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ABSTRACT
The study was carried out to test the suitability of using the Unmanned Aerial Vehicle (UAV) to
acquire spatial data for the development of a Cadastral Information System in Agodongbo Phases I and
II and was achieved by designing and creating a spatial database for the study area and flying an UAV
over the study area to acquire the imagery of the area at a resolution of 1.0m with the flight time of 45
minutes 02 seconds over the entire area of 67 hectares which generated 981 images. The objectives were
to identify the boundary of the study area, to use UAV to capture the images of the parcels and the
buildings therein, to digitize out the features using ArcGIS software, to populate tables for the entities
created, to perform spatial queries and analyses on the database created and then present information
from the analyses. The results showed that 119 parcels (15.08%) out of the total of 789 parcels are less
than the standard plot sizes, the parcels are classified into six categories of uses, 455 parcels fall in Phase
I and 334 in Phase II. It was concluded that the use of UAV in data gathering for a Cadastral Information
System is possible and relevant. It is therefore recommended that the use of UAV should be encouraged
because of the speed of delivery of work and the vacant parcels in the Estate put into good use like
recreational purpose which is lacking in the Estate.
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1. INTRODUCTION
The saying that Surveying is one of the oldest practices by man cannot be over
emphasized in any engineering or construction work and that is why it is referred to as the
bedrock of sustainable development. Land is a major resource for economic activity in third
world countries and good land governance is a pre-requisite to sustainable development which
ensures proper resource utilization and a land heritage for future generations [1]. However, [2]
regarded land as an important, valuable natural asset for human well-being and the necessity
for its efficient and effective management is reflected at both the national and international level
by numerous programmes and projects.
A cadastre according to [3] is a parcel-based and up-to-date land information system
containing a record of interests in land (e.g. rights, restrictions, and responsibilities). It usually
includes a geometric description of land parcels linked to other records describing the nature of
the interests, and ownership or control of those interests, and often the value of the parcel and
its improvements. Cadastral surveying plays an important role in defining legal boundaries of
land and property and that the current practice for recording cadastral survey data mainly relies
on 2D digital or analog documents, [4]. 2D-based analogue building subdivision plans are used
to present the spatial extent of private, public and property ownership rights [5].
The current work is in line with the assertion of [3] by using UAV (which is faster and
more precise) to capture the geometric extent of the individual parcels in the study area and link
such with the other non-geometric information collected on the field to create a Cadastral
Information System. UAVs as remote sensing platforms have given many research groups the
opportunity to acquire data at sufficiently low cost to justify the use of remote sensing in the
first place according to [6].
Cadastral Information System (CIS) is a system that provides reliable information on land
and its ownership together with their attributes respectively. Due to rapid development and
physical changes in recent times, there is a need to know what is currently on ground for
monitoring [7]. The type of expected building on each parcel, parcel’s owner, the address and
related information are in the CIS [8]. The major problem in Nigeria according to [9] is that
there is no up-to-date digital database for good land administration system and this when
provided will help the country to generate substantial revenue from land resources.
[10] in 2001 submitted and believed that every country considers the protection of the
land parcel and rights to land to be a government task and cadastral systems play a key role in
this respect. They consist of mainly two parts: cadastre and land registration; and stored in a
central database where GIS technologies and its query tools can be used in solving any cadastre
related problem and aid in keeping up-to-date information about land. The shifting from
communal based land tenure system to statutory law based systems such as freehold was as a
result of the need of land information [1] However, in order to keep land related information
for the purpose of good planning, social equity and revenue generation to the government
according to [1] is of great importance and such can be achieved through the use of Information
and Communication Technology (ICT) one of such technology is the use of UAV and GIS
technologies.
[11] revealed that the importance of cadastral systems is not only limited to the urban
centres but also in the rural areas. It is important in the rural set up in the area of increased
investment in agriculture for an increase GNP and in the urban centres to support an active land
market by permitting land to be bought, sold, mortgaged and leased efficiently, quickly and at
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low cost. And that parcel based land information system is essential in the efficient management
of cities. This is why the need for efficient Cadastral Information System is needed in
Agodongbo Phases I and II for proper record keeping in the administration of internally
generated revenue and other functions of the government like provision of social amenities in
the area. The objectives include to identify the boundary of the study area, to use Unmanned
Aerial Vehicle to capture images of the parcels and the buildings therein, to digitize out the
features, to populate tables for the entities, to perform spatial queries on the database created
and present information from the analyses performed for a Decision Support System.

The Study Area

Figure 1. Location of the Study area
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The study area is Agodongbo Phases I & II, Oyo East Local Government Area of Oyo
state (Figure 1). It lies between latitudes 7°48’19’’N and 7°48’56’’N of the Equator and
longitudes 3°55’4’’E and 3°55’32’’E of the Greenwich meridian. It covers an area of
approximately 64.523 hectares and bounded by Agodongbo River in the eastern part which also
serves as source of income for the people by establishing fish ponds along the river bank. It is
an estate with residential buildings, shops for commercial activities, schools for educational
purposes, mosques and churches for religious activities. Agodongbo is a well-organized and
quiet estate with few people around during the day due to their businesses.

2. MATERIALS AND METHODS
[12] opined that digital cadastral is the direct application of digital mapping technology
to cadastral surveying which can be used as input data for information based cadastral
management and digital city.
[13] in 2003 used unmanned helicopter for data acquisition. The advantage of the
equipment according to them is that they are indispensable for various applications where
human intervention is impossible, risky or expensive e.g. hazardous material recovery, traffic
monitoring, disaster relief support, military operations etc. In line with the advantages
highlighted by [13] unmanned aerial vehicle was adopted as a data gathering tool to capture the
study area boundary and the features therein due to its effectiveness, high precision and
efficiency in terms of time of completion of the task compared to human efforts.
[1] sourced data for his study from both primary and secondary data sources. The primary
data was gathered through questionnaires, interviews and field survey; and on the other hand,
secondary data were obtained from written documents such as Tepi town research papers,
books, booklets and other publications. The data sources for this study were from the UAV,
Oral Interview and archival materials from previous similar works. The recent development
according to [14] has demonstrated that digital photogrammetry is cheap and powerful for data
acquisition and modeling.
The flight planning mission was started by connecting the drone with DJI application on
a Smartphone. The UAV is also referred to as a reusable aircraft that has the ability to perform
a variety of missions [15]. The first thing was to select phantom4 pro UAV on the application,
once the DJI is ready it is time to choose a mapping solution that comprises of a Smartphone’s
application and web platform.
The application helps to plan the flight (Figure 2) and took control of DJI drone to
automatically complete the survey. After the flight, the data was transferred from the UAV to
the designated computer with a very high RAM (16 GB) and high processor speed. To do that,
the micro SD card from the drone was removed and connected to the computer system and
uploaded to a web based tool that processed the data and analyzed the final output. Drone
Deploy was used for flights’ planning after necessary configuration. A flying height of Ninety
(90) meters was set in order to get very high spatial resolution (1.0m) and in consideration of
the focal length (mm) of the camera on the UAV.
The forward lap was 70% while the side or lateral lap was 60%. The overlaps were so
specified to ensure better generation of a height model. Wind speed was (6m/s) and wind
direction was favourable with flight time of 45 minutes and 02 seconds over the area of 67
hectares which generated 981 images.
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Figure 2. Flight Plan Image

Figure 3. One of the Aerial Photos captured by DJI Phantom 4 Pro
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Agisoft Metashape Professional Software was used to process the acquired images from
UAV to obtain the orthophotos of the study area and ArcGIS 10.8.1 was used to visualize,
generate, digitize and analyze the data. The entire 981 photos (one of the photos is shown in
Figure 3) were processed using Agisoft Photo Metashape software to generate the orthophoto
of the study area as depicted in Figure 4. The process of reconstructing these images involved
stitching together of the multiple overlapping photos collected by the UAV along the flight
paths covering the study area.

Figure 4. The orthophoto of the Study Area

The entities digitized from the orthophoto are the study area boundary, the network of
roads, the buildings, the parcels within which the buildings were built and the stream that
bounds the area in the eastern part (Figure 5).
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Figure 5. Composite Map of the Study Area

3. SPATIAL ANALYSES AND RESULTS
Geographical information systems (GIS) have no doubt facilitated access to and analysis
of spatial information [16]. [17] believed that the information from data analysis should be
useful in space management and should also allow comparing and prioritizing selected areas in
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terms of the accuracy of the boundary lines. The data collected with the use of Unmanned Aerial
Vehicle was processed and populated with semantic data collected from the residents and
observations from the site. These served as the input data for the queries carried out in this
study.
Most of what can be called analyses in Cadastral Information System is simple spatial
queries otherwise called spatial search in GIS. Queries were designed for the purpose of
retrieving information from the database [18]. The queries were issued to test the database
created at the end of the database design and creation. The queries are Single Criterion (one
condition) and Multiple Criteria queries (more than one condition) from the work of [19].
[20] Stated that queries were generated for retrieval and displaying of parcel based
information and that different spatially referenced analyses can be performed by generating
queries from the database with the use of selection tool in ArcMap. Query processing according
to [21] is an essential task to obtain meaningful information in a data mining application and
that it needs to be optimized for its effective implementation in any application. In the case at
hand, it is used in the development of a Cadastral Information System.
3. 1. Queries by Attributes
a.

Single Criterion Query 1

The first query was to check the sizes of the parcels within the Estate. The query is to
check those parcels that are less than or equal to 450sqm (Figure 6) which is regarded as a
standard plot according to the survey practice in Nigeria and from the work by [22] they based
the queries on parcel standard sizes, classification into categories of use and on gender basis.
The selection by attributes sub menu on the ArcGIS software was used to carry out this search.

Figure 6. Generation of query to show parcels less than or equal to 450 m2
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Figure 7. Result of query to show parcels less than or equal to 450 m2

Discussion of Results
The query to show parcels less than or equal to 450 m2 (Figure 6) returned 119 parcels
out of the total of 789 parcels (Figure 7) in the study area representing 15.08%. This is an
indication that is common in a society like Oyo where people mostly jointly buy a plot of land
and divide such into two halves for development. In other cases, they might have been short
changed by the land owners who measure less than the required standard sizes. The formatted
map is shown in Figure 8.
b.

Single Criterion Query 2

The second query was to check the sizes of the parcels within the Estate that are greater
than or equal to 450sqm (Figure 9). The selection by attributes sub menu on the ArcGIS
software was used to carry out this search. This generation of the query is shown in Figure 9
and the results shown in Figure 10 with the map of the results in Figure 11.
Discussion of Results
The query to show parcels greater than or equal to 450 m2 (Figure 9) returned 670 parcels
out of the total of 789 parcels (Figure 10) representing 84.92% in the study area. This is an
indication that majority of the parcels developed or vacant are more than a plot. In some cases
according to the investigations carried out, some of the plots of lands were not fenced hence the
plots were not seen as individual single plots. Some were owned by siblings and they just
decided to leave the plots unfenced hence captured by the UAV as a single parcel while others
were acquired for educational (schools built in such parcels) or religious purposes (churches or
mosques built in such parcels) as seen in the course of the study. Nonetheless, the data
acquisition equipment was able to capture the perimeter fencing around the parcels. This
indicates that the whole study area is made up of more than 789 single plots. The map showing
the result of parcels with areas greater than or equal to 450sqm is shown in Figure 11.
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Figure 8. Map of parcels less than or equal to 450m2

Figure 9. Generation of query to show parcels greater than or equal to 450 m2
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Figure 10. Result of query to show parcels greater than or equal to 450m2

Figure 11. Map of parcels greater than or equal to 450m2
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3. 2. Selection by Location
The study area comprised of two phases - Phase I and Phase II. This is divided by Bishop
Adedokun Road which runs from the western part of the Estate to the eastern part and almost
dividing the area into two halves. The database was structured in such a way that when
designing it, the location of the buildings in each phase was built in the database, this is the
reason why Selection by Location query was possible on the database. Figure 12 shows the
generation of query to show parcels and buildings within Phase I while the results of buildings
and parcels in Phase I are shown in Figures 13 and 14. The formatted map is shown in Figure
15.

Figure 12. Generation of query to show parcels and buildings within Phase I

Figure 13. Result of query to show buildings within Phase I
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Figure 14. Result of query to show parcels within Phase I

Figure 15. Map of Parcels and Buildings within Phase I
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3. 3. Classification of the Parcels into various uses
The parcels were classified according to the uses as found in the study area during the
study. The major classification found as at the time of the study was six, namely: Agricultural,
commercial, educational, religious, and residential while some were found vacant. The result is
as shown in Figure 16 and tabulated in Table 1 while the formatted map is shown in Figure 17.

Figure 16. Result of the classification of the parcels’ use

Table 1. Classification of the parcels into various uses
S/N

Classification of parcels

Number of parcels

1

Agricultural Purposes

26

3.30

2

Commercial Purposes

20

2.53

3

Educational Purposes

2

0.25

4

Religious Purposes

6

0.76

5

Residential Purposes

675

85.55

6

Vacant

60

7.60

7

Total

789
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Figure 17. Map of the classification of the parcels according to use

4. CONCLUSION AND RECOMMENDATIONS
4. 1. Conclusion
The study proved that the adoption of UAV in data acquisition cannot be ruled out in
Cadastral surveys and other relevant GIS works because it was proven to be suitable, fast,
efficient, reliable and accurate with ability to produce high resolution imagery because the flight
heights can be varied. It is therefore concluded that the use of UAV in Cadastral Information
System cannot be over emphasized. The aim and objectives of the study were achieved faster
and with more accuracy and precision than when the conventional methods were deployed.
4. 2. Recommendations
The following are therefore recommended based on the experience from the study. They
include but not limited to:
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1)

The database created should be updated from time to time in order to make it continually
relevant as the Estate is growing on daily basis.

2)

Trained personnel can also be trained to use Unmanned Aerial Vehicle and associated
software when creating Cadastral Information System (CIS) that will make decision
making faster and easier in the study area and other locations around the country.

3)

The use of Unmanned Aerial Vehicle should be adopted as a means of acquiring image
because of its ability to acquire high resolution image faster and more accurately from
accessible and areas that are not accessible to man. This approach is strongly
recommended for immediate adoption by the Land and Survey Departments in all States
and all other concerned Ministries and relevant organizations in Nigeria.

4)

In line with the opinion of [23], the multi-purpose cadastre maps should be made available
to decision makers to enhance efficient socio-economic administration.

5)

The vacant parcels in the Estate can be put into good use like building of recreational
centres, security posts, primary health centres, public primary schools which are lacking
in the Estate.
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