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Abstract 
 
Unmanned Aerial Vehicles (UAV) photogrammetric image is an essential element in property information to calculate the rate of tax 
assessment on a double-storey housing scheme. The geometrical identification of double-storey terrace houses is very important for rate 
and tax assessments. Therefore, UAV photogrammetric image can be used to view and estimate the actual and real-view dimension of 
each double-storey house. The aim of this is to identify the actual geometry of each double-storey house based on the pattern of the roof 
between two houses. The method used to calculate the rate and tax is based on the current condition of the roof of each double-storey 

house which can represent the extension of the house. The new rate on the tax assessment can be calculated by referring to each parame-
ter as mentioned in the local authorities guidelines. The assessment required the standard rate on the area, the period and the percent of 
extension. The results from this assessment were calculated into a year and half-year. For the extent condition, it was categorised into no 
extent, intermediate extent and extensive extent. UAV is very useful in rate and tax for property assessment because it can provide an 
aerial view and reliable results for property assessment. 
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1. Introduction 

Property tax is a compulsory contribution to be paid by the tax-
payer where the taxpayer in return will receive benefits from the 
local authorities in the form of tangible and intangible services, 
community facilities, infrastructures and development projects for 
their enjoyment [1,13]. The imposition of property tax is related to 

the role of local authorities in developing the area and providing 
the necessary services and facilities [14,25]. According to Section 
127 to Section 163 of the Local Government Act 1976, local au-
thorities are empowered to impose property tax on property own-
ers to carry out the functions and roles of local authorities as an 
organisation which has autonomy over the local populace [26]. 
Thus, local authorities should ensure that the management of tax 
collection can be implemented effectively in the development 

process and services provided appropriately [27].  
Nowadays in geomatics, 3D surveying and modelling techniques 
such as remote sensing, photogrammetry and laser scanning are 
being used in many fields of study with profitable results. Photo-
grammetry can be defined as the art, science and technology of 
obtaining reliable information about physical objects and the envi-
ronment through processes of recording, measuring and interpret-
ing photographic images and patterns of recorded radiant electro-
magnetic energy and other phenomena [11,18,34]. It also means a 

three-dimensional coordinate measuring technique which utilises 
photographs as the fundamental medium for measurement. Early 
development in the theory and science of photogrammetry oc-
curred many years before the actual invention of a suitable means 
to apply the application [3,8,29]. 
The combination of photogrammetry and Unmanned Aerial Vehi-
cles (UAV) gives a new term which is UAV photogrammetry 
[16,19]. It has many advantages compared to the conventional 

method [9,12,33]. The use of UAV to obtain low-altitude aerial 

photographs using a digital camera with simple measures is very 
practical and suitable for objects that cannot be clearly seen on 
conventional aerial photographs or satellite images [6,30]. Today, 
the field of photogrammetry is growing rapidly and has become an 
important field in developed countries. UAV is one of the branch-

es in photogrammetry. UAV is a model or aircraft that does not 
need a pilot onboard to control it and it is equipped with a tech-
nology system controlled from a ground control station [21]. In 
addition, accuracy of the mapping products derived from using 
UAV system is also good and can achieve planimetric accuracy 
and height in centimeters [7,32].  
The administration and management of local authorities which 
carry the responsibility to develop and provide services in their 

administrative areas have become increasingly challenging and 
difficult. In the beginning of 2009, the government was urged to 
give serious attention to the departments involved in the collection 
and enforcement issues [4]. This situation showed that the critical 
level of tax revenue collection performance needed to be priori-
tised and organised immediately with an effective strategy to 
overcome the problem of tax arrears [2,23].  
This happened because there is no specific action or effective 

measures placed in addressing this problem. Therefore, local au-
thorities need to take this issue seriously which is required by the 
public [22,34]. This is perceived to be unfair because the quality 
of services and facilities available does not commensurate with the 
amount of payable property tax. Hence, this issue can lead to the 
existence of property tax arrears problems [28,31]. Over the last 
few years, there is a rapid increase in airborne remote sensing due 
to the proliferation of multispectral digital airborne sensors 
[5,10,24]. On the other hand, in-field devices are also relevant for 

site-dedicated systems at affordable costs. Cameras mounted on 
light aircrafts or even UAV are now a good compromise for high 
performance devices such as sensors and can provide cost-
effectiveness of data acquisition [20]. Therefore, this study focus-
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es on the ability of UAV photogrammetric image in property in-
formation for calculation of tax assessment as an alternative tech-
nique in data acquisition, especially for a large-scale area 
[15,17,32]. The main focus is on a double-storey housing scheme 
in Shah Alam with the standard rate on tax assessment from the 
local authorities. The aim of the study is to evaluate the ability of 
UAV photogrammetric image in extracting property information 
for the calculation of tax assessment. 

2. Data and Materials 

Generally, the research methodology can be divided into four 
phases; preliminary study, data acquisition, data processing and 
result and analysis (Figure 1). 

 
Fig. 1: The Research Methodology Flow Chart 

 
In Phase 1, the preliminary study focused on the types of housing 

scheme and rate on tax assessment. The study area is in Section 8 
of Shah Alam, Selangor. The rate on tax assessment was extracted 
from the local authority (MBSA) and the rate on tax assessment of 
the extent area was gathered from the person-in-charge from the 
MBSA office. Phase 2 is about data acquisition of the double-
storey housing scheme. The determination of study area was taken 
from Google Earth and the flight plan was designed using the 
Altizure software. The camera calibration was based on the con-

vergence method and the purpose of camera calibration was to 
find the internal geometry of the camera for the processing phase. 
In Phase 3, data processing involved two main orientations, i.e. 
interior and exterior orientations. Interior orientation can correct 
the internal geometry of a single image based on the camera cali-
bration parameters. The exterior orientation performs image 
matching between stereo model and transforms the image coordi-
nate system to a local coordinate system. In this orientation, all 

orientations should be applied in order to correct the image to the 
same as the moment of exposure. The rotation includes omega, phi 
and kappa or also known as roll, pitch and yaw motion (Equation 
1-3).  
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Where; 
ω - omega 
Φ - phi 
κ - kappa 

 
After all orientations were applied, the collinearity condition can 
be achieved. This means the exposure station, object on the image 
and object on the ground will lie in a straight line. This collinear-
ity equation is illustrated in equation 4. 
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Where; 

   ,   -  Photo Coordinates of image point a 

   ,   - coordinate of principal point 

  - camera focal length 

XA, YA, ZA – Object Space coordinates of point A 
XL, YL, ZL – Object space coordinates of the exposure station 
m11, m12,m13,m31,m32,m33, m21, m22,m23 – rotation angles 
 
The collinearity condition is very important in the photogrammet-

ric process to visualise the stereo model in three-dimensional. The 
digital terrain model was produced after the aerial triangulation 
process was completed. The production of orthophoto used a digi-
tal terrain model as an input to correct the relief displacement of 
the image. The orthophoto was used to create the actual and extent 
dimensions of each double-storey house using the ArcGIS soft-
ware (Figure 2). Phase 4 discussed the results and analysis.  
 

 
Fig. 2: Orthophoto of Residential Area  

 
To ensure the digitising of each double-storey house was similar 

and correlate, the control layer was created in a terrace form be-
fore each double-storey house was digitised following the conse-
quence of roof between two houses. Then, for extent dimension, 
the digitising process was quite similar to actual dimension which 
the digitisation, following the actual view of the roof for each 
double-storey house. After all the digitising processes were done, 
the area of each double-storey house was calculated by its geome-
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try. The unit should be the same as the unit used to calculate the 
rate of tax assessment. The extent area was calculated from the 
differences between the extent dimension and actual dimension. 
The standard rate was calculated using actual dimension. To cal-
culate the new rate on tax assessment, the extent area was used to 
calculate the additional rate before the new rate on tax assessment 
can be determined (Figure 3).  
 

 
Fig. 3: Red Line is used to determine the boundary of Double-Storey 

Terrace House 

 
Control layer in red line was used to digitise the double-storey 
terrace houses. From this, the pattern of actual double-storey 
houses can be determined. In Figure 4, the actual dimension of 
each double-storey house in the blue line was digitised by sketch-
ing a similar roof to the next double-storey house. The association 

between these houses will make the user recognise the actual de-
sign of each house.  
 

 
Fig. 4: Blue Line is used to determine the Actual Dimension of each Dou-

ble-Storey House 

 
Then, the final digitising process was made on the extension view 
of each double-storey house. This digitisation of the extension 
area for each house is highlighted in the green coloured line (Fig-
ure 5).  
 

 
Fig. 5: This Green Line Colour Shows the extension area of each Double-

Storey House 

2.1. Calculation of Tax Assessment 

After the digitising processes on actual dimension and real dimen-
sion of each double-storey house were completed, the areas of 
each double-storey house for both dimensions were calculated 

automatically. From this, the extent area can be determined which 
is the identification of each digitisation sequence. The actual di-
mension of these double-storey houses differed to each other in 
terms of error. Since the most common methods of digitising in-
volve the interpretation of geographic features via the human 
hand, there are several types of errors that can occur during the 
course of capturing the data. The type of error that occurs when 
the feature is not captured properly is called a positional error, as 

opposed to attribute errors where information about the feature 
captured is inaccurate or false.  
During the digitising process, vectors were connected to other 
lines by a node, which marked the point of intersection. Vertices 
are defining points along the shape of an unbroken line. All lines 
have a starting point known as a starting node and an ending node. 
If the line is not a straight line, then any bend and curve on that 
line are defined by vertices (vertex for a singular bend). Any inter-

section of two lines is denoted by node at the point of the intersec-
tion. To reduce the error of area calculated from the geometry, the 
total area is based on the mean of the total number for double-
storey houses. From this, the mean area was used to calculate the 
standard rate on tax assessment of each double-storey house. The 
method to calculate the extent area for the new rate on tax assess-
ment was the same as the method used to calculate the standard 
area for the standard rate on tax assessment for each double-storey 
house. The difference was the price on the rate used was deducted 

into half. Using the method provided on the website of the local 
authority and the additional information from the person-in-charge 
from MBSA office, the rate on tax assessment for each double-
storey house was determined. Table 1 shows the calculation of tax 
assessment applicable for the standard area above, considering the 
total area on the upper and lower levels on each double-storey 
house. Table 2 shows the calculation of tax assessment for an 
extension house based on the extent area in a level on each dou-

ble-storey house. 
 
Table 1: Step to Calculate the Standard Tax of each Double-Storey House 

Standard Area 143.85m² 

Standard Rate RM 4.85 

Estimation in a Year 143.85 × 4.85 

 RM 679.97 

 ≈ RM 700 

Estimation of Rent in a Year RM 700 × 12 

 RM 8400 

Rate to Pay 4% 

Tax Assessment in a Year RM 8400 × 0.04 

 RM 336 

Tax Assessment in the Half-Year RM 336 / 2 

 RM 168 

 
Table 2: Step to Calculate the Tax Assessment for Extent Area  

Extent Area (as example) 13.51m² 

Standard Rate for Area Extent RM 4.85 / 2 

 RM 2.43 

Estimation in a Year 13.51 × 2.43 

 RM 32.82 

Estimation of Rent in a Year RM 32.82 × 12 

 RM 393.86 

Rate to Pay 4% 

Tax Assessment in a Year RM 393 × 0.04 

 RM 15.75 

Tax Assessment in a Year RM 336 + RM 15.75 

 RM 351.75 

 ≈RM 352 

Tax Assessment in the Half-Year RM 352 / 2 

 RM 176 
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3. Results and Analysis 

The Map of Property Information of Double-Storey Houses at 
Section 8, Shah Alam showed the classification on area extent and 
labelled according to the colour. For yellow, it showed no extent 
on double-storey houses, purple showed the intermediate extent on 

double-storey houses and for the black colour, it showed the ex-
tensive extent on double-storey houses (Figure 6). 
In this study area, 136 double-storey houses have been digitised 
according to actual dimension and real-view dimension based on 

the orthophoto. From the different areas (between actual dimen-
sion and real-view dimension), 35 double-storey houses were 
determined with no extent area, 88 double-storey houses were 
determined as intermediate extent whereby the extent area was in 
the range of 0.01m² to 73.18m² and 13 double-storey houses were 
determined as extensive extent whereby the range was 80.18m² to 
203.93m². From the extent area, the new rate on tax assessment of 
each double-storey house can be determined where the extent will 

be calculated by the addition of the standard rate on tax assess-
ment with the additional rate on tax assessment. 

 

 
Fig. 6: Map of Double-Storey Houses in Section Eight at Shah Alam, Selangor 

 

3.1. Calculation on No Extent Classification 

There were 35 units of double-storey houses that had no extent 

area and the tax assessment followed the standard tax assessment 
of the actual area of each double-storey house. The database for 
the extension and no extent house can automatically be detected 
using UAV images (Figure 7). The database consists of a unique 
ID for each house and the area was automatically calculated based 
on the polygon. The calculation for each house either with exten-
sion or not will automatically be calculated for the local author-
ity’s database. An example of the local authority’s database is 
illustrated in Figure 8. 

 

 
Fig. 7: No Extent Area is labelled with Yellow Colour 

 
Fig. 8: Rate of No Extent Area for a Year and the Half-Year 
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Determination on no extent of double-storey houses is done by the 
extent area is below than 1m². By this, the rate on tax assessment 
of each double-storey house for a year and the half-year are as-
sumed as same rate with the new rate on tax assessment for actual 
area of double-storey house.  

3.2. Calculation on Intermediate Extent Classification 

In this study, there are 89 units of double-storey houses have in-

termediate extent area and the tax assessment is differ according to 
the extent area of each double-storey house (Figure 9). 
 

 
Fig. 9: Intermediate Extent is labelled with Purple Colour 

 
Table 3: Step to Calculate the Tax Assessment for Extent Area in Inter-

mediate Extent Layer 
Extent Area (for actual area) 73.18m² 

Standard Rate for Area Extent RM 4.85 / 2 

 RM 2.43 

Estimation in a Year 73.18 × 2.43 

 RM 177.83 

Estimation of Rent in a Year RM 177.83 × 12 

 RM 2134.00 

Rate to Pay 4% 

Tax Assessment in a Year RM 2134.00 × 0.04 

 RM 85.36 

Tax Assessment in a Year RM 352 + RM 85.36 

 RM 437.36 

 ≈RM 437 

Tax Assessment in the Half-Year RM 437 / 2 

 RM 219 

 

 

 

 
Fig. 10: New Rate on 89 units of Double-Storey Houses (Intermediate 

Extent) 

 
Table 3 shows the calculation of the tax assessment for the extent 
intermediate house. The database for the new rate for intermediate 
house can be recorded automatically using results from the UAV 
products (Figure 10). The determination of intermediate extent 

was done whereby the range of extent area was less than the mean 
area of each double-storey house. From this, the lowest rate on tax 
assessment in the intermediate extent was RM 352 while the high-
est rate on tax assessment in the intermediate extent was RM 437. 

3.3. Calculation on Extensive Extent Classification 

13 units of double-storey houses had intermediate extent area and 
the tax assessment differed according to the extent area of each 

double-storey house (Figure 11). 
 

 
Fig. 11: Extensive Extent is labelled with Black Colour 
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Table 4: Step to Calculate the Tax Assessment for Extent Area in Exten-

sive_Extent Layer  

Extent Area (for actual area) 213.80m² 

Standard Rate for Area Extent RM 4.85 / 2 

 RM 2.43 

Estimation in a Year 213.80 × 2.43 

 RM 519.54 

Estimation of Rent in a Year RM 519.54 × 12 

 RM 6234.45 

Rate to Pay 4% 

Tax Assessment in a Year RM 6234.45 × 0.04 

 RM 249.38 

Tax Assessment in a Year RM 352 + RM 249.38 

 RM 601.38 

 ≈RM 601 

Tax Assessment in the Half-Year RM 601 / 2 

 RM 301 

 

 
Fig. 12: Rate of Extensive Extent Area for a Year and the Half-Year 

 
Table 4 shows the calculation of the tax assessment for the exten-
sive extent classification. The database for the new rate for exten-
sive extent classification can be recorded automatically using re-
sults from the UAV products (Figure 12). The determination of 

extensive extent was done whereby the range of extent area was 
more than the mean area of each double-storey house. From this, 
the lowest rate on tax assessment in the extensive extent was RM 
446 while the highest rate on tax assessment in intermediate extent 
was RM 601. In the extensive extent area for FID seven, the new 
rate on tax assessment was RM760 whereby it was determined by 
the combination of two double-storey houses and the extent area. 
On-screen digitising processes for control, actual and real dimen-

sion layers were done for assessing the tax assessment. During 
these processes, the AOI focused on 137 double-storey houses in 
Section 8, Shah Alam, Selangor. From these, the area of each 
double-storey house was determined from the results between two 
houses and the real view of the house. For the standard area, the 
area of each double-storey house was calculated by the two levels 
where the area of each level was twice the mean area.  
This mean area was calculated from the total area of these double-

storey houses with the total number of double-storey houses. The 
standard rate on tax assessment for each double-storey house was 
calculated from the twice of mean area. Using this standard rate, 
the calculation of the new rate on tax assessment for the extent 
area was easy to carry out. In this study, the limitation to assess 
the condition of extent area was figured out due to the planimetric 
view only. As an alternative, the extent area was assumed to be in 
one level only, except for FID seven of extensive extent where this 

house was detected as a combination of two double-storey houses. 
So, the new rate of tax assessment was twice from the standard 
rate with the extent area.  
The classification of extent area was done to identify the no extent 
area in which the difference was less than the mean area, the in-
termediate extent area in which the difference was in the range of 
mean area and the extensive extent area in which the difference 
was it exceeded the mean area. From this, the range of the new 

rate on tax assessment showed the correlation between the extent 
area and the additional rate on tax assessment.  

Based on the assessment of this study, the results should be com-
patible in a 3D view. With this, the extent area can be determined 
well in terms of which level has been expanded. Besides, during 
the orthophoto production, the ground control point (GCP) should 
be used. GCP is the point selected on the aerial photography and 
marked on the ground. GCP can be defined as a control point of a 
known location on earth. The purpose of GCP is to perform 
georeference on the aerial photography image or scanned maps. 

Besides, the final spatial accuracy of the orthophoto should be 
derived for mapping. Horizontal map accuracy is defined as the 
RMSE in terms of the project's planimetric survey coordinates (X, 
Y) for checked points as determined in full scale of the map. The 
RMSE is the cumulative result of all errors including those intro-
duced by the processes of ground control surveys, map compila-
tion and final extraction of ground dimensions from the map. 
Meanwhile, vertical map accuracy is defined as the RMSE in 

evaluation in terms of the project's evaluation datum for well-
defined points only. For validation of new rate on tax assessment 
of each double-storey house, the result should be referred to the 
local authorities.  
Local authorities can imply the principle of justice. This principle 
is divided into two categories which is horizontal equity (horizon-
tal fairness) and vertical equity (vertical fairness). Horizontal fair-
ness means that the individual has a property tax liability to pay at 

the same flat rate with other individuals, while vertical fairness 
refers to a situation where different individuals with differing 
income levels are paying tax at differing amounts. The principle of 
tax certainty refers to the procedures and rules of taxation which 
should be clear and easily understood by the individuals subjected 
to tax. 

4. Conclusion  

The aim of this study is to evaluate the ability of UAV photo-
grammetric image used in property valuation in terms of the rate 
on tax assessment, which was achieved by the production of or-
thophoto and the rate on tax assessment for 137 double-storey 
houses in Section 8, Shah Alam, Selangor. Starting with the de-
termination of crucial criteria such as the parameter in rate on tax 
assessment of the double-storey houses and methods used to cal-

culate, this study can speed up the property valuation for the hous-
ing area, especially for tax assessment. This study also classified 
the houses into three segments; no extent, intermediate extent and 
extensive extent which can help the local authority to perform tax 
assessment according to their classification based on the types of 
housing scheme. The UAV proved that it can be used in property 
valuation. The flight planning was designed to cover the study 
area. In this study, 83 of the images had an 80% overlap and 60% 

side lap which were processed with auto-calibrated camera to 
produce an orthophoto. This study could help local authority to 
manage and update their database, especially on tax assessment. 
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