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ABSTRACT

Traffic congestion is becoming a serious urban problem in Pusan area, where
1s suffering from the severe traffic congestion because of the incoming and
outgoing traffic regardless of the peak periods. In addition, traffic congestion is
getting more serious on the arterials because of the insufficient transportation
facilities and the inappropriate transportation systems with increased traffic.
Thus, the purpose of this study is to identify the real-time cycle-based traffic
characteristics, compare and analyze the real-time cycle-based transportation
systems before/after the optimal settings and before/after the optimal phase
settings, and finally suggest the validity of the real-time cycle-based optimal
phase settings on the pre-timed 4-leg signalized intersections of the arterials in

Pusan area.

From the above transportation system analyses based upon the real-time
cycle-based traffic characteristics on the pre-timed 4-leg signalized intersections,

the following results were obtained:

1) The real-time cycle-based transportation system analyses were thought
to be more efficient than the existing hour-based ones, because the typical peak
characteristics were not found on the pre-timed 4-leg signalized intersections
under study.

i1) Delay from the real-time cycle-based transportation system analyses was
shown to increase by 20 percentage or more on the pre-timed 4-leg signalized

intersections under study, when compared with delay from the existing



hour-based delay analyses.

iii) Delay after the real-time cycle-based optimization was shown to reduce
by 20 percentage or more on the pre-timed 4-leg signalized intersections under
study, when compared with delay before the real-time cycle-based optimization.

iv) Delay after the real-time cycle-based phase optimization was shown to
reduce by 30 percentage or more on the pre-timed 4-leg signalized intersections

under study, when compared with delay before the real-time cycle-based phase

optimization.
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NOMENCLATURE

A binary variable which is ‘1’ if the maximum back of queue

(¢ ;) exceeds the user specified storage capacity, or zero otherwise

Cycle length in sec

Capacity of lane group or approach in yph
Total delay in  yeh— hr/hr

Delay on link ; in peh— hyr

Disutility Index

Delay of lane group or approach ; in sec/veh
Random and saturation delay

Uniform delay in  yeh— hr/hr

Adjustment factor for area type

Adjustment factor for the blocking effect of local
stopping within the intersection area

Adjustment factor for approach grade
Adjustment factor for heavy vehicles
Adjustment factor for left turns

Adjustment factor for the existence of a parking lane

buses
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g/C

(g/0) i

LOS

PCU

PHF

q;

q i

Adjustment factor for right turns

Adjustment factor for lane width

Green ratio for lane group or approach

Effective green ratio for cycle length of lane group or

approach ;
Effective green time for lane group or approach ; in sec

A user coded "stop penalty” factor to express the importance

of stops relative to delay
Total lost time per cycle computed as the sum of "start up”

and change interval lost time minus the portion of the change
interval used by vehicles for each critical signal phase

Level of Service

Queue length during step t

Number of steps in the Cycle

Number of lanes

Passenger Car Unit

Peak Hour Factor

Computed maximum back of queue on link ;

Maximum back of queue "capacity” on link ;
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A binary variable set by the user which if ‘1’ includes the

maximum back of queue penalty in the pJ, or zero otherwise

Stops

Stop on link ;7 in stops/ sec

Saturation flow rate for lane group or approach in ypi
Saturation flow rate of lane group or approach ; in sec yph
Ideal saturation flow rate(1,900 pcphgpl)

Period length, normally 60 minutes

Hourly traffic volume in ypp

Traffic volume during peak 15-min period in yph

Traffic flow rate of lane group or approach ; in ypi

A binary variable which is ‘1’ if the link-to-link weighting
has been established for link ;, or zero otherwise

Link specific weighting factors for delay(d) and stops(s) for
link ;

A network-wide “penalty” applied to the excess queue

"spillover”

Degree of saturation
Critical v/c ratio for a intersection

v/c ratio of lane group or approach ;

The summation of flow ratios for all critical lane group or

approach ;
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s=SO'NL‘fw'va‘fg‘fp'fbb‘fa‘fRT‘fLT (2.3)
o] 7] A,

s olFwFe xsuFw (vphg)

so ;5 °lerel 71 E3pa-E (1,900pephgpl)

N,; °l&s79 A= F

fo; ARERAAS (] +- B8,
I avs TAE BAAF

foi T RAAZS

, BoE A e E2AAEAS A oA Ao RE BAATE
Heof AR & AFoAE EREA
258 59 FAE YA o)A AR EHoR v=xo =REEHd
(highway capacity manual, HCM)ol| A += 3.6m< == Zo] o

1,900vph= A3stal 93 Transyt-7F(Ver 82 1999)0A4 &= HLHo=
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Z] A]

47 2F=(thru lane)ell  W3)A  2,250vph, 3 2= (turning lane)ell 3l A
2,000vph, A7 3} 314 78 AZ(shared lane)ol a4 2100vphe] A= &7FS 4j

aYuw, ng4 Asadn BAe Af4e U477 dddE aged @

EE4S aelete] ERAAI FHsolopdtia By g,

- =Y FYH] g Az T 2EF7](cycle length)et Al & & A|(signal phase)
7F Wb Faske] olsl] AHASHA AAEO QA ol HFAIZRdO S
A (F A Tt Ketal nxkz o] $ujd] a2k dl7]jsido] A

k
&5 = @)ool #=FHAY. (22 Table 2-3)

Table 2-3. Cycle Length and Phase on the Intersection

4-leg Intersection

A B
Phase 4 5
Cycle(sec) 150 150

Phase Diagram <'|T ll_’ I: ﬁ vA 4'|T

vis

RN

aeew AsAA] BYAe 2477 deNE e e @4 dHE
How wAR WESAS med T4 HAAe ANAAI} FHHolof st W

st (2% Table. 2-4)
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Table 2-4. Phase Types for the Intersections under Study

Phase Type

Types I II Im v

phase |l [ 2] et L s e v

“iL>
R
4

2. 4 X2 AMH]2 FF(Level of Service, LOS) ¥4

wakE AH) 2 F(Level of Service, LOS) #AWMHOoZE i) wegdd) wEd
o] Hl(v/c ratio)el] 23 AB]AFF(LOS) AW i) H A A A ZHaverage
delay)ell €&t AR 2~FF(L0S) EAHHl e,
delay)ell o1& AB]2=FF(LOS) A Ml oA Aul= FF(L0S)S =i sHA]

7171 YA A3 &4 34 (optimization objective function)”} A& %t}

rr

J|m
ol
o,
4

A A A 7H average

() wFEF} wF&F H)(v/e ratio)oll &3+ AH]2FF(LOS)EA @ w2 A
H 2~5F(L0S) B4 lojAl 71 71240 A xS e Hy wggF] b= 7t
2 (street)t} A} Z(intersection)®] A% 58S FXZ2 UeEH 7] $1d] &3] AFEEH
v wANHesE 53], vxe =2 E&HAHMEHCM)O wEH EF2o uwE8H

(saturation flow)d} A1 Z-FA Ao 2oste] A} E3}
T, E29] Fil(grade) & =213 iAo SAH| & w

a
S
3
‘3
rlo
ke
e
f FJ
Oﬁi

c;= s;x(g/C); (2.4)
o171 A,
¢, ANEAAZ JBF ;9 &% (vph)
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g, ; °lEF & FESMAITAL(sec)

(g/C); ; °l&i & FERFMAZAL v&

olw, watEAel ZF xZa(lane group)olt Fi H = Z(approach) ol A L

H
T wEESF B(X)= v=d 2ol vk 5 vk

>
I

= vilc;= (vo); (2.5)

9ol A@4)F A@25)RFE wELY wELTF H(X)E tST o] e

X,= (lc);=v;/[s;x (g0 1]

(2.6)
o 7] A,
X, ; °olswF 9 v/c v
v, ; °lEw 4 uE(vph)
T

,AA R BA glolA mAR §#e £&4 MY IANEFY wEE
°] Hl(critical v/c ratio, X ) A= A AZ(lane group)oly HIE

L
H -
(approach)’ell A1 o] AQkA Q1 n-g &z nl-3-§ o

v Hl(v/c ratio)ZA th&3 o)
ek 5= Sl

X.= 5T - 2 (0/9) ©2.7)
o 71 A,

X, ; wAZ AAdd dist dANETFI} wEEFe] u
S(ofs);; 9A AR, AR o wEw ve) g
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(2) H A A A 7Haverage delay, AD)oll €3t Muj~ =5 B4 0 Aty oz 7
TA A AR g wxpm o]l MHlA2gFEEAo] 48T = e EE o= Webster
Model, Transyt-7F Model, HCM Model, Queueing Model 5©°] oy, . Ao
AN Az el Mu)aaFEiEAd de] A S e 282 Transyt-7F 28
o] AFgE Tt A, Transyt-7F E&oA o] &3t= AT uxEAS] F H A A
Al 7t (total average delay. D)2 nlxp= Aol 2pzke] ti7|dEd 2 HE AEEHE L

A A A ZF(uniform delay, p )3 =7F2 3 =Fom Ry TS o] E3HAA A

ut

{r(random and saturation delay, p )3 o= 4% dow thgi} o] 1

B 5 gk

D=D,+ D, (2.8)
o 714,
D : & AAAZHsec)

D, ; TY AAAZ(sec)

D, ; & FIAAAIZ(sec)

53], AFEe] ARAQD =& ojste] WAstE o A A A A (uniform delay,

D,= Sim,N 29

D, ; WAAAAZH(veh-hr/hr)
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b 2pekE o] Stz sk b ool whAlSh= 49 AEZ XA A| A ZHrandom and

D, = 9007TX*{(X-1) + [(X—=1?%+ (4X / DI} - (3600 /v) (2.10)

o 714,
D, ; 94 F3AA A ZHrandom-plus—saturation delay) (veh—hr/hr)
X ; X3=
c . S%(vph)
v ;W& (vph)
T . F7l(period length, B% 60%)

e B AFoA A& FH A 5435 (optimization objective function)+

4 R

A2 MBS FUEA 71 7] 9% 5482 Transyt-7F(Ver 8.2 1999)2]
|5 =d], o] AT+ E F=A A (standard delay)2t A #3134 (stops)

2 Ao FAY E8&x 4 (disutility index, DDE Z 4 3}(minimization)A] 7] &= A
=

Minimize DI = él[%i'di+ K-Wgy-S]1+ U, [Wy_,-di—1+ K-W,_,

Sl +Q-BIW,(g,—a.)7] (2-11)
o 714,
DI ; =& A4 (disutility index)
d, ; B3 7golAe A A (veh-hr)
K ; AAS #AS= “stop penalty”
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S, ; B3 AelAe A (stop/sec)

Wy Wy, B3 8 AA B AAo] gk 7154

U, ; 22 o d&l 7tsx7F Foxnd 1, 284 dud O
Q ; pr&d Hdal v ogi7lgE “penalty” & AFSAZE EF

shobd, U, 1A ¥ O
B, ; Ad F7 ti71FE (4,01 AR B3 storage capacity &
S7betohA U, 18R] v O

W, ; AA networkel i3] “spillover” & WEtH7] 913 8=

“penalty”
g, ; 93 ZFolAe Axd Ao v grigEde] Aol
g ; B PEelAe Hd Fv gy He &F

AT 2he] A4 474 AsaAzel te AA7 Fo)E - Andd A%
A, A4884 0 A4 24 B9 wES sEne] 2449, AR 4
4 AzA AAA T AsAAE AT AP 2Fe AR HANRAUE
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Aol NE Armgos A4E 194
d R8s vw"ow A F7pd - AP A 8E A (simulation) R H A SHEA]
(optimization)®} & A] 2 % 3} (Phase Optimization)&4]-& A A|8le] A& wlal - 243}

ATH.

3.1 4A(Four-leg) W2 # 4]

(4-leg) WARZHA, NEF7E 15022 F

i dSle 53], 7 Ao B Ee o d HFAIRIH(AM on—peak)ol = oF
 HAFAZFH(PM on-peak)oll = °F 9,000~20,350pcu, LE]i, F H]HFA] 7Y
=
[e)

(PM off-peak)oll &= 8300~19,200pcu A== 4A](4-leg) A= GA| HF

2 s 2 ou) FEAGUSE MAFAGNES Felo] FUT & gtk
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3. 2 Cycle # 43} A -

el

AT A, B mxtze] AAZE F7

H

fvze)

s

A A AR oF 19.29%~21.8%

&)

A AN ZFETF oF 16.3%~31.9% A% %A et

| F7] 2 8o

A

Gl

718 AT GAATE 71E] AIZE

ol= Ao 7 eyttt (3% Table 3-1, Fig. 3-2)

Cycle-based and Hour-based AD B/A Optimizations

Table 3-1.

4-leg Intersection
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Table 3-2. Cycle-based Optimal Cycle Lengths (B Intersection)

Intersection B

Setting 01 02 93 04 05 Lﬁéggizec)

mitial Setting | (> | < | T | L | 4 150
(%) 25 21 18 22 14

optimal Setting®0)| > | <8 | T | | 4, %0
(AM on-peak) ™55 17 15 32 10

optimal Setting®0)| > | &4 | T | | 24, 0
AM offTpea) |3 14 19 33 i

optimal Setting®0)| > | &4 | T | | 24, %0
el 12 11 30 10

Optimal Setting(%) t’ ‘T : JA_, 150
18 8

(PM on—peak)

\S]
N

—
I

33

Table 3-3. Hour-based Optimal Cycle Lengths (B Intersection)

Intersection B

e [T 0 [ | w0 | e o

Initial Setting l_b J T : JA—' 150
(%) 25 21 18 22 14

Optimal Setting(%) l_’ J T : JA—» 90
(AM on-peak) a1 17 18 13 11

Optimal Setting(%) l_’ J T : JA—» 80
(AM off-peak) 3] 17 25 15 12

Optimal Setting(%) l_’ J T : JA—» 90
(PM off-peak) 33 15 27 16 9

Optimal Setting(%) l_’ J T : JA—» 150
30 33 8

(PM on—peak)

18

11
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B Intersection B Intersection
'0C>J 450 % 400
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2 300 .,.Aﬂnl\‘. | N \qw_i 300 h “ \
& s WL ] A NV =2
8 200 i ”WVVW”\/WW | v B 20 [ W@
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g 50 a—) 50
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‘ Delay per Cycle Delay per Hour ‘ ‘ — Optimized Delay per Hour

Fig 3-2. Simulation and Optimization

of Cycle- and Hour-based Delays

3. 3 Phase A3 A - F AH £4

BooApgiar nAA 4% w2 A AAZF Fr1E dAAHAE PG iR A A
ol AAHAS HA FAAAAGEG 0 H - 2% HFAel] Zkz oF 251%,
292% A= Faste Aoz deita, a2 99 ARddE of 232%A % HAdte
Aoz vehgrh T, 7]Ee] A @A A F FEAAAS Ak
A4st A FAEAANGRTG oA - oF AFAdel A 7HzE oF 207%, 10.2%
AE Aasts ZAo® eI, 1 9o Aol oF 226%, 581% AE Ui
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A Intersection A Intersection
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I S
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© >
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© 100 | 100 r
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B Intersection B Intersection
. 300
<
§ 500 !
'S 400 EP
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[ >
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o g ©
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Fig 3-3. Ascending Array of Cycle-based and Hour-based Delays

Table 3-4. Fuel Consumption Reduction under Optimal Setting

4-leg Intersection

Intersection A B
Peak Periods AM Peak | PM Peak | AM Peak | PM Peak
FC Before Cycle-based
L ) 13314 17269 16978 14563
Optimization (Tit/hr)
FC After Cycle-based
C . : 10530 12637 11523 10943
Optimization (Tit/hr)
Reduction (%) 26 37 47 33
FC Before Hour-based
L ) 11861 13072 14541 12528
Optimization (Iit/hr)
FC After Cycle-based
C . : 8710 9457 9649 8793
Optimization (Tit/hr)
Reduction (%) 36 38 50 42
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Table 3-5. Fuel Consumption Shift B/A Phase Optimizations

4-TLeg Intersection
Intersection A B
Peak Period AM Peak | PM Peak | AM Peak | PM Peak
FC Before Cycle-based Phase
T ) 10530 12637 11523 10943
Optimization (Iit/hr)
FC After Cycle-based Phase
T ) 8481 10662 9458 8623
Optimization (Tit/hr)
Reduction (%) 24 18 22 26
FC Before Hour-based Phase
o ] 8710 9457 9649 8793
Optimization (Tit/hr)
FC After Cycle-based Phase
T i 6481 6956 7361 7026
Optimization (Iit/hr)
Reduction (%) 34 35 31 25
Table 3-6. Average Delay Shifts B/A Optimizations
4-Leg Intersection
A B
AM Peak PM Peak AM Peak PM Peak
AD Before Cycle-based
o 258.1 265.7 289.0 260.1
Optimization (sec/veh)
AD After Cycle-based
o 193.2 200.1 204.5 203.6
Optimization (sec/veh)
Reduction (%) 25.1 24.7 29.2 21.7
AD Before Hour-based
o 232.7 242.0 236.8 2775
Optimization (sec/veh)
AD After Hour-based
o 163.6 1874 212.6 116.4
Optimization (sec/veh)
Reduction (%) 29.7 22.6 10.2 58.1
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Table 3-7. Average Delay shifts B/A Phase Optimizations

Before Phase After Phase .
Cycle/Phase - o Reduction(%)
Optimization Optimization
Period Al | AM | PM All AM | PM All AM | PM
erl
Day | Peak | Peak | Day | Peak | Peak | Day | Peak | Peak
Cycle-based
47| 2196 | 2618 | 1626 | 1663 | 1734 | 362 | 409 | 338
AD(sec/veh)
Hour-based
2029 | 2356 | 2068 | 1398 | 1799 | 1448 | 31.1 | 236 | 457
AD(sec/veh)
Shift(sec) 51.8 | 44.0 50 228 | 146 | 286 - - -

3. 4 Cycle/Phase &3} A -3 vlu &4

- B = 7 A ZFE R Type 19 dAAFE7F AA9] 40%0]dS AFde
24 Al 95 YeERd A den, BE dAAGE IV 1F Fxeka Tt
E3], 24 HFATHA = Type I dAAFHE] HF&o] 98%= w2 HkH 0%

AEARANE 288 Type VOl @AFH Af&ol 101%2 A ebdo s
S0 B Az e dANAAE THaE Ao wRdd 2

=
o7 AZAHEACY. (FZE Table 3-89 Fig 3-4,5,6)

Table 3-8. Average Delay Shifts B/A Phase Optimizations

Intersection A B
Type | Type | Type | Type | Type | Type | Type | Type
I I il \Y I I il IV

Component Ratio (%) 260|221 ]188 (331|642 | 3.0 | 271 | 57
AD Before Cycle-based Phase

Optimization(sec/veh)
AD After Cycle-based Phase
Optimization(sec/veh)

Reduction (%) 329 (335(31.2|341 | 410 | 82 | 403 | 6.7
AD Before Hour-based Phase

Optimization(sec/veh)
AD After Cycle-based Phase

Optimization(sec/veh)
Reduction (%) 336 | 321 | 419 | 149 1 459 | 199 0

255.8(254.8 246.4|260.2 1 257.0|251.6 | 249.7 | 245.0

171.6(169.4|169.5|171.5|151.6 | 231.0| 149.0 | 228.6

230.9(174.71192.3|206.5|247.0|238.9|1675] 0

153.4(118.6 | 111.8|175.7|244.5]129.2|134.2| O
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300
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2
§ 200
B
o 150
a
[0}
g 100 |
2
< 50
0
All Day AM Peak PM Peak
Period
@ Initial Setting W Cycle Optimization O Phase Optimization
Fig 3-4. Average Delay Shift B/A Optimizations
Table 3-9. Average Delay Shift of Phase Optimization by Type
Period All Day AM Peak PM Peak
Type| Type | Type | Type | Type | Type | Type | Type| Type | Type| Type | Type
Phase Types
I I m I\ I i il v I i il v
Cycle-based
154.71183.91153.91186.9(160.5(177.0|1162.2|1191.0{169.2|207.31164.4|191.5
AD(sec/veh)
Rate of
45111251229 (195414 | 98 | 283|205 |43.8|21.9|24.2|10.1
Types(%)
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_25_



A Intersection A Intersection
350.0 250
k] <
E g 20
2z < 150 e
K K
8 8 = 7 |
o o 100
£ g
[} S 5
I 500 E
0.0 0
Cyole Cycle
—— Optimized Delay per Cycle === Phase Optimzed Delay per Cycle Optimized Delay per Hour Phase Optimized Delay per Hour
B Intersection B intersection
350.0 2500
=
= 800.0 3] ,
e £ 2000
S 250.0 §
2 oo S 1500 f
7™ 3 I —
& 1500 21000 | ‘:’—\:' 1
g o)
& 1000 S 500 f
g S
I 500 < oo
0.0 Cycle
Cycle
—— Optimized Delay per Cycle Phase Opimized per Cycle — Optimized Delay per Hour ===Phase Optimized Delay per Cycle ‘

Fig 3-6. Delay Distribution of Cycle-based and Hour-based Optimizations
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Fig 3-8. Flow Profile Diagram(B Intersection)
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Fig 3-9. Flow Profile Diagram(A Intersection)
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Fig 3-10. Flow Profile Diagram(B Intersection)
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