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Fi~ur~ 1.2: Map ~f BlulIw""rg, Ihe .Iudy area"' 

1.:;. Scope of the research 

AltillJugh this thesis in\'estigatlOS the use of spatial information ryslcm for pubhc 

Iran sport, Ih" main fO~ll~ 1i~s in de, doping (he daU! model. 

ThroughOUl Ihe research up 10 Ihe data modd d~sign phas~, the discussion will be in 

relation to all public transport modes but due 10 lime limitations. only one mode of 

p"blic transport will be select~d for the implementation of the data model. 

If" a fllI1Clional protoly)Ji;' '")'skm, pro,iding Ih" n:quired infonnation as was staled in 

Section 1, I. is developed based on sound theoretical principles of" daw model design, it 

\o\,ill hi: ass"med (0 hi: dJi:cti\'e for managing public tr,mspol1 information, Therefore. 

the only aspect of the protot)'pc '")'stcm (hat n"eds to he (~sted is how user-friendly it is. 

, the ill"'! comai", J map ofl'ajk rO"'" with 11 ... pmili(Jn ufBla""",bcTg in relat ion to C~pe ToWII being 
highlightod ~. the brown box, 

C.D<>ndo SIS for public Iraruporl 
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figur~ 2.1' The PTMIS Ms. r interface (LOllW ~I a/2ool) 

Pubht transp<JTl ser\'ie~s in South Africa have heen described as not fully meeting u~cr;;' 

needs. Thi~ is a~ a result of Op"r:llOn; planning for ,;enice,; in isolation without taking 

into account other operator;;, service~ and modes of lrrnISport (Britz er a12001, Aucamp 

et aI2(01). !Iaving information on all the different mode~ of tran,;port in one database, 

as in the Durban PTMIS. means that all the operators and servltes are taken into 

tllru;iueralion and therefore planning i~ improved. 
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I'igur~ 2.2: A Coptuhagcn Transport Company sy,tem user intHrac~ (G.itner i!I al 1 Q99) 

The main probl~m experienced with such a system is version maJJagemenl aJJd 

reconciliation. Since the data is located on a ~r\'er. if two po;:ople edit the !>ame data 

from diITen:nt computers at the same time. one eaJ] unknowingly overwrile the edit~ 

made by the other person. This is one oflb<: limitation~ ofuNing the relational model in 

creating database,: it docs not offer ven;ion maJJl!gemenl capabililie~ (the reNt of the 

limitations arc discussed in Chapter Three). An attempt can be made to prevent the 

updating of data that is being proce~sed hy another transaction by a locking mechanism 

that guarantees exclusive access to a damhase item. ThiN however preSt:nts probkm~ if 

the database items become large_ 

2.2.3. Transit scbedu ll'" monitoring 

Transit scheduling involves all activities ne~essary to monitor whether the transit 

vehicles are all moving to the preset timetable and if not. assessing the situation and 

making the nece~sary improvements to the operation oftr;.msit vehicles or services. 

An example is the usc of spatial information s}stems for the monitoring of bus 

operations for Oahu rraJL~it Services in Honolulu (Papacoslas 19(5). The system was 

C. D,mdo SIS fDr public tra"'p<Jrl 
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Table 2.1: The bus file 

cOlntame:o a 

Table 2.2: The bus and ride check data file 

user 

sej.l:m<:nt;ltICln allows sets of attributes to be associated with any ofa linear 
feature. It is further in Five. 
6 Events are used to model data a route. 
7 A is a user defined identifier 
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Fi~ur. 2.3: Tbe .ystem's ¥scr iutcrfa~" (l'ap.""st~s t99!i). 

The graphic tiBer inlCJiacc is uscr-Jii~ndly and this is an important aspect of any syskm. 

This ensures that even someone who is not an expcr\ in th~ ar~a can easily 1=1l how 10 

use th~ syskm. If the system is not user-fricndl}, most employces soon abandon it and 

go ba~k to th~ir previous \~ays of perfOiming tasks putting allthc n:soure<:s involY~d in 

th~ d~sign process to waste, 

rhc me of dynamie scgm~ntation is r~comm~nded for representing routes bccaus~ 

anribuks uSllally vary along anyone route. lfthe trip tile is used to rc:pres<:nt data in the 

databasc, it lcads to data rcdllndaney' This is dw to the mUll)'-to-many relationships 

betw~~n th~ bu~ and th~ rout~, in the case where many buses use the S3me mute. 

f)~spit~ th~ ability to ollh capabilities for unulysis through interpretation orth~ attribuk 

datH, a GIS should also provide runctionality l(lT analysis by visual representation. 

Ac~ording to Sha\~ (1999) and Wang et al (2001), it is important 10 r~present the bus 

, D~1lI redundancy is the duphc"tioo of dara amDngst fites Redllr><lanl dala coo he removed wIthout the 
",", of any intO<m~tion, 

51$ for rwb/l~ fr(lnl/Wrf 
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trips paths visually. This assisls when rcpres~.'nting the number oftfavellers in a spedfic 

trip, for planning purposes. The system docs not provide this functionality. 

2.2.4. Transit ruule (lianning ant.! market analysis 

Market analysis involvcs the marketing of transit services by analysing servIce 

improvClllents and presenting the results to the public. Typical transit roUle planning 

activities include; linking passenger cornu data to transit route data to analyse the 

productivity of specific routes and analysing the travel characteristics of transit users in 

orderto determine the prospective for bus services. 

An example is the system used by the Orange County Transportation Authority 

(OCTA), in California. It uses a spatial information system to perfonn mw-ket analysis, 

transit route analysis and evaluate potential changes 10 the existing transit service and 

thercfore determine how service cb:mges can affect ridership (FIIWA 20(0). 

Figure 2.4 shows tbe results of an accessibility analysis for selected stops. Accessibility 

analyses w-e carried out to detennine the amount of people living within walking 

distance to each of the stops. Those people further from the stops will necessitate tm, 

erection of stops closer to their homes orlbe creation of new routes. 

C. Dcndo 515 to.,. p<;blic tran'iJ<Xt 
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stoDD(:a to 

is not a desagrlate:d one or more 

a 

to 

to 

to npVPllnn 

are 

tre:atc::d as 

IS n ... "rI"",,,·11 

to remove is 

atu)ns:m~)s are as PV , ...... In I to 

to a .v~ •• "'; .. 

structure 

13 A bus terminus is a collection of two or more bus stops. 
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Table 4.1:The route-timetable table 

Timetable Timetable 10 RouteName RoutelO 
Name 

T1 to Town RT1 

T2 to Town RT1 

T3 Sea Point to Town RT2 

T4 Sea Point to Town RT2 

T5 Sea Point to Town RT2 

to 

route names 

U"''''''UV''''' IS 

are are 

are 

same is 

Table 4.2: The normalised route-timetable rellllti~mSlllip tables 

Timetable Timetable 10 RoutelO Name RouteName RoutelO 

B-CT1 T1 RT1 RI .... 'owhAr ... to Cape Town ... RT1 

B-CT2 T2 RT1 Sea Point to Town RT2 

S-CT1 T3 RT2 

S-CT2 T4 RT2 

S-CT2 T5 RT2 
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structure 

Table 4.3:The route-road rel~ltiolnsbip table 

RouteName RoutelD RoadName RoadlD 

to Town RT1 Road RD1 

OI~IQUW~~lyto Town RT1 Road RD2 

Atlantis to Town RT2 Road RD1 

Atlantis to Town RT2 ICn •• h""rn Road RD2 

was to reDresc~ntc:d as 

occurrences one or more routes same 

route name is vv., ......... are ... _ ...... ,'"' as 

can 

............. , .... ". a row is 

a cornDc)st1:e 

C. Oondo 40 SIS 
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RouteName RoutelD RoadName RoadlD 

u, .... u.y...."y to Town RT1 RI,.,.,I\·.n.:.rg Road RD1 

Atlantis to Town RT2 .~ Road RD2 

RoutelD RoadlD 

RT1 RD1 

RT1 RD2 
table 

RT2 RD1 

RT2 RD2 

4.2: The normalised route-road elaltiolllSbilp tables 

IS 

are 
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RoutelVehlcle 

~ 
VehiclelD 

Service Job 

ServiceJQblD 
VehiclelD 

C. Dando 

are 

Timetable 

TjmetablelD 
RoutelD 

Route 

EmployeeNehlcle 

\IehiclelD 

Employee 
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4.3. rill plel11entation of the ciat" model in Arcl Dfo 

The version of Arelnlo \l';ed is 8.2. which is part of tIle ArcOlS@ s.oftware pa<:kage 

cn~ated by I.SRf Inc. ArcJnfil waS selected hecause il waS the only software available 

that supports the object-relational model. Figure 4.4 illustrates the stmcture of the 

ArcGIS software. 

A,oMop 
A' .~" " ,,,' to ... 
""on~, , ~<on . 

hoc. 

,,",ol"fo 

AroCa"lo~ 

","'''"" "'" 
""""""" ",to 

I ArcToolbox , c,"' . ... I...,,,,,co •• ,,, """. , 

In tIle ArcGIS software, the lIser selects whether [() work in Areinfo, ArcYiew or 

ArcEditor. Arclnfo was se le<:ted hecause it has options for creating and editing 

geodatabases, creating networks. advanced gcoprocessing cOlpabilities and data 

conversion using Arclnfo Workstation. The desktop applications ror each oftllem are 

ArcMap, AreCatalog and ArcToolbox. 

There are several factors considered in implementing tb e data model. ranging Irom the 

creation of the database. tllC representation of spatial featllres and database popillation in 

tllC sotiware. Tllese are discussed in the tollowing sed;o",. 

C. DondG Page 43 515 {or p;bIf< tmn'P"'l 
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"' ........ "',.'" custom nl'\"",,,1t,, 

or 

one 

SCllerna is ..... , ........... 

on 

on 

C. Dando 

ESRI 

Road 

-RoadName : ",~r'iFij~ll'rTvr'IA~:trirln 
-AMVolumeTo : .. "r,l"i •• 1t11rvn",1 

-AMVolumeFro : F!!OlriFi~.lrilrvnF!1 
OFFVolumeTo : 

-OFFVolumeFro: 
-PMVolumeTo : 
-PMVolumeFro : eSI'iFileld'rvrleh,teller 

4.5: The road 
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c, 

custom 

.,"'lll;'lUi1 is 

III!!; 

IS geIler,ateid. 

1rmsed:iGns 
PIMt_Tran5lllOl'l 
PIMt-,ran5lllOl'l~ 
IA:oI!Id 
stGp 

~ 

~lI!II 

~ 
~ 
1Ib~ 

~ 
PIMt_Tran5lllOl'lJIJIIWEJUt 
ROIId5top 
~ 

RaIbt~ 

5i:heiUit~ 

It IS 

is UIJ",UJl1"",,'U"'U on 

~ Geod!IaI:ioiR FeiIIb.Ire ~ 

Per"'Geod!IaI:ioiR~~ 
~Geod!IaI:ioiR rallle 

~~'aIIIe 
~Geod!IaI:ioiR 'aIIIe 
~ Geod!IaI:ioiR 'aIIIe 
~~R.elilliDlIIII.CIIis& 

Per ... Geod!IaI:ioiR ReIIitir.lIIIIIIip ~ 
Per ........... aI:ioiR ReIIitir.lIIIIIIip CIIis& 

rml~It_TI!an5lIIOI'l.JUlOORR ~ Geod!IaI:ioiR Tallie 
~ Geod!IaI:ioiR R.elilliDlIIIIIip CIIis& 
~~'aIIIe 
Per"'~R.elilliDlIIII.~ 
~~TaIIIe 

Per"'~~~ 
~~,. 

,.... Geod!IaI:ioiR Felib.lfe DItase!: 

4.6:Tbe created ""A""""nnl l!i>",.,u .. unJ'"~''' 

as or ge()<Ultal)as:e is 

pw~anlete~ are are are 
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sets to IJVliJU1 ... '" 

W~ W~ 

Table 4.4:The data sets used 
set 

is un' ....... ' ..... ' .... as a ...... 1'ulI" .. 1r h"o.h ...... a 

con'espana to to 

is 

user creates 

scenes is a is cre:ated 

stores 

on 
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1 et 

4.7: A network with three 

a t .. ~,n .. · .. is it is 

are constant ...... 'en"· .. ., 
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Arc 1 

Node 1 Node 2 

Arc attribute 

Node attribute 

4.8: RelIJreSeDltatioD of route attributes the node-arc model 

a route. It 

are set out to reDiresent 

same sec:tl(Jln 

to 

Node 1 Node 3 Node 2 

Arc attribute 

ArclD From node To node 
Number of 
Dassenaers 

1 1 3 6 
Node attribute table 

2 3 2 9 

NodelD 

1 

2 

3 

4.9: of route attributes tbe node-arc model 
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----

o Cod~d valU\: J.omain~ 

Coded vaIlit' dOlJlain~ arC a valid ~cl or va\lltl~ lor an allrihu\e lype. The user specifies 

them when the gcodatabase is created. These can apply to any attribute type, whdh~r 

tcxt or muncrical. When an attribute table that has an attribute type with a coded value 

domain is being updated, a dropdov.n list apperlrS indicating a list of the possible values 

and the user can then select the required value. For example, in Fib'l.lre 4.12. the coded 

value domains of the road class are shown in a dropdown list. II means that the road 

cla~s can onl) be a freeway, a main road. a secondary road or other (for an \lnclas~il1ed 

road). There is no way, during database update. that the editor will input another value 

into the column other than one of those present in the list. In the absence of a coded 

value domain, there is the po~~ibili(y that one or lh~ road classes em! be misspelt, for 

~"ample 'Frcway', in&(carl of ·Freewa)·. ](" a query i~ made to ~~kcl roarl~ of ChlS~ 

'Fromva)', it will exclude 'Freway' or other misSpell roads. 

t­
t­
t­
~ 

Figure 4.12: A rood attribul<: table .bowing tho coded value domsi ... 

::J Rangc dOlJlain~ 

These specif}' the valid range of values for a numerical attribute type. For example, 

during lh~ creation 01" a g~odatabase, an attrihute can be assig.n~d a range domain of 

beN,ecn ° and 10. When updates are made to the attributes of a table. an atlrjbut~ 

C. Dondo SIS ,(]I" public tranSp<Jrt 
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verification check has to be perfonned. All the values that are oll1side the domain will 

be highlighted and therefore will have to be edited. 

'f1,e amibute domainB specified in the implementation of the gcodatabase for thi, 

researeh are as follows: 

::J TIle road class anribute type hl\.'; the following coded value domains: 

• freeway 

• Main Road 

• Se<:ondary Road 

• Other 

The road specd auribtlte type has a range domain. The valid numeric ,.alllCo are any 

number between the minimum value. which is 0 and the maximum value. which is 120. 

Another wuy of ensuring the presence of accurate data in the databaBe i, by allowing 

only authorised personnel to update or delete data from the databa", (Connolly el (II 

2002). In th is prototype, editing can only be perfonned in ArcMap. When a user 

attempts to edit the data. he or she is prompted tor a user name und a password through 

thc dialog box. If the password and user namc arc inC<lrrccl. no editing Can be 

performed. A password is also required to customise the prototype . 

.fA. CusJomisahon and developing the graphical user interface 

One of !he important aspects in designing a ,patial information system. which is rarely 

addressed in most s)'stcm" io how the UBer.; will interact with system. often called 

human-computer interaction (I lei). Most systems are developed with all the function, 

but not taking the user into account. The", systems quickly lose popularity and this 

leads to losses. in time and fmancial re,ource" trying to improve the s)'stcms after they 

have alreudy been implementcd (lncc 1995). 

The user.; interact with the ,y,tem through a user interface. A gOCld interface should 1:>e 

user friendly, so that the user feels huppy and contidcnt with the software at hand. The 

interface should be robust und should not fail when the u",r enter.; incorrect data. All !he 

C. Do"'*' 
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miilfmation rtquiTt<1 by tht ust!" 8hoLlI<1 be output in an easy to read format 

(Hawryszkicwyc;,: 1994 an<1 Shepptr<1 1995)_ 

In this research, although thc whole system database was created in Ardnlil, it was 

decided to create a stand-alone application, with all easy to usc graphk llser inleTlact 

using Microson Visual Basic 6,0 and MapObjecls Version 2.0. With the geodatabase 

still Tesiding in Arclnfo, a connection was made from Visual Dasic to the geo<1atabase 

using the data environment in Visllal Basic, Rele\-ant information is then txtracted 

through the C(lnneCUOn by "'Tiling SQL statements. This information is then displaytd 

on j'orms "htn the Ll8tr sele~l.s an option that req lIirts thi8 information, 

[be expert user ~an perfoml the more complex ana1YS18, lilf txample Nttwork Analysis 

and editing in .\reMap. 'Jbe layout of the systcm IS proviutd in tht Figure 4, 13, 

User Environment 
Type of 
analysis 

i-D View and prillt maps, 
graphs and reports 
Accessibility analysis 
Limited shortest path 
analysis 

o 
r-----;·~ D 

! 
! D Ridership analysis 
-

U Produce and print 
maps, graph~ and 

"'''''' 1-------.' D Ridership analysis 
; D Acce~sibi l ity analysis 
D Network analysis 

o "~"~;O~":"_ •••• J 
Figur~ 4.13: La}'oul of Ib~ spatial informat;"" .ysum. 

rhc system is also strudllrcd sLich that most oj'the information required by the user is 

output in graphical form, either as graphs, reports or map layoUl8. TIlis makes the 

in formation tasitr 10 interprtt, 

'''''''''' SIS lor public froll5po<"f 
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4.5. Summ'IQ' 

In this chapter, the design of the public transport data management conceptual arKI 

logical claw models. the implementation of the data model in ArcJnfo. the development 

of tloe prOlOlype and the data acquired and used for the prototype have been discussed. 

The next chapter examines how the system works. what the kind of information can be 

retrieved from it and the functions it can perform. 

SIS for puNic tran'l'<lrt 
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, 

5. InlrOl\uction 

Chapter Five 

System Functions 

This chapter presellt~ sample analy';' thaI Can l>e performed by the prototype system 

and the type of infurmation lhat can he obtained from it. The rest of the analy~es are 

described in Appendice' C ami D, 

5.1. Using the sy,tem 

On opening ti>e program, the user call select any Mlhe following analysis: 

'-' Passenger analysis; 

u Spalial queries; 

u Soonest path analysis: and 

u Ride check survey analy.;" 

It is impmtanl \0 stale that each of the analy';s highlighted above Can be performed both 

in the ViSl~tl Basic applicati'jIl and in AreYlap. The main difterence is that in the Vi,ual 

I:la,ic application, everything is predefin~d ami ready ror printing whereas in ArcMap. 

tile user ha, tloe option or selecting a variet) of symb<.l" and colours. The main queries 

ar~ disCllSsed here but tbe rest of the functions arc defined in the manllal in Ap pendix D. 

Each of the analysis is explain.d separalely. TIll' lyp<.: of informalion tbat can be 

obtained after each analysis and the format the information will l>e received in ;s also 

discussed, using illustralive diagrams. For the passenger analysis and acce'sihility 

analysis. the presented results are from the Visual Basic application and for ride cbeck 

analysis and sbortest path analys;" tll~re are f,,;m ArcMap. 

~.2. I'""enger analysi, 

Passenger analysis is performed wflen it is re'lU ired to di'play and oulpul in fonnalion on 

tile number of passenger using a particular bus route ':>I" getting on and off at ~ach steip. 

The user can sd~ct to vi~w the amount of passengers: 

III f or pulXic Iran,pocl 
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u Travelling along one specific route for the din"rent times of da/": 

u On different times of day for all routes: and 

u Boarding and alighting per stop for the different times of d"y. 

Figure 5.1 illu.';lro.tes a m"p showing the number of passcngers who boarded and 

alighted at each stop during the A'Y1 hak along the Atlanlis-Cape Town bus route. 

, T .bl •• , c,""",, 

. ~ 

C,." •• ,.po.""_P 
'."0' ~. ~ " .. , ...... ~ ... '" ."""",, 
,--" "" .. , "' ..... "",,."" ", . .... ", .. "'-~ ... 

-ltl2'l 
...LOU.!fl 

".-mo~. -,.j 
bo>. I~,,,," 

+ 

. ,,,., 
:..l "'~11I · . 11iI"'l!'J4 

figure 5.1: I'a,sengers ba.rding and alighting at ~och stop. 

!'i.3. Accc<sibility analysis 

This type of anal)'sis <:an be performed after selecting the 'spatial queries' menu item. 

An example of this type of analysis is ",hen it is required to >!.'s~!;S the approximate 

munbcr of people living within " dislan~~ of ~ SlOp, for example, l()() mckrs. Th~ 

census data polygon layer is added to the map and the ~l~ction TS done hased on this 

layer. After th~ qu~r)' is done, tn., population lracts v,ithin 100 meters ofthe sp~~ified 

,. There aTe three cilTcrcnllimc'S nflhe iliy, the 1\\4 rea\;, rll< PM Peak 0< the on' Peak. AM reak ;,,!he 
moruing peok period, when" to! of people are go,ng In "ork, Ii-nm 6:~0 ~m 10 10;30 am, OF!' Peal is 
rrom I O;3 1)o.m to ""out 3:30 pm and PM Peal;: is the lute afternoon pcr;,ld "hen mo,t. people or. returning 
[mm w,,,-k, /;-nm ~:~O pm to 6:30 pm, 

SIS for public tn>nsport 
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stop (the ooe highlighted io yellow io Figure 5.2) are selected and coov~r(",d to a 

shapcfile (see Figure 5.2). They are displayed on the map and the population 

information gathered from their attributes. 

" L ,.''' .. ~_ " .. ", ~,~ ""',_., .", . .. " 

..,..~-.. ~, 

"---',, --,.-.. ....... ". "~'.~~"", 
~_~_"._. r._._ .. , ... ·~ ......... 
"'''.''''''''--- ''' '~ 

\ iF , 
, 

Figurr 5.2: Population tract, within 100 metre. of the ,top 

From the population tracts attributes, statistics OIl the number of people can be derived. 

For ~xampl"" for th~ query executed in Figure 5.2 the attributes of the thr",~ population 

tracts s",lccted arc shown in Figure 5.3. 

""," ,,~'" - ------

, 

" 

""'" 'ype: Ny,,,, 

1 
I 

J 
.:1 

The""" tell 

",..,.TW'" Pol,_ 

Flgu,.. S.3, Atlnbute. of tbe .ele.te~ populatlon {racl> 
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From Figure 5.3. it can be deduced that approximately 1685 people stay within 100 

metres from the stop. This kind of information is used to assess how well the ,tops are 

'erving the customers. It can also be II,ed to estimate the ridership statistics tor a 

propo~ed stop location; this would be even more effective if information on car 

ownership is available for each area. 

SA. Shortest path analysis 

One of the Joost important appl ications of spatial infbrmation systems in transport is the 

calculation of the optimal path between two any points marking the ,tart and end poil1t~ 

of a prop<),ed route. This helps when public transport operators need to reassign public 

transport vehicles to more efficient route~. that i~ route, that are le ~, congested and take 

less time to traverse through. In the Visual Basic application, the only kind of shortest 

path analysis that can be performed is that based on the length of each moo section (~ee 

Appendix D for an example). 

In ArcJnh the cost of travelling along a network linear feature is based On the weight 

as~igned to it. By defaliit. the weight i, the length of that network linear feature. 

Otherwise. the designer can include other weights. In this research. the following 

weights are considered: 

u The volume of trat1ic in each segment of the road for the three different peak 

periods. that is the morning peak (am peak), during the day (off peak) and the 

evening peak (pm peak). 

:J Time delays along each segment of the road ba,ed on the maximum speed allowable 

for the road segment. This time is calculated by dividing the length of each road 

>cctlon by the maximum allowable 'peed along that road, that is. 

Time ~ Lcngth(mj/ 
/ Speed( illS _L ) 

:J Time delays incurred when a vehicle wait, for its tllrl1 to cross an intersection. either 

a signali>cd intersection (one with traffic light~) or an unsignaliscd (one without 

traffic lights) intersection. 

Pas. 59 515 for public (ransport 
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The spatial information ~y';tem developed in lhis res~arch contain~ a module that Cfll he 

used to enter all the required paramclcrs, and il calculates the delay in seconds for eao;h 

directional approach at the intersection. This dela)' o;an then be as~igned to 

corresponding interseo;lion junctions. The di<;Cl1~<;jon or tho;, l"onnulae used for 

calculating the delay and Cfll be referred to in Appendix C. The procedure for 

performing Ncmork Analy~i~ is provid~d in th~ software manual in Appendix D. 

An important poinl to note is the fucl that a differcnt route ean be obtained for diffcrclll 

times of lhe da) based OIl the volume of traffic in the road al that time of day. For 

example, in Figure 5.4 ,md Figure 5.5, differenl shortest path~ ",ere ereat~d frorn lhe 

!;arne ~tarl and ~nd point by using dif1",rent weights. Figurc 5.4 show~ the ~hor\~st route 

obtained by assigning the "'dghl to be lhe volume of traffic along each ~eelion of the 

route dllTing the AM peak. 

layout shoWing shortest route al'ter considering the volume oftraiflc 

Shortest path StloWll in red 

The star! and end 
pOints of the route 

<1"8 drawn in green 

N 

A 
Figun S.4: Sh"rt .. t roJUt~ b~t..· .. n two [lOinls 

Figure 5.5 show, a dil"i",rent route for th~ same start and end poinl~, aller changing the 

weighl from A1vI Peak volwne to the timc talcn 10 traverse along a section of the road 

bas~d on lhe maximum allowable speed for that road ~eelion. 

C. DrmdQ SIS for public transporf 
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5.5. Ride check sun>cy analysi" 

The start and end 
pOints r:A the route 
ae drawn In green 

Ride cheek survey analysis presents the re~uhs of the ride ~heck survey carried out in 

Cape Town in the year 2000. The information can hi; "bt'lint;:d per 'ie~ti"n of a route, for 

diiTerent stops or aggregated for the whole route, depending on tIN; kinr.! of analysis 

being performer.!. The information can be prescnted as text in reports or as graphs on 

maps. Figure 5.6 illustrates the amolmt of passengers who WerC travelling along ea~h 

section ofthc mute during the rir.!e ~h""k ~UJve)'. 

c_ SIS for pOOl;, transport 
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I " ' .. ~ ,,-. '-'-"""" ". ~ • ,,~.:o ... 

• ... "" 
• .. ,',_. 

',' ~ • '" ;>--> 
• , 

'" • , , 

" '., -, - , • '. , -
" 1=" '. , - , 

N 
, 

A I 
L. 

0 LL i "-" 0; " :OJ M - rl"or< 

Figure 5.6, Tho omoon! of pass'~~<T' tTaHllin~ al"n~ .. cti"n. or ~ T".f<. 

By clicking on a stop. infonnation ~an he ohlained On the amount of passengers 

boarding and getting 011' ul each Sl()p. the nlliTlhcr who paid by cash, the number who 

paid b} card and the amvul and departure limes at each stop (see figure 5.7). 

,m 
L6!7 -, , 
~-,-• , , 
• -..._<:oC_'.,....Rwt. , 
• 
L~10PM 

1="" , , ,-
. 'i:urt 5.7' Attribute, ofa sekctod stop 

--,- -

SI5 for pi.Jbllc /rOn'POl'l 
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:;.6. O thu att ri hute ,!uerie, 

Clicking on a routc and displaying the aUrihutcs of that partiCluar routc can retrieve 

information on thc bw,es that travcl on that routc. the timcluhJe. the description of the 

service johs of the hl"~ and infonnation on the drlver. Imagcs of the bo.,~ and the bus 

dri\'er can also he retrie\'ed from the a\t.rihute~ (see Figure 5.1\1. 

SO 
S~ 

8- . 
B Serw:eJob , .-

B' 
8- s.r""eJob 

B' -5<heIiJ!oTmetobie 

, 
" _M~ 
....". 

" , 
" o 
~ 

'PJill 

ngur< 5.H: T~< amibnt. t~blr of •• rl<ctrd rout •. 

5.7. Summary 

This chapter provided some of thc fllnction~ that the dcveloped prototype sy~tem can 

pcr/iJrm. More exmnplc~ are in Appendices D. The developed system was tcsted on a 

Xlmple of potcntia! users and the testing procedure and resnlts are presented together in 

the conclusions in Chapter Six together with the recommendations. 
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Chapter Six 

Conclusions and recommendations 

6. Introduction 

In Chapter Doc, specific objectives were stated for this research. In thi8 chapter. too 

research is cunsolidated with ~n evaluation of which of the objectives have been 

fulfilled and tu uutline difficulties th~t hav~ been ellCmmtercd during the pmcess. fmm 

this discllslion. cuncllisions are drawn and r~C()mmendations made tor filture research. 

6.1. Conclusions 

The first spedfic objecti\'e: "To develop a data model for public transport 

information management" 

To fulfil this objective. the fullowing rcsearch questions were answ~red, 

Question One: What ki[l(\ of public transport information has tu be managed and how is 

it acquired'! 

Public tr~nsport infmmatiun is mustly spatial in nature. Too information. as discussed in 

Chapter One, i8 mainly obtairn.d Ii-om the public tr~nsport surveys that arc carried Qut 

regularly" to aSSeSS and improve public transport service8. Specifically m~mioned, waS 

the ride check su"~y carried Ollt in Cape Town. South Africa in 2000. During this 

survey, a surveyor boarded a bus tor the dur~tion of a trip carrying a GPS receiver and a 

palm pilQI. The GPS receiver collected location data arKl the palm pilot electronically 

recorded all the d~ta collected. 

Sioce the ~ccuracy of infmmation that is obtain~d from the system depends on the 

qllality of the d~ta th~t has been used, the data rc4l1irements for the system should 

injorm the data collection and survey pr"","ss. 

l' tM ",m.time, it i. L>ot . , nften", """,id k due 10 ljoooeiul coo >!mi"I>, 

Cf)(JnrJo >IS for puNif trat15port 
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Qlle.j·lion Two: What are the different approaches u>ed In creating data modd .1 for 

public transport infilrmation management. which data model \\·ill be used and \\hy? 

tn Chapter Three, it has been diseus>ed that generally, in creating a data mode l, for 

,patial information sy,tem.l, orIC cOlild either lise the network model, the hierarchical 

modd, the relational model, the ol,jecl-()ritnted model or the object-relational modd.ln 

terms ()f .Ipatial information syslems for public transport infimnatiOll management, the 

conclusion reached in Chapter Two. the literature review, was that the rclationalmodel 

has been lIsed in most systems_ Some ()f the advanlage.1 of the rtlalional model are 

disclissed in Chapter Three. These include the simplicity ()f lhe model and the fad thaI it 

is hased on a well-devel()ped mathematical theory of logic and relations. 

De.lpite its poplilarity in applications that use data that can be represented lLsing integers 

and strings, the relational m(xlel as discu.l.led in Chapler Three, i, in.lufficient in 

representing the complex data in .Ipatial infonnation systems_ Due to the ,hortc()mings 

of the relational model al", disclL,sed in Chapter Three, re.learcher' are moving filr the 

object-oriented and ohject-relational models_ After discussing the advantages and 

disadvantages of the ohject-oriented model, the ohject-relational model as the most 

suitahle mode l to U.le in this re>carch. The de.lign Oflhi, lyp" of data m()del i.1 explained 

in Chapter F ()ur, with the presentation of t~ conceptlLal and the logical data mode Is. 

The second specific lIbjective: "TlI develop a prototype spatial information ~~ stem 

for lltauuwbcrg c\-lunicipatiry, Cape TlIwn" 

1'0 fulfil thi. oiljective, the f01l0\\·ing ""earch qlJestion, "er~ ans\V~red: 

QucJtion Thra: Which geographic information software is to be u.led and how are the 

physical databases created and features represented in this software? 

Chapter five provides a discussion on the development of the prot()ty!", for Hlaauwberg 

Mlinicipality using the ESRI Arclnfo Version 8.200 wflware. Arelnf() was selected 

becalLse it waS the only sol1ware available that supports the object-relational model. 

Using eM!., a schema of the data model is created by modifYing the ArcGlS 

C. Dond:J 
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Transportation Data Model. The created .Ichema was th en exported to a Microsoft 

Reposilory. The created Microsoft RepositGr)' waS imported into ArcCatalog and a 

geodalabas~ waS created, Projection parameters were set for the geodatabme as wdl a, 

the relationships octween the objects. 

In Arclnfo. the mads are r~presented as netwotX features, the routes are modelkd as 

linear features through dynamic segmentation with trip paths being events oftlk: rout~s, 

and the stops ar~ represented as point features, The Gther nGn-spatial elements of th~ 

data model are represented as tables and relationships are modelled as relationship 

classes, 

Question Four: Does the software allow fG' an)' custGm;,ation ifnec~"ar)'? 

Removing unnecessary funclions and adding in n~w fooction.1 by wriling programming 

code using Visual Basic for Applications can easily customise ArcMap_ Examples of the 

customisalion performed in Arc Map for the prototype are: 

u rile removal of some unnecessary flLnctions; 

t:l The adding orthe password dialog box that is presented to the USer at any atlempl to 

edit the prototype database and spatial features; and 

t:l The addition of the intersection delay calculation forms to the prototype (.lee 

Appendix C for re presentation of tile forms). 

Besid~s creating the prototype in ArcMap and customising it, a decision was made to 

creat~ a .Itand-alone application with an ea,y to use grap!1ic user interface. u,ing ESRI 

MapObjecls 2.0 and Microsoft Visual Ba,ic Version 6,0, This application is mostly for 

information retrieval and simple qocries, Editing of the database and more involved 

,hortest palh anal)'s;. can Gnly be performed in ArcMap. 

The stand-alone application waS distributed tG tmnspon professionals for assessment. 

five people were seleded to test the software. AltholLgh a smali sample sile was used. 

the qualifications of people involved ensured thai a reasonabk feedback could be 

obtained. A delikrate attempt ,,-as mad~ to selecl people who have never used similar 

C.Oondo SIS for P<JbU< transport 
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softwar~ before, because such )'Cork wOlild not Ix aware or the advanced functi"n~ of 

lypkal spatial information system software and would inf<"TIl it~ \ISer-friendlin~,s. 

Among th,,~~ ~d~l1t;d wcre: 

:.J Two transport planning and cnginc~ring l~dllre~: 

u One transport planning researcher: and 

:.J Two transport cngin~cring p()slgradual~ ~llldenls. 

Th~ software "'a~ sd up on each person's computer. Each person had to go through th", 

software and fill in a questionnaire (see Appendix E for a sampk questionnaire). RilScd 

on th.;, qu~slionnair~, th", resllhs p.-",s.,nled in Figure 6.1 were obtained. 

User-friendliness of the system 

Humbrr of 
Pft1plr 

, 
-J 

I 

Very US" , friendly Quite us"r friendly Difficuit to U>~ 

figor. ~.l: UMOr-fricndlinc .. of Ih •• 0U"" ... 

Fmm Figure 6.1 , "I' th", li\'~ fi<'''pk "h" l1~~d the 80myare, 40% said it was wry u,er 

friendly und 60"/0 responded that it was quite user friendly. ""'hat matk the sol1ware 

hard to li,l1nw i~ lr..;, use 01' eerlain terms, which onl}' a regular GIS somvare u,er W0111d 

be familiar with, Such terms as 'spatial querie,' and 'shortesl path analysi~' were, in 

mo~t cases uT1<''(plained and therefore unclear to tocm "hat tocy represented. These 

terms were later changed to 'Map based queries' and 'find shorlest path' in the final 

executable. 

C. Dando SIS for public /rollSport 
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Easiness of use of the manual 

, 
llumbt r Of 1! 

ptoplt 

< zoo ;;;0 

V~ry rosy to 
lo/lew 

Quit~ ~a.y to 
,ollow 

< 

Dilficult to 
,ollow 

I'iguc 6.2: [.,in .. , of .s" of the software m.nual. 

Th~ sonwar~ marllJnl aSSlUnes prior knowledge of the kiml of functions a GIS can 

p~rronn and words such as 'map panning", ·table of contents' ma<k s.om~ of th~ 

in~tTl1ctions unclear. Some attributes like' FeaturcllY were not e.xplain~d <lOO th",rdon: 

the users could not determine their meanings. 

Dijjicu/ties encountered in using the software 

Th~ major dimculty, which \\a~ incurr",d by two (l<.'OpltO, aTO~'" from the fact that wh~n 

th~ ~onwar~ wa~ ~"'t up On <Oach of the compUl~r~, it wo..~ ~t up 1Il <l dir~ctory that was 

different from the one in which the database was created in. This meant th~ r~ports <lOO 

graphs failed to connect and retrieve data fmm the database and therefor~ th", lls~r~ got 

error m~ss;;ges on <ltkmpting to op<!n graphs or reports, This problem had ocen 

anticip;;kd prior to distribution and a ~t of in~tTl1ctions hoo h<o~n issu~d for 

troubleshooting. II seems these instructions did nOI work or wh~re nol clear. Howe\,er, 

this h<lS h<oen r~ctifkd in Ih", final ",x",cutabltO fik. 

Oth",r dilTicuili~~ w~re Ihe fact Ihat Ihr some analy~is, the soliwar", did nol give on~ an 

option 10 rdum to the pr~violls window. Tbis W<lS reclified in the final executable. 

Sugg<'l'tiom-

Th", lollowing sugg",sliollS ",er~ m<ld", for Ibe system: 

C.Dondo SIS lor publiC transport 
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CJ 

CJ 

CJ 

CJ 

CJ 
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was not 
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It can 

''''''''P'T1 were ImDl€~mente<l 

a 

a 

a 

causes 

are autOll1latlCall) 

user were 

rl1r'pro,·"" .. , at an lD{lerseC{IOn 

counts. 

it 

10 assess10g 

a cannot 

16 A the automatic invocation of a 
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tindilllg more 
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is 

to 

de'fel()p0rlenlts can on 
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1:1 
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one or more 

one or more routes 

one or more 

one or more 

one 
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one 

one or more 

one or more rinUPlr<;l 

one 

one or more 

one 

one or more 
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bel~nmlg or or more 
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cCodedValueDomaIn» 

cCodedValueDomaIn» 
BooIeanlnt 

4: A schema ..... ,,,.,..;1 .. '" all the domainl!l created in the leII:Kisltall»asle 

A2-5 
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Route 

Bu.Termlnl 

3: The traDolon route aDd features schema 

Al-4 
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ESRI Classes:: Object 
+OBJECTID : esriFieldT)plOID 

SeniceJobID: 
~D:~iFi~lnT'~~;'~ 

D~~:~iFi~lnT'~~--

2: I'IIOII-Sl:lilllti:1I1 scbema in UML Visio 
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AMVdmeTo:-r;i~;al~.~,~ 

AMVdumeFro: _riJ;i.>lorfl'· ............... 
OFFVdmeTo:_ri~i.~orfl',_dnh~ 
OFFVoIumeFro: __ :":..JI-,"",. __ .,~";_ 

PMVdmeTo: 
PMVdumeFro: ... !uil=i."orfl'· ..... " ......... 

I: The 

Intersection 
IntersectionlD : 

network schema in UML 
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an .... "' .. , ... iIIO."' ...... ",,,," ....... 

"-l .. n& ..... ' .. , ... , ... iIlterseiction is one 

at an .. "'.,,,.& ...... ,,"' .. ' ... IIlterse:CtllOn is eXl::llame:d 

et 

-----------,-~ 

at a tOIlIlI"-'PIrIiV controlled intersection 

1 aD1DfC)ac:n is th.~ .... tn,e~ 

....... '4"'~JlV .. can t1P1"1v<·t1 as 
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Equation 1: The eqllatiioll for ClIIICUIIIIUIIK the caillaci'ty 

c = 

= 
= 
= 

= 
= 

= 
= 

= 

on ", •. n/l"""~ ., .......... ,.<1,.'" is 

= on 

= 

= ca1,ac:uv 1 

to 

user not 

user 

2 isamnrrlanCall) ~jW~Ul~L~'~. 

AJ-3 
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r Ea,t Bound 

V, I 
"1'-
,,, 

r Wg,t Bound 

Lto I 
L<c Ir --

Rto I 
CIl:k to dOSI! this window 

r North Boond r South BDund 

L, 

(10k to ookuWe cop.city 

CIK;~ 10 cokulotl dIllY Del.y 

Swl~t Int~rsoction to updat" I 
Fi~u ... 2: Showlog {he form d.,igned iR AroM.p Ihl eDabl •• Th ••• 1t"J.ti<,. of the d~lay at an 

\lD,ig""lIs.d jllt'fOwioQ, whi<h caD Ibn I>e ~ •• d lOS. ".ight in Network Analy.i. 

The fonn shown in Figure 2 above can be accessed by opening the t'Protot)1l~Map.mxd in 

ArcMap. going ;0 the Network Analysis Menu and clicking on To uS~ lh~ form, the 

following procedure is followod: 

Ll Input the idl [urn, right turn and through traffic volumo values for each approach and 

then dick the "Click for fota]" h(1110n for th~ program to cakulate a total. 

Q Select a subjed approach ami all the other parameters follov.ing lhal are automalically 

calculated and the output values are displayed in the text boxes assigned to each 

parameter. 

AH 
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o Click on the" Click to calculate capacity" button and th~ capacity is shO"'l in the text 

box next 10 this button. 

o Click the "Click to calculate delay" button and the delay is ~hQl.vn in the text box next to 

this button. 

o Lastly, click on the "Select intersection to update" button to open the attribute table of 

intersections and then appends the calculated delay (Plea'>e note that this can only be 

possible when in the editing mode of Arc\1ap). 

Ass can be <.leduce<.l from the delay equation above and the form shown in Figure 2 above. 

calculating intersection delay requires more detai le<.l traffic volume in formation. 

Calculating delay at a signalised intersection 

The calculations in this research are based on the 1985 Highway Capacity Vlanual. The 

delay is Ihe total time vehicles are ~;topped in an intersection approach during a specitle<.l 

time perio<.l <.livide<.l by the number of vehicles departing from the approach in the ~ame 

time (Edwards 1992 and Thanesuen 2002). 

[he delay is calculated as follows: 

d=pf*(d j +d,) 

d, =O.38*C 11-g/Cj' 
11-(gfc)(X)j 

,-~--

d, K 173 * X' I{X -1) + -/(X -I)' + (J6· Xf e)l 

Where: 

pf = progression factor 

C = total cycle length lin secon<.ls) 

g = effective green time on the approach (in seconds) 

X = v I e = the ratio for the approach 

v = tlow rate for approach (passenger vehicles per hour) 

A3· 5 



Univ
ers

ity
 of

  C
ap

e T
ow

n

c = capacily of approach (pass""g~ v~hid~s p"r hour) 

d = average stopped delay in seconds per vehicle 

Estimates: 

:J Th~ progression factor is uSlJally ~stimat~d trom 1.85 (for dense arrivals at the 

bt:ginning of a pr~d~l1n~d signal r~d phas~) to OAO (for dense arrivals at the beginning 

of llot: gr~~n plm.~~ of a fully aclual~d sign all, 

u For random arrival, the progression factor = l,()() 

u The total cyele length. C, varies from 60 to 90 seconds 

:J The elTeclive gr~en lime, g, varies Irom 410 6 seconds 

The following fonn was developed in the softY,'are to enable the calculation Oflhis dday: 

• , , 

(;,ICul0t~ X X " 

C<>lculate d1 dl= 

C~cul~t~ d2 Enler PF 

Clliculate a"er* <topped del"", 
,. 

(hd to clo<e !hi, wiOOow I Select inter<ection to update 

figu .. 3: Sbo"ing tho form ill. .\rd\lap for c.lculalin~ a'."go ,topp.d d.lay at a .ignal".d 
in'n.~dion 

Th~ pmc~<.lur~ h a<; follows 

o Inputth~v.g.Candcyalu~s, 
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IJ Click on 'Calculate X' and the r<lSUlting value will be outp .. t on the lext ho~ nexl to the 

button. 

o Click on ·Calculate dl' and the resulting value will be OUlplll on the text box next to the 

button. 

IJ Cliek on ·Calculate d2· and the resliiting vallie will be OlltPlit on the text box ne~t to the 

bUlion. 

IJ Enter the progression factor and click on ·Calculate average stopped delay' to calculate 

the delay. 

IJ Select the intersection to update and cnter th delay value in the delay field of the 

attribute table. 

'" 
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Thi, manual has heen divided into two sedions. The fir,t , edion is for the Visual Ba,ic 

applicution and the second section for ArcMap. Please note that nO ediling lake, place in 

the Vi,uaJ Ba,k application. All the editing and other advanced 'l"erie~ like NetworX 

Analysis can only he performed in ArcMap_ 

To load the VisUJI Basic application. run the set-up as im,trucLed in lhe Set Up document 

enclosed with (he CD. 

1. Openinj! the proj!ram 

After setting up the application. the user opens the program the double·clicking the 

Section One 

:J From (he dialog ',ile1come window that appears , clic"k on the blltton b be lled "Click to 

enter program" (see Figure I below): 

, ....... ••••• u .......... "" ~ • •• 'ow_ 

".."",,, 

rM.~2._ • 
..... "'_ Dr U ..... " 
Uoiv~,;" ~I CO"" Towo 

l~~J 

w-
C/ide ! .. m!rr 

pr"~'4m 

--
• • • 
Ve""on 1 [j] 

Chde to d~'r 
prO!rdm 

:J rhe muin window ""ill appear on screen. from which the user can choose the ta,k 

they want to perfoml. 

:J From either the menu bar or by clicking on hullon' on the loolbar. the user can 

choose LO do: 

.;1·2 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• Passenger analysis 

• Find tMe sh()rtest patM 

• Ride check analysis 

• M<lfI-based Queries 

NB: By placing the mouse on each of the to()lbar, the user gelS information on what each 

of the toolbars represent. The analyses are discussed below bul most of the steps are vel)' 

self"explanal()f)' and straighlforward to follow. 

2. Passenger analysis 

U After selecting passenger analysis, a window will ()pen up, asking you to select 

whether you wanl to view information on 'on~ specific· route for different times of 

day', 'different ti"",s of day for all routes' or 'by stop for different times of day'. 

Option I :Aftcr selectjng ·one specjfic route for djffe-.WltJimes of da\" 

• You get a window, sh()wing the route ()n map wilh the following tools. These 

tools will be available for most analysis and their functions are as follo,,"s, 

starting from the left: 

Zoom I,.J"Q ;Ifyou click on this button and drag a rectangle on the map on the 

area of interest, the map will zoom in on the area, 

panfZI: For moving the map to focus on the area ofint~resl. 

Identi~: Clicking OIl this bUt/Dn and clicking on a feature ()n lhe map will 

open a wind()w sI10wing inf()nnation on the feature. 

Zoom t() full extent - I; Zooming in to the full extent oftbe map. 

• You can add the road as a base layer or remove it if you do not ne~d to print a 

map tbut first ensure that it is selected in the table of conten ts), 

• You can choose TI(lt to display a layer but uncheeking the box n~xtto it in tM ~ 

Table ofConlents 
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• You ~an print th~ map; Y;ew a report on the rout~ or the buses for the rout~ by 

just dieking on ~ach of the buttons labelled . 

• ' .", " .. '.-.. I.·~·· .~'"J 

" 
~ ..... ---- .. 

,,;~-~ ) 

-- = <~-- qlli 

ri~Ufe 1: '0"" for tb. AU'Dtls to C.p. To" n ruute 

Opt jon 2:After selecling • Difl"r~n( tim~s of day for all l\>utes' 

• 
• 

A form is display~d, with tabs fOf the different times of day. 

For each ofth~ lim~, of day you sel~~1. yOll call either view or prmt a report or 

a graph of all the routes for that time of day. 

• Relow is an example of the graph you call print 
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' .... n ..... d1ll1nl ,n. _.uk 
--+---------~--------_1--------__j '''' 

--+---------~--------_1 '''' 

'"I--t--

, 

'iIw.'!101- r." ... 
:;a . O I!l » I<l ~ !)~*61il1 ""' ... 

2. Option 3:After selecting 'Bv stw for different times of dav' 

• 
• 

• 

A form is displayed showing a layer of stops. 

You can create graphs by sdecting the fields you want to use for too graph in 

th~ li;t box provided. 

You can select multiple fields by holding thte 'shill' or 'clr]' button 011 the 

keyboard while selecting the fields. 

• The items in the list box are explained below: 

PassAAM- pas'~nl1"rs g~tting off the hus at that ,top during the AM Peak 

PassBA\1- passengers boarding the bus at that stop during th~ AM Peak (and so 

on for the other v..vo peaks which are the PM Peak or the OFF Peak). 

• A map containing the created graphs can be printed. 

44-' 
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3. Find shortest !"Ilh 

• If you choose this analysis, a form opens up with a road layer and some 

command buttons. 

• In this form. you can choose to use the mouse as either a zoom tool or to click 

the start and end points of tile proposed route on the map. 

• After selecting. 'click point', place two point' on the map where you wam tile 

route to start and end. 

• You ~an changc the size ofthc points by sliding the bar. 

• Click 'Find Path and display it'. 

• You ~an then sekct to label the map and print it or cxport it to an image file. 

~ 
ExportM.>p 

AJ-6 

u,. til. now •• , 0: 

« ,oom '001 (.;raw . '''''(''''BI~ ,,,,,de 
mop to .oom) 

,()Om ,! ""e"' 

~'.ii= ........ 

""'" ..,.~ 

II ~eOa ·~~\t~".n ""'" 
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~. Ride check analysis 

Scle~'t the Ride check aIlalysis from the :v1ain Menu or by clicking on the hutton on the 

toolbar. The user Can choose to view Ihe number of pa~scngers 'graphically per ,lop on a 

map' or ' graphi.:ally per seclion orroUie on a map'. 

Option 1: Graphicallv pcr stop on map 

• 
• 

• 

• 

You Call view and print a reporl of all slOp, by clicking on "View reporls" 

Using the Identify 1001, you can click on it and then dick on any lbture on the 

map to gd information on lhal fealure. 

You can creale a graph for the number of passengers bo:m.ling and getting off at 

each ~Iop by ~eleding PassU and PassA in the lisl box and then ~clecting the kino.! 

of graph you wanl 10 create (whether pie chart or a bar chartl. 

Thc map containing the graph can then be printed. 

Opt jon 2: Gmphicalh per se<::lion ofNulc on a map (to o.!ispJay lhe number of passengers 

"ho traveleo.! along each ,eclion during thc ride check survey ano.! prinl out a map): 

• Click on the 'Di~play by varying width' bunon 10 display the number of people 

who were travelling along each section orthe rOUle during the survey. 

• 

• 

Click on label map to label tbe map according to lhc number of passengers who 

were trayelling along thai route during Ihe wrvey. 

Using the Idcntify tool, you can click On it and then click on any feature on the 

map to gd infomlalion On that feature. 

5, :viap·ba,ed QueriCOl 

The purpose or :nap-basco.! quer;e, is ror ~elecling features on a map acconling to certain 

criterion one wants to set and then print or export lhe Oulpu! and prinl it out. 

• If you ,elect map-based queries, a form will o.!isplay showing the layers on the 

map. The layers On lhe map are the roads, the populations, lhe ~tops and the 

routes. The tools availabl~ on Ihis window and their funclions are e>.plaincd 

below. 

M-I 
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• You can change the order of the layers by selecting a layer and dragging it to 

another place in the box labelled "Table of Contents". 

• If you cliek On map properties.~. of if you go to the Menu, View- Map 

• 
• 

• 

• 

properties, you get a dialog box (see Figure 4 below). From this box, you are able 

to: 

Add more la}CI"s to the map 

Select map units for the map 

Set the background colour and border for the map. 

.... op P''''''"..... " 
,---
! 17 Scrollbars on 

m" 
! 17 3D 

---, , , 

!~ 
appeararlCe ,=== ... ~-=. ~~~~=~ 

i Map border style Define map unih for the I""I!(~ 

, 'I,C.C'='-,,-d=,C,0-.7,-::J'. I iJnI<.nown 

I --_ .. _--
Clit~ to ~tlttt miOp b..c:kground clln •• s color: 

(lose window I 
f ilUI"< .:M ap I,mporti« di~ "'~ OOX 

If you click on the find button ~ or if you go to the Main Menu. click on edit 
then Find, the dialog box shov.n in Figure 5 below opens lip. 

A-/-8 
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- '''''''''' , ---- -_ .. 

L Enter" ,earch name 

2. Choo,e which laver' to ,e..,-ch 

fill 61 BuIRoute 
fill [!3 roMeI 

• 
:=:ind 

o matche, found 

. ~Iect the operatlon to perform 

HigUiglt Inlert Pin Zoom To 

From thi~ dialogue box: 

• You fir<;t check the box next to the layer you want to find f~lur,;s from 

• You then enter an attribute value in the text box provided, 

• Afkr that you dick the find button, 

• IfmOl"e than one feature are fOUlld, pick a feature from the list. 

• Lastly, chose whether you want to highlight the feature, zoom te it, or insert a 

pm. 

The find button i, quite difficult to work with beu.use you need to !mow, ir advance. the 

yalues you arc looking for, oLherwise it i, advisable to use the identify tool :explained 

below), 

• The next <;et of tools are zoom tools (see Figure 6 below). 

Figur .. 6: Z""m tool, 

A-I·V 
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• rhc identity bullon can be used wh~n one wants to retrieve intrmnalion on 

any l~aturc on lh~ map_ Click on the identif)." bulton l OJ and then dick on any 

fealU", of interest on tfoe map. A dialog box opens up 'howing all the 

attri!.>utes 0 r that feature. 

Loce~on 

3 feature, found 

Fe~ture: 

Attributes: 

RouI.o.,C< • Ali¥<i, 10 C_ T ""'" 
08J£CTID·8 "'"""_. 
BusRO<JeNo _ 1 
FeaU~d _ 5 
P.,senger •• 1000 
P"""'9'_l _ 1500 
5HAP£ _ LOf'lI _ &1700. 9351853 
P"<en\l._2.~ 
BusRouIeD _ 1 

Theme : BusRoute 

Shape Type: LIne 

" x ; 

.•. _.-
Figure 7: Dialog box showing the idcntif~' result>. 

• Th" spatial ,d.,.;t hutton 811:1 is usoxl when one wants to select features from 

the map using a shape, for example a line, a rcctangk or a cin:I,,_ 

• After clicking on the spatial select bullon, a dialog box appears, "here one 

selects the ,eketion they "am to perform (sec Figure 8 below). 

• For example, in Figure g below, a rectangle will be drawn in the map at a 

s.cl"ct.xi point w that all ,tops [hat "ill be falling within the rectangle arc 

sclect::d. 
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• Unles~ you clear the first selection, all further selections ""rformed will add 

on to the one already made. 

\e>,,_ ' " . ' :'. ' "' t>y dr_r-Ji: shap'" "rth the moJSe cursor or 
spec"Yni:layers to,;elect _mt. 

1. COOose ,layer for selectIllil features, 

• Ct>o, on the ')'IIIboI1<l o~ selecllon C<Jb.Jr 

Z. c,.,.,,~ • >harpe type lor ,oIo<t>Jn or 'Iaye' to ,oIr;ct ~an: t, 

To ,oIr;ct t>y >hape< yoo ~r_ WIti'> tM Cut"", ..,.,., your o.,,,;or 
m>:lethe""". To_e a,ob:ron _Ioye-r>,_k the 

I.ppIy Self< t.".-. bu\1on. 

;,wV ""f,octioo I Cleor sob:bJn 

Figure II: Spatial select dialog box 

l. Clicking on Layers, Legend Editor, will O]J<'n a dialog box from where you can: 

• Choose how you wam to label a layer on the map (you first need to make sure that 

the layer j~ ,elected in the Table of content~). 

• Change the display colour ofa layer. 

• You ~an display the attributes using classes. 

Click on 'Create Map Layout' to create and print Map Layouts_ 

• A layout wind,,,, will open up. 

• You Can add each ofthc elements on the map by selecting it and drawing on the 

map. 

M·I! 
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• 

• 
• 

After adding the components, you can click On 'Preyi~w' 10 see what the map 

look<; like. 

If you arc not satisfied, you can click on 'Compos~' and slar( creating it again, 

At'tcr you arC done creating the map, dick Of] 'Print Now' 

3. You can check On the Map Tip checkoox at the oottom ofthe map to select the field 

in a <;hapdil~ from which tfle tips are coming from. 

4. If you ,,,1&1, StopNamc, for example, if you 1'1<1\:" tile mouse pointer on any Slop on 

the map, the StopName will be displayed. 

ArcMap Section 2 

This inslructions for this s(X:tion of the anal).,;is are oot exhaustive because lh~ 

assumption is thit if you have ArcJnfu on your computer, you probably also haw a copy 

oflhe user manual. The Ven;ion of ArcInfo required is 8.1 or higher. Load the CD and 

double click on 'Fprototypc,Map', The type of analysis thai can bt: ptlrformed in Ihis 

system have been dividw into the following categories: 

• Ridership analysis 

• Network analysis 

• Aaessibililyanalysis 

• Olh~r attri but~ q""ri", 

Thcse analyses will be discussed in the order provid~d abow ""ilh a final di<;cus<;ioo On 

creating a map and printing the output and the editing option, 

2.1. Ridership an~lysis 

Thcs~ analys~s arc perfonncd \\'h~n it is required to find oullhe approximate number of 

people (or passcngcrs) in this case who lrave! by bus along a certain route, In this 

application. statistics arc only a,·ailablc tor ooc particular bus routc. 

2.1.1 To displOl)' the number of pOlsseugers along e~ch section of the route 

• :-';olc that this has been perfonned already by displaying the numbers using li"",s of 

different widths, that is a thk:ker IirJe representing more pcople, A map oflhis 

</4-12 
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inlilm,ali"n ~an h~ ~r"lll~d and printed out when required (see Secl;on lilr ~reating a 

map), 

• If the Table of Contents is !lOt visible, cliek on the op"" Tahl~ of contents button ~ 
to "pen it. 

• Tick on the on the box nexlt" trip path ~"~nt<; in th~ Tuhl~ "fContents to open the 

layer. 

• Douhl~-dick on lh~ luy~r in lh~ tabl~ of conl""l<; to open the Layer Properties bo.x. 

• Cli~k on the symbology tab. Under Show, sd~ct Quantities. graduated symbols (as 

shown in figure below): 

0, __ "' ... ............ .-__ _ 

,.... ''''-._ " ... ~'_'!lri4 

'-'I i 

"' ~...-~ I "'" 

Figu •• 9: Di,pl~yin~ numb •• of peopl. po< roule u,in~ lin •• "ilh "8'-ying "idlh ,;, .. , 

• You can display click on template to get a box (like the one in figure below) from 

where you can sded til<e colour and th~ st)'l~ you require. Click OK. 

M-l3 
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o 
......., "-"- " '.- .. . .. ~ .... . 

•• • •••• • • • • 1. • • • • • • 

• •• •• • • ••• • --"- ~"",", .. . -- ... • • • •• • ••• • •• • •• • • 
"_s ... • • • • 
- • 

• • • • o 

••••••• • 

.l l..l! 

• • 
:~ 

"0 

• 

~. .- 0 .- I 
0 c_. Ii 0 

},~ue 10: Setecting lh~ colo". and lin •• lyle for di'ployi"g p""enge .. 

• You will return 10 the layer propertie s bo>;, where you will click on apply and then 

OK. 

• Instead of using lines of different widths, different colours cun be used fly clicking on 

the graduated colours option instead of the graduated symboL 

2.1.2. T" c~catc Ii ~cport with II sum or pcople along each section of the route to get 

an overall ~aluc ror the whol .. mille 

• Go to the Matn Menu, click O~ Am.lysis and open the Ridership analysis form. 

• Click on the "create route for the whole route" buttOll. Plea.'" he pat ie~t, it takes a 

while for the report properties dialog box to open. 

M -N 
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W[ocWeG"'4'Foekt 

r: PIocolir<q> FoektFrn 

Figure ll: Report proper!i., di.tO\: box 

• In the R~porll'n)p"rtie, dialog box, ,etlh~ following ,~ttings: 

o Set layer table to trip path lay~r 

o From lh~ "available fidd," m)x, s~l~ct th~ NumberOfPas'engern and 

BusRolite field, and ,~nd Ih~m to the "Report~d Fields" box 

o Go to grouping, and add BusRoute field. 

o On Summa!)', in the available seetions, select end of group BusRoul~. 

o In Numerical Fields, tiek in the Sum box. 

o In the Display tab, you ean set the displuy colours and other options. 

• You ean save the report. 

2.1.3. To display the number of people boarding and alighting at .. aeh hus stop 

• Doubl~ click on Ih~ SlOp lay~r in I"" T abl~ of Contents to open the layer propenies 

window. 

• Click on the Symbolob'Y tab and select charts from the Show box. 

A4-I! 
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II 

II 

or StalClonlS. 

on Vl'llMnll~ TlU'T.n.1"~ one can __ .. _M,,_,,_ 

on: 

a QlIterent 

route at 

on 

....... ' ... ~ .... 15 at an mtl~rS(~ctlon. 

on is 

as 

is 

II 

II a one ....... """~ .. , .... 8 

A4-J6 
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• 
• 

• 

Edge-ifjs 

W"'Ifi <!long ~ ciFocbon 01 edge, (\!om-«> wed\'1 

I , 
I 

i 
I 
I 
! 
I 

, --=~~~d _ II 

On general tab, set it for select on all features. 

On the weights tab, select the weights you want to use, in figure 8 abow, the weights 

being used are edge weights and this is the delay (which is the timo;, taken to truyerse a 

section of the road discussed in Section 2.1 abow). 

On the Weight Filter tab, set SO that features with weights 01""'0" are not indue!~d, by 

typing in "0" in the Weight Range box and ticking the I'ot box. 

• Still on th~ W~ight Filkr (ab, on the Ee!ge Weight Filter. for the From_To Weight and 

• 

To_From Weight, specifY the same weight. This just mo;,ans !h::t it takes the same 

amount oftimc 10 traverse in both directions ofthc road. 

On the results tab. you can seled whether you want it 10 di>play the results M 

e!rawings or whdkr it .'!l"Ioule! selectth~ features 

• Click 01(. 

• Go back to (he netwOl"k menu. click on the add edge flag tool " . ane! place the tlags 

on the map to where you "ant the route to start Or ~nd at. Please note (ha( the nags 
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5ele<t HIOP I C,,'" ,elect"", 

Sele<t AnalySIS CrU." I 
• (reate a rMp Iayuoj I 

-===~~-=. ~ ==='=~-~---
l<'igure '):Accessibility unulysis form 

o Set stop to be the selectable lay~r by ched.;:ing in the box beside th~ ,[op lay~L 

• Click on "'s~lect stop" to select the required stop, 

o Click on the selection ~riteria button to ,plXify the following paramet~r,. 

• Say you want to select feature, from (he population la)'~r, which are within lOll 

metres of the selected ,top, 

o Click OK, 

o Prom the selected featmes, yOL! can op~n the attribute table button lffi (0 get [he 

number ofpe()ple in (ha( area, 

2.4 Other attribute qu~ric, 

GIS is a yery pow~rI\J1 t()ol in analy,is ,() nx.re analysis than are mdicated aboye are 

possibl e, The following sec(ion Just giy es examples of ,-.ther analysis possible, 

H-!9 
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