

















A MODEL OF PARKING VEHICLE HOVEMENTS

A more dynamic process that constraints the parking of
people relates to the stock of available places. When a vehicle
parks, & parking space becomes unavailable to ancther vehicles
searching for a parking place. The drivers reaction +to this
dynamic process is the central part of the search process

Attribute set generation. The set of attributes that
jnfluence the decision to travel to and choose a particular
parking place are considerable. They could inelude:

Travel time %o the parking place

Walk time from paviing place to desired destination
Fase of parking

Fase of exit from parking facility

Fase of exit from vehicle

Availability of shade, etc

The inclusion of any these attributes camnot, as yet, be
supported by empirical evidence since their is none. The program,
Herefore, only considers travel time t0 parking place and walk
time to the desired location as attributes in the choice.

Importance rating. The importance people associate with
‘particular attributes has been assumed to equal 1 for the travel
ime variables and ¢ for all other variables.

X Cheolice set generation. The set of alternatives cpen to =a
arker 1s continually changing. Similarly, his perception of the
ailable spaces is also changing. Information about the status
f: the parking facility is provided throughout the driver's trip
d" may even be influenced by information gained on previous
rips to the facility. To simulate this change in knowledge, in
‘the model, each driver is provided with a matrix of knowledge.
‘Yhis matriz includes the perceived availability of a parking
lzce, the minimum travel time to each available parking place
nd the perceived number of vehicles between the driver's present
sition and the parking place. This matrix can be created prior
> the vehicles entry inte the system and updated as the vehicle
Oves through the parking facility.

The updating process occcurs throughout the drivers trip
ithin  the perking facility. The program however limits the
Pdating procedure to the times the vehicle reaches an

tersection point. The updating procedure consists of the driver
Scanning the parking lot, one parking place at = time, and noting
the availability of spaces and the position of vehicles the
“p?ver can see. This is carried ocut by drawing a line between the
drivers eye and each parking place and investigating the parking
‘Places that fall along this line to see if they are empty or not.

This information, on the availability of patking places,
S-used to update the knowledge matrix. Obviously, parking rlaces
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and vehicles that cannot be seen cannot be updated. If the driver
is aware of the existence of these parking places from a previogug
scan of the parking facility they can be assumed to e in theiy
previous state of being or to not exist at all. Percelved trave]
times and perceived number of parking vehicles can alsc 1he
revised from this visual view and previous information.

Attribute perception. The perception of attribuites ig
influenced by the persons knowledge of the system and his
accuracy in measuring the attribute. Errors in the measurement of
attributes are often assumed 40 be normally distributed about the
minimum travel time (Taylor 1977). Drivers perceived attributes
can be randomly transformed into a perceived value using the
normal distribution. This study assumed that the driver is able
to determine the exact travel time and the effect of parking and
unparking vehicles on the travel time. This was justified by the
relatively small parking lots analysed in this paper. The effect
of introducing drivers perception into the model will be
investigated at a later date.

Attribute evaluation. The attribute evaluation can bhe
filtered through an individuels value structure (Young 1685). The
presence of threshclds of acceptance may influence individuals
evaluation of attributes. This study assumes that peoplie rank the
parking places they can see in order of their closeness to their
final destination.

Composite evaluation. The composite evaluation of the
choice process 1is simplified since it is only necessary to
consider the travel time to each parking place or the exit. The
parking space perceived as best is determined by considering the
best parking place that will not be taken by a vehicle in dfront
of the searching vehicle., This is calculated by considering each
available parking space that can be seen in worder. The best
parking place first. Vehicles between the parking place and the
searching vehicle are allocated to the spaces. Once there are no
more vehicles to be allocated the next parking spot is considered
the best available.

Behavioural intention. The choice of the appropriate route
at each intersection is determined by the driver choosing the
minimun travel time route to the parking place perceived as best.
The link that enables the driver fto follow this route is the link
the driver will take out of the intersection.

Choice dinertia. The choice inextia process nay represent
the drivers preconceived ideas of what parking places ave
available in the facility. The applications of the model outlined
in this paper assumed that the drivers had no¢ preconceived ideas
about the availability of parking places.
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N Reverse process. The reverse linkages are representative
of the choice to park or not %o park and the influence these have
'gﬁ other vehicles decisions.

Movement onto the selected link

The previous section has described the process involved in
hoosing the link out of the intersection. The modelling of the
movement of vehicles onto the selected link consists of two
parts: the gueueing model and a £3p &acceptance model. The
‘discussion of movement onto the selected link will consider the
rdering and priority of links in the system, the gap acceptance
‘and the presence of vehicles on the exiting link.

: Link  ordering. The  basic philosophy  behind the
consideration of each vehicle in the network is related to  the

ehicles position on a link, the link type and the position of

he link in the network. First, all the major links are
gonsidered in order. The lirk closest to the exit with the
highest priority is considered first. The order in which the
-exits are considered is chosen by the user and is related to
their importance in the parking system. Once all the major links
associated with the first exit are updated, the next exit is
considered. Once all the major links and the exits have been
ubdated, the miner links are considered.

Vehicles on exit link. One situation thet may result in

occurs when a vehicle tries to move from a one link to

~apother link in search of s parking place. If there iz a vehicle

‘queued, too close to the intersectiocn, on the exit 1link the

'éarching vehicle cannot enter the 1ink. The searcking vehicle

‘Must gueue, on the entry link, until the blockage clears.
Vehicles following the blocked vehicle must also queue.

- Gap acceptance. Queueing can alsc take place when g
ehicle attempts to exit from a minor link. This can occur as 1
~result of the existing vehicle looking for g g4 in the nmajor
Jow of vehicles. Major road vehieles are given priority in +this
81l If a2 appropriate £4F 1s not present the vehicle
the minor road must queue until there is an appropriate

Exiting from the facility

“ The route taken, by a vehicle, to the desired exit is
assumsd 1o be the quickest available. The route is updated when
the vehicle reaches each intersection. The calculation of the
Quickest +time takes into account the existence of parking and
;Vnpazking vehicles and the effect these will have on travel to
‘the exit.
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This section describes briefly the operation of the Lode]
as seen by the user. The section covers the inputs regquired by

the model and the outputs produced by the model.

Inputs into the model

Input into the model can be either by interactive mode or
through a disk file. Tn the interactive mode, the simulation
model asks particular questions and the user provides the
4nswers. The dinput can be divided into four groups: the
description of the system, +the traffic conditions, simulagicn
options and the output options. The descripiion of parking systen
involves the creation and numbering of the primary network. The
links are numbered in increasing order from the exit points 1o
the first change ir direction of a link. The exit points are
considered in order of priority. The secondary network is  alse
numbered from the exit point. The position of parking spaces igs
denoted by the position of the centre of the parking space on the
link. Numbering of nodes enables the connectivity of the parking
system to Dbe determined but does not have to occur in any
particular order. For convenience, it is advisable to number the
nodes in a manner consistent with the link numbering system. The
traffic conditions requited ave the average traffic flow, vehicle
spacing, acceptable gap, parking time, unparking time and parking
duration. The simnlation information required is the random
mumber seed to start the simulation, the type of update procedure
to be wused and the times the simulation is to rscord vehicle

information. The program output opiions relate to the type of
output and the simulation times where information is to be output
by the program.

Measures of performance

To determine the performance of a system a simulation
model can be run in twe different modes. These have heen termed
the "terminating” simulation znd the "steady state” sipulation.
The “terminating”  simnlation determines the measures  of
performance after a specific event cccurs. In the simulation of
parking lot at a shopping centre the terminating event may be the
closing of the shops at the end of trading. The "steady state"
simulation prescribes particular steady state conditions and runs
the model until an estimate of the overall performance of the
syster can be determined. Both approaches have their application
The "steady state" situation can be used %o estimate what is
likely to occur in peak load conditions. The results of "steady
state” simulation medels ave zlso the only method of comparvison
of the model cutput with the results of numerical models. The
"terminating” situation may be used to investigate normal flow
conditions. The model developed here can be run in both modes.
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Specific  measures of the performance for a parking
facility can take several forms. Some suggested measures include:

Travel time through the system (not including parking time)
Travel time through the system {including parking time}
Delay in the system

Time to find parking place

Time to exit parking facility

Average number of parking places

Maximum number of parking places

Hinimum number of parking places

Average queue length at exits

Haximum queune length at exits

Humber of steps while in parking lot

Utilisation of the rarking facility

Occupancy of parking facility

Proportion of people not able to find a parking place
etc.

Obviously, the incorporation of all these measures into
‘the model could result in a considerable increase in rtun time
s without necessarily increasing the understanding provided. The
program therefore does not attempt this task. It rather outputs
‘only a few measures of performance but alse allows the
information concerning each vehicles movements to be output to a
computer file at each update point. The individual vehicle
Anformaticen can be accessed by an analysis pregram  and  the
required performance measures calculated.

The performance measures output by the program are:
The average vehicle travel time for all vehicles exiting the

System. This measure provides an estimate of the efficiency
of the system in terms of vehicle travel time ang delay.

The average travel time for vehicles that have parked and
have exited the system. This measure enables +he vehicle
leet 1o be broken down into vehicles that have rarked and
these that have not. The relative break up of the delays
between thess vehicle types can be calculated.

The proportion of vehicles leaving the parking lot that had
found a parking place. This feasure provides an indication of
the provability of a persom finding a parking place.

The proportion of time that vehicles are parked in the
Parking space. This measure is referred to as the utilisation
of the facility and provides an indication of the efficiency
of the parking facility.
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YERIFICATION OF THE MODEL

The previous section introduced the nodel components

and
their combination into a computer program. This section considers

the verification of the model,

Verification of the simulation model can oceur in many
ways (Young 1984). Tor the purposes of this study,” verification
was  limited to the comsideration of <the model's
observation of the movement of vehicles through the parking lot,
comparison of the results obtained when using different program
update options, using interpreted and cotipiled coriputer
languages, comparison of the model rtesults with existing

analytical models and observation of overall measures of the
systems performance.

COmponents ,

Many of these verification procedures cannot be
in this report. The results presented in this section
providing the reader with an indication of the accuracy cof the
model. The model was run in a "steady state” mode since it was
possible to compare the results with the numerical models.

presented
aim  af

To study the performance of this model a small parkihg
Probiem will be considered. This application will be the study of
short term parking. Short term parking may be required at ap
airpors, shopping centre or business Premises. The parking bays
are 6 meters in length. Parking times for this situation vary
arcund a mean of 10 seconds while unparking times have a mean of
5 seconds. The average parking duration used was 15 minutes. The
provision of 10, 20 and 3¢ parking places was considered. The
traific flows used were 30, 60, 90 and 120 vph.

The following sections will compare several performance

measures with some similar measures obtained from analytical
nodels .

In the determination of the measures of performance
discussed in the following sections a warm-up-period of 20,000
seconds was used. The sampling of values was taken over 5,000

second intervais with 500 second 8aps in between each interval.

Utiligation of parking places

The first aspect of the simulation model to be discussed is the

utilisation of the parking spaces. Table i Presents the results
from the simulation model. It can be seen that the utilisation
increases with incressed traffic flow. The utilisation factors

vary from a low of 0.26 for 3C parking places and 30 vehicles per
hour to & high of 0.95 for 10 PaTking places and a flow of 120
vehicles per hour, Interestingly, the utilisation factor does not
reach 100% even though, as will be seen in the n

ext section, many
vehicles are not able to find a parking places.
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TABLE 1 UTILISATION OF DARKTNG PLACES

TRAFFIC FLOW (vph)
30 60 50

.65 o0.87 0.92
{0.07) {0.04) (0.02)

C.39 0.7 Q.87
{0.09) {0.09) (0.03)

0.26 0.53 0.74
{0.06) {0.07) (0.07)

( ) standard deviation of sample means

utilisation factor determined in +the simulation model

an be compared to the utilisation factor determined in queueing
sdels (eqn 3). Table 2 shows the results of this caleulation for
¢ 'situation studied in this section. Comparison of +the
¢ values in Table 2 and the simulation values in Table
shows a close correspondence for utilisation factors less <than
'équal to 0.75. However, for utilisation factors greater than

5 there is 1little or no correspondence. This lack of

respondence for high utilisation factors ig to be expected

e. the analocgy between the Parking and queueing theory

breaks down for these conditions. The correspendence

the lower utilisation factors indicates that the simulation
odels components are groured together in the correet fashion.

: second measure of performance to be discussed is the

porticn of drivers finding a parking place. Table 3 presents

results. Tt can be seen that the number of drivers who can

a parking place decreases with increasing traffic flow ang

availability of parking places. This is as would be

] A1l vehicles were able to find 4 parking place for the

mbinations 30 park places and flow zates of 30 and 60 vehicles

rohour, and 20 park places and 30 vehicles per hour. The worst

ndition was the 10 park places and a flow rate of 120 vehicles
Per hour where only 31% of the vehicles found a patking place.




TABLE 2 THEORETTICAL UTILISATION AND SUPPLY/DEMAKD MEABSURES

NO. OF PARKING
PLACES

30

TRAFFIC FLOW (vph)

60

90

10

20

30

0.75
*

0.38
ns

0.25
ns

150

0.75

ns

C.50
ns

2.28

1.13

.75
ns

ns - no significant difference at 5% level between utilisaticns
given by the simulation model and the queueing model
¥ . gignificant difference at the 5% level

TABLE 3 PROPORTION OF PARKERS FINDING A PARKING PLACE

NC. OF PARKING TRAFFIC TLOW {vph)
PLACES : 30 60 90

10 0.94 0.60 0.45
(0.05) (0.09) (0.05)

20 1.00 Q.92 G.80 60

{0.00) (0.06) - (0.08) 07)

1.00 1.00 £.98 .84
{0.00) (0.00} (0.02) L07)

( ) standard deviation of sample means

Another approach to calculating the proportion of drivers
not able +to find a parking place is to use a simple gqueuneing
model™ that assumes random arrival and service rates (eqn 5.
Table 4 shows the results of the above calculation for each of
the parking conditions considered. It can be seen, that there is
2 considerable degree of correspondence between the analytical
results (Table 4) and the simulation modes results (Table 3) for
utilisation factors less than 0.75. The analogy between the
queueing model and the parking situation breaks down as the
utilisation factor increases above 0.75. The correspendence
between the theoretical and the simulation model fox low
utilisation factors provides some evidence that the components of
the simulation model are combined in a appropriate fashion.
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TABLE 4 THEORETICAL PROFORTION OF PARKERS WHO CAN FIND A
PARKING PLACE

ﬁo. OF PARKING TRAFFIC FLOW (vph)
PLACES 30 60 30

10 0.93
ns

20 G.99 .56
- ns

30 1.0C 0.99 .98
- - ns

18’ - no significant difference between simulatich and numerical
: medel results

Eéiay while unparking

: The delay +to vshicles travelling through the system
onsists of several parts. These are the delay due to following
slower vehicles, the delay due to waiting for a cars to park and
e delay when finding a2 gap to unpark. Unfortunately, all of
these components can not be calculated by analytical models. Tk
s however possible to approximate one of these components using

analytical model. This is the delay while unpatking

s Unparking can 'be seen as a gap acceptance proklem where

he;unparking vehicle is looking for a gap in a passing stream of

;taffic. - The delay to vehicles accepting & gap in a random flow

fitraffic can be estimated using Adam's formulae. This formulae

itates that the delay {Del) to vehicles waiting fov a gap t in a
dom flow of traffic can be given by:

Del= (exp(Q.t)-Q.t-1)/Q (7)

Westland (1967} argued that this formulae can be used to

Ty the provision of manoeuvreing lapes adjacent to strip
8rking centres by estimating the through volume that can te
tommodated whilst maintaining delays %o unperking vehicles
Hin a tolerable limit. To replicate this formulae in the

imulation model it is necessary to make the following
djustments:

G?nerate the arrival of vehicles using a negative exporential
istribution.

average parking manceuvre time to & low value {1
: ) sc that parking vehicles have little influence orn the
Tlow of through vehicles.
Introduce vehicles that will not park.
“5€ a constant acceptable gap
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The results of Adam's formulae and the simulation mogde]
were then compared for unparking times (or acceptable gaps) of 5,
10 and 15 seconds, and total vehicle flows of 250 and 300 vph..

Table 5 presents the results of the application of the
similation model to these conditions and the predictions made by
sdam's formulae. Comparison of the results shows ‘that the
simulation model replicates the analytical model reasonably well,
Slight overestimates of delay for the 5 second gap anq
underestimates of delay for the 15 second gap, each with a floy
of 500 vehicles per hour, were present. These discrepancies could
be due to a difficulty in replicating the desired conditions
exactly. The problems with this replication were:

%* Although the initial vehicle gaps zte generated by a negative
exponential distribution the distribution of vehicles adjacent
to each parking place is unlikely to be representative of g
negative  expenential distributicn. This 1is due +t0 the
complication of vehicles parking and unparking upstream of
the parking place, the different speeds and car-following
gaps in the traffic.

The delay calculated by Adam's formulae did mot ‘take into
account that 30 vehicles per hour were parking and the
remainder were through vehicles

The small parking time could have an influence on the flow of
traffic

TAELE 5 DELAY TO UNPARKING VEHICLES { BECONDS)

UKPARKING TIMES TRAFFIC FLOW (vph}
{sec) 250 500
ADAN'S EQN. STMULATION ADANM'S EON. STMULATION

5 C.08 1.51 2422 4.04
(0.72) {(1.57)
s

ns

4.55 10.08
{(2.12) (4.43)
ns ns

11.38 35.62 27.01
(4.61) (8.05)
ns *

( ) standard deviation of sample means
ns - ne significant difference at 5% level betwsen theoretical
and simulated measures
#* - Significant difference between theoretical and simulated
measure
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‘TESTING THE MCDELS SENSITIVITY

‘Bach successful application of the model provides the user with
more confidence in its ability. The applications of the patking
gimulation model considered in this section is the comparison of
“the performance of a number of parking networks. Three layouts
‘were chosen for this comparison. They are presented in Figures 2,
Network 1 (Figure 2) has all its parking places
each side on the mnorth/south roads. The road
through the parking lot is continuous and passes each parking
‘place. This layout is consistent with the desires of the Highway
Research Boards ({HRB 197%) report for drivers to pass each
parking place in their trip through the parking let. Network 2
{Figure 3) has a major east/west road with no parking. All the
‘parking stalls are in the north/south direction as in network 1.
The parking rcads exit from and enter onto this road. This
approach is more in line with that suggested by Ogden and Bennett
{1984). Fetwork 3 (Figure 4) is similar to the second system but
‘parking 1is provided along the major east/west route. The three
gystems were constrained to have 56 car parking places for
‘comparison purpeses. HMore parking places can be fitted into
“petwork 1 (Figure 2) and network 3 (Figure 4) layout.

-
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The traffic conditicns simulated included four traffic
“flows (30, 60, 90 and 120 vph). These conditions ranged from
‘under  capacity, through the capacity situation 4o the
‘capacity situation. The parking and unparking times were

“from Hobbs' (1974) study and were 9 seconds for parking and 20
‘seconds for unparking. The average parking duration of { &
typical of a emall shopping centre.

kph and the average gap between vehi

over
taken

our was
The mean traffic speed was {5
¢les was 2 seconds

: The comparison of the performance of each of thesge systems
will be based on the utilisation factor, the number of vehicles
finding a parking place and the travel time through the systen.

The following sections will discuss each of these messures in
turn.

] The model runs used the maximun warm-up-period of 6G,000
seconds and extracted ten safnples each of 20,000 seconds
:'duration. The space hetween samples was 1,000 seconds.

”ﬁtilisation of parking networks

Table & presents the results of the
“caleulations. It can be seen that the utilisation facteors
‘increase with increasing traffic flow. The lowest utilisation ig
for 30 wph. This varies between 0.4 and 0.55. The highest
utilisation is for 120 vph. This varies from 0.92 tp 0.95. The
“major increase in the utilisation is between the traffic flows 3¢
‘and 60 vph. The increase in utilisation evens out after 60 vph.
The utilisations for network 3 tend to be a little lower +than
‘ these for the other +two networks. The diffetence is not )
oosignificant, but its consistency across the traffic flows, o
;indicates the Ppossibility of a difference in the drivers ability

%0 handle the three pazking networks. This difference is likely
~ito be due to: '

utilisatieon

4% the possibility of driver not seeing a parking places
S ¥ the possibility of not seeing a veshicle iz the

systen and
making the incorrect decision as to whickh direction

to take.

- Proportion of parking vehicles

: The proportion of parking vehicle for each
traffic condition is presented in Table 7. Tt can be seen that
the proportion of parking wvehicles for the three networks
decreasss with increasing +traffic flow. The traffic flow of
c networks allow all the drivers at a traffic flow of 30
Tind a parking place. However only 50% of tHe drivers entering at
T8 traffic flow of 120 vph are able fo fing a parking place. _The
: lowest broportien of vehicles finding a parking place +is for
hetwork 3. The main reasons for this were outlined above,

network and

vph to




TABLE & PARKING NETWORK UTILISATICNS

YOUNG

TRAFFIC FLOW
(vph)

30

g0

120

Demand/supply
ratio

0.54

1.07

161

2.14

Network 1

Network 2

Network 3

0.55
{0.03)

0.5
(0.03)
ns

0.43
(0.05)

ns

. 0.88
{0.05)

0.858
(0.04)

ns

0.84
(0.04)
ns

0.94
(0.04}

0.94
{0.04)
ns

0.91
(0.04)

ns

0.95
(0.04)

0.96
{0.043
ns

0.g2
(0.03)
ns

ns - no sigpificant difference at 5% level between network | nad

network compared with it.

TABLE 7 PROPORTION OF PARKING VEHICLES FOR NETWORKS

TRAFFIC FLOW
(vph)

30

&0

90

120

Tetwork 1

Hetwork 2

Wetwork 3

ns

ns

1.00
{0.00)

1.00
{0.00)

1.00
(C.0C)

0.88
(0.05)

0.89
{0.05)
ns

0.83
(0.08)
ns

0.64

(0.08)

0.63

(0.05)

ng

0.59

{0.05)

ns

0.50
(0.04)

0.48
(0.03)

ns

C.47
(0.05)
ns

ns - no significant difference at the 5% level between network 1

and network being considered.




4 MODEL OF PARKING VEHICLE HOVEMENTS

ravel times of vehicles using network

: The last measure of performance to be considered is the
average travel time for the vehicles using the networks.

The first average travel time to be considered is that for
.all vehicles. Table 8 presents these travel times. It can be seen
:that the first network presents the slowest movement of vehicles.
The travel times range from 42.65 to 47.87. 'This 1is to be
”xPected since this network requires the vehicles to travel past
very parking space. This trip with no interference from other
ehicles takes the average vehicle 37.80 seconds. The second
network has a lower average travel time than the first: The
ravel ‘times ranging from 31.53 to 44.47 seconds. This network
équires most vehicles to pass only half of the parking spaces.
5 requires only 27.36 seconds when there is np interference.
sver, as the traffic demand increases, above the paxing
available, more and more vehicles will have to pass the
entive set of parking places in their search and theit exit from
theifacilityu This will increase average travel times. The third
network has the lowest average travel times. These range from
267 to 31.89 seconds. In this network the mininum travel time
best parking place and then to the exit is only
21:09.travel time.

BLE 8 AVERAGE TRAVEL TIMES FOR ALL VEHTICLES USING NETWORKS

{SECONDS)

30 60 Qe 120

42.65 4592 47.07  47.87
{2.61) {2.39)  (2.51)  (1.45)

31.53 39.77 42.60 44,47
(1.58) (2.09)  (2.44)
* * ns

24.67 26.20 29.03
{(3.17) (2.23)  (2.34)
% * *

: { ) Standard deviation of sample means
S8ignificant difference at 5% level between travel times on
twork 1 and the considered network

: t is also of interest to look at the average delay to
_lBS- This %ill be calculated by subtracting the travel time

©.vehicle travelling at the average speed to drive to the

Parking place ang out of the system from the travel times
Cted from the simulation runs. Table S presents the results.
de%aYs for the flow of 30 vph vary from 4.85 for network 1,
g 417 for network 2 to 3.58 for network 3. This trend is

136
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likely to result from the decreasing interaction between parking

and unparking vehicles with through vehicles between networks
and 3. The flow of 60 vph shows a different trend. In this case,
the delay for network { is 8.13, for network 2 it is 12.41 angd
for network 3 it is 5.84. The high average delay to vehicles in
the second system indicates that the intersections of the Ilinks
make a large contribution to the delay experienced by the
vehicles. This general trend remains for the traffic flows of 50
and 120 vph.

TABLE G AVERAGE DELAY TO ALL VEHICLES USING NETWORXS {SECO¥DS)

TRAFFIC FLOW (vph) 20 60 90 120

4.85 8.13 9.27 10.07

Network 1

417 12041 15, 24 17114

Network 2

3.58 5.84 8.94 10.80

Retwork 3

final travel time that should be censidered is the
Table 10 presents these results.
the

The
travel time to parked vehicles.
As with the travel time for all vehicles the travel time for

first netweork 1is the largest and that for the third network is
the smallest. Intsrestingly, the average travel times for the
parked vehicles for networks 2 and 3 is similar to the average

travel times for all vehicles. This is matkedly different to the
situation when all vehicles %ravel along the same route {network
$). I% indicates that some of the vehicles thai cannot find a
"parging place, in networks 2 and 3, travel through the entire
network in search of a parking place. This is likely to be a much
longer trip than that of the vehicle that parks and will increase
the travel time for the vehicles who cannct find a parking place

TRAVEL TIME FCR PARKING VEHICLES USING NETWORKS
( SECONDS}

TABLE 10

TRAFFIC FLOW (vph)

30

60

%0

120

Ketwork 1

Hetwork 2

fetwork 3

42.65
(2.61)

31.53
(t.58)
.

24,771
(3.19)
*

46.38
(2.39)

39,33
(2.09)
*

26.60
(1.77)
*

49.16

42.33

28.45

(1.85)
*

(2.51)

(2;14)

47.87
(1.45)

45.90
(1.92)

ns

31.22
{1.75)
*

)

standard deviation of sample means
* _ significant difference at 5% level between travel times on
network 1 and that on considered network
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Remarks

This section has discussed the applicatien of the
simulation $¢ three spall parking networks.

1t demcnstrated that
the philoscphy of asking each driver o travel past every patking
place is likely to result in g high utilisation of the parking
spaces but maximum travel time through the eystem. The network
that keeps parking away fronm the major cireulation routes is
likely to reduce the travel time ang maintain a high utilisation.
It is therefore to be preferred from the point of view of
circulation. The network With parking on the major circulation
routes and the mingx routes is also likely to decrease travel
times but the complexity of the decisions at eech

CONCLUSIQNS

P AL SR L

This paper investigated the existing literature, described
the development of a simulation model (PARKSIH/1) of  wvehicle
movements in parking facilities, verifieg PARKSTM/ 1 by comparison

. with some numerical models and aprlied the model o a variety of
. Parking problems.

The development, verification and
discrete event simzlation model indicsted ths
medel  the "movements o vehicles
versions of  the Program were developed. The Xaypro IT
microcomputer version of the brogram was found to run very slowly
and  the networks that could be comsidered were very small. The
version of the Program compiled on the Hewlett Packard 1000
minicomputer wag found to run st better than real time for nany

combinations of input parsmeterg and  enabled networks of &
Teasonable size to be studied.

application of the
t it is feasible +to
in & parking facility. Two

The study presented in this report makes only one small
step towards the development of a desigr tool for studying the
efficiency orf parking facilities, There are a number of further
steps Tequired before the model can reach its  full potential.
Some of the possible developments are: the incorporation of two
way links into the model, the introduction of redesttians and the
incorporation of a computer graphics capability
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