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Abstract 

Positional accuracy deals with the accuracy of the location of map features, and measures 

how far a spatial feature on a map is from its true or reference location on the ground. This 

research focused on the following problems: Coordinate shifting, area variation and shape 

difference between the ground measurement, line maps and digital aerial image. The main 

objective of this study is to assess the horizontal position accuracy of aerial photogrammetric 

image generated coordinates of Wereda 10, Gulelie sub city. There are three basic data 

sources used to assess horizontal accuracy assessment: Such as Geo referenced digital aerial 

photograph, digital line map and GPS data. This research contains the following steps: First 

step created twenty sample GCP points by using static GPS. The seconded step is process 

sample GCP points by using Leica Geo office combined software. While, the third step is 

measured hundred parcel corners points by using RTK GPS as a reference used the established 

GCP points. In addition, the fourth step is digitized parcel corner points and polygons from 

aerial photograph and digital line map. Finally, assessed horizontal accuracy, standard 

deviation, means value, minimum and maximum values. The paper describes the visualization 

possibility of estimated results of horizontal positional accuracy of digital aerial photographs 

and established cheek points and area, side length and coordinates comparison for digital 

aerial image and digital line map based on RTK GPS. The root mean square error results of 

twenty check points and digital aerial photograph the easting and northing component is 

18.1cm and 18.8cm, respectively. The RTK GPS and aerial image comparison coordinates 

results show that the root mean square error of easting and northing component is 37.6cm 

and 38cm respectively. The RTK GPS and digital line map coordinates comparison results 

show that the root mean square error of easting and northing component is 39.2cm and 

39.8cm respectively. The root mean square error is 5.828 m2 and 5.852 m2 in aerial 

photograph and digital line map respectively. The root mean square error is 38.1cm and 40 

cm in aerial photograph and digital line map side lengths respectively. Therefore, these 

variations come from different factors: Such as shadows, topographic factors, vegetation 

covers and there are some limitations to these techniques as it solely on visual interpretation. 

Keywords: GPS, RTKGPS, RMSE, Digital aerial image and Digital line map 
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Background 

Positional accuracy deals with the accuracy of the location of map features, and measures 

how far a spatial feature on a map is from its true or reference location on the ground 

.There are two types of map accuracy assessment. The first type is positional accuracy 

assessment and the second type is thematic accuracy assessment (Green, 2009). The 

Glossary of the Mapping Sciences (ASPRS and ASCE, 1994) defines positional accuracy as 

“the degree of compliance with which the coordinates of points determined from a map 

agree with the coordinates determined by survey or other independent means accepted as 

accurate.” All locations on maps and Geo referenced images are expressed by a set of x- and 

y-coordinates for horizontal location. Horizontal accuracy is to be assessed using RMSEx, 

RMSEy and RMSExy. Horizontal accuracy is more complex than vertical accuracy because 

the error is distributed in two dimensions (both the x and y dimensions) because requiring 

the calculation of the radial error and reliance on the bivariate normal distribution to 

estimate probabilities. The spatial accuracy evaluation of the digital aerial image and its 

suitability for a given application can be performed in a number of different ways. The first 

one difference or errors in feature locations between the digital aerial image and reference 

layer are observed and quantified. Another way to test the spatial accuracy is by using the 

global positioning system to determine accurate positions of features that can be easily 

identified on the digital aerial image (Green, 2009). 

Photogrammetry is the science of determining the physical dimensions of objects from 

measurements on aerial photographs. Photogrammetry was firstly implemented in 1849 

using terrestrial photographs taken on the earth’s surface. Photogrammetry has the 

following advantages. Such as reduced time of field work, simultaneous three-dimensional 

coordinates, and in principle an unlimited number of points can be monitored (Isioye and 

Musa, 2007). Aerial photogrammetry images taken from aerial or satellite platforms. The 
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standards established the maximum RMSE permissible for map scales from 1:60 to 

1:20,000. 

In developing countries cad astral mappings are often criticized for being slow, expensive 

and major limitations on economic development. Most authorities agreed that some form 

of cadastral mapping in developing countries is essential for economic development and 

environmental management (Williamson and Enemark, 1996). The accuracy and quality of 

digital aerial image varies based on the accuracy of the source data. At this time Ethiopia is 

involved to develop high resolution and accurate rural and urban cad astral map (Zinabu, 

et al., 2017). This discipline has led to the development of specific measurement methods 

and has a characteristic vocabulary (Janssen and Vanderwel, 1994).Therefor, positional 

accuracy assessment is very important for cadastral map. Land is at the core of a nation’s 

economy and as such it is essential to device methods for improving its management 

(Kurwakumire, 2014). The primary functions of cadastral survey is the foundation and 

satisfy the initial requirements of a land register by defining the parcels, which constitute 

the objects and units of the record (Fosu and Derby, 2008). Cadastral map is a map 

showing the position and boundaries of parcels for purposes of describing and recording 

ownership of property. A cadastral survey system is an interactive multitude of land 

administration sub-systems including adjudication, boundary definition and demarcation, 

surveying, registration, dispute resolution and information management. There has been a 

rapid rate of advancement in technology for surveying data collection tools. GNSS, digital 

photogrammetric work stations and processing software such as Model AutoCAD and Arc 

cadaster (Chileshe and Shamaoma, 2014). The existing cadastral surveying techniques can 

be divided into direct and indirect techniques. In case of direct technique, the relative 

position of points is located first on the ground, and the distance and angles are then 

measured using surveying instruments. On the other hand, in case of indirect technique, 

the surveyors use aerial photographs to delineate parcel boundaries and the polygons are 

then digitized in a second step. Cadastral surveying has three types of methods. Such as 

field survey, aerial survey and satellite images (Ali, et al., 2012).A cadaster is a parcel 

based, and up-to-date land information system containing a record of land rights, 

restrictions and responsibilities. Cadaster includes a geometric description of land parcels 
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linked to other records describing the nature of the interests and often the value of the 

parcel and its improvements. Cadastral maps are large scale maps and commonly used the 

range from scales of 1:500 to 1:10,000. Large scale maps showing more precise parcel 

dimensions and features. Cadastral maps are often prepared by cadastral surveys for each 

parcel based on ground surveys and aerial photography. Information’s about land value, 

ownership, or land use, can be accessed by these unique parcel codes shown on the cad 

astral map (Ibraheem, 2012). The current cadastral systems in Ethiopia maintain 2D 

geometric descriptions of parcels. Cadaster usually maintained to register location, 

ownership, land value and attributes of land in a given jurisdiction, state or country (Bekele 

and Amezene, 2015).Therefore, the study aims to assessed the horizontal positional 

accuracy of aerial image and digital line map within a certain area in Gulelie Sub City 

especially Wereda 10. The author acknowledges the extensive list of publications on this 

and related topics, and refers readers to the selected bibliography for further reference. 

The goal of horizontal accuracy assessment is the identification and measurement of root 

mean square errors. Accuracy assessment of the registration of images can benefit from 

experiences already available in photogrammetry. 

1.2. Statement of the Problem 

In many countries, large scale cadastral mapping have prohibited the mapping of all land 

parcels at a common large scale, resulting in the use of different scales. Although the 

positional accuracy depends on the scale (i.e., the coordinates of the boundary points only 

represent the boundary in the cadastral map but not on the ground). For cadastral maps, 

the accuracy depends on the ground measurement. Therefore, mapping scale is important 

that the choice of a given accuracy specifications (Siriba, 2009). Accuracy of cadastral maps 

is immensely important subject. This subject is primarily used to maintain the boundaries 

of the property and resolve legal disputes before the courts (A lhameedwi, et al., 2017). 

Most of the urban land management in Ethiopia is increasingly difficult to cope with the 

demand for registering the process of land transactions as well as the rapidly changing 

patterns of land use associated with the accelerated urban growth. In addition to the 

absence of reliable information especially land related for the preparation and 
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implementation of urban plans in many urban centers. A typical problem include: 

inappropriate land use, building standards & regulations; land disputes do not solve 

quickly (Asmamaw, etal, 2017). Reconstructions of land cover have been used in landscape 

ecological analysis of land cover changes. However, because of difficulties in obtaining 

original historical data, assuring its accuracy and processing the large scale maps of 

the cadaster for analysis at these scales, techniques for studying specific land use changes 

based on cadastral map data for historical geographic spatial analysis has been 

limited(Harvey, etal,2014). Different problems about land information, such problems are 

land information is usually not coordinated or adequate, land information is available but 

largely inaccessible and the technological gap between the developing and developed 

nations with respect to land management (Kurwakumire, 2014). In the study area has 

different problems: Most people are not interested for the given cadastral map by the cause 

of area and shape variation between the new cadastral map and the previous one and most 

neighborhood peoples raise complain about boundary of the parcel. Thus, this study seeks 

to look at the following problems: Coordinate shifting, area variation and shape difference 

between the aerial image and ground measurement for cadastral maps. The goal of 

horizontal accuracy assessment is the identification and measurement of map errors. In 

this research to considered horizontal accuracy of digital aerial photograph and digital line 

map with ground control points. By used ground measurement the researcher assessed the 

accuracy of horizontal position of aerial image in Gulelie Sub City especially Wereda 10. In 

many countries, large scale cadastral mapping have prohibited the mapping of all land 

parcels at a common large scale, resulting in the use of different scales. The positional 

accuracy depends on the scale (i.e., the coordinates of the boundary point’s only represent 

the boundary in the cadastral map but not on the ground). For cadastral maps, the accuracy 

depends on the ground measurement. 
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1.3. Objectives 

1.3.1. General Objective 

The main objective of this research is to assess the horizontal positional accuracy of digital 

aerial image generated coordinates in Wereda 10, Gulelie Sub City. 

1.3.2. Specific objectives 

➢ Examine the positional accuracy of digital aerial photograph image based on 

ground truth data sets. 

➢ To assess the positional accuracy of digital aerial image with respect to RTK GPS 

based measured data sets. 

➢ To assess the positional accuracy of digital line map with respect to RTK GPS 

based measured data sets. 

1.4. Significance of the Study 

The significance of the research will essentially examine the methods in an effect to 

prepare resourceful cadastral map for the study area. This is based on differential GPS and 

aerial photograph image. The research will also serve as an input to the forthcoming 

researchers, government bodies, NGOs and other concerned groups who have interest to 

pursue in related aspects of the research. The study it provides information on the quality 

of currently used aerial images for cad astral application. 

1.5. Structure of the Thesis 

This thesis has six chapters. The first part includes detailed discussion of the background; 

statement of the problem; objectives of the research and significance of the study is put 

with in this subdivision. While, chapter two has incorporated literature review. In addition 

to chapter three deals with description of study area, land use and land cover of the area, 

discusses with the data source, material and methodology. Finally chapter four deals with 

Results and Discussion and chapter five deals with conclusion and recommendation. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. Accuracy Checking 

The accuracy of the cadastral maps is analyzed through the accuracy of the transformation 

models, location accuracy and finally the area accuracy of each parcel. The accuracy of 

digital cadastral maps is assessed through one-to-one matching of the vectorised cadastral 

maps with the original analog map to ensure the shape and number of the respective parcel 

and the total number of parcels & other features in the village, particularly zero labels and 

duplicate labels and assessment of parcels area in vector layer with respect to the area of 

parcels mentioned in revenue records. Accuracy assessment was done by comparison of 

geo coordinates of randomly selected points generated by computer with that of observed 

through GPS, comparison of length measurement (of tie lines) generated by computer with 

that of actual field measurement and comparison of area of randomly selected parcels 

generated from image data set with that of actual field measurements. (Kumar, et al, 2014). 

Accuracy of the cadastral map, the spatial accuracy and integrity of cadastral maps can vary 

a great deal as shown by the reviews of the Danish and Australian cadastral systems. 

Cadastral maps can be graphic out-of-date approximations of the cadastral framework 

which are used primarily for charting of cadastral surveys or for valuation and land tax 

purposes, as originally used in Australia. On the other hand some cadastral maps are 

created by field surveys and in their digital form are as accurate as the supporting cadastral 

surveys, as seen in the cadastral maps of the Australian Capital Territory. If the map is 

compiled from sporadic cadastral surveys, the map will usually have a lower integrity and a 

greater variability of accuracy in the spatial location of parcel boundaries. (Williamson and 

Enemark, 1996).The accuracy of photogrammetric measurements is usually premised on 

the use of ground control points. These are points that can be accurately located on the 

photograph and for which we have information on their ground coordinates and/or 

elevations (often through GPS observations). The accuracy of area measurement is a 



7 
 

function of not only the measuring device used, but also the degree of image scale variation 

clue to relief in the terrain and tilt in the photography. (Lillesand, et al, 2004) 

2.2. Types of Accuracy Assessment  

Accuracy assessment has two components: Such as positional accuracy assessment and 

thematic accuracy assessment. Positional accuracy describes the location of cadastral map 

features and measures the distances of spatial feature on a map (Bolstad, 2005). Thematic 

accuracy describes with the attributes of cadastral map and measures. The horizontal 

accuracy of spatial data set is a function of both positional and thematic accuracy 

assessment. 

2.2.1. Positional Accuracy Assessment 

According to the glossary of the mapping sciences (ASPARS and ASCE, 1994). “Positional 

accuracy as the degree of compliance with which the coordinates of points determined 

from a map agree with the coordinates determined by survey or other independent means 

accepted as accurate”. All locations on maps and Geo referenced images are described by x 

and y co-ordinates for horizontal location and include elevations which are represented by 

the letter z. The most important cause of positional error arises from the impact of 

topography on remotely sensed imagery. Two types of positional error assessments 

(Green, 2009). 

2.2.1.1. Horizontal Accuracy Assessment  

The accuracy of digital cadastral maps is assessed through one-to-one matching of the 

victories cad astral maps with the original analog map to definite the shape and number of 

the respective parcel. Accuracy assessment was done by comparison of geo co-ordinates of 

randomly selected points generated by computer with that of observed through GPS 

comparison of length measurement generated by computer with that of actual field 

measurement and comparison of area of randomly selected parcels generated from image 

data set with that of actual field measurements (Kumar, et al, 2014). Some cadastral maps 

are created by field surveys and in their digital form are as accurate as the supporting cad 
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astral surveys as seen in the cad astral maps of the Australian Capital Territory (Williamson 

and Enemark, 1996). The accuracy of area measurement is a function the measuring device 

used and the degree of image scale variation clue to relief in the terrain and tilt in the 

photography (Lillesand, et al 2004). 

2.2.1.2. Vertical Accuracy Assessment 

Vertical accuracy assessment as applied to contour maps on all publication scales. In 

checking elevations taken from the map the apparent vertical error may be decreased by 

assuming a horizontal displacement within the permissible horizontal error for a map of 

that scale (Green, 2009). 

2.2.2. Thematic Accuracy Assessment 

Positional accuracy there is no government standard for assessing and reporting thematic 

accuracy. This omission is partially due to the inherent complexity of thematic accuracy but 

primarily to the fact that when maps were made from aerial photographs thematic 

accuracy was generally assumed to be at acceptable levels. It was the development and use 

of digital remote sensing devices that had the most profound impact on thematic accuracy 

assessment of maps created from all remotely sensed data (Green, 2009). 

2.3. The Importance of Accuracy 

There are several advantages of accuracy assessment. First users must consider the quality 

of data used to produce the spatial dataset (Wright, 1997). Second users must consider the 

utility of parcel spatial data. The GIS should not only make analysis easier but it should also 

increase confidence in the outcomes of analyses (Struck, 1998). There are many reasons for 

performing an accuracy assessment. Third analysts often need to compare various 

techniques algorithms analysts or interpreters to test which is best. Finally it is more and 

more common that some measure of accuracy be included in the contract requirements of 

many mapping projects. Therefore a valid accuracy is not only useful but may be required 

(Green, 2009). 
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2.4. Aerial Surveys 

Digital cameras are produced with different sensor sizes and resolutions. Sensor size can 

be defined as the dimension of width and height of sensor array in millimeter or inches. 

Sensor resolution can be defined as the number of horizontal pixel multiplied by vertical 

pixel (Rao, et al ,2014) .There are various benefits using photogrammetry with digital 

camera imagery such as the prevention of differential stretch errors when scanning 

analogue films as well as the cost-cutting according to banning the use of analogue 

films(Kang, et al, 2008). Different characteristics of digital cameras. There is no fiducially 

mark in the digital images the camera calibration parameters are not stable and small 

format and others. The digital camera can also be categorized as a single lens reflex( SLR) 

for SLR digital camera the user has the full control on the camera such as controlling the 

focus aperture and shutter speed and compact for compact digital camera it uses the 

concept of point and shoot and it has the zoom facility. A digital camera could further be 

categorized as low resolution medium resolution and high resolution. Large-scale aerial 

photography provides a faster and cost effective means of extracting the cad astral 

information for parcel mapping (Rao, et al, 2014). The main problem in updating cad astral 

maps is the daily changes in urban area which can be considered as continuous problem 

with no end. Consequently the aerial photos represent the best reference for detecting and 

checking any changing that might happen (Khalfa and Alwan, 2014). Therefore when 

capturing digital data from a scanned aerial photograph or satellite imagery the desired 

ground resolution of the details which is independent of image and map scale should be 

considered (Siriba, 2009). In recent years much technological advancement has been made 

in the field of photogrammetry and the process of making maps using digital images. The 

photogrammetric data are affected by different factors such as topographic variations 

canopy earths’ curvature and other error sources such as rectification and digitization. 

Other contributing error factors include the characteristics and calibration of equipment 

used for image capture such as the camera or scanner (Asmamaw, et al, 2017). 
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2.4.1. Photogrammetric Techniques in cadastral mapping 

The accuracy and photo-map scale relationships mainly depend on the scale and resolution 

of aerial photography flying height base-height ratio and the accuracy of the stereo 

plotting. Based on the mapping scale and contour interval used to choose photographic 

scales. Although scale is a concept which relates to the level of generalization of digital 

geographic data. When capturing digital data from a scanned aerial photograph or satellite 

imagery the desired ground resolution or geometric accuracy of the details which is 

independent of image and map scale should be considered. Five approaches for 

photogrammetric mapping are identified. 1, the production of numerical coordinate data 

for points on the air photographs through the use of digital or analytical stereo plotters. 2, 

the preparation of base maps by photogrammetric stereo compilation. 3, instead of 

compiling the boundary lines and points using stereo photogrammetry orthorectified 

photographs are used. 4, involves the use of simply enlarged but rectified photographs to 

identify land parcel boundaries. 5, the identification and plotting of land parcel boundaries 

using simply enlarged and unrectified photographs (Sirba, 2009) 

2.4.1.1. Camera calibration 

Camera calibration methods may be classified into three basic categories: laboratory 

methods, field methods and stellar methods. Laboratory methods are most frequently 

utilized and are normally performed by camera manufacturers of the federal government 

(Wolf, et al, 1999). For an ideal camera three parameters need to be determined in 

calibration: A) the focal length of the camera this also determines the scale at which the 

aerial mapping takes place and its resolution on the ground. B) The location (xp-yp) of the 

principal point of the camera in relation to the set of fiducially marks at the edge of the 

image plane. C) The locations in millimeters of x and y of the fiducially marks in the camera 

co-ordinate system (Vermeer and Ayehu, 2016).  

2.4.1.2. Interior orientation 

Interior orientation is the process to express co-ordinates measured on the photographic 

plate or the scanned digital image film or image co-ordinates. It establishes the 
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transformation between these two co-ordinate frames. Typically there are either four or 

eight fiducially marks. The origin of the camera frame is the principal point and the 

projection of the optical center of the camera onto the image plane. After the interior 

orientation transformation is derived it may be used to convert the film co-ordinates of any 

point in the image to rectangular metric camera co-ordinates (x - y) (Vermeer and Ayehu, 

2016). 

2.4.1.3. Exterior orientation 

Exterior orientation refers to establishing the connection between terrain co-ordinates. 

Three-dimensional and the camera co-ordinates for one given image (Vermeer and Ayehu, 

2016). Before starting the object co-ordinates from our GCPs must be prepared in a file 

(Linder, 2005). Photogrammetry finding the conjugate points automatically can be 

executed especially when the operator provides good approximation and absolute 

orientation the relationship between the model and the object space is established. This 

requires the identification of ground control points (Hamruni, 2010). 

2.4.1. 4.Correction of Measured Image Coordinates 

Systematic errors is to model them mathematically and then applying corrections to the 

measurements. The major sources of the systematic errors are: displacement of the 

principal point comparator errors and deformations of the photographic material 

distortions caused by the optics of the camera atmospheric refraction and the curvature of 

the earth (Derenyi, 1996). 

2.4.2. A typical workflow in digital aerial photogrammetry 

Before starting our practical work beginning with the capture of the images and we have 

then to calculate the orientation parameters of all images we want to use. After this we can 

measure co-ordinates, create several kind of image products like surface models and finally 

we may use the results in additional cartographic or GIS software (Linder, 2005). 
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2.5. Cadastral Surveying Techniques 

Three sets of complimentary techniques of cad astral surveying are common: field/ground 

surveying photogrammetry and remote sensing; all of which are concerned with the 

registering and presentation of spatially referenced data. Cadastral surveying has three 

possible methods: (a) ground survey (b) aerial survey and (c) satellite images. The ground 

survey method comes under direct technique while the aerial survey and satellite image 

methods are indirect technique (Dale and Mclaughlin, 1988). (Rao et al., 2014) says “field 

surveys are conducted by groups on ground using conventional   surveying techniques and 

instruments”. The ground survey method is the most accurate because most of the 

calculations are carried out in the field. Ground cadastral surveying technique in remote 

area and mountainous area is difficult due to bad weather condition or security reasons 

(Rao et al., 2014). 

2.5.1. The Global Positioning System (GPS) 

GPS is a satellite-based radio signal system which was established by the United States 

department of defense. GPS system provides position velocity and time anywhere in the 

world. Two types of GPS positioning :( a) absolute positioning and (b) relative positioning 

(alkan et al., 2015). The global positioning system has been used great success for the 

production and propagation of survey control. During the development of surveying by GPS 

the focus was on measured horizontal position and to measure height (Isioye and Musa, 

2007). GPS has the following advantages: 1) GPS used to describe the geographical co-

ordinates joined with satellite image, used to increase the positional accuracy of satellite 

images when three or more distinctive points can be located both on a satellite image, and 

on the ground GPS receivers can be used to collect accurate spatial coordinates at these 

positions. 2) GPS can be used in the ground reality of satellite images. When a particular 

satellite image has a region of unusual back scatter and the co-ordinates of that region can 

be loaded into a GPS receiver. 3) GPS has developed into a cost effective tool for updating 

GIS or computer aided design (CAD) systems and GPS is an excellent tool for data collection 

in many environments. The cadaster and land registry agency maintains two separate 

databases to control the information on ownership rights and parcels: a) cartographic 
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database mapping information system and b) administrative database automatic cadastral 

registers administrative database contains legal and administrative information of any 

parcel of land (Wakker et al, 2003). GPS applications can be categorized into two: such as 

static applications and kinematic applications. A) Static applications are concerned with 

positioning of stationary points. Static applications of GPS can be used in geodetic 

surveying, areal photogrammetric surveying, land surveying, orthometric height 

determination, topographic mapping monitoring, structural change and engineering 

surveys. B) Kinematic applications are concerned with the positioning of moving objects. 

(Mageed, 2014) says “kinematic applications of GPS can be used in attitude determination 

of a moving body where the attitude is defined as the orientation of a specific coordinate 

system in a land vehicle a ship or an aircraft with respect to a global or local coordinate 

system”. GPS receivers can be categorized into two types: single frequency receivers and 

dual frequency receivers. A) Single frequency receivers which access the l1 frequency only. 

The single frequency receivers output the raw c/a code pseudo ranges the l1 carrier phase 

measurements and the navigation message and gives accuracy about 1cm+2ppm. B) Dual 

frequency receivers which access both l1 and l2 frequencies. The dual frequency receivers 

are the most complicated and most expensive receiver type. This type of receiver is the 

capacity of measuring all the GPS observables which are: l1, l2, carrier’s c/a code and p-

code and gives accuracy 5mm+1ppm. Single frequency receivers are affected more by 

ionosphere errors than dual frequency receivers but they are less expensive making them 

adaptable for certain surveying applications. Dual frequency multiple channel receivers can 

compensate well for ionosphere errors and these receivers are ideal for geodetic 

applications (Mageed, 2014). 

2.5.1.1. Static GPS  

Static GPS is a relative position determination method and the use of several GPS receivers 

with longer measurements of duration from 20 minutes up to several days. Static GPS is 

suitable for long distances above 20 kilometers but should not be used for baselines 

exceeding 50km. This method is often used to establish first and second order points which 

require high accuracy (Kartverk, 2005). The vectors are saved internally in each receiver 

and the vectors between the receivers and the known reference point is determined by 
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post processing the data (Wellenhof et al, 2008). According of (Alkan, 2015) “Static GPS 

surveying is a relative positioning technique that depends on the carrier-phase 

measurements and carrier-phase measurements is the most accurate positioning 

technique”.  

2.5.1.2. Real-Time Kinematic Global Positioning System  

Real-time kinematic global positioning system is a surveying method performed with a 

relationship between a reference GPS rover units and sufficient satellite. The base station 

must be mounted on a known reference point while the rover is moveable. The base station 

acts as the known position with predetermined x- y- and z-coordinates from which the 

unknown positions are derived. Data from the base station to the rover is transmitted 

through radio contact which enables RTK GPS coordinates to appear in real-time in the 

rover (Wsdnr, 2004). When RTK surveying all receivers must observe minimum four 

common satellites (Moser, et al, 2016). RTK technology is enhanced with active repeater 

stations which are specially designed to re-transmit the base station signals in the areas of 

poor reception (Wayumba, 2013). There are an increasing number of applications for high 

precision carrier phase based positioning for machine and vehicle guidance and control lee 

2009 RTK surveying has three methods:  The survey involves a large number of unknown 

points located in the vicinity of a known point; the coordinates of the unknown points are 

required in real time; and the line of sight the propagation path is relatively unobstructed 

(Elrabbany, 1997). 

2.6. Cadastral Surveying and Mapping 

The cadaster is a register of parcel or survey of land for the purpose of taxation, description 

location of land, the rights to the land and information and showing details of ownership 

and the land value. Cadaster has three classifications: legal cadaster is a legally recognized 

register of land tenure, fiscal cadaster which was developed property valuation and 

multipurpose cadaster that contains both fiscal and the legal cadaster with the addition of 

other parcel-related information (Augustus and Moses, 2016). (Williamson, 2000) says that 

“the requirements of physical survey of land boundaries preceding registration may not be 
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necessary since registration can be based on old documents”. Legal cadaster is 

measurement of legal ownership and registration of legal transactions. Legal cadaster deals 

with rights to use land, it is a complement to both property cadaster and tax cadaster and it 

is a register identify the legal owner and clear boundaries of each land parcel. To prepare a 

legal cadaster requires both fitting parcel boundaries through surveying and mapping and 

fitting legal rights which may involve negotiations among involved parties and a judicial 

determination of ownership (Larsson, 1990 a).Fiscal cadaster is a register of information 

for property taxes, locations and land values of the parcel. Governments need money which 

is produced through some sort of taxes. Land and land related properties are the major 

source of tax in different countries. Fiscal cadaster must include enough information to 

calculate a value using certain valuation methods (Larsson, 1990 a).Multipurpose cadaster 

is a combination of legal and fiscal cadaster .it contains information about land use and 

infrastructure (buildings, soil and other factors) (pro. no._03/2015). Each parcel must be 

described by a unique parcel identifier. The basic information wanted for development 

planning can be found from the legal or fiscal cadasters where they are kept up to date by 

concerned organizations. Instead of creating information system for planning purpose it 

has in many cases proved favorable to develop cadaster into a multipurpose cadaster 

(Larsson, 1990 a). 

According of (Williamson and Enemark, 1996) “land parcels are defined by formal or 

informal boundaries marking the extent of lands held for exclusive use by individuals and 

specific groups of individuals”. Each parcel is given a unique code such as an address, 

coordinates and lot number shown on map. For cad astral maps the scale range is 1:500 to 

1:10 000. Large scale maps have more precise parcel dimensions and features. Such types 

of maps are often prepared by cad astral surveys based on ground surveys and aerial 

photography. Land value ownership can be accessed by new parcel code shown on the cad 

astral map thus creating a cadaster (Williamson and Enemark, 1996).Cadaster is described 

as a methodically arranged public inventory of data concerning properties within a 

jurisdiction. Based on a survey of their boundaries from a database perspective land 

information system is referenced to unique units of land and normally referred to as land 

parcels. The general description of these land parcels are normally shown on large scale 
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maps (Effenberg, 2001). According to (Gopikrihnan, 2013) an important aspect of “cad 

astral maps are to preserve the accuracy and precision of the areas of land parcels”. 

2.6.1. Components of a Digital Cadastral Mapping System 

Digital cadastral mapping system has the following components:  reference to a geodetic 

control network current base map layer digital image derived a cadastral layer delineating 

all real property parcels, digital aerial photographs, a unique parcel id assigned to each 

parcel ownership and parcel characteristic files and additional layers of interest 

(Ibraheem,2012).  

2.6.2. Ground Control Point (GCP) 

A ground control point is an object point which is represented in the image and from which 

the three-dimensional object co-ordinates are known. Find these points in a topographic 

map and get their co-ordinates out of the map x and y by manual measurement or by 

digitizing z by interpolating the elevation between neighboring contours. For each image 

we need at least 3 well-distributed GCPs. In geodesy the x axis shows to the north the y axis 

to the east in a right-hand system. In photogrammetric we use a mathematical co-ordinate 

system definition with x to the east y to the north in a left-hand system (Linder, 2005). 

GCPs are used in the geometrical transformation of the satellite image which can reduce 

systematic disturbances in the satellite image (Lillesand, et al, 2008). The GCP should have 

high contrast and consist of intersections of straight long lines such as house corners also 

states that such features are more common in urban areas than in rural. The challenging 

aspect of locating GCPs on historical aerial photos is that the correspondence between 

features on photos collected years or decades apart is sometimes poor. Even in developed 

areas GCPs may be difficult to locate and users are often faced with using a sub-optimal 

number type or spatial distribution of GCPs (Baltsavias and Gruen, 2003). 
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CHAPTER THREE 

3. RESEARCH METHOLOGY 

3.1. Description of the Study Area 

Addis Ababa is the capital city of the Federal Democratic Republic of Ethiopia. The city has 

an international significance for being the seat of African Union and the United Nations 

Economic Commission for Africa (UNECA) and African union (AU).  The geodetic bounding 

coordinates of the city are, φ=8º 49’ 55” N to 9º 05’ 53” N and λ=38º 38’ 16” E to 38º 54’ 

19” E. The city lies at the foot of Mount Entoto and forms part of the watershed for 

the Awash. From its lowest point, around Bole International Airport, at 2,326 meters above 

sea level in the southern periphery, Addis Ababa raises to over 3,000 meters in the Entoto 

mountains to the north. The total area of the Addis Ababa city is about 527 km2. The city 

has ten sub cities, the largest one is Bole sub-city and Addis Ketema is the smallest in its 

geographical area coverage. These sub cites also classifies in to one hundred sixteen 

Weredas (Socio-economic profile of Addis Ababa, 2012).The population of Addis Ababa is 

3,194,999 with annual growth rate of 2.5(CSA, 2014). The topography of Addis Ababa is 

rugged with many typical volcanic features. While the central part of the city is 

characterized by gentle and rolling topography with scattered patches of hills, the southern 

and south eastern part is predominantly flat (Addis Ababa atlas, 2015). The Gulelie sub city 

is located in northern part of the city, near the Mount Entoto and Entoto Natural Park. It 

borders with the districts of Kolfe Keranio, Addis Ketema, Arada and Yeka. In Gulelie sub 

city the total area covered is 30.18 km2 and has 10 Weredas (Addis Ababa atlas, 

2015).Wereda 10 is one of the 10th Weredas’ of gulelie sub city in Addis Ababa. 

Geographically, the district lies within the coordinates of 903’0” N- 905’15”N North latitude 

and 38042’30” E- 38043’45”E East longitude. It is found at western part of Gulelie sub city. 

Wereda 10 has 5km2 or 534 hectare total area. 

https://en.wikipedia.org/wiki/Mount_Entoto
https://en.wikipedia.org/wiki/Awash_River
https://en.wikipedia.org/wiki/Bole_International_Airport
https://en.wikipedia.org/wiki/Entoto_Mountains
https://en.wikipedia.org/wiki/Entoto_Mountains
https://en.wikipedia.org/wiki/Mount_Entoto
https://en.wikipedia.org/w/index.php?title=Entoto_Natural_Park&action=edit&redlink=1
https://en.wikipedia.org/wiki/Kolfe_Keranio
https://en.wikipedia.org/wiki/Addis_Ketema
https://en.wikipedia.org/wiki/Arada_(Addis_Ababa)
https://en.wikipedia.org/wiki/Yeka
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Figure3.1. Description of the study area 

Source: Addis Ababa city administration of land holding and registration agency 

3.1.1. Land Use and Land Cover in the Study Area 

In most cases, the terms land use and land cover is used interchangeably. Land cover 

describes the physical material at the surface of the Earth. It comprises various land cover 

types such as trees, bare soil, grass, water etc. Whereas land use is a description of how 

people utilize the land and socio-economic activity such as urban land, agricultural land, 

forest land, water land, grazing land etc. (Wikipedia, 2008).The effect of land cover change 
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can directly or indirectly affect the way how human uses the land. Dynamics of land cover 

do not necessarily mean degradation of land or environment and the vice versa too. 

However, there are numerous natural and manmade driving forces that can alter the 

coverage and use of land, biodiversity, and other physical and human environments 

(George, 2005). Alteration in land use or land cover is principally due to the interaction of 

humans with their environment and its miss use. Thus, it is important to think about how 

to monitor and sustain the environment from climate change, biodiversity and the 

ecosystem. Hence, in order to manage the changes in land cover and use, it is necessary to 

have the information on existing and future land use/ land cover (George, 2005). Land is 

the economic resource of Addis Ababa; the land use pattern is characterized by haphazard 

development which mainly geared towards horizontal expansion. As the data collected and 

analyzed in 2004, out of the entire 51959 hectare of the city’s land, road network area 

comprises 10.42%green area (forest, riverside greens etc.) accounts for 31.89%, 

residential covering 25.27 %( Addis Ababa atlas, 2015)  

3.2. Data Source 

This study used as horizontal accuracy assessment sample data, digital aerial image and 

digital line map acquired from aerial photogrammetric survey carried out over the whole 

area Wereda 10 in Gulelie sub city. The photogrammetric surveying was conducted by the 

Information Network Security Agency (INSA, in 2011 with a standard aerial camera at 

1:2,000 scales and 20 cm Ground Sample Distance (GSD). There are three basic data 

sources used to assess horizontal accuracy assessment: such as data from Geo referenced 

digital aerial photograph of Wereda 10 in Gulelie sub city, digital line map and ground truth 

data. In this paper used already Geo referenced image. The minimum radiometric 

resolution of the digital photograph should 8 bit color photograph; the vertical accuracy for 

the digital terrain model should be 20cm; the ground sampling should be 20cm; the image 

should not be compressed. The digital image and digital line map was obtained from the 

Addis Ababa administration land holding and registration agency. 

In this section, methods and techniques used to achieve the specified objectives are 

described. In this study involves five basic steps. The first step measured twenty sample 
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check points by using static GPS. The second step is process check points by using Leica 

Geo office combined software. The third step is measured hundred parcel corner points by 

using RTK GPS. The fourth step is digitized parcel corner points and polygons from aerial 

photograph and digital line map. The final step is horizontal accuracy assessment 

calculated. 

3.3. Materials and Software 

The researcher used the following materials: GPS (RTK and STATIC), Tripod, Geo 

referenced aerial photograph image (2011) and digital line map. The researcher also used 

the following software: Such as Arc GIS 10.3.1, LGO combined, Microsoft excel and Math 

type software. 

3. 4.Methodology 

3.4.1. Ground Survey 

In order to evaluate the horizontal accuracy of aerial photograph, primary it has been 

established control points .To ensure the integrity of the surveys in areas where different 

methods are used the surveys have to be connected to higher level accuracy surveys. The 

field measurements were taken using Global Positioning System (GPS). Proper field 

reconnaissance is essential to the execution of efficient, effective GPS surveys. 

Reconnaissance of the study area was the first step in the establishment of control points 

and followed by marking twenty check points. Reconnaissance should include: Station 

setting or recovery, checks for obstructions and multipath potential, preparation of station 

descriptions (monument description, to-reach descriptions, etc.) and development of a 

realistic observation schedule. Hence selecting study area and finding suitable positions to 

establish GCPs (Ground Control Points) is one of the important activities of this stage. 

Ground control points can be placed systematically across the area, using differential GPS 

system. The equipment used during field work was Leica GS 14 GPS, which could be used 

both for static GPS surveying and RTK GPS surveying. 
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3.4.1.1. Static Surveying 

Static survey methods require a schedule for the coordination of receivers, operators, 

observation times and the logistics of the project. The number of created check points are 

twenty and fairly distributed in the areas that are check point cites is clearly selected for 

appropriate work of the processes. Those control points were also suitable for satellite 

visibility, because GPS method was needed. The field work was conducted during a six day 

period, from 10 to 11 April 2018 site selection and from 26 to 29 April 2018 established 

twenty check points by using static GPS in Wereda ten, Gulelie sub city. The session period 

is one hour for each point. The maximum length of the baseline between the farthest GCP 

and Adis station in Arat kilo campus. The farthest distance is 15km. The check points have 

two coordinates (x and y) which are measured across digital images. The receiver type 

used was Leica GS 14 GPS. 

3.4.2. Post-Processing 

At the end of each day in the field the receiver data should be downloaded to a personal 

computer. This ensures that a back-up copy of all raw data is maintained in case the data 

becomes corrupted in the post-processing stage. Data were processed in the respective 

software of the instruments. Data from GPS processed in Leica Geo office software. All data 

collected and stored in the receiver relate to the World Geodetic System of 1984 (WGS84) 

reference ellipsoid. It is recommended that the data be processed on WGS84 and converted 

to the local datum once processing has been completed. Ethiopia uses local datum known 

by the name Adindan, in which the reference ellipsoid is known as Clark 1880 (a= 

6378249.145, 1/f =293.465). It is non-geocentric datum with shift of the origin Δx = 165, 

Δy =11 and ΔZ= -206. This datum is originated in Southern Egypt and currently used by 

around six African countries, Burkina Faso, Senegal, Mali, Cameron and Sudan. The EMA in 

which the reference ellipsoid is known as Clark 1880 (a= 6378249.145, 1/f 

=293.466307656) and translational transformation parameters are Δx = -162, Δy = -12 and 

Δz = 206.The researcher uses the EMA translational transformation parameters. The data 

can easily be copied from the 'DBX' folder on the card to a PC using a card reader. By using 

Leica Geo office 8.3 DBX row data change to RINX data and download Adis station RINX 
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data and sp3 ephemeris data. These data shows appendix 2. Then by using Leica Geo office 

combined software process twenty established check points. The Adis RINX represents 

reference point and twenty established check points represents as robber used to 

processed points. After processes coordinates change WGS84 to Adindan datum.  

 

 

Figure3.2. Post processed steps measured points 

3.4.3. RTK (Real Time Kinematics) GPS 

All GPS is a distance (ranging) system. This means that the only thing that the user is trying 

to do is determine how far they are from any given satellite. All that the GPS satellite does is 

shoot out a signal in all directions, although there is a preferential orientation toward the 

earth. A base station is comprised of a GPS receiver, an antenna, and a tripod. The GPS 

receiver and the antenna shall be suitable for the specific survey as determined from the 

manufacturer’s specifications. Real-Time-Kinematic GPS measurement technique is used to 

collect the coordinates of parcel corner points to test the accuracy associated with the 

orientation of the photogrammetric line map and aerial photograph. The three days were 
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used for RTK GPS surveying of land parcel corner points in Wereda 10, Gulelie sub city. The 

chosen epoch interval was set to five seconds. For RTK GPS surveying, radio contact had to 

be established between the base and the rover before the surveying could begin. All parcel 

corners were also surveyed with GDOP values below 5, which ensure that the geometry of 

the satellites is sufficient.  The author collected hundred parcel corner points by using Leica 

GS 14 GPS. The author uses two established check points as a reference to collect parcel 

corner points. Such points are p06 and p10.  (p10) uses station orientation and (p06) uses 

back sight. 

3.4.4. Parcel Extraction from Digital Aerial Photograph and Digital Line 

Map 

The parcels extracted from various datasets were compared using their attributes. Three 

parameters were used for comparison and analysis. These are area, length and position 

(coordinates).The digitizing process of the map features was carried using ArcGIS10.3.1 

software. The parcel corner points were digitized using the editor function in Arc GIS, by 

zooming close to each of the surveyed parcel corners on the aerial image. Most of the 

parcels had distinct boundaries and the parcel points were digitized in the exact location of 

the parcel corner. Digitizing parcels for the ground measurement coordinates by using Arc 

GIS software to create polygon and dimension shape files and using editor icon to 

connected corner points of the parcels. The author extracted hundred parcels from ground 

measurement, aerial photograph and digital line map respectively. And the author also 

extracted 429 dimensions and coordinates from ground measurement, aerial photograph 

and digital line map respectively.  

3.4.5. Horizontal Accuracy Assessment 

To calculate the horizontal accuracy of the twenty established cheek points and the extracted 

points from aerial photograph. The extraction value of coordinate by using ARC GIS software by 

zooming in from the areal image. The user should zoom in until clearly see the exact location of the 

chosen point and using identify icon measure coordinates.  The author used the root mean square 
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error. Root mean square error is the standard error measure used in ground controlled points. 

Control point coordinates and same points derived from aerial image were calculated and the 

distance between them was measured using the Euler’s Distance Formula. 

 

∆d = √(x − x1) + (y − y1) 

RMSEx = √∑((xdata − xcheck)2)/n) 

RMSEy = √∑((ydata − ycheck)2)/n) 

RMSExy = √∑1/2(RMSEx2 + RMSEy2)------------------------------EQ(1) 

Horizontal accuracy at the 95% confidence level (CE95) was computed for anisotropic accuracies. 

For anisotropic accuracies, where RMSEx ≠ RMSEy 

𝐶𝐸95 = 1.2238 ∗ (𝑅𝑀𝑆𝐸𝑥 + 𝑅𝑀𝑆𝐸𝑦)---------------------------------EQ(2) 

The root mean square error of the coordinates can be computed in Microsoft excel. To evaluate the 

accuracy of the aerial photograph, RMSE and standard deviation of the individual measurements 

were computed. Root mean square error is a measure of accuracy of the individual measurement. 

It can be computed from the deviations between true and measured values. So that statistical 

parameters such as the mean error, standard deviation or root mean square error can be 

calculated to get an accuracy assessment of the results.  

We use RMSE test to calculate the error .Root mean square error is also known as to be the square 

root of the average of the squared gaps where these gaps are the variation in coordinate  as 

assessed by an independent survey process. The shifts in twenty extracted points from the aerial 

image as compared to that of the established cheek points. The author will be take hundred total 

sample sizes by systematic random sampling technique, assess twenty check points for the study 

area. The sample points must also be well distributed across the study area. By using the above 

input data and the tool used to analyze the data, the overall procedure to generate the required 

output performed in the following hierarchical order. 
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Figure3.3. the general work flow of research methodology 
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CHAPTER FOUR 

4. RESULTS 

4.1. Horizontal Accuracy Assessment of Digital Aerial Photograph 

Statistical indices in this study can be used to evaluate, validate and compare the GPS data 

against areal image. This study explicitly examined the accuracy of digital image and its digital 

line map in terms of horizontal position. A minimum of twenty well defined test points should 

be used to evaluate the horizontal accuracy of digital aerial photograph. The check points 

will be ideally evenly distributed and located across the Figure 4.1.  

 

Figure4.1. the distribution of check points 

The GPS coordinates for the twenty checkpoints were determined using Leica GEO office 

with the RMSE values listed (Table 4.1).The shifts in coordinates of the extracted points 

from the aerial image as compared to that of the check points are presented in Table 4.1. 
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The max and min, mean, standard deviation and RMSE in the easting and northing values 

computed at each site are also shown. The accuracy of digital image as compared to the GPS 

data acquired from LGO processing is 18.1 cm and 18.8 cm in x and y-direction, 

respectively in RMSE sense (Table 4.1). 

Table 4.1.Horizontal Accuracy Assessment of Digital Aerial Photograph 

 

This study explicitly examined the accuracy of aerial photograph in terms of horizontal 

position. The GPS coordinates for the twenty checkpoints were determined using Leica Geo 

office software. In order to analyze the horizontal accuracy of aerial photo, the coordinate 

measurement of some independent check points is required. The check points are 

distributed across the research area. In this research there are twenty check points, whose 

coordinates are measured by using differential GPS technique with at least 1 hour 

observation. Then, the resulting coordinate from GPS measurement is compared against 

coordinate measurement from the aerial photo. The results show that the maximum 
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deviations are 0.536 and 0.329 for easting and northing respectively. These minimum 

deviations are -0.433 and -0.352 for easting and northing respectively.  

Figure4.2. Max and min range of the ground check points and digital aerial image points 

The mean values and standard errors are 0.016 and 0.180,-0.029 and 0.186m for easting 

and northing respectively. The mean values in the Easting, Nothing and The standard 

deviation (Sx and Sy) that are associated with the LGO GPS solutions are presented in more 

illustrative way using histogram. 
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Figure4.3. Mean and standard error distribution 

The root mean square error of easting and northing component is 0.181m and 0.188m 

respectively. These values correspond to horizontal RMSExy 0.184m.  

Figure4.4. RMSE of check point coordinates and aerial photograph coordinates 
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Horizontal accuracy at the 95% confidence level (CE95) was computed for anisotropic 

accuracies. Where RMSExy is the overall horizontal root mean square error. The CE 95 

value in this research is 0.451m (eq.2).  

4.2. Assessment of Digital Aerial Image and Digital Line Map Coordinates 

In this section tries to analyze the association of coordinates, areas and lengths of some 

selected parcels which are extracted from the methods i.e., GPS, aerial photograph and 

digital line map. In this particular study, 429 coordinate values were collected along the 

parcel corners. In this paper, horizontal RMSEs are considered. Horizontal errors are 

brought about by field measurements and digitization. In order to evaluate the horizontal 

accuracy of aerial photograph and digital line map, number of hundred parcels was 

selected in Wereda 10. These parcel corner points were then observed using Leica GS 14 

GPS surveying .GPS receiver applying Real Time Kinematic (RTK) technique. In which the 

base station was located in Wereda 10 mekelakeya camp sefer. The station point is created 

by the researcher. These fixed control points are (p06 and p10).  By used these reference 

points the rover was used to observe the required parcel corner points. The RTK GPS and 

aerial image comparison coordinates results show that the root mean square error of 

easting and northing component is 37.6 cm and 38 cm respectively. These values 

correspond to horizontal RMSExy 37.8 cm. Horizontal accuracy at the 95% confidence level 

(CE95) was computed for anisotropic accuracy based on (eq.2) is 0.841. 

The RTK GPS and digital line map coordinates comparison results show that the root mean 

square error of easting and northing component is 39.2 cm and 39.8 cm respectively. These 

values correspond to horizontal RMSExy 39.5 cm. Horizontal accuracy at the 95% 

confidence level (CE95) was computed for anisotropic accuracy based on (eq.2) is 0.879. 

Differences between actual observed GPS coordinates of points and the extracted 

coordinates from digital aerial photograph and digital line map coordinates as listed below 

in figure 4.5 
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Figure 4.5.RMSE of digital aerial image and digital line map 

 

Figure 4.6 MAX and MIN values of aerial image and line map-based coordinate 
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Figure 4.7. Mean and standard deviation between aerial image and line map coordinates 

4.3. Area Comparison among Aerial Photograph and Digital Line Map 

Derived Parcels 
Among the objectives of this study was to investigate the effect of area in the accuracy of 

digital aerial image and digital line map. It involved establishing the extent to which areas 

obtained by aerial photography technique deviated from the equivalent ground survey. As 

a reference area the GPS survey parcels were chosen. The areas of the matching parcels 

from each layer were extracted and used for analysis. A total of hundred parcels were 

derived from aerial photograph, line map and the same parcels observed by GPS. The 

results of extracted parcels generated from ground surveys, aerial photography and digital 

line map are shown in Figure 4.8. 

MEAN Δx MEAN ΔY STD Δx STD ΔY
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Figure 4.8 the extracted parcels distribution 

The mean absolute horizontal error is 0.161 in aerial photograph and the mean absolute 

horizontal error is -0.526 in digital line map. The standard deviation of the differences 

between ground surveyed and digital aerial image area is 5.532 and the standard deviation 

of the differences between ground surveyed and digital line map is 5.534. The root mean 

square error is 5.828 and 5.852m2 in aerial photograph and digital line map respectively. 

The results of compared parcel areas generated from ground surveys, aerial photography 

and digital line map are shown in Figure 4.9. 
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Figure 4.9. Parcel areas generated from ground surveys, aerial photography and digital line 

map. 

The differences of the size of the parcels range from -9.945to 10.427m2 in aerial 

photograph and -10.044 to 9.745m2 in digital line map. The results of compared parcel 

areas generated from ground surveys, aerial photography and digital line map are shown in 

Figure 4.10. 

 

Figure 4.10.The maximum and minimum values in aerial photograph and digital line map 
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4.5. Comparison of Side Lengths from Aerial Image and Digital Line Map 
The horizontal accuracy of side lengths can be tested by examining variation in the 

orientation of the digital line map using RTK GPS surveying technique. The length of the 

matching parcels from each layer were extracted and used for analysis. The author 

compared side lengths obetend by RTK GPS, aerial photograph and digital line map. In this 

research 429 side lengths were computed from coordinates obtained using RTK GPS, aerial 

photograph and digital line map respectively. 

 

Figure 4.11 parcel side length and area variation between RTK, image and line map  

The mean absolute horizontal error is 0.010 and -0.038 in aerial photograph and digital 

line map respectively. The root mean square error is 0.381 and 0.400 m in aerial 

photograph and digital line map respectively. The results of compared parcel lengths 

generated from ground surveys, aerial photography and digital line map are shown in 

Figure 4.12. 
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Figure 4.12. Mean and RMSE values in aerial photograph and digital line map. 

The differences of the size of the side lengths range from -0.980 to 1.230 and -1.350 to 

1.000m in aerial photograph and digital line map respectively. The standard deviations 

0.380 and0.399 m in aerial photograph and digital line map respectively. 

 

Figure 4.13. Standard deviation, min and max values in aerial photograph and digital line map 

From the result supported, the digital image and line map is considered as appropriate for 

cadastral mapping applications, utility mapping, infrastructural mapping, road network 

mapping etc. In the Addis Ababa context, the accuracy requirement of the horizontal 
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position according to the National Mapping Agency (EMA) is ±40 cm at the scale of 1:2,000, 

which is the recommended scale for urban areas. This corresponds to two pixels at a 

Ground Sample Density (GSD) of 20 cm. therefore the digital image is useful for cadaster. 
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 
There has been a great deal of interest and attention given to the economic justification of 

cadastral and land information systems over the last decade. With regard to cadastral 

systems in the developing world the emphasis has been on the benefit to the national 

economy and to the land holder. Within the developed countries where cadastral systems 

are accepted as basic infrastructure in support of free market economies, the emphasis has 

been on the economic justification of the provision of land related data in digital form, 

usually to support or as part of a land or geographic information system. 

The main objective of the study was to conduct accuracy assessment of the digital aerial 

image and its digital line map for large scale mapping production such as cadastral map. 

Cadastral data is important for decision making and it is basic for many computers based 

spatial applications. Therefore it should have the required accuracy. This research presents 

an assessment large-scale map study of the horizontal positional accuracy of digital aerial 

photograph and digital line map in the study area. The purpose of this thesis work was to 

evaluate and compare accuracy of three surveying methods (differential GPS, digital aerial 

image and digital line map).The comparison was made between RTK GPS versus Digital 

aerial image and RTK GPS versus Digital line map in the study area. To accomplish the 

objectives of the thesis, two major tasks have been performed: first, twenty check points 

established by using static GPS method was performed to compare the result with that of 

digital aerial image. Second, by measuring RTK coordinates, areas and side lengths and 

extracted coordinates, areas and side lengths from digital aerial image and digital line map 

and comparison has been made. 

The horizontal positional accuracy was evaluated mainly in terms of RMSExy and 95 % 

confidence level and RMSE in x and y-direction from the datasets measured check points 

and GPS survey and digital aerial image derived coordinates. Whereas, the coordinates, 

area and side lengths of parcels accuracy assessment was expressed in terms of mean value 
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,RMSE ,min and max and the standard deviation between the digital line map ,digital aerial 

image and RTK GPS derived coordinates, areas and side lengths. When the hundred parcels 

are compared individually. From processing and analyzing result data from research, there 

are several things can be conclude 

• For the accuracy assessment of digital aerial image the standard errors are 18 cm 

and 18.6 cm for easting and northing respectively. The Root Mean Square Error of 

easting and northing component is 18.1 cm and 18.8 cm respectively.  

• The RTK GPS and aerial image comparison coordinates results show that the root 

mean square error of easting and northing component is 37.6 cm and 38 cm 

respectively. The RTK GPS and digital line map coordinates comparison results 

show that the root mean square error of easting and northing component is 39.2 cm 

and 39.8 cm respectively.  

• The standard deviation of the differences between ground surveyed and digital 

aerial image area is 5.532 m2 and the standard deviation of the differences between 

ground surveyed and digital line map is 5.534m2. The root mean square error is 

5.828 m2 and 5.852 m2 in aerial photograph and digital line map respectively. 

• The standard deviation is 38 cm and 39.9 cm in aerial photograph and digital line 

map respectively. The mean absolute horizontal error is 0.010 and -0.038 in aerial 

photograph and digital line map respectively. The root mean square error is 38.1 cm 

and 40cm in aerial photograph and digital line map respectively. 

According to the obtained results and analysis, some conclusions can be summarized and 

enumerated as: 

• When the twenty check points larger RMSE are observed in the northing 

coordinates than the easting coordinates.  

• For the digital line map based on RTK check point larger RMSE are observed with 

respect to coordinates, areas and side lengths than digital image.  

Therefore these differences come from different causes. Such as shadows, topographic 

factors, the study area covered by vegetation and there are some limitations to these 

techniques as it solely on visual interpretation. In case of highly dense settlement area, 

shadow region, high canopy cover, unclear boundaries due to similar spectral reflectance, 
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small parcels etc. Similar accuracy cannot be achieved. From the result supported, the 

digital image and line map is considered as appropriate for cadastral mapping applications, 

utility mapping, infrastructural mapping, road network mapping etc. 

5.2. Recommendations 

Based on the analysis of the research findings, this study gives the following 

recommendations 

▪ To increase the accuracy of cadastral map and to reduced conflicts between 

peoples in the study area increase number of check points and duration time. 

▪ The researcher used aerial photo in the study area must be updated because 

after this photo taken many constructions build up.  

▪ Digital line map preparation and ground control point establishment was 

done at national level, but many of control points are become disappear and 

demolished by urban expansion. 
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Appendix 4:  GPS, Digital Aerial Photograph Image and Digital Line map areas 
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Appendix 5:  GPS, Digital Aerial Photograph Image and Digital Line map side lengths 
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