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£8, however, with the opening of Ueno
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ar imbalarce between the capacity

gxpressways ard the demard for ex-

time, new routes have 1ircreased the

and thus the 1incidents of ~natural
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on Metropolitan expressways occurs

on inrer city fcutes, Tarticular-

Almost £€ % of this <corngestion

the voiume of traffic alone.

an adegquate flow cf traffic under

ard to provide for the safety and

drivers, & variety of measures for the

suck as: tke traffic informaticna ser-

remcval of disatled vehicles and

access &t toll gates, are cor-
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Citlire c¢f traffic cecntrel system

For efficient execution of the atove traffic

contrel service, a traffic ccntrol svstem 1is operated

an electronic computer ard occasionally improved

ir Central Tokyo Routes of Metropolitan exrressways.

The <cvtline of the system. is as fcllows:

Monitcrirg ard commurications

1.3.1.1 Vehicle 4detectors

Various tyves c¢f detectors, for sersing the
rurter ard speed of passing cars, are 1installed
atcut every S¢0 meters at €0¢ 1locaticrs 1in the
system. either on the expressway itself or at an access

vcint,

1.2.1 ¢ Televisior moritors

Twelve moritor televisicn rece2ivers in the
centrol room can show traffic ronditions at ary

pcint where one of 160 cameras 1is installed.

1.2.1.7 TEmergency telegphores

A total cf €22 emergency telephcrnes are

installed at 4intervals of 5¢¢ meters along the ex-

rressways to receive rerorts from drivers ocn accidents

ar disatl=d vehicles.



1.2.2 1Irforration preocessing

The central computer receives pulse data
from vehirle detectors, and calculates the volume,
average <speed and demnsity of traffic on an on-line
real-time ‘tasis. On the graphic panel in the con-
trel certer, the «condition of traffic 1is ther shown
in a three color displav. The recessary processes
for treffic control are registered autometically on

variable message toards <c¢n the expressways.
1.3.2 Information output

There are 18¢ variable mescsage tecard at the
entrance of Metropolitan expressways a~=2¢ on the ex-
pressway itsclf, 1E€ variable messege ©boaris on . the

tusiress streats rear expressway entrarces, ana 77

variatle regulatory signs at entrances. Staff
memtlers of the Jaran Road Traffic Informaticno
Center are vermanently on duty ir the Corporatiorn’s

traffic control rcom, troadcasting 1informatisr 14 times
daily c¢r weekdays on traffic acciderts, dicabled vehi-

cles. drivirg corditiors and entrance regulations.

1.3.2.1 Variatle Message ©Ecards

Informatiorn atout traffic <conditiors o071 thsa
eYIressway is upiated autcmatically every five
Tinutes. ard preserted in 1¢ or 12 cheracter

illumirated displays. Sigrs readetle ir Dboth



fire~tiors are 1lccated at irterchanges -ard cther
Pcirts; where recessary, tcards arc leccatsd to direct

drivers tc¢ alterrate routes.

1.

(&)
[
n

Variable Message Foards on Pusiress Streets

These ‘tcards irdicete such ccrditisns as the
ternerary closirg 0of erntrarczs  anA lirited access

to toll gates,
1.2.2.2 Varieble ™Mraffic Signs

These <igrs iniicatz the closirg ¢f entrance-
ways because of accidents or traffic congestion, or to

ccrtrol the volume of traffic.

1.4 The necessity of Traffie Simuletion

As  mentiored 1in the rrevious raregrarh, the
Correcration has trovided a variety of information ser-
vices te the Adrivers. However, at present, there are
still «ccrnsijeratle complaints amorg drivers who use
Metrcpolitan exiressways.

Gererelly speakirg, it 1is surrosed that mosf
corplairts ars based on the unrellatility of the
traffic irferratior which the Corporation offers to
ther Bowsver, the reason is not so simple. The
informatior wkich the Corporation c#fers tc tre driver

usirg the 1latest computer system is corsiderably ac-



curate, ths rrotlem is that the information
rerresents c¢urrent traffic condition. which 1is created
ty <vsire <collection ¢f the —rpast five - mirutes data.
Ccnsequertly. the traffic condition currertly displayed
cr the wariatle message becards ray change when the
driver arrives at that 9place.

Imagine a sitvatisn that e driver who wants
tc gc¢ tc the Tckyc Internaticnal Airprort enters Metro-
politen expressway telieving the informatior 1isplayed
at the toll gate. HJowever, dve to the —irexpected
traffic charnge, he missed the airplare....

In <such a@ situation the kind of complaint descrited
arises.

Ir 1622, due to the exrtansion of the Metro-
rclitan exrressway, fhe traffic cortrol &dministration
area divided 1irtr Western Tokyro area and TFastern Tok-
yo area. Ir  the latter area. & new traffic cor-
trol syster. which 1is quicker and more accurate, with
a cre mirvrte irformation update «c¢ycle hes teen in-
stalled. However, at tresent, the rew system cannot
resclve thet kird cf protlem completely, tecause it
1< still tased on the same algerithm of cfferirg currené

irforration «c¢reated by the <collecticn of past data.

few to summarize tke 9ovrectlems of ttke current

Traffir Cecrtrol Systemrs

(1 . Fcth systers offer currext traffic information



crea*ted ty collecticr ¢f rast deta.

{2'. Prth information systers include ielay time.
{ westerr Tckyo System : £ miruvtes, Fasterr Tokyo
System 1 mirute )

(z This irfcrraticns ornly rerresents the current

length c¢f a traffic Jam, which is unfrierndly for the
decision-making, especially for the driver who is

nnfamiliar to the Metrorolitar exrresswey.

Tc resolve these protlems the informatior

must irclude a kird of predictior of traffic flow in

near future Ir addirg this, if the irformation
TEPreser-ts the travel time to the particular desti-
raticn, ther it would te more friendly for the

driver. Tt is very difficult to develop a matherati-
cal mecdel for a complicated traffic model such as
Metrcoclitan expressway, then as the alternative way
a Ccmruter Simulatior will give the answer fer these

protlers.

1.2 On»tline of the yproject

Develoring a comrlete simulatior modiel of the
Metrcpolitan Fxpressway is evidectly a very difficult

jot giver 1limited time end computer stcrage srtace.



Cr the nther hand, choosing a subset model and
develoring the simulatior model for this is a reason-
atle thesis rroiect.

For this thesis project, the irterest 1is mainly
placed or the traffic flow model of the Western Tokyo
area which includes the Certral Iocpr and 1is actually
the certral area of Tokyo Vetropolis In addire
this. the traffic control syster of the Westerr area
has a tern ye r history from its installation, <conse-
quertly a 1ot f statistical data for the simulator vali-
deticn will te expected. |

The GFSS simulation language 1is wused with FOR-
TRAN subrovtin s for this Troject teceuse of 1its
arpls features for sirTulation for this kind of prot-—
lem

The arpl cation of this model will te con-
sidered as fol ows;

(1}. Tevelorren cof the currert traffic contrecl system’s
atility
The imulator will ©te ti=d UL with the

traffic c
te vsed
neger

ticmlar

(2Y. Flarnirg

for

future or calculatirg the travel time to a

and

ntrol system vusing some interface ard will

predicting the traffic flow in the

Tar-

destination.

research tpurgcse



The traffic volume oprediction will te needed
in cascs  of the opening of new rovtes. some
special event, such as the Clympic Games, and every

vear’s traffic rescarch etc.

Ir this thesis rroject, two kirds cf simulation
maodel ar= developed. PRoth of them are using the same
@leoritkrr. however the modeling scale is differert. Cne
mcdel is created wusing 1:10 scalirg where the other
Is using 1:120. [2]

The eason fer the differert scalirg 1is ‘tased
on the accu acy and run time consideratiors. The 1:12
scale mcdel rrecduces more accurate results than the
1:1¢9 scale model, however it requires longer run time
then 1:100 cale model ard vice versa. Rcth modiels pro-
dvce the fo lowing data ard can te used in arrrorriate
arrlicatior purpose, such as travel time calculatior
nr traffic olume research, after they are analized ard

validated.

-3
=
m

utput from the simuletion rodels are:

‘1. Traff ¢ volume of each 1interval of the ex-

-

€xrre sway every 1 hour. ( %, %% [z

z2)Y. Traff ¢ volume of each ertrance and exit

every 1 hour. [ *x )

(Z . Veloc ty level of each 1irnterval of the ex-

Ste Ao

press ay every £ rinutes. [ %, %% )
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(4. Trave time ‘tetween any comtination of ent-

rance arnd exit every 1 hour. ! ¥% ;

(g . Traff ¢ characteristics of selected interval

" C-K curve ) every 1 simulation run. ( * )

‘8. Traffic volume and velocity level of each
irterval of the expressway with off-line gro-

<%

cessirg. ([ =)

wrere: ( * ) '+ Grarhical output

.\
%
o
~—
.

Numerical cutput
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Metrorclitar Frrressway Fublir Corpcration Was
cstatliched in 195 to <cromcte tke ceorstruction
cf mectorways ( Metrcrolitar Expressways ' iz Central
Tokve and  its vicinity. The Co-vporaticr also

aimiristrates ard Taintains tre expre

tn

swéys which

are alrea’y opered te traffic.

Ir 1:1¢ scale model, one tra~sacti-n represernts
ter cers where ir 1:12¢ scalz model one trans-

2cetion represents ore  hurdre¢  cars.

The outrut irterval of (1) - (4) can e changed

with a 1little mocification of the nrogram.
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CEAPTER 2
System cescrigption
2.1 The -expressway system

The expressway system of Wwestern Tckyo consists
of seven radial routes and a «central lorp route as
its «core. Most parts of the expressway are com-
rosed cf twc-lane., elevated-structure road.

As e2arh route has an independert structure,
vehicles car net change routes directly. for examrle
frem irrer loop to outer loop without rxiting ard
reentering.

A1l the traffic which goes thrcugh from cne
radial route to another radial rcute Tust pass the
centraeal loor route. This <centrelism tezis to cause
traffic jams in the ~rcertral 1locr routz and at the
Juncticrs of the radial routes to the central loop

route.

The WMetrorolitar Exyrressway is a toll road
with a flat rate toll, consequently there is a toll
gate at every entrance and Junction from anothér
irter-urtar expressways.

The X ¥ route is a free-way ard strictly
spegking. tkis route 1s not a rart of the Metropoli-
tan Fxpressway. Fcr thet reason, there is a tell

gate at zach Jurction from K.X routs, Fowever,



gererally it is considered as a comronent of Metro-
pcliten Fxpressway for it has the same road structure

( twc-lare elevated structure ).

2.2 Traffic volumes

The traffic veclume at tyvrical cemruting time
ir the mcrning reached up to 32Z00 - 4500 vehicles per
hour at the Jjunction of each radial route to the
central lecr and the 1locr route itself Most of
the radial rouvtes have the same traffic pattern, thet
is, the traffic velure tegins to increase at & - 6
a.m. and reaches a maximum at g - ¢ am. The
amourt nf increase of the traffic velume in these
pericds sor=times reaches 402¢ vehicles per hour.

After the traffic volume reaches its mex imum,
it de-reas=cs gradually ‘btut it keers about 2020 vehi-
cles ver ‘Peur during the day time. Pecth loop
rcutes msually keep atout 32228 vehicles rer hcur dur-
irg the day time.

Trere 1is another peak of traffic in the evep-
irg frem central lcer to gach radial route and
tetween tre radial routes. However this peak dces
not canse as serious traffic jams as the ccmmutirg
time ir the mornirg, because of its distributive na-
ture . Then the traffic decrecses gradvally and it

rea:hes its mi-imum at 2 - 4 a.m.
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.2 Treffie data

-~

The data which can te used fcr this simulation
model are gathered both from the Traffic Computer System
and veriety of research which the Metropolitan Expressway

Putlic Corvteration has made. (1]

The Jescription of eachk data are as follows:

2.2.1 Traffic volume

These data are ottaired both frem computer
outptt [27 and 0 - D research data [Z]. The data
used ir this simulaticn model extractad from the

latter are summarized in APPENDIX 1 - APPENTIX Z.

APTEATIX 1 Traffic velume per hour in each trll gate.
AEFPEANTIX 2 Tr2ffic velvme per hour in each exit
AFPENTIX 7 Traffic volure per hour ir earh intervel of

the expressway. !/ link )
2.2.2 Crigir - Testination ( O = T ) relationskirs

These data show the relaticrshir tetweer vorigin
ani destination of each vehicle at every ertrance |
cr-rémr ' ard exit ( cff-ramp 7. The data used in
this Tofel represent typical comruting time ' 7 - 8
a.m. ' ar4 after the rarpid 1increase of traffic vclume

(¢ 12 a.m ) are symmarized ir APPTANDIY 4



_ll—'-
€.2.2 Frarck-ratic at interrbarge

At the 1interrhanga of ea’h radial route to
toth loov routes, the traffic trenckes to eitker - the
irper lcor or the outer locrp lersrndirg o2 the desired
iestiratine,

Most of the traffic checse tre srorter rcute.
For cxarrle., at BEMIC ( Ramazaeki irtercharze ) cf DPeute
1-Sovth, the treffic whese desstineticr is  Poute 4 !
Reute  Sinjvke ) takes outer lecr rcute whic» is shert-
eér tkar to teke 1inrer loop route. Eowever in case
cf a rarticnlar iestinaticn, for examrle Zoute £ (
Route I¥%ebukuro ) at HMIC ( sare 1intercharge as the
atove example ), the traffic trarches to ‘toth loor

/

rcutes in certain trarch ratio detour ratio ).
These trarch ratios are critical tecause they are
closely related tc the traffic corditinan.

For example, 1if there is a heavy traffic jam
ir c-e ~f tke 1loop routes, then it 1is arrarent that
the traffic will chcose the cther locr 71o0vte. Howev-
er, there is a statisticel ratio which 1is octainad
frecm C - T res:zarch ard it 1is assured that in most

cases the traffic tranches follow this ratio. These

ratics are summarized in APPENDIX £ - APPWNTIX €.
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Eefer tec CHAPTFR 1

Toll gate traffic volume data is obtaired either from
Traffic Control Computer System or Toll gate Computer

System.

Crigin to Testinatior BResearch

The 0 - T research 1s made by Metrcrolitan Ex-
pressway Futlic Corporatior every two years. This
research requires the co-operatior of the wuser of
Metropclitan ©Expressway tecause of its method, that
is. et every ertrance (toll gate! the user is handed
a8 research card which contairs several questiors
such as destination, what route dozs he or she
take and time of exit etc. This card is expected to
te sent tack to the Corporatior ty mail after fillirg
it in Although the Corporation ©ovrepares several
rrerium or gift for the <co-creration. the reply

rate is rather 1low. ( less thar 325 % )

Tre date ran be obtained from this research are:
1. Traffic volume c¢f =ecach entrance.
fg . Traffic wvolume of each exit.

2%, Traffic volume of each 1irterval of the

exrressway.
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Crigin ard destiration of eack vehirls

i~ each ertrarce ard4 exit.

Franch ratio at each interchance.
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CEAPTER 2

Treffic flow

As  far as the traffic flow is cecrcernea,

there 1is well known traffic flow theory;

Q ¢ traffic volure 1er heur
V : average space velocity ¢ km / hour !
X : density ( traffic volure / ¥km )

This traffic flow theory is  well formed in
tke Metropclitan Fxpressway. esrecially in the 1inter-
vals witheut c¢n-ramps and off-ramys. Tyrical 0-X
CUTVES of the Metropolitan Expressway are shown ir
Fig. 2 1.1.1 and Fig. 2.1.1.2. Theser curves are ot-
tainsd by —rrocessing output data of the Traffi:z Con-
trol System. Sirce the data which are cttaired
directly from the corputer system are traffic volume
and average velocity during five mirutes. consequently
dersity ( K ' must te calculated from these 1two data,

with time ccnversion. The typical value of X 1ir jam

(AN

dersity is 242 - Z€7 for two lanes. whichk varies 1in

the mvarticu ar interval of the expresswey. It is
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rossivle t say that C-XK curve repressnts the nature
or characte istics of the oparticular intarval of the
eXpressway.

Theoretic 11y, the Q-X curve 1is treated as cor-
tirovs eurve shewn as  in Fig. 3.1.2.1, however, recent
research in the Metrogpolitan Frxrressway reveals that
the actwal ©-K curve 1is ~not contiruous at the criti-
cal dersity. as shown ir Fig. 2.1.2.2.

I Fig. 2.1.2.2 two different treffic volumes
are oltserved at the critical density, ore 1is on the
extersicr line of the smooth flow and the other is
on the line cf the Jam flow. This mears that
there are two different traffic volumes agairst one
density at the critical roint.

™is result of the research 1leads to one of
the traffic «ccentrol schemes: that if the smooth
trafiic flow can Dbe mairtained then more traffic can
pass witkir the same time of tferiod. Thke equatiorn
T =X * 7V shcws that V is very effective fer this
schere and sirce ¥ can not te conrt-clled directly
ther V car te the centrol factor for maintaining
smooth flrw. In the Metrorolitan Expressway, thé
otserved value c¢f V at the <critical density 1is 2¢ -

42 k7 / hour.
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2.2 Modeling of traffic flow

Ir this =secticr several methods for modelirg
traffic flow are descrited.

Ir mcdelirg the exrressway using GPSS ertities
there 1s no dcutt atout choosing storage as the ele-
ment <f the sirulated expressway  link ). ‘tecause of
its treperties  that sterage can cortain many transac-
tlerse withir a defined capacity. The next step is
te chcose attritutes . of storage which rreserve or
keep the characteristics of traffic flew such as 0, K
end V, as mentioned in the previous section.

For this purpose, a srall GESS mcdel called
"C-¥ cvrve tester” is develored ard the ‘tasic charac-
teristicse of stecrage attritutes are examired.

The mocel consists of three senarate Drograms;
a GESS mair rrogram ard two FORTFAN sutroutines which
are ~alled ty mailn program.

Tre (PSS main program consists of three con-
secutive stcrages 'with the instructicr seguence
"enter-advarce-lsave”. There are three kinés of func-

ticret first, five Adifferent irterarrival functiors are

~

defirsd and give different interarrival time for an

sy

eight kour simulaticn. Second, a tuilt-in exponen-
tial fvreticn is used to rodify the interarrival
furcticr; tkird, several delay functions a&are defined
tc give an arrrecrriate delay time to each trarsaction

whils they are ir each 1lirk The delay functions
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can te rtranged deperdirg on different capacity of
storege. Each  consecutive enter-advarce-leave se-
quence is  followed by “queue’, which counts the
trancacticns passed ir rrevious stcrage and after
these queves. a dummy advance Dblock is inserted to
correct the dowr tias effect on the queué ccunt when
@ transaction 1is deried entry to successive storage.

*hen a transaction enters each 1link ! storage ),
the average contents of the storage whirck a transac-
tion currertly in it is assigned to the trarsaction’s
rparameter and a delay functior 1is 1invoked. rassing
this <carameter value for its argument. The delay
furctior returns an approrriate delay time, whick
ferces the tramsaction in the 1link to stay for a
glver time period.

T™is model runs eight hours with five minute
interrals usirg reset cards. The five minute 1interval
is decideq considering similarities to the data from
whick tke @- curve is obtaired ir the Traffic Con-
trcl System.

Several xamples obtained from this model are
shewr ir Fig. 3.2.2 - 3.2.2 and Tabtle Z.Z.1. Fig:
2.z2.2 shows € - K curve obtained at storage capacity =
2z and delay functior = ¢,4¢/€,€¢/20.422. [1] In
this case it is assumed that one trarsaction
repr<sents ten vehicles. so from Fig. 3.2.2 the numter

of ~-~ehicles ©pa sing during five mirutes ( correstrords
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i1s showr The opurpose here is to find out the at-
tritvtes of GFSS entities such as storages and gqueues
which revresent the characteristics of traffic flow e,
K ard V. In the oprevious example we use QCs as
Q and SAS as K, so what attribute represents V is
the question.

From the -equatior ¢ =¥ * V we car ottain;
V=¢C/K

Sirce CCS represents 'C and SA$ rerresents K, we can

calcvlate UV from these two values.
V = CCS * 12 / SAS
where 0CS = traffic volume / % minutes

Fer exarple. 1if we take the wvalue of 01" in Tatle
.2.1 6&C%ol = 54 and SA%cl = 7.627 then V ( ¥m / h ) =
S84 * 12z / 7.£27 = 22.62¢%.

If we choose STS$ ( average residence time of
storage ) as the time factor ( seccnd ), ther V ( km s h
) ir wvrit length { 1 %¥m ) is represented V { km / h )
= ZE7Q2 * 1 / STS. Now 1in Table 3.2.1 ST¢o0l = 43.537,
we cbtein V ( xr / h ) = 3602 * 1 , 43 .827 = oz 8819,

This result shows good corresronde-ce to the V
valus ottained from 0CS$0l ard SASol. Actually, 1if
we define the variatle V$ol = 3€@2 / STéo1 which
rerresert V ! km / h ) ard if we <tlct the relationship

tetween Vé¢ol and SA%0l or the graph then we can ob-
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tain the result shown 4in Fig. 2.2.%. This r2sult is

reascnatle tecause the equation

vV=0x*1"/K

reprssents  a hypertelic curve.

Furthermore if we define arnother variatle Vs$qol
= SAScl * 22¢ / S™$o1 ‘which rerresert Q ard if we
plot the relationship betweern 92C%01 then we ottain a
linear grarh. whbich is . shown 1in Fig. 2.2.€.

From these resuwlts, it 1is possible to conclude
that tre attritutes in tke model CC$, SAS ard 36pe¢ ~/
STS represert traffic characteristics 27, K and v

respectively.
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PRINT EBLOCK 26 AT CLOCK TIME 12900

STORAGE CAPACITY AVERAGE TOTAL AVERAGE AVERAGE
CONTENTS ENTRIES TIHE/TEAMS\ UTILIZ.
01 36 7.827 o4 43.3227 0.21%8
0z 36 8.150 54 45.278 0.226
03 36 7.710 23 43.642 0.214
216 rezet
217 start l,mp ;44

JABLE 3.2,
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2.2 Irrplementation ir the GESS model

The results gotten in the previous section
show that attributes CCS, SA% and 2620 / ST¢ in the
model sequerce ‘enter - advance - leave represent traff-
1c characteristics ¢, K and V respectively.

Furthermore, attritute SA4 is ‘dbetter than $s$
when it is used as the control factor of the
trarsacticn’s delay time 1ipn eech link. From these
results we can draw out the ©btasic design of the
traffic flow model.

First, we wuse storage as the representation of
a link ( elerent of a siruvlated expressway ) and we
defire the caracity of the storage, considering the
length of each 1lirk. Since the wunit 1length of a
lirk 1is 1 ¥ilometer and it must contain a maximum
of 24 - €0 vehicles ir it, we have tc choose a
maximur storage capacity 26 ir 1:1€¢ scale model and
4 in 1:12¢ model. In the 1latter case we have to
choose <sterage caracity & or 4, sirce it 1is impossi-
ble tc take intermediate value.

Second, we have to decide the delay functior.
Usirg the "0 - K curve tester several delay functions
are erxramined in previous section. However, the
results gotter in the 1:1¢ scale model and the 1:129
scale model are somewhat different. In the 1:10
model, a three roint continous delay function 1is

used for exarple In the case of storaee capacity
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z

2. the delay function which prcduce an arprorriate 0
- K curve is 0,40/7 ,€C /30,4207 1in the 1:100 scale
model the two toint function, 2,42/2,40¢, produces an
arrrcrriate result when the storage capacity is 3.
If we vse a two point function which has the same

rrorcrtior of its value to the delay function 1in the

1:1¢¢ scale model, ther the model will prcduce
under-achievement of the passing trarsactions.
Furthermore if we use a delay functicn which has

tke same vprovortion as the 1:12 scale model in the
1:12%2 mrdel ! in this case storage capacity 4 1is
choser ', then the model will rroduce over-achievement
of the passing transactions. It is assumed that
the over-achievement 1ip 1:100 scale model 1is due to
the discreteness of the control factor, tkat 1is, the
argurent value of the delay functicn car take only
four values and adding this the probability to take
value 1 1s surposed to te very large. Anyway we
decided te¢ wuse a different type of delay function 1in
each medel. From these examples, we can also con-
clude that the storage capacity 1limits the maximum
numbter of transactions in the 1link, while the funé-
tion value limits or controls the rumber of passing
transactiors, Furthermore, in the <case of different

lengths of the lirnk. we caa draw the result that

0]

the delav function of unit 1lengthk can T used, mag-

nifyirg its value rroporticnally deperdirg cor the



lergth of the 1irnk. For exarple, 1if the storage
caracity of unit length 1is 2@ ard the 1lergth of the
link which we are going to decide the delay function
1s z kilometer ther the delay function for this 1link
wculd te 92,60/14,120/€0,8¢0.

Third, we have to run the mocel in five
minute irtervals using the reset card. Pecause the
delay control factor should te SAS ard it must te
reset every five minutes. If we do not wuse a five
minute reset then, the model would rroduce similar
results when S5$ 1is wused as the argument of the de-

lay function.



The function 4in GPSS can ©bte 4defined either
discrete or contiruous using the following notation.
¥or example, @,40/5,6C /22,402 represents three point
continuous function, although the argument srecifica-
tion ¢ is not shown. This function returns
valne 4¢, a lirear interrolated integer value between

4¢ anda €2 and also a linear interprlated 1integer
value tetween €@ and 409, corresponding to the

argument value €, 1 to € and ¢ to 322 resiectively.
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CHAPTER 4
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is assured that 4500¢ vehi-



_Zg_.

cles can exist in the model simultaneously in the
case of a traffic Jjam and 2eLeo vehicles in the
case of normal corditiors. Consesquently, for this
reascr we have to de-scale the model. In this
model 1:12 and 1:1¢2 scaling are wused, as mertioned

-

in charter ¢.

4.1.2 Rur time of the model

The rur time of the model 1is closely related
to the scaling factor. Generally speaking, the run
time of the 1:19 scale model 1is almost ten times
lerger tharn the 1:122 scale mcdel tecavse the GPSS
processor must treat ten tires more transactions in
the former model. It is very 1important to decide
the rur tire of the model, esrecielly in rarticular
arplicaticns

For exarple, if WE use this model for
research rurrcses, such as the survey <c¢f the effect
cf cpenirg a new route, then run time is not the
main corsideration. However, 1if we use this wmodel
for calculating travel time for the irfecrrmation ser-
vice to the driver in an on-line tasis, then 1longer
run tires wculd te fatal.

Since scalirg and run time. of the model are
closely related to each other, we expect to find a
trade~-cff between the accuracy and calculetion speed

in examinirg these two different scale models in a



later section.
4.2 Artreviations 1in modeling

As menticned ir the oprevious paragrarh, we de-
cide to use de-scaling in creatirg the expressway
model, consequertly we have to consider several points
atcut the total accuracy of the model.

As far as the accuracy c¢f this mcdel 1is cor-
cerned, ten vehicles in tke 1:1¢ scale model and one
hundred vehicles in the 1:19¢ scale model are the
limit of rescluticn in each orcdel. Corsequently the
fcllcwing attreviaticrs are ccrsidered:

4.2.1 Simulate two 1lanes by single lane

Since ten vehicles 1s the resoluticr 1limit, it
aoes rot Take sense to sirulate the rarticular
characteristics which would occur in a two-lane model
implemertation, such as lare-change at the 1irnterchange
etc. Furtherrore, most of the  interchanges ir the
Metrcprlitan Expressway from the radial rcute to the
lcor route are charnelled to a single lare for
smooth merging of traffic to the 1loecp route; for
this reasor 1t 1is assumed that wusirng single lene
model is rot ar over attreviation.



4.2.2 Atrreviate ertrances and exits with small traffic

¥ntrances and exits with small amounts of
traffic. which have no significant effect on the main
traffic flew, are put together and added to the

closest entrance with a large volume of traffic.
4.2.2 Attreviate multi-lane toll gate

Sirce this model treats the traffic flow as a
sirgle 1lane, the multi-lane toll gates, such as those
at the jurctions from the inter-urten expressway, are
remcved . All toll gates ir this model are
represented ty a single geate block, which 1is nlaced

every entrance.

Fased on these modeling strategies &erd abbrevi-
ations, the schematic .diagram of the GPSS model of
Metrcpolitan Exyressway used 1is shown 1in Fig 4.2.1.

In Fig 4.2.1, the exXpressway consists of a
collectior of 1links, which are rerresernted ty & rec-
tangtvlar shage. The rumber ir the rectangle shows
the lin¥ rurter, ( 1 to €4 ). The tlack arrow shows
the on ramp with the on-ramp number, { 1 to 24 )l
The white arrow shows the off-ramp with the off-ramp
numter { %1 to 78 ), At tke Jvnction frem each
radiel route to both 1loop routes, and the Jjunction
from tcth 1locor rountes to K.£. route, the moeronic

names of €ach 1intercharge are shown. In the mneroric



names on toth loop routes, the first character
represerts whichk 1loop route they telong to. F-r ex-
ample, the interchange nrame CHNMIC shows that this
rarticular irterchange is located cn the outer 1lcop
route.

Although the 1links betweer the intercharges and
the lcor routes are not shown in Fig 4.2.1, there
exist such 1links. For example, in ROLTE 1-SCUTE
there are links which connect tetween HMU1 and both
loop route 1irterchange CHMIC and IHMIC. Conversely.
there are also links frem the 1loop reoutes to each
radial recvtes, such as OHMIC to HMP1 and IEMIC to

HME1.
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4.2 Description of the mecdel

1]

4.2.1 Overview

The GPSS mcdel c¢f Tokyc Metrcpolitar Frpress-
way is crcated based c¢cn the modeling strategies eani
attreviations ian tke ©previcus section. Ir this sec—
ticn. the GESS model ard assccieted FCEFTRAN sutrcu-
tines are descrited.

The model —concists of ore GPSS Irogram ard
collectiors of TFORTRAN sutroutirces which arz called
from the GSFESS precgram. The GESS prrgram simulatzs
the gxpressway system, defining stdrage as 1its com-
porert and several functions such as: interarrival
functicrs, destiration functions, delay furctions and
directicr fuvrctions. The GPSE prcegram not only pro-
duces staniard or se=lected GPSS statistics as output.
but it also grrcduces several kinds of grarhicel out-
rut ard statistical aralysis ty the aifA of TORTRAN
sutrcutires. The FCRTEAN sutroutires also rlay the
role nf an interactive medium tetweer the GFES pro-
grar ard the wuser. The wuser «c&n change or select
several erntities such as functions or queues ino tEe
GESS vrogram from the FCORTRAN sutroutines.

The hours simrulated by this model are eight
the kours from 4:2¢ a m. - lz2:¢€ a.m . ard this inter-
val 1is characteristic c¢f tyrical commutirg times in

the mcrring. as mentioned ir chapter z, ani it 1is



the most irteresting time period ir the view of toth

the admiristrator of the exrressway ard 1its user.

4.2.2 GPSS rain program

The GPSS main rtrogram ccrsists of the follow-

ing romporents:

4.2.2.1 Tefinitions

f1). Storage definitiors

Sterages represent each 1link of the gxpress-—
way. and the different length of the links are

rerresented ty defining different storage capacities.

(2). TFunction definitiors

fa'. Interarrival functions

Interarrival functicns are rprerarei for every
grtrarce They return appropriete wvalues when called
ty the gererate tlock corresrording to each entrarce
in the moiel. The argument of these functions 1is
an atsolute rclock; time unit of tGtoth the 1:1¢ ard
the 1:12¢ model 1s a sececrd. The 1irterarrival time
of these entrarces car te modified <ty a- exponential
functior ard the checice car te made ty the wuser

from the FCRTRAN subroutirnes.



{(t'. Testinatior functions

Destination functions are also prepared for
every ertrarce, ard they assign appropriate velues
when they are 1irvoked by the assign tleck ir the
mcdel There are two different destiratior func-
tiors for each entrance ard they are switcheds one
centrnls the 4:¢0 a.m. to &8:42 a.m. time feriod ari

the otker the ©:2020 a.m. to 12:0¢ a.m. time rericed.

(cY. Telay furctions

Delay functions return an appropriats delay
tire when they are invoked ©oy the transactice erter-
ing the vparticular link. Tifferent delay furnctions

give 4differert characteristics to each li-k.

r4) Cirection functiors

Direction functions are trrerared for every 1in-
terchange rom the radial routes tec the 1loor routes
ard they a sigr the choice of tke outer or inner

loor rrute to =each transaction.

4.2.2.2z Mod 1 segment

f1). Crigir segment

This segment represents each entrance or jurnc-
tion from a other 1inter-vrtar exrressway. Tke generate

tlock 1invok s the corresponding interarrival functicn
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ard gSrera tes the trersection. 7Tre interarrival tims
car te moiified ty the exporential furzticr, 1if the
User chnoses rTodification mode from the TFORTRAN sut-
routire. Ther the trarsaction 1is assigned 1its origin
and destinatior pareameters, amd if the 1link to which
the trersaction is going to enter 1ic not frll, then
it i1s trarsfered tec the correstcrdirg evrressway seg-

ment
(2). TF¥xrressway segment

This segment represents the route structure of

the expressway system. Fach 1link, the comronent of
the exrressway. consists cf an enter advance-leave'
Sequence. An appropriate delay time 1is assigred to

each trarsacticn whern it invokes the felay functioﬁ
from each link where the trarsaction currertly ex-
I1sts. At the 1interchange or off-ramp, the destination
valus of each transaction is evamined ty the test
bleck an® if the wvalue 1is equal to the rarticular
destiratien then the transacticr transfers to tre
tlock or. 1in case of an off-ramr, it termirates.
In several 1interchanges, where 1o test ‘tlock exists,
the trarsaction ©branches according to the giver ‘tranch
ratic. At the interchange from each radial route
to tothk locr routes., the direction function is in-
voked ty the trarsactior ard the <choice c¢f the 1loop

route is decided. For particular destinaticns, a



detcur

4.2.z.

(1),

quests

tione:

ratic 1is wused wher decidirg alternatives.

FORTRAN interface segment

Irteractive mode segment

The segment calls FORTRAN subroutires and re-

to the wuser tc 1inrut the selection or choice.

The <vser can choose from the following op-

fa). Display scale

Cre of the disrlay scales must te selected de-
rerdirg or the model which 1s currently used.

{ 1:12 scale or 1:12¢2 scale )
). Sreed 1level distlay

The <vser <can choose 'display or 'suppress' for
graphically displaying the speed@ 1level of each

link every five minutes.
‘c). @-X curve display

The wuser car choose 'display or suppress for
graphically Adisplaying C-K curve in a user-select-

ed 1link.

"4V, Travel time disrlay



The vse can choose 'display or  suprress for
hevrly ravel time calculaticn tetween any comtira-

tion of entrance ard exit.
fe? Mo ificatior of interarrival time

The use can choose modificatien crticrs for the
Irterarr val time furctions. Modifyirg ty a ex-

rerertia furctior or no modifying can be chosen.

(2Y. Teta <cemmirication ard iisrlay segmert

This segment 1interfaces the data c~mrunications
tetwser the GPSS program and FCRTRAM sutroutines.
This segment also calls tke display subroutires when
a display is requested by the user. The distlay
of the traffic volume from simulator, with the ex-
rected value and statistical analysis ‘etweer them !
paired sampls t-test [1] ), are displayed automatically

every cnre  hcur.

4.2.2.4 7GPSS statistics collection segment

T™is segment car te used in cheosirg any

desired GPSS statistics, such as storages ard queues.



4.3.2.% Control segmert

This segment runs the model for three—-eight
hour simulations, using a selective reset card and a
selective <clear card. The output queues for the
traffi- volume are reset every one hrur, while all
the stcrages ard quewves for the Q-X curve are reset

every £ mirxtes.

4.2.2 TFORTRAMN subrcutines

Te associated FCRTRAN subroutines. which are

directly called ty the GPSS gfrogram, are as follows:

4.2.2.1 Interactive mode support sutrouti-es

bs scon as the simulation tegins, trese sutrou-
tines are called immediately <ty the GPSS gfrcgram ani
they regnest the wuser to input several selectioons as
mentiocned 1in the frevious section. The <selections are

returred to the GPSS —rrogram by these sutroutines.

4.2.2.Z Date ccrmurication surrort sutreutinres

These sutroutines store the data from the
GPSS moiel. or return the results fror sutroutines.
There are two communicatior cycles: 22¢ seccnds and
2822 secords, ard they <can te changed deperding on

the user requirements.



4.2.2.2 Tistlay subroutires

These sutroutires display the data frem the
3ESS model either graphically or numerically in a
comprehensive manner.

The traffic volume every one heur is a
graptical disrlay with output frcm tre GPSS mndel and
the exrected values from actual date, 1ir an arrange-
mernt so the wvalues can te compared. Ir addition to
this. statistical analysis 1is performed, using raired
sarple t-test in all 1links.

The speed 1level disrlay is gererated EVETY
five mirutes as a graphical disyley with three steed
levels ir different rolors and differert line styles on
the ExXpressway map. The speed 1level «classifications
are less thar 22 km’h, tetween 3¢ km,/h and €¢ km’h,
ard greater thar 8¢ km/h. They can te rhanged
dererdirg on the wuser requirements.

The Q-X curve display of the selected lirks
is precvided for the verificetion of the GPSS model.
This crtion rrcduces the =K curve of a selected

lirk at the end of anrn eight hour simulaticn.



NCTE:

(1]

Paired sample t-test is wused to test tke di-
fference between the two sets of data where the
individval rmembers of ore sample &re directly re-
lated tc correspordirg individual memters of cther
sarple. The traffic volume of & oparticulser link pro-
duvced ty the simulaticr model 1is directly related
to the —correspondiing traffic velume of the 1linx

cf actual data.
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the verificetion cf the rodel. The validity of

the results are discussed in a 1later sertion.

£.1.2 Cersitivity analysis

Since the mcdel <consists of a rollecticn cf
storages, the caracity of tke storage is & sensitive
compcrert of tkis model. Actually in the 1:1¢72
scale mecdel, tiis factor 1is very sensitive, especially
in r1assirg transacticrs withir a urit time rericd.
From the exp=2riment of 0-K curve in chapter 23, we
have two alternatives in choosing stcrage capacity
storage capacity 3 or 4 . Ir case of storage
capacity 3, the model shows drastic under ackicvemert
in gfassi»g trarsactiors ir a wunit time 7reriod. Ccnse-
quently. we are forced to choose storage capacity 4
ir the 1:12¢ scale mcdel. In the 1:12 scale rmodel
several alternatives are examined.

The d<lay functicn also can te S sensitive

compcrent, as discussed in the result secticn ‘telow.

8.1.2 Steady state analysis

There dcss not aprear to te a steady state
for this meodel, since the model simulates c¢nly the
4:¢¢ a.rm. tc 12:22 a.m. tirme teriod. Hewever, it is
rece<sary tc examine the steadiness of the model wh=n

the rardnm rumter sequence is charged. For tris



reascn, the model 1is run reyeatedly urder differert
random r~umter sequences ty usirg the clzar card

tetween each € hecur simulation Ieriod.

5.2 Results

.2.1 Traffic veclume

Traffic vclure in each 1link of this moziel is
comrpar<d te the treffic volume of the actuval data,
either grarhically or statistically, using raired sam-
ple t-test. Tke grapkicel output is very helaful not
only 1r analyzing ard eramininrg statistical data tut
it alsc facilitated the developrent of this model.

I~ Table 5.2.1.1 the results of the raired

w

sarple t-test of the two different scale models ara
shown. These results are ottained ty rurnirg each
mcdel wuvrder differert mcecdificatiors of the interarrival
furcticr. In first case, the irterarrivel functiors
are nrot meodified and the second cese th=y ere modified
by an exporential distritutiesn furction. Fcth of the
reszlts are ottained from their first run. Tke
storage caracity of the 1links iz the 1:1¢ scale
model is choser to te 4, since it 1is to te com-
parea to the 1:1¢¢ scale model,  which usei stcrage
capacity 4.

I toth =scale rmodels, we rcar easily see that

the t-valve is tiased tc the mirus side. which rreans



an rndsr achievement of passirg trarsactiors. In the
1:12¢2 scale medel, mest of the t-values ir the early
time reriod exceed the critical value. However, 1in
the 1:1¢ scale model all t-values, except 7:2¢ a.m.
in the -exporential modificaticrn, are within the criti-
cal region. The critical t-velue ir thic cparticular
case 1is t = 2.276 ( At altha =¢.¢1, n = E€Z, two-tail
test °

I the 1:12¢ scale model, we can observe the
same trend ir the t-values wunder differert 1interar-
rival furcticn modifications. In the cass of exponen-
tial mediification, the t-value ©begirns ir the mirus
rangs arf changes from minus to plus between c:00
and ¢:¢¢ and again gces tack to minus regi-or. In
the case o¢f nc¢ modification, the t-value tegirs ir
the Tirnus range and closes to zero at ¢£:¢2 then
goes back te mwinus ard firally exceeds zerc slightly
at 12:¢9 Tkic trend is shown in Fig £.2.1 1.

We <can see the effect of the modification of
interarrival function frem this figure, that 1is, modi-
fying the interarrival function with exporential dis-
tribrtion increases the distritution of the t—valué,
however it does not crange the tasic trarsiticn pat-
tern of the t-value. At this mcment, it is as-
sumei that the transition pattern of tke t-value may
te tacsed cn ancther facter such as the rardom

numbter sequezce or particular characteristics of this



medel itself.

In the 1:12¢ scale rmodel, modGification of the
interarrival function also does not have significant
effect on the t-value, as car DE SEED in Fig
5.z2.1.z2 \

Bs far &s the accuracy of tke treffic volume
of this rmedel is ~concerned, the 1:197 scale medel
does not oprcduce results which reet the requirererts
of the statisticel test. The devieticn of t-
value 1s large, so we corclude that it is btetter
nct te continue attempting to chrangs <corporents of
this model te imprcve 1it. The only way to imrrove
this mTcdel would te te change the delay function,
tecavse increasing the storage capecity to £ would te
unrealistic given the actuwal situaticr as mentiored in
chapter 2. Crn  the other hand, the 1:17 scale
model frednces reasonatle results which meet the sta-
tistical test, althoughk one of the jata poirts

slightly exceeds the critical t-vealue.
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TARIF £.2.1.1
THY RESTLT CF FPAIRED SAMPIE T-TEST 1IN
DIFFFRENT SCALE ANT INTERARRIVAL MODIFICATION

1:1¢ SCALE 1:100 SCAILER
TIME NC~-EXPCN EXECN NC-%XPCN EXECN
S:0¢ 2.2e2 -2.927 -z .908 -2.¢2¢
€:20 -2.52€ -z.512 -z.£71 -2.7¢c4
7:00 -2.242 -2.628 -2.7¢2 -2.772
e:ee -2.17¢ -1.227 -Z2.4C2€ ~2.€641
€:07 -2 .74z 1.2€8 -2.782 -z .C€1
12:2¢ -z.269 -1.70¢% -3.225 -2.156
11:¢¢ -1.22¢% -1.0€2 -1.2%1 -1.282

1z:0¢ ?2.e17 -¢.2328 1.¢1¢& 1.64¢
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£.2.2 Sensitivity aralysis

The sensitivity of this model car te measured
by charging the components of the model. The com-
ponerts wbkick directly effect tte characteristics of
this model are capacity of the storage and the delay
functior. As mentiored 4in chapter 3, both of these
cemrcenerts are VETY imrortant +tc deciie the charac-
teristics of the traffic flow, called tte &C-K curve.
Since the storage caracity decides the rumter of
vehicles within the wurit 1length of the =xpressway in
the model, and this velue 1lies ©between <252 and Z€2
from the otservation of actual data, we dacide to
choose an arrropriate value from the rarge for this
éanalysis. Similar tc the storage capacity, the de-
lay funnrtion decides the vassing of a transaction
withir @ unit time period, and this value 1is decided
based on the travel time c¢f wurit length of the ex-
pressway. Consequently we can not use an unrealis-
tic value; for examrle, a maximum stee?d value greater
than 12€ km/h ic< unrealistic in the Metroreclitar Ex-

pressway.
5.2.2.1 =Effect of storage cavpacity

The effect of storage capacity is examrined
under two different stcrage capacities, 3€ and 42,
for - each link. The 1:122 scals model is not used

fer the sepsitivity aralysis tecause of 1its discrete-
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ness In the 1:122 scale model, we car only choose
storage caracity 2 and £ as the alternatives, and
the forme shows drastic wunder achievement cf passing
transactions withir a wurit time gperiod ard thz latter
is not accertatle given the actuel sitvaticr.

Ir  Table £.2.2.1, paired sample statistics of
each storages configuration are showr. These data are
extracted frem their first run urder the exponential
modification of the irterarrival functicn. From
Tatle £.7.%2 1, we <car» otserve that there is rot a
significant differerce of t-value until 7:2¢ a m., the
time befere the heavy traffic jam tegins. Eowever,
after @:28 a.m. while the storage capacity 2Z€ confi-
guraticrn corntinues to keep under achievement of t-
valuse, the storage capacity 4@ configuratior changes
its t-value from mirus to frlus. This cherge 1is also
arrerent in the graphical outrut which descrites nct
only the difference tut also it descrites the charac-
teristics of the change. A pert of the seguence
of grarhical output in this sitnation is shown in
Fig. ¢.2.2.1 { storage = 2€ ) ard Fig. 5.2.2.2 { storege =

4¢ ).
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TARIT £.2.2.1
TA¥® EFESULT CF PAIREL SAMPIE T-TeST It

DIFFERENT STCRASE CAPACITY ~F LINE.

TIMF CAPACITY - 2Zf CAPACITY = 4¢
g2 -z .1€¢ -2 2¢7
6:¢¢ -2.5¢3 -2 £F13
7:2¢ -2.714 -2 .€€E
8:22 -3.223 -1 3z7
5:20 -2.7¢¢ 1 z&e

TARIF £.z.2.2
THE RESULT OF PAIRED SAMPLE T-TRST 1IN

CIFFERENT TDTEIAY FUNCTICN

TIME ~ LCWFR LIMIT = € XM/H INWFP LTMIT 12 XM/H
5:0Q | -2.1€0 -2.1€0
6:02 -2.503 -2.5¢3
7:0¢ -2.714 -2.714
g:09 -7 .53 -2.€6Q

©
@
IS
!
n
~
I
n
®

€g4
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ouTLOOP
( 7:00 - 8:00 ) ———  OBSERVED VALLE

VOLUME -~ —- EXPECTED VALUE

6000
5000
4000
3000
2000
1000

3

- ~

N osh NN

n A e e LS W

. - ~ . .  LINK 8
1 2 3 4 8 6 7 8 9 410 11 12 13

HIT 4_RETURN TO CONTINUE

QUTLOOP

( 8:00 - 9:00 ) ——— (BSERVED VALUE

VOLUME - - =- EXPECTED VALUE

6000
5000
4000
3000
2000
1000

+ LINK #

1 2 3 4 8§ 6 7 8 9 10 14 12 13
HIT {_RETURN TO CONTINUE

-—
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ouTLOCP
( 7:00 - 3:00 )

——— OBSERVED VALUE

VOLUME - - - . EXPECTED VALUE

€009
5000
4009
3000
2000
1000

P~

I f‘——_/\‘\

I -~

——/:/,\{\- \?‘/
B \\"\/.\‘V T

i1 2 3 4 5 € 7 8 9 .i0-141 {2 143
HIT {_RETURN TO CONTINUE

ouTLCOP

{ 9109 - 2109 )

LINK £

—— QBZERVED YALUE

VOLUME - - = EAFECTED VALUZ

€000

[

-

4

(93]

t 2 3 4 8§ 6 7 8 9o {0 44 42 |
HIT 1_RETURN TO CONTINUE

LINK &
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LINKGH = 22
2 G-K CURVE PLOT
500 ,
[
250 o
-
%5
N N N » K
500 1000
MIT {_RETURN TO CONTINE . -
LINKH = 22
a Q-K CURVE PLOT
500 F )
250 |
4 — N ' N N A s K
500 1000

HIT {_RETURN TO CONTINUE
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LINKE = 16
G-K CURVE PLOT

[~

500

250
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500 1009
HIT {_RETURN TO CONTINUE

. LINK# = 16
G-K CURVE PLOT

=1

500

250

L | B LJ LJ R LA LR

i

590 1000
HIT {_RETURN TO CONTINUE

LINKE = 16
G-K CURVE PLOT

[~}

500

250

T Yo T rTrTT™Y

560 1000
HIT 1_RETURN TO CONTINUE

¢
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5.2 2.2 TFffact of the 4delay furction

Ir examining the effect of the delay func-
tion, we choose two alternative valves for the 1lower
1imit of each delay furction. Iower sreed limits
of € %km/h and 12 km+h are chcsen fer this —purpose,
ard the 1:1Z scale model with storage capacitr 26 1is
used with exrorential mcecdificatior of the 1interarrival
functior

From the results shown ir Tatle £.2.2.2, we
car ctserve that the t-values in ‘toth mecdels are al-
moest the same until 7:2% a.m. Eowever, the former
ccrtirues to keer urder achievemert of the t-value,
while the 1latter changes 1its t-value from minus to
rlus at ¢:22. Sirce we charged the 1lower 1limit of
the delay function, the effect of this charge ap-
pears arpare~tly 1i» thke Jam time 9period.

Froer the atove two sensitivity aralyses, we
can co~clude that either storage caracity or delay
functiorn 1is very sersitive, esrecially 1in Jjam condi-
tion Therefore, care must te taken when choosing
these cemporents in a vrparticular gpart of the link of
this model. Since the caracity of the 1link {is
limited %ty the physical structure of the EXPressway.,
choceirg the delay functicrn as the ~variatle corponent

is a ‘tetter <strategy for imrrovemert of tke model.



£.2.2.2 0 - K ‘curve

As desc:ibed ir the previous chapter, this
model rrcduces the Q@ - X curve c¢f a selected 1link of

the expressway at the end of an

n

kour simulation
run. For examining the characteristics of particular
link ard verifying the traffic flow thecry, two 1links
are chesen from the inrer 1locp route 1in which a
large deviaticn of traffic volume 1is otserved. '

The 2 - K curvev of 1link ZzZz produced from the
1:12 scale model and the 1:1¢¢ scale model are shown
in Flg. 5.7.2.2. In tkis figuvre, we cén ctserve
similar ¢ - K curves, as oﬁtained from Q@ - X curve
tester  outrut, shcwn in Fig. 2.2.2  and Fig. 3.2.7.
Ir these ¢ - K curves, since 'storage capacity 42 1in
1:1¢ scale mod<cl &rd 4 1in | 1:1¢9 scale model are
us2d, tcth D-value ard K-value show slight over
achievement; howéver, the shape of the curve
rerrescrts the ¢ - K relationship well.

In TFig £.2.2.4, the Q - K curves ir link 16
are shewn. In this case Q - K curve ottaired from
the differernt scale models appears different. The
CUrve ottained from tke 1:1¢ scale model shows only
a smceth flow porticn of traffic, while the curve
ottained from 1:102 scale model shows ©bath regions.
It 1is interesting to <comrare them to another T - X
curve ir the same link wher storage cavacity and de-

lay furction ckanged. The third 0 - X curve in
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Flg.©.2 2 4 is obttained at storage caracity 2€ with a
differert tyre of delay function. The third e - K
Curve shows the jam regicn; hcwever, the very 1low
Q-valne when K is high does not appear in this
figure. This exaﬁple cshows that «care must be taker
when employirg different types of d=2lay furctions for

the irrrovement of trke model.

£.2.2 Steadiness of the model

In exarinirg the <steadiness of the model, we
run the mcdel three times using different random
numbsr sequences. For this experimert, again two dif-
ferert scale models are emrloyed and are examined
under exponential modification of 1interarrival functicn.
The reason to choose the extonential mclifircation is
that it sesrs to give more distritution to t-value
than no modification, as descrited 1in a previcus ex-

arple cf this chapter.

n
Ny
N
Ny
-t
= 3
(0]

In Tatle £.2.2.1 ard Tatle
results of atove experiments are shown From the
result cf 1:1¢2 scale model in Tatle £.2.2.1, we can
observe the sare trend of trarnsition in t-value under
differert rardom number sequences. This trend can te
seen Tore easily if we draw the transitior pattern
showr in Fig. £.2.2.1. From this figurs, we can
otserve that the distrituticn of t-value 1s decreased

as the simnlation prccseds The same trznd is also



otserved ir the 1:1¢7 scale rmodel i1 TFig.

(n
]
Ny

Z.
however the distritution c¢f t-value is still 1large.
From these rereated runs of the madel unéer
different réandrm  numter sequences, we car  conclude
that the t-value,  which 1is assumed to represent the
characteristics of the model, does rot rherge signifi-
cantly =2ver we change the randicmr rumter sejuence,
In arother worde, it i1s possitle to «ccnclude that
the mcdel 1is steady erough under differént rarnd om
numter sequences and the characteristics of the
results come from the inkerent structure of the

mcdel.
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TAFIE £.2.3.1
THE TFESULT CF PAIFPED SAMPIE T-TEST OF 1:1¢ SCALE

MCDFL UNLCER DIFFERENT PRANDCM NUMEER SFQUENCT

TIME 1ST RUN 2ND  RUN ZPD  RUN
5:0¢ -2.0¢7 -2.404 -2.7%g4
6:00 -2.513 -2 .€20 -2.324
7:0¢ -z 688 -2.506 -2.207
g:p0 -1.227 -2.3¢¢ -2.€02
c:z0 1.268 ?.214 -z.0c0
1¢:04 -1.79¢ 2.104 2.121
11:¢¢ -1.¢€2 -1.543 -¢.04p

12:2¢2 -0.2286 -2.123 ~¢ .¢eev
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TARIE £.2.2.2
TIRE PRESMIT CF PAIRED SAMPLE T-TEST OF 1:122 SCAIE

MCCFI UNCER TIFFERENT RANDCM NUMPER SEQUENCE

TIME 1ST RUN 2NT  RUN ZED ERUN
E:GQ’ -z .C08 -2.10°¢ -2.2€¢
6:¢2 ~2.794 -2.290 -2.261
7:ee -2.772 -2.£42 =2.g41
g:7¢ -2 .€41 -3.2E8 -2.2%z1
9:20 -z .961 -2.429 -2.722
1e:¢¢ =2.18€ -1.872 -2.71F
11:2¢ -1.282 -1.473 -2.€27

1z:72¢ 1.649 1.286 1.22¢
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.2 Case study

I~ this section, using ar optioneal facility
of the model, travel tirme tetween a selected entrance
and exit {is calculated for examirirg adequacy and
steadiness of speed level. As described 1irn chapter
4, thic< mccel can rroduce the steed level of all
portions of the expressway every five mirutes, howev-
er, we do nct have the actual data to Airectly com—
pare the model’s results. Therefore, we can only
determire the feasibility of the mcdel’s results.

Travel time 1is calculated &btetween =2ertrance 22,
which i1s at the end of KRCUTE 2. and exit 7% which
1s at the end of RCUTE E. The distarce betweer
the two is 2zc.72% km, which 1is one of tkhke longest
distarces in t is model. For this cese study, the
twe 1ifferent scale moaels are nsed and exarirned
urder exponential modificaticr of the interarrivel
fvncticn. The results obtained from the 1:180 scale
model &rd the 1:120 scale model are showr in Tatle
£.2.1.1 and Tatle 5.2.1.2 resrectively.

Ir examinirg the adequacy c¢f the travel time
result, the average speed at the shortest travel time
and at the 1lorgest travel tire 1ir each model is
calctrlated. The speed range calculatec from first

run of the 1:12 scale mcdel 1is:

maximum steed = £€.€12 km/h



minirum speed = 17.€23 umsh
Sirmilarly the syeed rarge of the 1:1¢2 scale model 1is:

£2.413 %xm/h

1}

maximum speed

minimum speed

Ul
(@)
.
A
(]
[\N]

Xxm/h

The storage capacity is 42 ipr the 1:10 ccala roiel
and 4 i» tre 1:1¢ scale model, and the delay funec-
tlon 1ir this case rerresents the urrer sreed limit
of €@ km/h eard a 1lower speed 1limit of © ¥m/h

From the steed rarge calculated in teth
mcdels, the results frem the 1:10 scale model shows
good crcrresycndence the ma;imum and minimum sreed,
however, the results frém the 1:120 ccale mocel
exceeds toth the upperi ard lower 1limits. The minimum
steed calculated from its seccrd rur, £,478 km/h,
while is slightly tetter than that of the first rur,
also exceeds the 1limit. From these experiments, the
adeqracy of speed level in each model is clearly
depicted. that is. the result from the 1:18 scale
mcdel shows good ccrresrondence tc the Adelay furoction

used while the result from the 1:1722 scale modei

dees npot.

For testirg the steadiness of th= travel time
prodvced from each medel. paeired sample t-test is em-
1loyed and the difference of the first rurn ard the

second run are tested.
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each

fellowing:

model

model

n =7,
however,
First,
ir 1its
ard 5:20,
time
result

model;

is located

of assignirg

entrance 22

difference in

the second

unacceptable

t-value
two

care

third

going

of 19,2282

COMmMeEs

betweer 4:00

at tne

is rather

Second,

raired

in this case is 1.809% {

tail test ), toth values

must taken in the

the 1:1¢¢ scale model pro-

run which means that

from entrance 22 to exit

while the 1:12 scale model

minutes. It 1is

from the discreteness

no trarsactior is assigned

ard £:2e, EVEN

erd of ECUTE £ and

this value &as the desti-

high. ( 16.4¢ % ;

in Taltle 5.2 1.2 at time

the travel time ‘tetweer the

run exceeds 10¢ mirutes,

fluctuvaticn. Third, the t-

values cbtaired from the raired sample t-test is
tettsr than that of the :1¢ scale model Eowever,
care must Tte teker in that the paired sample t-test
tends to rroduce a gocd t-value wher either the
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aifference tetween paired date has a pcsitive value
cr a minus value. Table £.2.1.2 is a focod examrrle
of this case. We experienced tre same situation irn
the traffic vclure paired saemple t-test; however, in
this case graphical output display preverts the wrorg
cerclusior.,

From these results, we concluie that the 1:10
scals medel produces adequate travel time, ccrrespond-
irg tc the giver delay furction, ard it also Fro-
duces steady data urder different randorm number se-
quences Cr  the octher hard, the 1:128Z =<cale mcdel
prcdéuces unrealistic travel times ard fhe Aeviation
in travel tires usirg different random  nurter SE-

querces 1is large.
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TAFIE £.3.1.1
TRAVET TIMF ( 22 - 7% ' 1:1¢ SCATF MODEI

TIMy 18T RUN 2ND RUN ZRC FUN
£:20 1¢ 222 16.220 19 222
€:2¢ 21.1€7 2E . B22 25,23
7:2¢ 4€.G22 44 .2020 27 c17
5:00 42 €17 46 .4¢c7 42 717
c:e¢ EE.¢ee EE.E17 €1.2€7
12:2¢ 11¢.7¢¢ 118.8¢¢ 11¢ .c¢e¢
11:2¢ 142 gez 172 6¢¢ 182 £¢2¢
12:22 18¢.22¢ 1€z .12¢ 128 27¢

TAPIE £.3.1.%2

TRAVFI TIME ( 22 - 78 ) 1:122 <SCAIE MODEI

TIME 1ST EUN 2MD RUN ZR™ FUN
g:2¢ 1&£.622 1¢.4¢¢ NC-TRIP
6:¢0 27 .9€6% 52 .98¢ 22 220
Q2 TE.280 £1.8282¢ 41 z22
g€:¢7 £2.1€2 ce.222 g€ ¢cead
9:2¢ 122 .717% 8¢.c83 77 . 2€E7
1¢:¢7 1f1.7223 cE4 . .FQC 1¢z.¢22
11:2¢ ?EE LCET Z92.822 €£3.150
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CHAPTTR ¢

: -~/
Aralysis< and recormendations
€.1 Feview and analysis
As far as this simulaticn mcdel 1s  concerred,
neltrer special tuning for £00d C(OITESLO""erce tn the
actuel situ tior nor medificatior of scurce data is
made Tk s model 1is creeted tesed simply on traff-
ic flcw th cry, emrloyirg the delay furctior as a
control f ctor and produces reasonatle results:.
cerrespendin tc the giver scurce data. For this

reascn, thi

tics c¢f th
analysis

charter.

€.1.1 CStati

As
ckarter th

dercy fer

scale made
terdency éf
pericad.
tefore
reascr for

the

befcre

11:72

jrterarriva

model represerts the 1inherent characteris-

algoritkm well. Iet’s ‘tegin review ard

£ the resul ts founc ir the Frevious

tic 1 cutprut analysis

Yy
(D

how in the results ir t previous

t affic volume of <e€ach model tas a ten-

achievemernt, especielly in the 1:12¢

More rrecisely, toth moiels tave the

un er achievemert 1in the early simulatiorn

g:0¢ a.m. ir the 1:12 scale madel ani

1 the 1:120 scale mndel. Tre main

t is prcblem is the wurder achievement of

furctior. In tke 1:12 scale model,
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all statistics of the wup-radial route are minus until
2:¢0 a m. ard hange to plus after 2:2¢ a.m. In
the 1:122 sca e model, there i1s a s<same iendency,
however the tur ing point 1is around G:2¢ a.m.

'Since t e up-radial route is the main source
of tramnsacticns ir this model, wurnder achievement of
this ronte has a direct effsct on the traffic
velure. Powever, 1in the 1:12 scale mcdel this ef-
fect I1s not so serious as in the 1:122 scals Todel
tecause most of the t-values are withir the critical
reglcn ard the corresponderce of the traffir  volume
to the actual data 1is good enough, as <can te ot-
served from grarhical output. Cn the other hand,
in the 1:12¢ scale model anotker protlem with the
irterarrival frection made the situation worse.
Since onre transactior represents onre hurired vehicles
in the 1:12¢ scale model, interarrival functicn in
the early tire period of the simulatior has a very
large 1irterarrival time. . Although the interarrival
functicnr ~harges every ore hour, the GPSS rrocessor
schedules the transaction wkenever the irterarrival
furcticr is called. - Consequently, when the interar;
rival function with the very large interarrival time
is ralled, the transactior 1s scheduled and rerains
in future event chair and 1t <comes out to current

event chain much later, even trough the original in-

terarrivael function has harged ir the meartime This
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fact canses over achieverert in a 1lat=sr tire period
cf the simulaticn ir the 1:18¢ scale moiel. © The
under achievement of traffie volure in the 1:12%
scale model can also te ob;erved from the € - K vcurve
and the travel time calculatior. The ©» - K curve in
link 1€ shows that the 1:1¢¢ scele model tends to
cause trafic jams mwore than the 1:1¢ scale model, us-
irg the same comtinatior of storage ani ielay func-
tions. Ir the travel time calculation, the 1:12¢
scale mwecdel preduces a very low sveed which is un-
realistic nurder the given delay furction. Foth of
the atove rrotlem are assumed to te caused vy the
discreteness of the ~control facter of the ielay func-

tion ir the 1:122 scale model.

€.1.2 Graphical output aralysis

In teth scale models, especially ir a heavy
traffic jar cordition, the corresporderce cof traffic
volure ‘between the simulation output and the actual
data is lcst, as shewn ir the first figrre of Fig.
€.1.1. This type cf figure orly appears in heavy
traffic Jjam <conditions ard never aprears in the model
ir which the { - K curve has the g1etterr es shown ir
Fig 2 2.4 in chapter 2. The second curve in Fig.
£.1.1 shows the example 1ir which the Q@ - X curve has
the ratterr similar to irn Fig. Z.2.4. otk figures

in fig. £.1.1 are ottaired using the same storage
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caracity, tut differernt delay functiors.

The reason for this tyre of phenomenon is
telieved to te caused ty the <tlockirng effect cof the
very high density 1link. Actually, the same kind of
pheromeron is otserved in the "¢ - K curve tester
under heavy traffic jar corditiors. In "0 - K curve
tester as the numter of trarsactions ertering to
the chairei storage increases, first, the ~contents of
the frovpt-end storage increases rapidly while the cor-
tents of the corsecutive 1two storages do not increase
as much. J0WEver, as the simulation froceeds, the
situeticn chenges and sometimes the midile stcrage has
the larger contents ard sometimes the rear-end storage
has the 1larger contents This rthencmenon aprears as

if traffiec Jjam moving around i~ the three cornsecutive

storages.

This tehavior 1is not completely resolved in
this rmodel. however we can pcint out several stra-
tegies to avcia this effect.. Since this phenorenon

aLTesrs only under the heavy traffic Jjar conditiorn,
we can avoid it ty choosfng an appropriate combtira-
tion of storage capacity ard delay function whiéh
does nct cause heavy traffic Jams. However we
can not choose storage caracity and dsley functiors
which are urrealistic when comrared to actual situa-
tion, corsequently we have to d=ztermire the trade-off.

From the results irn the rrevicus chapter, the ap-



propriate cemtinetior of storage capazity ard d=lay
function in the 1:12 scale model assumed thet the
storage capacity 1is 2€ to 4¢ andg lower 1limit of de-
lay funetion which kas the sigrificant effect in

causing traffic jer 1is © km/h to 12 ¥m/h.
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€.2 Recommeriaticns

The two different scale models are developed
ard examired in this Troject for firding cut the
strategies for a corplete modesl. Although the
differernce tetween the two models 1is ~rly a scaling
factcr, the results gotter from each mcdel are quite
Cifferert

Hewever, the difference is reasoratle because

it de

D

rds on the resoluticn factecr of each mcdel.

Hd

The 1:127 <scal= model produces the results which in-
vclve urder achievement <c¢f treffic veclume, or unreal-
istic value for the travel time. It ines show
steaiinzss under the different rardcm numter sequences.
These resultse trrove the <ccrrectness or the adequacy
of thse algorithm used in this model . As the
result, wher ws change the scalirg factor freom 1:1¢2
to 1:12. the model produces a fair rssult. Since
only ore rendorm genérator ;s used as the argument of
the Adestiratior function 1irn this model wher we chcose
nc nmodificatior of irterarrival hfunction, it is feirly
clear that the difference ‘tetweer the twc rmodels 1is
simrly dve tc the discreteness 1ir essigrirg the des-
tiraticn value to each transactior.

A< menticred in chagpter 1, the purcose of
this trrject is rot creatirg a compl=2t=2 modiel dut
creatirg a csutset anri examining the tasic nature of

the traffic flow mcdel ard as & ccnsequerce obttairing
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the <trategy for a corolete

ro srecial tuning 1is made

is assumed to te harmful at
there is a rroblem not
roint, swuch as trarsitior of
heavy Jam® condition, if the
plied <c¢n this model then the

6.2.1 Recommend=qd tunirgs of

1. Use a distirct storage ca
¢ Im this model several a

for  the simplicity.)

2. Frerare distinct delay fur
" Similar to atove.;

2. Frerare Crigin-Testinaticrn fu
I this model, only:
furctions are used to
€ heur sirulaticr. C
assign 1iradequate destinat
time rpericd. !

4, (Charge the trarch ratic at i
which rerresents every dif
create ar algorithm which 4
eand ther decides the trench

moasl. TFor this reason,
on this model because it
this point. Although

corpletely solved at this

traffic Jjam urder the

followirg thirgs are ap-

results 1imrrove.

pacity for cach 1link.

btreviatiors are made

cticn feor =ach 1lirk.

ncticn every 1 hcour.

twe different C -D

reyresent the ertire

onsequerntly, it might

ion durine particular

nterchange te the ratic

ferert time periond or

etects jam i~ the moidel

réetic in light cf the
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( Im thic model only one fixed ratio is wused.
It is wunrealistic for a long time simulatior

such as 24 hours. )

£.z2.2 Scale recemmerdatior

Ye recommend the 1:1¢ scale model for practi-

cal vse ‘tased on the fcllcwirg reescr:
1. Adequate resclution for gpractical use

Tr tractical uée, it is necessary to
represert rct only the ,;raffic volume c¢f the 1lirk
tut it 1s alsc necessary ;. to depict the traffic
volure of each entrapce and exit. These typical
traffic volvres 1in ertrarces or exits are in units
of ore htndred. Consequertly, tke resclution limit
of 12 vwehicles in the 1:18 scale model 1is sufficiernt

fcr this requirement.
2. Feasoratle r1un time.

The actual run time of the 1:12 scale mecdel
for a» 2 Pour simulation rum is 2% 11 mi-utes, which
is <chort erough ©both for on-line irformation service

and research purposes

2, Tata consistercy

May 17, 1¢c&4
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*hiles the 1:12¢ scele rodel tends te rrcduce
a large devietion in the Aata, the 1:17 scale rmodel

rrcdrces data which satisfies the statistical tests.

4, Steadiness

The algorithm wused in this model is qui te

steady wunder differemt random nurter sequerces.

€.2 Future enhancements

The <c¢ne protlem which was not aralyzed in
this model 1is the transition of the traffic jem. In
the steed: level disrlay of all lirks, which 1is pro-
duced every five minutes, We can sée this traffic

Jem trarsiticr as the tracsition of steed level as

shcwr ir Tig. 6 Z2.1. The traffic jam transition in
thic rmodiel tends to occur btetweer 2:0¢ ard c:27
when traffic velume 1increases raridly. The leow

sreed level, which 1is displayed yellow or red, ap-
rears frequently on the 1locr route durirg this tire
pericd

Since we do not have traffic speed level
data fer each 1link during a shert time reriod for
direct compariscn to the output of this Todal, this
prctler is 1left for the future. For solving this
prctler, it 1s assumed that the analysis must te

done wusing aect:el data ir an or-line tasis.

May 17, 1S€4
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AFPENDIX 1

TEAFFIC VCIUME IN EACE ZENTRANCE PEE HOUR

FNTRANCES
TIME CGINCN SCDMCN CSIBCH CKSMCN CXANCN
4 - Z 7€ é; 22 7 1%
& - € €4 ec 2¢ €€ 28
€ - 7 17€ €7 12¢ 147 €c
7 - = 2ee 125 17z 245 182
g -~ ¢ £ga zce 2ET 2EE 2¢¢
¢ -12 721 ez 47€ £4€ 273
12-11 £4€ 642 gec 7TE 24
11-1z F11 4CZ 22¢ (3 gce
TNTRANCES
TIME IGINCN ISIPON IIKRCN IXSMCN KITMCN
4 - & 124 2z 2z 4€ 2z
g - ¢ 14¢ S€ 17 24 29
€ - 7 12¢ ¢ 47 128 ce
7 - € 1¢c4 112 Gé 228 2z¢
g - ¢ 27€E 122 137 298 2E2
c -17 422 274 144 422 €c4
12-11 227 220 1¢7 €ce 223
11-12 274 228 18¢ 7728 4
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TRAFFIC VGCLUME IN EACE ENTRANCE PEE ECUR

ENTRANCES
TIMF TXANCN TAKEON NGINCN DRSICN USIBON
4 - ¢ €0 , 18 4 1c 43
E - € €% 2¢ = 44 28
g€ - 7 1€¢ =¢ 2€ ez 188
7 - = 38 £Q 4z 123 241
g - ¢ ace 15¢ 7 2€4 42¢
¢ -17 g4g 23€ 17¢ 51¢ 4€°=
12-11 18 282 292 449 £@2
11-12 s2¢ zez 28R 318 ze
ENTRANCES -
TIVME FEIWAR TENGON SIROGE TAKGON SEYAON
4 - ¢ EcE 2€ iéz 27 21
5 - € 1162 47 4¢s z¢ 54
g€ - 7 225¢ 12€ 7cE €5 11¢
7 - € 2232¢ 224 ks 186 z41
8 - ¢ 2z12 226 2Q3c 274 473
e -12 22c4 zee 25¢¢€ 143 453
17-11 zg1z 22 29 1¢ 27¢ 218
11-12 2EEE 282 1652 224 170

May 17, 1ce4



_74_

TRAFFIC VCLUME IN EACH FNTRANCE TER HOUR

ENTRANCES
TIME SNCHCN YOUGAR UGENCN SINJON EATGCN
4 - ¢ c4 cEC 24 €2 27
5 - € 4 12¢S 4¢ 118 62
€ - 7 174 22¢4 CE 204 1€8
7 - = e 221% 9s 542 211
£ - ¢ 1714 2123 7z €1€ 122
€ -1¢ cZa 22€4 111 6zt 17€
12-11 27z 2187 74 4324 118
11-1z 2€¢ 2128 €1 2re 73

ENTRANCES
TIME FIFUKR NKANON GOKKCN IXEBCN SIMRAR
4 - = 228 22 &t 73 €@2
c - € acE 4cZ 15¢ 14F 1212
€ - 7 1¢z7 €4 z21¢ 4% 24C€
7 - E 2EEZ 121 4€4 7E7? 2Z4F€
g - ¢ 24c¢ 128 212 €21 2185
e -1¢ 22E7 223 ¥4 222 1£€8
1¢-11 18¢c¢ zzl 74¢ 7 1ecc

11-1¢ 188z 9 68¢E 271 12¢=Z
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AFFENDIX Z

TEAFFIC VCIUME IN EACH EXIT PER ECUR

XIT
TIME TAKRCF CGINOF HGINCF SMESCE OSIECF
4 - = 1€ 294 € 12 7
& - € =7 Z€a s <8 11
5 -7 1z¢ 2Z8 rald 141 1¢2
7 - £ 2cec 2¢? e ce7 1¢¢
g - ¢ TET 2c4 124 121 24¢
¢ -1¢ 21¢ 247 12z 2¢1 130
12-11 zel <11 43 1c2 117
11-1% g4 221 €7 123 141
EXIT
TIVE TTXRCE OKSMCE CIENCE OFANOF SCCMOF
4 - ¢ ¢ 2 12 2e c1¢
5 - € 4z c7 5 126 284
€ - 7 1= 21 cE 21¢% <€
7 - E 1C€ 744 237 1242 zes
£ - ¢ 24°% 1261 28€ 1264 72
¢ -1¢ 217 CEE 1c2 724 3c7
12-11 lec cC€E 117 4c1 <2¢
11-12 1zz 217 ¢l 421 266S

May 17, 1cg4
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APPENTIX 2

TEAFFIC VCIUME IN FACH INTERVAL CF EXPRYSSWAY PER EHCUEP

LINK
TIME 4 1 # 2 5 2 4 4 4 5
4 - ¢ c21 71€ 22g 450 474
s - € 1e1s 1588 1eg¢ cac c37
6 - 7 2g2z 2074 2263 2219 zgz2
7 - ¢ 2721 2748 4402 2p6e zg42
8 - ¢ z7ce Jl3 avcs z7zz 2780
s -1¢ 4447 4521 5203 4g7¢ 4423
12-11 agac 420€ EET4 214¢ 4€21
11-1° 2241 ZE17 4€4¢ 2227 2342

LINK
TIME # € # 7 g < g oc 5 12
4 - - 271 78g 83% 126¢ 125¢
5 - € 743 1212 1222 Rlals 1546
€ - 7 1£7¢ 2201 zza% i zgee
7 - € 291 4103 Z€QE 4=zs azce
s - ¢ 4246 s1eg 428 4422 4125
o -1¢ 4s4¢ 4647 4z2¢ 4107 Zces
10-11 4c5Z€ 4050 4ZEC zeR€ Z4€¢
11-12 7102 2051 za82 2g7e 2585

May 17, 1c€4
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TEATFIC VCIUMTI IN ®ACH INTYRVAI CF FXFPTSS¥AY PIR HCUR

LINK
TIME # 11 # 17 # 12 # 14 F 12
4 - F 17¢1 127¢ CEZ 1717 1€
S - £ 217¢ 104¢ 167 174= 17¢7
€ - 7 2ezr Z2EE 2111 ccr4a Z12€
7 - £ =gce £CZ€ 2e7e TeZs Ic4c¢
g - 2 4FE= Zeeek 28z 441¢ 2962
& -1¢ A14% 2EQE 444¢ 4c€¢€ 2z2ce
172-11 I€E” 2442 ZETZ 41€7 Z7EC
11-1¢ 2e2¢< 2945 222C 2ZEE 27215
TINK
TIvME A | # 17 # 1€ # 1€ # 22
4 o l1e2z £21 €64 742 721
S - € 1¢02 1€52 1€€°C 1427 12RE
€ - 7 2TRE ZEC4 2Ecz Zz4” Z188
7 - £ 42/ °C 4278 44c€ 42872 2874
£ - ¢ 4F4F 2oza 4247 3c4e 2217
¢ -1z 4€°E 2cez 45324 321¢ 2a7e
1e-11 7282 2452 2683 2212 2878
11-1% 274z £1E¢ <1E€ 1¢7¢ 24¢cE

Mav 17. 1Qc2
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TEAFFIC VCIUME IN EACH INTERVAI CF EXPRESSYAY PER FOUR

IINK
TIME # 21 4 22 ¥ 22 4 z4 s 28
4 - ¢ 7E3 2432 265 1227 c61
B - € 128¢ 1522 12327 21¢1 16c2
€ - 7 czo¢ cEC1 zEZ7 zecz 2ez8
7 - < 4 4276 J. 5214 zo1¢
g - ¢ 3 agag 47€0 22es 431%
¢ -17 27 1€ 4120 zc27 £7e3 zczz
12-11 278E 345C z821 4501 23321
11-12 25£7 z2ce zze7 4227 2g42
LINK
TIME # 26 4 27 4 28 4 20 # 20
4 - ¢ 1027 1¢ €e =4 1
5 - € 1771 14 210 1¢5 26
6 - 7 pa7E €6 g2 419 115
mo_ g 1cze 141 79¢ erz 472
£ - ¢ 447 122 714 =71 =EC
¢ -1¢ 4153 147 671 407 521
12-11 J347 22€ 171¢ % €77
11-17 2174 13¢ Y z¢n €ze



- 21

TFAFFIC VCTUME IN EACH INTERVAIL CF EXPFESSWAY PEF HOUR

TIME

4 -
= - €
6 - 7
7 - ¢
£ - ¢
9 -12
1e-11
11-12
mIME

4 - ¢
5 - g
£ -7
-
g - ¢
¢ -1¢
10-11

11-1z

LINK
# 21 # 22 # 2C # 24 # 382
€€ e £SE are 1€¢
1£¢ 121 11€2 124z 4¢8
cra 44°¢2 <2ZZ 22E°¢ 7GE
1c44 €4 222¢ 2427 2eTe
1214 g2z 2212 220¢ 273¢
1542 714 2z54 256¢ 2568
12€¢ E€€ ££12 31€2 221°%
CEa 21 agala £41¢ 122
LINX
# 7f # 27 # 2E # ZC 4 4¢
1g¢ CEC 1212 1244 1221
4==Z 1226 1Z€¢ 1542 15¢c4
€z1 2204 <44 2827 24c7
72M7 212 ZEEZ xcee 2€4¢
7271 2122 2940 4412 42c4
£cec ccE4 ZEEC 21172 28472
2277 2187 £424 rdSas c4z8
162 2125 z18¢ 2282 2145
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TEAFFIC VCIUMTY IN EACH INTERVAL CF EXPRESSWAY PP HCUR

IINK
TIME # 41 # 4z # 42 # 44 # 42
4 - = leze 22E 242 4g7z 44¢
c - € 1€22 69¢€ 742 €63 gee
€ - 7 252z 1¢2¢ 1¢C€ 21¢? 2220
7 - & TRZE SEEZ ZEEC 412¢ 2E12
g - ¢ 43E= 24E5¢ 2291 2¢07 2422
€ -1¢ 2ccE 2287 22¢1 271€ 2Z€C
10-11 Z€E7 18¢0 1Z€¢ 2203 1€€L
11-1z 234¢ 152z 11€¢€ " 1267 137<
LINK
TIME # 4€ # 47 # 48 # 4C # 22
4 - C 60z g7e 72E 712 742
S - € 121z 1457 1€2%2 1€14 1€E¢
€ - 7 “4ceE 2CCE 2287 222¢ 22¢c4
7 - £ 2%4¢ 33¢2 247 2229 2720
£ - ¢ c1Ec 272€ ZEEZ 2274 2422
€ -1¢ 1€€E€ 2220 211¢ 2¢37 317¢
1e-11 168¢ 177€ 222¢ 2222 2ZE7
11-1z 122°¢ 147F 224F€ 2147 21E€

o]

£4

B - Mav 17. 1Csg4
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TEAFFIC VCTUMF IN EACH INTERVAL CF EXPRESSvWAY PFR

TINK
TIME # £1 # ez £z 4 c4
4 - ¢ 222 258 1172 coe
£ - € a%s 517 zzez 1462
€ -7 c1e 1011 4220 2€22
7 - 2 e7e 1247 2285 2ez4
g - < ez 14€2 a7e2 2g€r
¢ -12  1ez1 15z€ apce 2487
12-11 cee 1252 2221 372
11-12 3 cee zeez 211z

LINE
TIME # £ # <7 # 5 # 83
¢ - ¢ 1€¢ €71 €71 z2e
£ - € 4z 137 1z€€ £z2
6 - 7 £z2 2616 zoz2 1827
7 - £ 1827 ze1s Z€7¢ 2cez
g - ¢ 1421 2141 zcez ze1¢
¢ -1¢ 1541 2457 2232 2206
12-11  1€¢¢ 2221 2214 27z
11-1z  12€7 e8¢ 2543 1c€°¢

n

[\N]

©

[N}
(&)}
Ny

—

(W)
ny
>

Ny



TEAFFIC VCIUME IN FACH INTERVAL CF EXPEESSWAY PFP HOUR

LINK
TIME # 61 # 62 # 63 # 54
4 - £ c2z cen 22Z 12E¢
E - € 128¢ 12€7 272 224¢
6 -7 €22 24£E 7E7 4452
7 - £ 2Z€Z cc4c 12¢F 4€272
g - ¢ rE12 3247 1422 4424
S -1¢ 2rge 2EE6 16€S 422°%
12-11 227¢ ZZEE 132¢ 4287
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APPENTCIX 4

EFIATICN OF CRIGIN ANT TESTINATICN OF TPAFFIC

( 7:6¢ am - g€:07 am. )

FPCM ECUTF 1 _ScUTHE

™ : TRAFFIC VCIUME 7
roUTE 2 &7 1.ce
ROUTF 2 121 2.9¢
FCUTE 4 27e 11.¢7
FCUTE € €24 18.52
ROUTE £.7,9 egg 25.97
FCUTE 1_NORTS E1€ 15.13
ICCT PCUTE ki 4.20
TAm T 2423 109 .¢¢
FECV ECUTF 2

1C . TRAFFIC VCIUMT %
ROUTF 1 scuTs * z.5€
ECUTE = 1¢¢€ 4.6¢
POLTE 4 161 £.99
FCUTF € 41€ 1£.1¢
RCUTE €.7,8 sz 22.7€
FCUTF 1 NCRTH 2¢4 12.77
I0CP PCUTE 71€ 21.0¢

TCTAL 2323 122 .09
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SFIATION OFY ORIGIN ANT TLFESTINATICN 0OF TRAFFIC

\ 7:2¢ a.m. - £:0¢ a.m. )

FRCM RCUTE 2
T2 TRAFFIC VOLUME %
;6ETF 1 scuts égé*_>_ é,sz
FCLTF 2 7E 1.C€
ECUTI® 4 €4 1.€7
ETUTF £ €22 1€.4¢
ECUTF £.7,¢ cre 28.2¢
rCZT® 1 MCRTEH 22¢ g.73
ICF RCUTE 1228 2GS CE€
TNTAT Ze28 12¢ .22

FRCM RCTTF 4
T0 TRAFFIC VOLUME i
ggutE 1_scuTH _*_—-__—gg;——_' 1%.24
EOCUTE 2 11¢ 2.04
ECUTF 2 Ec 1.¢2
EQUTE & 219 £.8z
F0UTT £,7,9 1¢€7 25 .82
EQOUT® 1_NCRTH ¢ 2.22
ICCF RCUTE 14¢1 41.27

TCTAT 3€12 172.¢2



- E£7 -

RPLATICN OF CRIGIN AND TESTINATICN OF TRAFFIC

( 7:20 a.m - £:0¢ a.m. )
FRCY RCUTF ¢

70 TRAFFIC VCIUME ¥

ROUTF 1 scurs gec 2z .30
ROUTE 2 241 c 14
FOLTT 2 EEQ 15.¢1
RCUTT 4 10 4.83
EOUTF 6.7,9 c12 24.45
FOUTF 1_NCRTH 1€ ¢.43
ICCF RCUTE g5z 22.64
TOTAT 2730 10¢.0¢

FECY RCUTF €.7,¢

10 TRAFFIC VCLUME %

sorre 1 scute £14 15,40
ECUTE 2 482 c.12
EOUTT 2 1114 21.0¢
FCUTF 4 1264 20.12
FCUTT € cea 1€.€2
FOUTF 1 NCRT: 3 ¢.28
ICCT FOUTE ez4 15.5¢
TATAT szeE 127 .20



- £8 -

FFTATTON OF OFIGIN AND TFSTINATICN OF TRAFFIC
7:0¢ a.m. - £:9¢ a.m. )
FROM RHCUTF 1 NCRTF

IC TRAFFIC VOLUMF %

iEETE 1_SCUTH ————————;;;~~—— 4%.94
RCUTE 2 ezl 1£.11
EOUTE 2 276 22.71
EOLTY 4 112 7.€€
ECUT® = ¢ 2.00
FOUTF 6,7.9 13 2 .58
IfCP POUTE 142 c.7¢

TCTAL 14€3 122 .¢9
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E¥TATTCN CF CRIGIN ANT TESTINATICN CF TRATFIC
' 7:22 a.v. - g€:2¢ a.m. )
FRCV 1IZ0P RCUTTF ( OGINON )

TC TRAFFIC VOIUME p

;EETF t scute ce 28 .23
RCUTT 2 71 22 .87
EOUTE Z co 22 .00
FOUTF 4 ac 1€.23
RCUTF & S 1.€7
ROUTF €.7,9 0 ¢.00
TOUTT 1_NCKTE 2 0.2¢
TOTAI - 220 100 .00

FRCM ICOP RCUTE / SODMON )

10 TRAFFIC VOIUME %

éécrv ¢ scyte ;;”__— 2;.84
FOUTT 2 25 1€.23
RCUTF = 27 17.21
FCUTR 4 46 2¢.4¢
FOLTT & 17 £.22
RCUTF F,7.¢€ ¢ 2.0¢
EOUTF 1 NCRTP ¢ 2.02

TOTAT 12€ 122 .¢¢



- Cg -

FETATTON OF ORIGIN AND TESTINATICN OF TRAFFIC
( 7:20 a.r. - 2:02 a.r. )
FRCM ICCP RCUTE ( NGINCN )

0 TRAFFIC VOLUM 2
RCUTE 1 SCUTR Tt 40.48
FOUTF 2 4 c.52
RCUTF 3 4 c.5z
ECUTT 4 e 16.05
FOLT® & 4 .52
RCUTF €.7.¢ = 11.€1
FCUTF 1 NCRTH 2 ¢.0e
TOTAT 42 1¢¢.0¢

FPCM ICCP PCUTE ( CSIECN )

e TRAFFIC VOIUME %

RCUTE 1_SCUTH T e 2.0¢
FOLTE 2 11 6.40
FOUTF 2 ¢ 4¢.12
RCUTF 4 cg 22.72
FOUT® ¢ of 17 .44
FOLTE £.7,€ 4 2.22
RCUTT 1 NCRTH ¢ ¢.00

TCTAL 172 122.22
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EFTIATICN CF CRIGIN AND TDESTINATICN CF TRAFFIC
' 7:2€ a.r. - 8:62 a.m.
FECM TQOOP RCUTE ! CXSMCN )

10 TRAFFIC VOLIME %

ROUTE 1 seyrs z 7 .20
ROUTE 2 ¢ 7.0
ECUT? = € Z.4€
RCUIT 4 128 £e .86
FOUTE & 67 27 .46
FCUTF €.7.¢ ok 12,82
FCTUTYT 1 ACRTE 2 7.00
TATAT z44 12¢.2¢

FRO¥ TCOP RCUTE { OKANCN )

10 TRAFFIC VCOLUME 2

so1 7T 1 scuts ez za.11
RCTUTE 2 1¢ 12.42
ROLTT X 14 S.15
FOUTE 4 ¢ ¢.2¢
RAUTR & 12 7.84
ROUTT £,7,9 55 42 .48
FECUTF 1_MNCRT® ¢ 2.0

TCTAL 123 1¢ee .¢¢



- G2 -

FEIATICN OF ORIGIN AND TFESTIMATICN OF TEAFFIC
7:¢¢ a.m. - E:28¢ a.m.
FRCM ICCP RCUTFE ( LFSICN )

TC TRAFFIC VOLUME

14

D

—

-3

=3

—
av

SCuTE 2 7.0¢

o
D
(@}
3
=3
A)]
<
[\
[\N]
[\N]

FCUTE 2 g €.5€
EOTT" 4 g €.20
RCUT® £ 45 3€ .€72
ECUTY £,7.C 282 22.76
ECUT¥ 1_NCRTT 24 27.€4
TCTAL 1z2 10¢ .2¢

FECM TICO®P RCUTE ' IGINCN )

" TRAFFIC VOLUMF 4

%EUTE 1 _SCUTE "“_"""'IE ----- ;.ss
FCUTF 2 ¢ g.e2
RECUIF 2 2 0.2¢
FOUTF 4 22 12.17
FOUTF & eg 42 .32
RCUTE €,7,€ £z z8.04
ROUTE 1 NCRTIE 16 £.47

TOTAT 1e¢ 17¢.¢¢



_QS_

PEIATICN CF ORIGIN AND TESTINATION OF TRAFFIC
( 7:¢2 a.m. - €:¢¢ a.m.
FECM ICCP RCUTE ( TAKRCN )

0 TRAFFIC VOIUME 3
POCTE 1 SovT® s 4.4c
EAUTE 2 e ?.2¢
RCUTR 2 ¢ 1¢.11
FOUTF 4 s 42.7¢
TOUTF & = 5, €2
RCUTE €.7.¢ 23 27 .08
FOUTF 1 NCRTH ) z2.¢0
TOTAT ec 17¢.¢0

FECM TCOP RCUTE / IKANCN )

10 TRAFFIC VOIUME %

RO TR 1_SCUTH e .00
BOLTE 2 21 =.87
EOLTE 3 ce 27 €8
FOUTR 4 1€0 a4 €€
ROUTE € g 1€.48
FOLTE F,7,¢C ¢ .51
ECUTE 1 NCRTH ) ¢.2e
T0TAT 25¢ 120 .22
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GFIATION CF ORIGIN AND DESTINATICN OF TRAFFIC
{ 7:20 a.m. - £:2¢2 a m. )
FFCVM ICOP ®RCUTE ¢ KITMCN )

1C TRAFFIC VOLUME %

gEUTV 1_SCUTH ---~~----1;‘-‘- ;.11
ECUTT 2 42 12.34
FAUTF 2 128 47.1€
RCUTIW 4 €S 2€.3¢
EOU"F £ g 2.00
FCUTYF €.7,€C ¢ Q.22
RCTUTI® 1 MNCRTH 0 2.20
TOTAT 229 1¢2.0¢@

FECM TIQCP RCUTE { I¥SMON )

10 TRAFFIC VOLUME %

FOUTT y scutk 22 1g.58
ECUTF 2 25 12.22
ROUTE 2 156 7E . 00
FOUTE 4 E .40
ROUTF & ) 2 .00
FOUTE 6.7,9 g ¢.eo
ECUTF 1 NCRTE ¢ 0.z

TOTAL A4S 120 .09



n

CESTTINATICA

E:2¢ a.m.

€8

VCLUME

ETTATTCN CF ORIGINM ANT

' 7:27 a.r. -
FECM ICCP RCUTE ( IIERCN )

TC TRAFTIC

RCTTE 1 _scuTn

RCOT® 2

EQ2CTY 2

ECUTF 4

RCUTIY ¢

ECUTE 6.7.S

FCUTF 1_MNCRTF

TCTAI

FRCV I00T FCUTE “ ISIPCN )

0 TRAFFIC

30T TE 1_SCUTH

ECUTE 2

RCUTF 2

ROUTE 4

FOUTF =

ECUT® €.7.€

POUTE 1 NCRTH

TATAT

\
1
i

CF

TRAFFIC

122 .0¢
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APPENTIX £

SEANCY RATIO AT INTFRCEANGE TC 1IQOP RCUTE

(% )
DESTINATION
INTEFCEANTE RT1 ET2 RTZ kT4 RTZ kKTE,7,C

gMIC - €7.€ cr.7 CE€.% 8z.c5% £7.8
IBIC cE .7 - 4.3 CE.1 gz.6 g4 .3
TNIC €7.2 £c.1 - c€7.7 c?.7 E7.6%
MYIC S7.4 CE.€ €z.t - er.2 CE.C
TTIC 8¢ 4% gc.z2 24.7 g2 .2 ce.4
ETIC €7.4 4.1 ge,7* CE.Z ce.4 -

Note: *» Thece deteur ratio are considered in GEFSS medel.
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INTERCHANG®
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Cx

=
1
[pe]
—

C
I

wn

I

3]

IC

ISEFIC

Nete:

AFPINDIX €
RATIC AT IMTTRCHAMNGT
(%
TESTINATION
ICCF_RCUTE

26 .¢

CE L€

g7 .4

5g .2

IN

ICCP

2.0

These ratios are used ir GPSS model.

RCUTE
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J.D FCIEY, 4.VAN DAV
FUNTAMEMTALS CY INTFEACTIVF CCMPUTEF GEAPEICS
ATTISCN WEsLwY. 1¢€e&2
f1¢" VMITPCPCIITAN EXPRESSWAY PUPFIIC CCRP.
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d
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" WPSTFEN TCKYC TEAFFIC CCATPOL SYSTEM SPECIFICA-
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METROPCIITAN FXPRESSWAY PUFIIC CORP.. 1G22
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