1.87 2.54 321 3.88 4.55 522 5.89 6.56 7.23
60 -0.88 | -0.21 0.46 1.13 1.8 247 3.14 3.81 4.48 5.15 5.82 6.49
65 -1.63 | 096 | 029 0.38 1.05 1.72 2.39 3.06 3.73 44 5.07 5.74
70 238 | -1.71 | -1.04 | -0.37 0.3 0.97 1.64 2.31 2.98 3.65 4.32 4.99
75 313 | 246 | -1.79 | -1.12 | 045 0.22 0.89 1.56 223 29 3.57 424
80 -3.87 -32 253 | -1.86 | -1.19 | -052 0.15 0.82 1.49 2.16 2.83 35

AZIM, W, : ARE Az Z, vr: A2 IS W He 59 SRS AWiHLE A8
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HIETo MAEX|A 7|H SHSMAISAIZE AM of

= i = = —o

<Table 14> Dilemma Zone Matrix Calculated by the Regression Formula, z,— =,

Ve Woul| 15 20 25 30 35 40 45 50 55 60 65 70
, 1000 | 917 | 833 | 333 | 250 | 250 | -7.50 | -12.50 | -17.50 | -22.50 | -27.50 | -32.50
z, B 590 | 590 | 590 | 590 | 590 | 590 | 590 | 590 | 590 | 590 | 590 | 590
z, 1833 | 1333 | 13.89 | 1444 | 944 | 1000 | 500 | 000 | -5.00 | -10.00 | -15.00 | -20.00
x, 2 864 | 864 | 864 | 864 | 864 | 864 | 864 | 864 | 864 | 864 | 864 | 8.64
z, 1972 | 2667 | 1667 | 1861 | 2056 | 1556 | 17.50 | 1250 | 7.50 | 250 | 250 | -7.50
x, » 1177 | 1177 | 1177 | 1177 | 1177 | 1177 | 1177 | 1177 | 1177 | 1177 | 1177 | 1177
z, 1833 | 21.67 | 1667 | 2000 | 2333 | 1833 | 21.67 | 25.00 | 2000 | 1500 | 10.00 | 5.00
z, 0 1528 | 1528 | 1528 | 1528 | 1528 | 1528 | 1528 | 1528 | 1528 | 1528 | 1528 | 1528
, 14.17 | 1889 | 23.61 | 1861 | 2333 | 28.06 | 23.06 | 27.78 | 32.50 | 2750 | 22.50 | 17.50
z, » 19.17 | 1917 | 1917 | 1917 | 1917 | 1917 | 1917 | 1917 | 1917 | 1917 | 19.17 | 19.17
z, 1833 | 1333 | 1944 | 2556 | 2056 | 2667 | 3278 | 27.78 | 33.89 | 40.00 | 3500 | 30.00
x, 0 2346 | 2346 | 2346 | 2346 | 2346 | 2346 | 2346 | 2346 | 2346 | 2346 | 2346 | 2346
z, 1000 | 17.50 | 1250 | 2000 | 27.50 | 2250 | 3000 | 3750 | 32.50 | 40.00 | 47.50 | 42.50
x, ® 28.13 | 28.13 | 28.13 | 28.13 | 28.13 | 28.13 | 28.13 | 2813 | 28.13 | 28.13 | 28.13 | 28.13
x, -L11 | 778 | 278 | 1167 | 2056 | 1556 | 2444 | 3333 | 2833 | 3722 | 4611 | 41.11
z, % 3318 | 33.18 | 33.18 | 33.18 | 33.18 | 33.18 | 33.18 | 3318 | 33.18 | 33.18 | 33.18 | 33.8
, 3028 | 472 | 556 | 056 | 1083 | 2111 | 1611 | 2639 | 36.67 | 3167 | 41.94 | 5222
z, » 3862 | 3862 | 3862 | 3862 | 38.62 | 3862 | 38.62 | 3862 | 3862 | 3862 | 3862 | 38.62
z, 3167 | -36.67 | -833 | 333 | -1.67 | 1000 | 21.67 | 1667 | 28.33 | 40.00 | 3500 | 46.67
x, 0 4444 | 4444 | 4444 | 4444 | 4444 | 4444 | 4444 | 4444 | 4444 | 4444 | 4444 | 4444
x, 5111 | -3806 | -43.06 | -11.94 | 111 | -3.89 | 917 | 2222 | 1722 | 3028 | 4333 | 3833
x, o 50.66 | 50.66 | 50.66 | 50.66 | 50.66 | 50.66 | 50.66 | 50.66 | 50.66 | 50.66 | 50.66 | 50.66
x, 7333 | -58.89 | -63.89 | -4944 | -1556 | -2056 | -6.11 | 833 | 333 | 1778 | 3222 | 2722
z, 7 5725 | 5725 | 5725 | 5725 | 5725 | 5725 | 5725 | 5725 | 5725 | 5725 | 5725 | 5725
, 9833 | -82.50 | -66.67 | -71.67 | -55.83 | -19.17 | 2417 | -833 | 7.50 | 250 | 1833 | 34.17
x, » 6424 | 6424 | 6424 | 6424 | 6424 | 6424 | 6424 | 6424 | 6424 | 6424 | 6424 | 6424
z, -103.89 | -108.89 | -91.67 | -74.44 | -79.44 | -6222 | 2278 | -27.78 | -10.56 | 667 | 1.67 | 18.89
x, 50 7160 | 71.60 | 71.60 | 71.60 | 71.60 | 71.60 | 71.60 | 71.60 | 71.60 | 71.60 | 71.60 | 71.60
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