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Abstract –
The implementation of GIS based application is growing
rapidly in many areas such as business, government, or public
services. Potential implementation of a GIS-based application
then applied to the mapping of conditions and irrigation
building and canal. The application will display the latest
information on the condition of each building irrigation in
Rentang area, covering three districts namely Majalengka,
Cirebon and Indramayu. This area has about 1000 buildings
irrigation and segment that connects between buildings. In
order to present the interactive map and running in a web
environment, the map should be processed using a series of
stages of preparation of maps using GIS software such as
ArcGIS, Quantum GIS, PosgreSQL and PostGIS, GeoServer,
and OpenLayers. The resulting map is then divided into three
main layers based on category object to be displayed, that is
the main irrigation channel, secondary channel and tapping
buildings. Users can see the position and condition of each
object which is represented by a different color for each
condition: green for good conditions, yellow for minor
damage and red for major damage. This application is
expected to help the units involved in obtaining a general
overview of irrigation in certain areas quickly and accurately.
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I.

INTRODUCTION

Today, along with the easy access to the internet areas, the
utilization of web-based applications as a medium for the
dissemination of data and information is open widely. One of
the applications is also growing rapidly is the presentation of
information in the form of spatial data otherwise known as
Geographic Information System (GIS). Through spatial
presentation, information becomes faster to understand and
could be displayed more interesting. Currently, GIS is also
widely presented in web-based and many supported software
available in open source [5].
One of those opportunities is the use of GIS presentation
about the condition of irrigation network, which usually
spread over particular area. This information is required to
assist officers and related agencies in the maintenance of the
irrigation conditions in order to be useful for the community.

One of the units that need this information is West Java
Irrigation Project Development and Project Planning section
as a part of Dinas Pekerjaan Umum (PU). The unit is
responsible for monitoring the condition of irrigation in
irrigated areas "Rentang" which is covering 3 districts namely
Majalengka, Cirebon, and Indramayu.
The process of
monitoring the condition of the building is done in the area of
irrigation manually, which is done by direct inspection of field
officers, and the condition of the building is collected and
summarized by officers and stored on spreadsheet files
(Ms.Excell).
In the irrigation area "Rentang", at least there are about
1000 more building irrigation that should be monitored by
officers. Monitoring typically includes the condition of the
building (well, badly damaged, slightly damaged) and
conditions of irrigation channel in general [4]. The report is
presented in the form of text and images are considered unable
to give an overall perspective of the condition of the irrigation.
Based on this need, it is carried out an initiative to map the
location of the building and present information in the form of
spatial data to provide a more representative perspective.
The application was designed to be run on web based
environment for easy access and was built using several GIS
software such as ArcGis, Quantum GIS, PosgreSQL and
PostGIS, Geoserver, and OpenLayers.
Through this
application, the user can display the condition over coverage
area and filtering data based on certain condition. The
application can display detail information about the building
condition in each point and can print the report based on user
need.
II.

LITERATURE REVIEW

A. Irrigated Area and Irrigation Network
Irrigated area is a territorial unit or a specific area of land
that gets water from the irrigation network [1]. The area
consists of irrigated areas (the land that would be given water)
and the Main Building Irrigation Network (canal and
Building).
Irrigation network is the canal, building, and its
complementary building is an integral and necessary to the
provision, the distribution, administration, use, and disposal of
irrigation water [4], infrastructure to distribute water from the
dam to agricultural land owned by the community. With the
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existence of these canals, the need for water for the rice fields
/ fields the farmers would be assured.
Irrigation channel consists of three parts, namely channels:
primary irrigation canal / parent, secondary irrigation canals,
and tertiary irrigation canal [2]. Primary irrigation network is
part of the irrigation network that consists of a main building,
the trunk / primer, the discharge channel, the building, the
building-tapping,
tapping
buildings,
and
building
complementary [4]. Water that has entered into the secondary
irrigation will be forwarded to the tertiary irrigation canals.
Building primary irrigation canal generally is permanent that
is already built by the government through the Department
Pekerjaan Umum or the local area [2].
Secondary irrigation network is part of the irrigation
network which consists of a secondary channel, channel
disposal, for the building, the building-tapping, tapping
buildings, and building complementary [4]. The function of
secondary irrigation canals is bringing water from irrigation
channels routed to the primary and tertiary irrigation canal [2].
Tertiary irrigation network is a network that serves as
irrigation water services infrastructure in tertiary irrigation
consisting of tertiary canals, channels and channel waster
quarter, tertiary crib, crib quarter, as well as ancillary
buildings [4].
Maintenance of the irrigation network is an attempt to
preserve the canal and irrigation structures that can function as
long as possible in accordance with the term of service is
planned. This activity includes maintenance, repair, and safety
precautions that must be done continuously.
Operation of irrigation network should include:
1. The work of collecting the data (flow data, rainfall data,
the data acreage, etc.).
2. Calibration gauges discharge.
3. Planning Annual Water Supply, Water Distribution and
Annual Supply, Annual Plant Layout, Drainage, etc.
4. Implement job sharing and the provision of water
(including water demand job reports, and set the door
openings).
5. Set-door sluice at the dam associated with the arrival of
the flood discharge of the river.
6. Set the door pockets to drain silt mud.
7. Coordination among relevant agencies.
In order for irrigation network operations can be carried
out properly, it must be available supporting data, such as:
1. Irrigation Management Area Maps Work in accordance
with the duties and responsibilities (scale 1: 25,000 or
adjustable), with plotting water source, reservoir, dam,
trunk, and irrigated land.
2. Regional Irrigation map (scale 1: 10,000 or adjustable),
with a limit of irrigation area and plotting of main and
secondary channels, waterworks, irrigation and landsharing group.
3. Irrigation Scheme, which describe main and secondary
channels, waterworks and other buildings that exist in
each segment and the length of the channel, with the
tertiary flow data plan, wide swath, code groups, each of
which is equipped with nomenclature.

Giving Scheme and Water Partition Plan, which describes
the plot with the data-sharing schemes and the provision
of water ranging from tertiary, secondary channel,
channel master and weir / water source.
B. Geograpic Information System
Geographic information system (GIS) is a formal entity
that consists of a variety of physical and logical resources
relating to objects that are important in the earth surface. GIS
is also a kind of software, hardware (human, procedures,
databases, and communications network facilities) that can be
used to facilitate the entry process, storage, manipulation,
display, and output of data / information related to geographic
attributes [5]. Here is an example of the abilities of SIG:
1. Entering and collect data element - the element of
geographic (spatial and attribute)
2. Integrating the data element - the element of geographic
(spatial and attribute)
3. Checking, updating (edit) the data element - the element
of geographic (spatial and attribute)
4. Storing and recall (retrieve) data in the data elements elements geographic (spatial and attribute)
5. Represents or display data element - the element of
geographic (spatial and attribute)
6. Managing the data element - the element of geographic
(spatial and attribute)
7. Manipulating Data element - the element of geographic
(spatial and attribute)
8. Analyzing Data element - the element of geographic
(spatial and attribute)
9. Generate the data output element - the geographical
element in the form of thematic maps, tables, charts
(chart) report (report), and the like both in hardcopy and
softcopy.
Building the GIS application can be done phase by phase
as common software development life cycle (SDLC) starting
from requirement gathering until testing and implementation.
But, there is specific stage in GIS application, which is
preparing the map.
The traditional scheme of GIS
Implementation Plan is described in figure 1[7]. The approach
of GIS development can be vary depends on GIS software will
be used.
C. GIS Software
In order to deliver the GIS application on the web
environment, it needs set of software to prepare the map and
present the map interactively. On this research, we use some
software such as ArcGIS Desktop, Geoserver, Web Map
Service, Web Feature Service, Web Coverage Service,
OpenLayers, PostGreSQL, PostGIS, and QuantumGIS.
ArcGIS Desktop is a collection of desktop based GIS
software application running on Ms. Windows. The
application is used to compile, write, analyze, shared, mapping
and publish spatial information. Framework (system) consists
of ArcMap, ArcCatalog, ArcToolbox, ArcGlobe, ArcReader,
and ModelBuilder with some level of functionality. ArcInfo is
a professional desktop GIS software with full functionality
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(including geoprocessing tools) [6]. ArcGIS application is a
paid application and not open source.

Figure 1. Traditional Scheme of GIS Implementation Plan [7]

Geoserver, an application providing geospatial data and
services through a web service can be accessed via the web,
online mapping applications (MapServer, Google Maps,
Google Earth, Yahoo Maps, and Microsoft Virtual Earth, and
desktop applications (ArcGIS, WMS / WFS Client). The use
of OGC standards issued by the generated service allows open
and can be accessed by other applications to incorporate
geospatial information. geoserver documentation available on
the web, namely www.geoserver.org.
Application services WMS, WFS, and WCS built using
GeoServer application and named as GeoServer. This
application can provide:
1. Map and presenting it as a vector image using the WMS.
2. Maps vector and presenting it as a vector in the form of
XML documents using WFS.
3. Maps vector and presenting it as a vector in the form of
XML documents using WFS.
4. Satellite images or aerial photographs and presented them
as images using WCS.
Web Map Service, Web Map Service WMS or a spatial
database services online. WMS produces georeferenced map.
Map in this case is the visual representation of geodata, and
not the geospatial data itself. WMS meproduksi
geographically referenced data dynamically from geographic
information (geospatial databases). WMS maps usually result
is an image with the PNG format, GIS or JPEG.
Web Feature Service WFS or a publishing service
geospatial data on feature level spatial data through the web
media. Besides the presentation of spatial data through the
picture / image is done by WMS, clients can obtain
information of geospatial data to the level that is both feature

geometry and attributes of data. OGC WFS specifications use
technology XML (Extensible Markup Language) and HTTP
(Hyper Text Transfer Protocol) as the delivery medium, or
more precisely using GML (Geography Markup Language)
which is a subset of XML. WFS-T or-Transactional Web
Feature Service that enables a user serviceability can perform
updates (updates), remove (delete), and include (insert)
geographic data.
WCS or Web Coverage Service is a service of publication
geospatial data for the raster data type (satellite imagery, aerial
photography, dem) online. WCS produce geographically
referenced data dynamically from geographic information
(geospatial databases). Map WCS is usually a result of image
formats PNG, GIF or JPEG, issued by the OGC WCS
specification.
OpenLayers is a library for displaying map on the web.
OpenLayers is used here to show that the source of the
GeoServer map. OpenLayers used a javascript library that
already provides functions to display the map and layer
configuration / information on a map. OpenLayers is a pure
Javascript library for displaying map data in various web
browsers, with no server-side dependencies. Open layers
implement JavaScript API for building rich web-based
geographic apllications similar to Google Maps and MSN
Virtual Earth APIs. Open Layer is a free Software, which was
built by the open source community.
PostgreSQL is one of database management system
(DBMS) that is object-rational (ORDBMS- object-relational
DBMS) and still have the typical features of a traditional
DBMS, but with a better functional performance as well as
can be found in generation DBMS systems at this time.
PostGIS is a program, tools, add-ons, extender spatial
database, spatial database engine, or extensions that can add
support in the definition and management (functional) spatial
elements for PostgreSQL relational DBMS objk. Practically,
PostGIS spatial role as a service provider for this DBMS.
Quantum GIS (QGIS) is a GIS software open-source userfriendly and free that runs on multiple operating system
platforms, Linux, Unix, Mac OSX, and Ms.Windows. GIS
software is licensed under GNU general public license is
equipped with the functionality to read and write raster
formats, vector, and database. with QGIS, users can create
map data in shapefile format, GeoTiff, or similar. In addition,
GIS software supports plugins to perform specific functions
such as track a GPS receiver device observations.
Shapefile is one of implementation or data format (layer)
spatial which is use mostly in GIS. The spatial data consist of
DBF file is proprietary product for ESRI, specifically
ArcView, but non ESRI product now can read and write the
data format layer in shp file. The library for write and read this
file also available free on internet. Recently, shapefile become
the spatial standard data format for data interchange in GIS.
III.

VISUALIZATION OF IRRIGATION CONDITION

A. Requirement Analysis
Rentang irrigation area is an irrigation area which located
in West Java Province. The area is spread upon 3 district area
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which is Majalengka, Cirebon and Indramayu. This area is
under supervision of Proyek Irigasi Andalan Jawa Barat. The
related department, Pekerjaan Umum (PU), has provided
information system which can display some information about
irrigation building and management of water resource. The
system was running on web based and can accessed through
sda.pu.go.id. The system covered all province and districts in
Indonesia, and also can be drill down until lowest unit of
maintenance. But, mainly data on the system was presented in
alphanumeric format, and there is no graphic format. To find
the information of irrigation building and canal on specific
area, we should trace followed the drill down menu, and after
we find the area, we can see information only for this area.
Through this system, it is not easy to get general overview
about condition over specific area which can consist of some
building and canal. Figure 2 and 3 displays the existing
application.

Figure 2. Condition of Irrigation Displayed on Existing
Application

2.
3.
4.
5.
6.

The system is designed to assist the officer on
maintenance process and the officer can update the
information about building condition.
Information which displayed in map consist of
information about irrigation network condition which
involved tapping-building, primary and secondary canal.
The manipulation of information on the application only
include update and delete existing data.
Deleting the data can be done if found the secondary
canal has stopped operate regularly, reported by
community.
The information about irrigation network will consist of
two kind maps, irrigation network map (displaying detail
of irrigation network) and irrigation condition map
(displaying the condition of each irrigation building).

B. Maps Preparation
In order to make the map displayed interactively on web based
application, the maps should prepared using several steps. The
displayed map is made based on reference map in form of base
map .dwg (AUTOCAD). The base map then converted into
shapefile format (.shp) using ArcGIS and using reference
coordinate WGS 84 UTM 49s.
Based on the converted map, then the map is divided into
three layer based on three kind of information which want to
display : building facility, primary canal, and secondary canal.
After the map is layered, next step is converting the map into
PostgreSQL (using PostGIS shapefile tools and DBF Loader
2.1). The spatial data then processed using Geoserver (as web
mapping server) and OpenLayers to produce interactive map
which can accessed via browser. For coloring the node, we
use QuantumGIS as style map (.sld). The process of map
preparation is displayed in figure 4.

Figure 4. Steps in Maps Preparation
Figure 3. Another Information of Irrigation Infrastructure on
Existing Application.

To resolve this problem, we proposed the GIS based
application to map the condition of irrigation building and
canal which spread over Rentang area. The application will be
developed on the condition:
1. The system running on web and will developed using
ArcGIS, QuantumGIS, Geoserver, and OpenLayers for
managing spatial data of irrigation building in Rentang
area.

The spatial data is converted into database which is
consists of these attributes:
1. Handle: the unique code for irrigation building or canal.
2. RefName: initial name for Rentang Irrigation network.
3. Shape: spatial information about position of irrigation
network in map
4. Condition: the condition of canal
5. Image: the photo of canal condition which was taken on
field inspection.
6. Description: the description of condition on canal
7. Date of inspection: date of officer visited the canal.
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The condition of irrigation network will displayed using
colored dot, for each type of irrigation network (primary canal,
secondary canal and tapping-building). The color will
represent the condition :
1. Good condition (green colored node), represent damage
0%-10% from origin condition.
2. Minor damage (yellow colored node), represent the
damage level of irrigation infrastructure between 10%40% from origin condition.
3. Major damage (red colored node), represent the damage
level more than 40% from origin condition.
The system will be used by three kind of user, which is
administrator system, Bagian Operasional dan Pemeliharaan
as the unit which has responsible to manage the monitoring
task, and Petugas as field officer which has responsible to
update the information of irrigation condition based on field
inspection. Administrator system will responsible on user
management, and entering the master data such as main
attribute for each node. Bagian Operasional dan Pemeliharaan
and field officer can update the information of irrigation
condition, view the map and the report.
The main panel of this application is shown on figure 5.
The figure shows all node in Rentang area, which is
represented in three colors. User can filter the map based on
condition such as show only the good condition (red), minor
damage (yellow) or major damage (red). The map also can
show three type of irrigation infrastructure, and user can
choose the one to be displayed. For each node, user can see
the detail of irrigation infrastructure such as coordinate, the
name of irrigation building or segment, condition and
description. The map also can accessed interactively so user
can select specific area for zooming and can preview which
area that have major or minor damage fewer than the other
relatively. It can help user to get general perspective about
irrigation condition in certain area.

Figure 5.b. Primary canals

Figure 5.c. Secondary canals

Figure 5. The Map of Irrigation Condition

For each type of irrigation infrastructure, user can choose
the map based on infrastructure condition as shown in figure
6. For every node in the map, user can zoom the detail
information such as position, condition, primary canal link,
and many more as shown in figure 7.

Figure 5.a. Tapping building
Figure 6. Layering the map
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1.
2.
3.

4.
Figure 7. Detail Information about the node

For easy maintaining data, the system also allowed the
user (administrator) to update the data. User interface for
update data is made simple and easy as shown in figure 8.
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