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Abstract

The development and economic growth of a nation is closely related to its available transportation system.
Good and efficient road transport infrastructure facilities will promote industrial and socio-economic devel-
opment. To provide safety and comfort to road users, a comprehensive road maintenance schedule must be
formulated and adopted to ensure those roads are in good condition at all times. Preventive maintenance
works, such as road rehabilitation will help to reduce the major road repairs and expenditure. Prior to this, a
good database, gathered through GIS will be necessary in order to ensure maintenance is done effectively.
Geographic Information System (GIS) is said to be one of the useful tools that can be utilized to manage da-
tabase in road maintenance engineering. This system is capable of storing, managing, analyzing, computing
and displaying all forms of geographical data for road maintenance works. In this study, the author has
adopted GIS application software — ArcView, and has reviewed and analyzed its effectiveness in managing
road database. These data are then used to assist the management to ensure effective and systematic road
maintenance. A typical model of roads in Penang, Malaysia is used as a case study to further clarify the ap-

plication of GIS in road maintenance.
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1. Introduction

Geographic Information System (GIS) is a system for
mapping and analyzing any object on earth. It is a way of
gathering, storing, and managing any type of data with
spatial components. GIS data are usually stored in more
than one layer. This is the fundamental aspect of GIS, and
working with layers of geographical information is gen-
erally known as data integration. GIS technology inte-
grates powerful database capabilities with unique visual
perspective of a good old fashioned-map. This makes
GIS unique among various information collection sys-
tems.

Basically, this system utilizes hardware, software, user,
and effective management to collect, store, analyze and
present the related information of a given area on the
earth. Even more, it has the capability to overlap map
and provide an information inquiry facility that can indi-
rectly create a whole new set of information. Here, data
output can be obtained in the form of tables, maps, graph
or combination of this three. The other powerful aspect
of GIS is its flexibility in modeling spatial objects to suit
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the particular needs of the user or application. GIS pro-
vides a set of tools or computer programs that allow user
to perform specific operation on the map, assisted by set
of attribute data.

This study is conducted in Seberang Perai Selatan, Pe-
nang with the objective to explore the potential of GIS in
capturing, storing, updating, retrieving, displaying and pr-
inting data to facilitate road database management. Road
maintenance is monitored effectively within the district
by using the application of ArcView software. This case
study area is shown in Figure 1 [1].

1.1. GIS Capabilities

GIS consists of four subsystems, namely data acquisition,
data management, analysis of data and information out-
put [2]. Some of the GIS advantages are listed as fol-
lows:

1) Consists of a central database storing all data re-
lated, available and useable to users when required;

2) Promotes data sharing culture and enhances team
spirit;
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Figure 1. Study area.

3) Improves data currency, accuracy and consistency
of data maintained;

4) Minimizes data duplication;

5) Performs analyses on spatial and non-spatial com-
ponents;

6) Has a more effective presentation of data;

7) Data are managed more efficiently; and

8) Increases work productivity particularly in planning
and managing infrastructures, to produce results from
numerous combinations of data sets [3].

2. Methodology

This section will mainly focus on the methodology that
involves handling and managing data. Within the process
of data collection, two sets of data are classified; namely
spatial and attribute data. Spatial data are achieved from
the output of Global Positioning System (GPS) equip-
ment. Processes involved in this research are illustrated
in Figure 2.

2.1. Spatial Data Input

All data must be in digital format before they can be in-
serted into ArcView software. These data namely spatial
data, mainly focus on the federal routes, state roads and
other road assets, such as bridges, culverts, kilometer
posts and signage. To meet the scope of the study, data
obtained from the Department of Public Work Head-
quarters in Kuala Lumpur and Penang GIS (PEGIS) in
Pulau Pinang were edited to enable spatial data to be
arranged efficiently.

2.2. Attribute Data Input

In this study, softwares used to construct the attributes are
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the Microsoft Excel and ArcView. Attribute are mainly
for database feature displayed [4]. Essentially, attribute
tables are constructed in each segment and they consist
of construction of road centre lines, kilometer posts, sig-
nage, bridges and culverts. All field data collection is
attach in Table 1.

3. Application and Result

ArcView software provides an interactive map display
which contains many themes or groups of similar fea-
tures [5]. Thus, by activating those related theme, informa-
tion on the study area can be simply obtained. All theme
legends are displayed in the form of table content, as in
Figure 3. Even so, every feature in these themes has one
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Figure 2. Road maintenance flowchart.

Table 1. Attribute table.

. Bridges/
Database Road Km Posts Signage Culverts
Seg id . Seg id
Route No Seg_id Seg_id Struc_No
= Route_No — =
Road Name .= Route No  Struc_Type
- Section_No —.
Lane Length Primary Dest Type Location
Lane Width Disgﬁce Date Instll Route No
No_ Lane S Sign Code  Yr Built
- Sec_ Destination .~ — -
Rd_Class = Sign Desc Length
— Distance - .
Pav_Type Status Width
Status L
Status District District Status
District State District
State
State Image State
Image
Image Image
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unique record that describes the feature’s characteristics
in the form of theme table format [6]. Then, creating
hotlink on theme features will allow users to click on the

2 ArcView GIS Version 3.1
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related theme to display additional data as attached in
Figures 4-6. This data can be an image, a text file or a
document.
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Figure 4. Geometric and identification Fields-Kilometer post.
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Figure 6. Geometric and identification Fields-Signage.

4. Conclusions

The adoption of GIS will lead to a more organized mana-
gement of digital data especially those related to road
data. Particularly, this system application will also incre-
ase work productivity in managing road maintenance.
Generally, this study has achieved its objectives as defin-
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ed. Thus, the conclusions that can be drawn from this
study on GIS system are as follows;

1) It has a capability for a fast data recall with relative
ease of use,

2) It minimizes wasteful duplication of effort in the
collection of geospatial information,

3) It can improve data currency, accuracy and consis-
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tency of data maintained [7],

4) It promotes data sharing culture and enhances team
spirit,

5) Map data obtained is more secure and better organ-
ized [8].

5. Recommendations

It is recommended that this study be pursued particularly
in the development and analysis of road assets manage-
ment system. To improve the management of the road
maintenance, additional data such as black spot areas,
road side development and other features related to road
maintenance should be collected to assist in planning,
cost reduction and better decision making.

6. Acknowledgements

The authors wish to thank the Dean of School of Professi-
onal and Continuing Education (UTMSPACE), and Dean
of the Faculty of Civil Engineering for their support of
this study.

7. References

[11 J. K. R. Malaysia, “Arahan Teknik (Jalan) 2A/85,”

Copyright © 2010 SciRes.

Manual On Traffic Control Devices, Public Work Depart-
ment (JKR), Malaysia, 2009

J. D. P. Edrus, “Aplikasi Sistem Maklumat Geografi
Dalam Pengurusan Lubang Jara,” GIS Application on
Borehole Mangement, Unpublished B.Sc. Thesis, Uni-
versity Technology Malaysia, Skudai, 2005.

D. B. Francis, “Aplikasi Sistem Maklumat Geografi
Dalam Penentuan Kawasan Perlindungan Air Di
Tambunan Sabah,” GIS Application in Determining Wa-
ter Protection Area at Tambunan, Sabah, Unpublished
B.Sc. Thesis, University Technology Malaysia, Skudai,
2005.

M. B. A. Manap, “Determination of Waste Disposal Area
in Klang by Using GIS,” Unpublished B.Sc. Thesis,
University Technology Mara, Mara, 2005.

McGraw-Hill, “GIS Implementation for Water and Waste-
water Treatment Facilities,” WEF Manual of Practice No.
26, 2004.

Meor Othman Hamzah, Asri Hassan and Mohamed Re-
han Karim, “Reka Bentuk Jalan Raya Untuk Jurutera,”
Road Design for Engineers, Dewan Bahasa Dan Pustaka,
2001.

Norkhair Ibrahim and Zulkifli Majid, “Prinsip Sistem
Maklumat Geografi,” Principal of Geographic Infor-
mation System, Universiti Teknologi Malaysia, 2002.
Ruslan Rainis and Noresah Mohd Shariff, “Sistem
Maklumat Geografi,” Geographic Information System,
Dewan Bahasa Dan Pustaka, Kuala Lumpur, 1998.

JGIS




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


