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Abstract: Researchers have been focused on evaluating
topographic maps in order to identify property and infra-
structure and address issues relating to property disputes
and its ramifications for a given country. However, over
time, the requirements for map production have changed
and evolved, and there is a need for an increased level of
quality and standard in the map making process. Several
cities in Iraq, including Baghdad (capital), do not comply
with the existing standards set by the Department of
Survey Mapping in Iraq (DSMI). One of the main concerns
and issues is with the quality of mapping which is mainly
due to inaccurate digitizing procedures. Therefore, the
aim of this study is to produce seamless topographic
maps using vector data to overcome the problem of
no-overlapping that often occurs in producing maps.
However, there is another issue regarding edge matching
and the lack of standards being met according to the
MS1759 procedure. To address this issue, ArcGIS 10.3 soft-
ware is used as a tool to process data, analyze the index
maps, and to produce seamless geospatial data using
seamless methods. The database is set up using the char-
acteristics and code properties from the MS1759 standard.
The orthophoto image is used as the base map in which
the series of maps used is MY Series and its area is of
Baghdad. The results indicated that seamless topology
is far easier to handle than the base cartography. It also
demonstrated that using this method aids in analyzing
the data in a far more detailed manner than existing
techniques. Overall, the study concludes that seamless
topographic map has a better GIS ready quality and the

produced map is far more qualitative than the existing
map of the Baghdad.
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1 Introduction

1.1 Problem background

Geographic information system (GIS) has long been devel-
oped and adopted especially in developed countries such
as the United States [1–3]. It is a tool that has helped a lot
in planning and development. In Iraq, as a developing
country, the use of GIS is increasingly being exploited by
its advantages [4–6]. Recognizing its extensive use of tech-
nology, it has been adopted by certain parties to further
institutionalize management and planning for a particular
organization as a career field that can be applied [7].

Other than being used to generate maps, GIS is also
utilized for managing spatial datasets [8]. The process of
linking the attribute data with spatial coordinates of a
given map is called Geocoding. Geographic database is
generated by creating the field in the attribute database
for longitude and latitude of each address. Then, all the
attributes are independently combined on the map and
form the attribute dataset.

Another great benefit relating to the use of GIS is that
it provides spatial criteria based on quick queries such as,
“how many schools or hospitals are there within a 2 km
radius? [9]” or “what is the temperature index in a given
sector in the given city map?” [3]. There are several
research papers that focus on understanding and using
GIS as a tool in order to enhance themapping experience in
a given city. For instance, there are several research groups
that focus on performing impact analysis using complex
source area, water pollution [10], build environment, land
susceptibility [11–13], and air quality [14] as their research
areas. Other researchers use route calculation in tandem
with other attributes such as oil pipeline routing [15],
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making a bicycle network, or understanding travel beha-
vior through mapping and GIS.

However, GIS can be used for more than just that, it
can be used for infrastructure analysis and prediction
patterns as well. For instance, creation of irrigation sys-
tems, or providing a vulnerability analysis can be done
through a properly set up GIS. Other benefits also include
environmental studies [1,2] with identification of envir-
onmental emissions, or locating sources of air pollution.
These are some of the main benefits of using GIS in car-
tography. Overall, they will provide a better long-lasting
map that is accurate and complete for future use for other
researchers. The accuracy of the maps generated can ulti-
mately lead to be used by other researchers on topics that
can change different vital aspects of the urban life. All
these has been mentioned and studied extensively in the
cited research works listed in this section.

Redundancy of data cause the decision making pro-
cess to be difficult until the effort of combining a lot of
data through a computer system is developed by creating
a geospatial database to facilitate the operation of data
overlays [16]. The data that are merged also need to be
of high quality where a good map shows the information
of each area such as coordinate exactly as it is on the
ground [17].

1.2 Objective of study

Various processes have been done to get the best quality
of map [18,19]. Hence this study is to highlight the pro-
cess of producing the map seamlessly without the need
for a lot of layers [20]. Among the methods used in this
process is the edge matching method where the process is
much the same as the process of identifying other image
geometry but this is more focused on data vectors [21]. A
new application was developed for joining and storing
data seamlessly to allow this vector data to be created
automatically [22].

The aim of this study is to enhance the mapping
process for the seamless geospatial data topographic
map in vector data. In this research, the scope has been
set as Baghdad. This will be the area of study, alongside
ArcGIS 10.3 used as the software for urban map produc-
tion (1:5 K scale). To achieve this goal, seamless rules
alongside vector databases are used in order to analyze
the edge matching in every sub-index of the map. There
are studies of similar type that have been performed
using a different scope such as one that was performed
in Ukraine [23]; however, this work is different as the

tools that are used to tackle the problem need to adapt
to the desert like environment of Baghdad.

This research starts with the introduction which pro-
vides a literature background as well as explains the
benefits of using GIS. This section also elaborates on
the objectives of the research. Section 2 focuses on the
methodology of the research and the different tools and
elements that are used to conduct the experiment. This
section has all the figures and terminology needed in
order to identify how each step interacts with one
another. In Section 3, the results are illustrated and
discussed. Finally, Section 4 gives the conclusion which
closes the research by reflecting the objectives of the
research and how they were achieved throughout the
research.

2 Methodology

In this section the methodology used to conduct the
research as well as the location of the study are illu-
strated and explained.

2.1 Scope of the area

The chosen area of study is set as Baghdad due to its
complex metropolitan and dense development area.
This area has been chosen for further development
which consists several structures and vegetation. There
are buildings that are both residential and industrial, as
well as some green vegetation that is common for the area
of the study [24]. The selection of the study site as well
as the production of the topographic maps of Baghdad
are extremely important and vital to the cartographical
needs of the region. The production of topographical
maps for this particular area would aid in resolving
real estate disputes as well as implementing a planning
and executing work for strategic projects and infrastruc-
ture. It also aids in allowing sustainable development
across all sectors in the state. Additionally, providing
these digital images and models, alongside their topo-
graphic elevation with corrected high accuracy coordi-
nates can aid in security, or military aspects. Updating
the GIS for Iraq can also mitigate possible issues that
can arise from natural or artificial events on the build-
ings or surrounding structures.

In developing the map from the database, a few
scopes have been identified. With the aid of a topography
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software known as ArcGIS 10.3, map based on the ortho-
photo taken in 2017 [25] is produced. Seamless rules (auto
script) are applied at every point, line, and polygon in
topology editing. Data from map series MY SIRI with a
scale of 1:5,000 has been used as a guide to locate all
features that exist in that area. Both the scales are used
to ensure that every single point must be analyzed in
order to get a complete map. The location of the specific
area in Baghdad city has been marked and shown in
Figure 1.

2.2 Data source

The source of the data is produced from the Department
of Survey Mapping in Iraq (DSMI), tile-by-tile [26]. The
scale of every tile is 1:250. The data collected are also in
conjunction with the measurements performed in the
field. Conventional data collection methods were used,
such as triangulation network to establish the coordina-
tion position accurately at that point. However, a digital
measurement was also used through photo measurement
[27]. These were collected and taken by cameras that are
specially installed and fitted on the airplane.

Most map resources or plans are provided by DSMI
[28,29]. A clear source is required in order for the ortho-
photo to be collected. This would then be used based on
the exact location of the selected area.

This process is done by DSMI and the data involved
for this search is taken from the topographic mapping
section. The maps are also obtained in hardcopy (raster

data) and softcopy (vector data). The map image data
may span large geographic areas and may be displayed
in several discrete zoom levels. The map image data may
further include various additional services, such as street
names, addresses, and businesses for display with or
overlaying the map image.

2.3 Method

Methodology is a set of systematic and orderly procedure
in a planning system for obtaining the objectives. In this
research, it will discussed more regarding phases in
implementing this research [30]. In order to develop the
database system, the research methodology stated in
Figure 2 are based on the stages in acquiring data acqui-
sition, data processing, and analysis.

This study was conducted to produce a seamless
geospatial data method that focused on areas in Baghdad
as study area. The data produced ID vector data obtained
from the tile-by-tile image where the data are a completed
orthophoto image georeferenced. The method for con-
ducting this study is to use the ArcGIS 10.3 software by

Figure 1: The study area – aerial view of Baghdad.
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digitizing the image to make Urban Map. The scale used
for the producing Urban Map is 1:5,000.

The objective of this research was the implementa-
tion of a seamless geospatial data methodology for topo-
graphic map. The first method was data acquisition
which is mention above, while the second method is
processing done by using software ArcGIS 10.3, where
all the processes involved with the map projection and
creating layer database have been done by using ArcGIS
10.3. Detecting any edge matching or overlapping layer
will also be done in this stage.

2.4 Validation and verification

When vector data are given from an organization, or from
a client, the first step is to perform a data identification
which is done in a pre-checking phase. Once the data are
uploaded to the software, they are then used in the
checking process. Data vectors are collected from DSMI
in a tile-by-tile fashion. Then, edge matching is checking
for all the given images, this is important step, as it
ensures there are no overlapping in the final image.
Once this step is completed, the image is used as a base
map and projection, which is used for the digitalizing
process. The map projection for this search is based on
the WGS 1984.

In order to adjust the position of the features, the
edge matching ensures that the sheet boundaries do
not overlap. It also ensures that the collected features
are cross adjacent in the map sheet and they all share
the same edge locations. There are often issues that arise
regarding the acceptable tolerance regarding mismatches
in a sheet. However, this mismatch occurs mainly due to
the shrinkage or expansion that happens on paper maps.
This would lead to errors in scanning and digitization
of the image. Errors can also occur if they have happened
in a much earlier setting during the geo-referencing pro-
cess or if the equipment used to measure the site has
been faulty and inaccurate. Extrapolation or rounding-
off errors also often lead to a mismatch error when
added over time.

The orthophoto provided by the city planning depart-
ment needs to be checked for the projection of the map.
This would identify the coordinates and the projection
of each of the obtained data points. This cross referencing
is done through the ArcGIS software, which adds the
detailed information about each of the projections and
their related properties.

2.5 Creating data structure for layer

During this stage, the process of preparing the data struc-
ture depends in the second phase. The preparation of
data structures is to create a layer for each theme as an
example of a building, housing. In this step of creating,
feature class and feature dataset are also to be set in this
process [31].

The type of building is determined based on what is
on the orthophoto map as well as the type identification
through google street image. Each layer also has a sepa-
rate database which is referred to as MS1759 [31], for
standardization purposes shown as building, vegetation,
hydrology, and transportation in Table 1. Once feature
extraction after geo-referencing and creating the feature
dataset and feature data class based on MS1759 code are
completed, then the next process of digitizing can be
done in ArcMAP [32].

2.6 Validating completeness and accuracy

After georeferencing and creating the feature dataset and
feature data class based on MS1759 code completed, then
the next process of digitizing can be done in ArcMAP. The
last step which is final checking (validating), which is
important, needs to be made to ensure that all the geo-
metries that have been digitized are perfect. This is to
ensure that the GIS data produced has a good quality
and is suitable for reference maps. For example, data
checking can be made in topology editing to ensure digi-
tizing using polygon geometry either overlapping with
each other or not. The geometry that uses polygons is
the building and vegetation that have majority themes
in this map. Geometry in simple language is the shape
of a feature. In determining the shape or geometry of a
particular item, many other features that may be taken
into account in the checking process are to look at the
geometric type. Geometry has many kinds such as: (i)
point (point or multipoint), (ii) line (multilines), and
(iii) polygons (polygon or multipolygons).

2.7 Attribute entry

The spatial data that has been collected from DSMI is in
ECW format and can be opened by using ArcMap. It needs
to be converted to a SHP (.shp) file and this is where the
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digitizing process is involved in order to build up this
vector data. The onscreen digitizing is a manual process
that involves digitizing on the computer monitor using a
data source as the background and it is an efficient
method for editing and updating an existing layer.

Figure 3 illustrates the data that have been given
by DSMI which is orthophoto that locate the area of
Baghdad, it is in the ECW format. This has been adopted
as a background to do the digitizing process. Also, coor-
dinate system is about using map coordinates to assign
a spatial location to map features. The elements in a
map have a specific geographic location and extent that
enables to be located near to the earth’s surface. A coor-
dinate system has been set for the base map. The coordi-
nate system used is WGS 1984.

2.8 Advantages of a seamless database
for DSMI

The advantages of a seamless database for DSMI users are
as follows. They can obtain the desired data regarding the
topographic map of study area at DSMI. The maps are
also obtained in hardcopy (raster data) and softcopy
(vector data). The database provides complete and con-
clusive cadastral survey information for the purpose of
topographic map, manages the cadastral survey, and
maps database efficiently in order to allow GIS users to
get benefits from the geospatial dataset in the desired
location according to the coordinates. Providing the topo-
graphic map infrastructure and checking edge matching
of all image must be done to avoid overlapping image.

2.9 Topology editing

Many GIS applications provide tools for topological
editing. For example, in ArcGIS there are tools for topolo-
gical editing to improve editing and maintaining common
boundaries in polygon layers. A GIS such as ArcGIS
“detects” a shared boundary in a polygon map so that
only the edge vertex for one polygon boundary has to be
moved which will ensure the updating of the other
polygon boundaries. Another topological option allows
to prevent polygon overlaps during digitizing. In this
search, as the methodology to seamless geodatabase,
append tools has been introduced.

Appends is a tool that can input multiple datasets into
an existing target dataset. Input datasets can be point,Ta
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line, or polygon feature classes, tables, raster, raster cata-
logs, annotation feature classes, or dimensions feature
classes. Validation for output identification of information
is important once the digitization process is complete.

This is because, detailed information is needed when
producing map as it can be used by the public to help
them travel and so on. To ensure that every given infor-
mation is accurate, the surveyor will go to the field to
check that what is shown on the map must be exactly
what is in the real area.

3 Results and discussion

In seamless database, features are not separated into
individual parts but instead they are considered to be
continuous by the edge of the sheet maps. Every feature
is displayed and treated as a continuous and unique
identity managing geographical data.

There are generally two methods used to generate a
seamless database [33]. The first method uses the storage
of spatial data in different files. Each of the files is
indexed in order to speed up the loading process. The
second method uses special attributes stored in one data-
base, instead of different files [34]. This research uses the
second method in order to generate a seamless database.

3.1 Topology results

The result of this study is a generated map that contains
layer covering area of study features and need to be

analyzed for the effectiveness and development of the
seamless geospatial database system. In this study, GIS
data are divided into two general parts which is attrib-
uted data and spatial data.

The goal of this test was to generate seamless data-
base and create required tools for joining objects that
have same edge location. For analysis, there are few tests
that have been applied for checking the geodatabase
system which is used topology function.

Topology can check error that occurs while digitizing.
So, classes, subclasses, and attributes as well as required
threshold for topology construction were defined and
created in dataset.

Topology checking has been viewed as a spatial data
structure which most fundamentally ensures data quality.
In addition, it also allows geodatabase to more realistically
represent geographic features.

A database provides a framework whose features can
have behaviors such as subtype, validation rules, attri-
bute domains, or other features. Result of topology rules
on geodatabase for all tiles is listed in Table 2.

For the analysis, the error for tile 3 is highest com-
pared to tile 1 and tile 2 for the built_environment_P.
Based on the observations in Table 3, the value error is
1,125 for tile 3, 875 and 615 for tile 1 and tile 2, respec-
tively. It is due to the compact area which is tile 3 classi-
fied as urban area, while for tile 1 and tile 2, it shows the
rural area. Second analysis is focused on error transpor-
tation_L which shows the highest error on tile 1, which is
1,925, followed by tile 2 and tile 3 with 35 and 855, respec-
tively. It is due to the area in tile 1 which faces more
development in urbanization township in terms of road
compared to the others.

Figure 3: ECW image for both orthophoto of the case study area.
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Errors are marked as an exception, which is a valid
case of a topology rule violation. It can be done by using
topology layer properties dialog box to specify sym-
bology and which rules, errors and exceptions can be
selected. Below are two types of exceptions that have

been detected in this search which is topology single
and topology interlayer, respectively. Figures 4 and 5
show that the topology and raster images in the blue
circle have error that needs exceptions due to real situa-
tion in the ground.

Table 2: Result of topology rules on geodatabase tiles 1, tiles 2, and tiles 3

Exceptions Errors 3 Errors 2 Errors 1 Class 1 Rule Class 2
Tiles 3 Tiles 2 Tiles 1

0 0 0 0 Must be larger than cluster tolerance
0 1,125 615 875 Must not have gaps Built_environment_P
0 164 5 322 Must not have gaps Transportation_P
0 97 1 126 Must not overlap Hydrography_P
0 215 1 0 Must not overlap Transportation_P
0 5 1 0 Must not overlap Hydrography_P
0 6 20 43 Must not overlap Built_environment_P
0 38 1 293 Transportation_P Must not overlap with Built_environment_P
0 1 3 0 Hydrography_P Must not overlap with Built_Environment_P
0 9 109 8 Vegetation_P Must not overlap with Hydrography_P
0 161 12 296 Transportation_P Must be inside Transportation_L
0 663 0 3 Must not overlap Transportation_L
0 5 0 0 Must not overlap Hydrography_L
0 5 0 0 Must not intersect Hydrography_L
0 718 6 6 Must not intersect Transportation_L
0 855 35 1,925 Must not have dangles Transportation_L
0 20 10 2 Must have not dangles Hydrography_L
0 0 0 0 Must be disjoint Transportation_X
0 0 0 0 Must be disjoint Built_environment_X
0 0 0 0 Must be disjoint Hydrography_X

Table 3: Result of topology rules on geodatabase, with appended tiles

Class 1 Rule Class 2 Errors Exceptions

Must be larger than cluster tolerance 0 0
Bulit_environment_P Must not have gaps 0 3,023
Transportation_P Must not have gaps 4 483
Hydrography_P Must not overlap 97 0
Transportation_P Must not overlap 0 214
Hydrography_P Must not overlap 0 1
Built_environment_P Must not overlap 0 35
Built_environment_P Must not overlap Transportation_P 0 325
Built_environment_P Must not overlap Hydrography_P 0 4
Hydrography_P Must not overlap Vegetation_P 0 136
Transportation_L Must be inside Transportation_P 2 253
Transportation_L Must not overlap 0 662
Hydrography_L Must not overlap 2 0
Hydrography_L Must not intersect 2 0
Transportation_L Must not intersect 0 710
Transportation_L Must not have dangles 2 3,077
Hydrography_L Must not have dangles 0 16
Transportation_X Must be disjoint 0 0
Built_environment_X Must be disjoint 0 0
Hydrography_X Must be disjoint 0 0
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Following the above rule, Figure 4 illustrates that
building and transportation must be connected but in
the real situation there is a gap between the building
that separated the house and the paved road, the error
is seen inside the blue circle. The figure also shows that
topology and raster image in the yellow circle has error
that needs exception due to real situation same as above.
By following the rule of topology, the error means that
there must not be any overlapping between transport and
building but the image captures shows that the roof is on
the paved road and it must accept this error as an
exception.

Edge matching features tool can be used to modify
input line features by spatially adjusting their shapes,
guided by the specified edge match links, so they become
connected with the lines in the adjacent dataset.

Figure 6 shows the result on hydrography features
that is not connected to each other. To connect the fea-
tures one tool has been used which is spatial adjustment
tool that can adjust edge match of that line.

This tool helps in minimizing time in adjusting edges.
The result is as shown on Figure 7. For the analysis,
Figure 6 shows the line that is not located at the same
edge location with the other map index after the seamless
process in done. This is because it has different digitizing
of its center line and different value use of buffer com-
pared to the other. The unconnected line can be adjusted
by using spatial adjustment tool that has been discussed

Figure 4: Topology error in rule, building must not have gap.

Figure 5: Raster image in rule, building must not have gap.

Figure 6: Hydrography feature separated sections.

Figure 7: Result of the edge match process.
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above. Figure 6 is the final result after edge match pro-
cess has been done.

The edge matching process is done via the use of
the GIS. In Figure 7, the results indicate that an accurate
depiction of topographic maps from where edge matching
features are presented and it would allow the map users to
specifically identify the issues relating to proper disputes.

As mentioned earlier, the use of GIS can provide several
benefits; however, in this research the main goal was to
prevent property disputes in the given area. The reason
why this particular issue was used is because that due to
the tribal nature of Iraq, the concept of a property has a
great impact on the geopolitical and geosocial aspects of
the country.

Figure 8: Illustrates the complete features to run.
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3.2 Model builder script

By using ArcMap, scripts for joining every features con-
sisted in each different files can be created. Database as
well as dataset was created for storing spatial and attribute
data. The schema of created dataset was defined according
to MS1759 standards, so that classes, subclasses, and attri-
butes as well as required threshold for topology construc-
tion were defined and created in dataset. For example;
every subtype must be same for joining features and
topology must be created for every single file.

The schema of the input datasets must match the
schema of the target dataset in order for data to be
appended. Then, to create seamless database, one script
model builder was developed using ArcMap and for
joining features which had lied in different map index
and had been divided to two objects by the edge of the
sheets. Figure 8 shows the illustrated structure of devel-
oped script model builder.

4 Conclusion

The aim of this study was to enhance the mapping pro-
cess for the seamless geospatial data topographic map in
vector data. This study was performed on Baghdad, Iraq
as the main scope of the location. This location was
chosen as it is the vital location in Iraq, as it is the capital
of the country, and is one of the cities that has the most
issues in regards to property disputes in the country. The
focus was to increase the accuracy of the process via GIS
and the use of an edge matching process. There are
existing studies that have used a GIS in order to increase
accuracy in countries like Ukraine for big cities like Kiev.
However, the main issue here is to focus on property
disputes, while other research works focus on other
aspects such as environmental matter, or oil routing as
well as many others.

This study highlights on how to use seamless vector
on multiple geodatabase for easy viewing on map. The
result of this search showed that using a seamless data-
base in big and national organizations that are respon-
sible for map production and selling them to customers is
very useful from the perspective of data management and
analysis as well as selling map to customers according to
their demand point of view.

For practical purposes, it is possible to develop this
test to implement a seamless database for DSMI and to
provide them with advantages of using a seamless data-
base. Different methods of making a seamless database

were tested and evaluated. The characteristics of these
methods for managing and analysis of geographical
data as well as topologically structuring of data were
be evaluated and compared.
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