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Abstract: Cadastre is a land information system based on land parcels. The growth in the number of land parcels is
influenced by the increasing conversion of land into residential areas, which in turn is driven by several factors, one
of which is population growth. The demand for housing initially expanded horizontally; however, due to limited land
availability, it has now shifted toward vertical development. Vertical housing types such as flats or apartments are
emerging, which introduce complexity into the cadastral system due to the partitioning of internal spaces. Cadastre
requires high-accuracy measurements; hence, the increase in measured areas leads to a higher workload. The SLAM
(Simultaneous Localization and Mapping) method offers a breakthrough in fast and accurate measurements using
laser-based technology, which can be implemented in cadastral mapping to update spatial data precisely and
efficiently. This method combines the flexibility of handheld operation with high data precision by employing dense
laser scanning. This study utilized the SLAM method, resulting in a polygon area processing of 0.3558 m?, with an
average center-point distance deviation of 0.0658 m, a polygon circularity ratio of -0.002, and a regression value of
less than 10%. When this model is applied with a tolerance of up to 10% spatial error, it can achieve vertical
measurements up to the 43rd floor, in accordance with the Directorate General of Taxation Circular and tested based
on ISO 19113:2011 standards.
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Introduction

Cadastre is a land information system based on parcels and up-to-date data, containing records of interests in
land (such as rights, boundaries, and responsibilities) (FIG, 2023). In terms of boundaries, this refers to the
geographical aspects of a land parcel that must be measured to obtain accurate data. The development of 3D
cadastre methods has been ongoing since the 1990s (Alkan et al., 2021). The demand for land parcels for
housing is indirectly related to population growth (Ramadhani, 2021).

As the demand for housing continues to increase, vertical housing types such as apartments have also
undergone significant development. The first apartments were built in the Special Capital Region of Jakarta,
now known simply as Jakarta, and their construction required three-dimensional (3D) measurements to
accurately determine location and position. Unlike conventional cadastral measurements that use only two
vector components—X and Y (2D)—3D measurements require three vector components—X, Y, and Z—to
represent the height dimension (Mappatombong et al., 2020).

This condition highlights the growing importance of more complex and accurate measurement methods, such
as 3D cadastral surveying, in addressing the dynamic development of vertical residential areas. Cadastral
surveying plays a crucial role in land management, and as the area to be measured expands, the workload also
increases. This presents new challenges, particularly in measuring vertical structures such as apartment
buildings. The demand for housing continues to rise over time, as reflected in the land development in Jakarta,
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which reached 853.43 hectares between 2014 and 2022 (Syahidan et al., 2023). As shown in the Figure 1, the
demand for housing in Jakarta remains high, with projections from Bappeda Jakarta indicating it will remain
above 250,000 units until 2035.
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Figure 1. Graph Housing Need (Bapeda Jakarta, 2016)

Shifts in lifestyle and public preferences have also driven demand for various types of property, including
landed houses and vertical housing (apartments), particularly in densely populated urban areas (Yustika, 2023).
The trend of vertical housing in urban regions is driven by several key factors, including rising land prices due
to high demand for strategically located land—especially in areas with high accessibility and complete
facilities (Handayani et al., 2021) as well as limited land availability, which accelerates land price increases in
urban areas (Nurhana et al., 2021) ,and the growing population mobility toward major cities in search of
employment opportunities (Harahap, 2013). As a result, the need for affordable and quality housing has
become a critical issue in future development planning (Sutaryono et al., 2021), encouraging developers to
provide housing both horizontally and vertically, with vertical construction increasing each year.

Apartment Building Growth
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Figure 2. Apartment Growth Chart (Ahdiat, 2023)

Measurement technology has evolved from optical visible light methods using total stations and satellite
imagery (Yagol et al., 2015) to laser-based technologies (Giannaka et al., 2014; Souza & Amorim, 2012),
which accelerate measurement processes and improve mapping accuracy. Indoor mapping typically uses total
stations, which are more practical as they can directly produce coordinate points and can be immediately linked
to reference points.

Methodology

Cadastre is a system that contains detailed information about land status based on location, ownership, and
associated rights. Technological advancements have led to the emergence of 3D cadastre, which allows
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measurements to be conducted not only in two dimensions (XY space) but also in the vertical dimension (Z
space). This is crucial for providing a more realistic spatial representation, especially in urban environments
with complex multi-story buildings or underground infrastructure. Implementing 3D cadastre requires precise
elevation data, which can be generated using modern methods such as SLAM (Simultaneous Localization and
Mapping). SLAM technology, which is based on LiDAR (Light Detection and Ranging), offers fast and
accurate spatial measurements without requiring a GNSS (Global Navigation Satellite System) connection
during operation. However, to ensure the data can be linked to real-world locations, global reference points
are needed particularly in the context of integration with national or international coordinate systems.

The use of SLAM in 3D cadastre measurement represents a significant breakthrough, both for indoor surveys
(Ress et al., 2024) and outdoor surveys (Niichter et al., 2007). This technology is capable of producing three-
dimensional representations of buildings that closely resemble their actual structures, allowing for accurate
volume calculations and more precise land use analysis. The data obtained from SLAM surveys are then
assessed for quality using the ISO 19113:2011 standard, which provides guidelines for evaluating the quality
of spatial data. This evaluation includes three main aspects: positional accuracy, topological consistency, and
data completeness.

Positional accuracy ensures that spatial data corresponds to its actual location, while topological consistency
verifies the geometric relationships between objects in the dataset. Data completeness, on the other hand,
ensures that all relevant elements within the survey area are fully represented. By applying this standard, 3D
cadastral measurements not only provide better visualization but also guarantee the quality and reliability of
the data produced, thereby supporting transparent and sustainable land management. Data quality assessment
is conducted using ISO 19113:2011, which is used to measure spatial data quality across the following three
aspects:

1. Polygon Area
This test method uses a comparison of the area formed from the measurement results with data that is
considered correct, where the closer to the correct data, the better the measurement(Roussillon et al.,
2007).
AD = Ltest - Lref (1)

Where :

AD = Difference in Area

L,;; = SLAM measurement area

L,y = TS measurement area

2. Polygon Near Distance
This method tests the accuracy of the center point of a polygon by calculating the difference in distance
from its center point (Roussillon et al., 2007).
Distance = \/(Xtest - Xref)2 + (Yest — Yref)z (2)

Where :
Xiest = X coordinate of SLAM measurement result
Xrer = X coordinate of TS measurement result
Yiest = Y coordinate of SLAM measurement result
Y,er = Y coordinate of TS measurement result

3. Polygon Circularity Ratio
This method calculates boundary complexity based on perimeter and area calculations (Roussillon et al.,
2007). Circularity Ratio indicates the compactness or smoothness of the edges of a polygon shape,
which is important in geospatial analysis.

4XTTXA
Cr=—13, 3)
Where :
Cr = Circularity Ratio
m = Phi Value

A = Building area
P = Building perimeter length
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In addition, testing was also conducted based on Directorate General of Taxes Circular Letter No. SE-
19/PJ.6/2003, which sets a threshold for error tolerance in the presentation of Geographic Information System
(GIS) data. This circular is an important reference, especially in measuring land area, with a maximum
permissible error tolerance of 10%. This test aims to ensure that data generated from both traditional methods
and modern technologies such as SLAM (Simultaneous Localization and Mapping) meet the established
accuracy standards.

In production, simple linear regression is also used for forecasting or predicting quality and quantity
characteristics. This is usually referred to as simple linear regression (SLR) (Harsiti et al., 2022). The general
equation for the simple linear regression method used in this study is:

Y=AX+ B 4
The use of linear regression = used to model and predict the value of the dependent variable (Y) which is based
on Directorate General of Taxes Circular Letter No. SE-19 / PJ.6 / 2003, which is a difference of 10%, based
on one or more independent variables (X), namely the number of floors, using the best straight line approach
through the data (Kahfi et al., 2023).

Results and Discussion

Data collection was carried out by direct survey using Portable LiDAR and Total Station instruments carried
out per floor. LIDAR data collection followed a pattern of first scanning the perimeter of the building from the
outside, followed by scanning from the first floor to the fifth floor, then returning to the starting point. Total
station measurements were assisted with a tape measure, using the trilateration method to improve detail
accuracy in hard-to-reach areas.

(a) SLAM (b) Total Station
Figure 3. The process of taking survey data using Lidar (a) and Total Station (b)
After data capture, data processing was performed using software to produce shape comparisons as shown in

Table 1. SLAM measurement provides a more detailed picture as it scans the surface comprehensively,
although it has limitations when the area is obstructed by other objects (e.g. a crowd of students in this study).
However, this can be overcome by elevating the scanning area above human height to achieve optimal results.

Table 1. SLAM and TS Data Processing Results
Floor Total Station SLAM
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Table 1 shows that the measurement results using the SLLAM and Total Station methods have very close values,
with differences that are within the measurement tolerance limits. This shows that both methods can produce
similar data which will be tested using 3 quality test parameters.

Polygon Area

Mobile LiDAR measurements can produce enough detail to create a cadastral map. This research focuses on
3D cadastres using the example of the Teaching Factory (TeFa Undip) building for shared spaces (hallways).
The data comparison highlights the differences and can be used as a basis to consider SLAM as an alternative
mapping tool. According to statistics, RMS data can be used to predict future trends (Carlsson, 2023). The
processed results are shown in Table 2.

Table 2. The result of the polygon area test

Floor TS (m?) SLAM (m?) Difference (m?)
1 87.31 87.345 0.035
2 187.333 187.427 0.094
3 190.268 190.31 0.042
4 189.659 190.805 1.146
5 48.791 49.253 0.462

Table 2 presents the results of the comparison of area measurements using the Total Station (TS) and SLAM
methods on five floors of the building. The difference between the two methods is relatively small, with the
largest difference occurring on the 4th floor of 1.146 m?. This shows that the SLAM method can produce data
that is quite accurate and close to the results of conventional measurements. Polygon area processing produces
an average for 5 floors of 0.3558 m? which is still below the 10% error rule of the Directorate General of Taxes
Circular Letter No. SE-19/PJ.6/2003.

Polygon Near Distance

The results of the analysis using the Polygon Near Distance (PND) method show the difference in the
difference in the center point of a plane shape which in this study for the first floor has better design quality
than the fifth floor. This can be seen from the smaller PND value of the first floor, indicating the closeness of
the location of the geometric center point of the SLAM measurement floor with the geometric center point of
the higher TS measurement. In contrast, the fifth floor has a larger PND value, reflecting a higher degree of
deviation from the shape of the TS measurements. The smaller value of the first floor confirms a design that
is more in line with the TS measurement space and thus can be said to be similar to the real-world
representation of the object shown in Table 3.

Table 3. The result of the Polygon Near Distance test

Floor TS SLAM Distance
X (m) Y (m) X (m) Y (m) m
1 4874.640 4597.590 4874.611 4597.593 0.029
2 4873.469 4568.923 4873.492 4568.916 0.024
3 4875.393 4536.293 4875.353 4536.298 0.040
4 4874.738 4506.097 4874.745 4506.210 0.113
5 4873.320 4481.933 4873.443 4481.939 0.123
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Table 3 displays the results of the Polygon Near Distance test by comparing the coordinates of the plane center
point (X and Y) between the Total Station (TS) and SLAM methods on five floors. The difference between
the two methods is very small, ranging from 0.024 to 0.123 meters. These results show that the position of the
center point of the SLAM method is close to the TS measurement results. With the average result of the five
floors, the difference in the center point distance is 0.0658 m.

Polygon Circularity Ratio

The results of the analysis using Polygon Circularity Ratio (PCR) show that the first floor has a better level of
design optimization than the fifth floor. This is indicated by the smaller PCR value of the first floor, indicating
that the shape is closer to the original shape where the original shape can be represented with model data using
TS, so the efficiency of modeling the space is higher. In contrast, the PCR value of the fifth floor is larger,
reflecting a less optimal shape and a lower degree of similarity to the original shape. This improved first floor
design allows for more efficient space measurement, supporting the mapping activities more optimally as

shown in Table 4.
Table 4. The result of the Polygon Circularity Ratio test

Floor TS 2 SLAM 2 ACR
P (m) A (m?) P(m) A(m?)

1 57.316 87.310 57.542 87.345 -0.002

2 124.583 187.333 124215 187.427 0.001

3 113.772 190.268 113.167 190.310 0.002

4 111.677 189.659 112.236 190.805  -0.001

5 35.360 48.791 35.883 49.253 -0.010

This table presents the comparison of perimeter (P) and area (A) between the Total Station (TS) and SLAM
methods, as well as the difference in Circularity Ratio (ACR) on the five floors of the building. The ACR value
shows the difference in the plane shape compactness ratio between the two methods, with a very small
difference value, ranging from -0.010 to 0.002. This shows that the results of plane shape measurements using
SLAM are very close to the results from TS and have a high level of geometric accuracy.

Regession Test

In accordance with Directorate General of Taxes Circular Letter No. SE-19/PJ.6/2003, the maximum area
difference allowed for measurement purposes is 10% (Surat Edaran Direktorat Jenderal Pajak Nomor SE-
19/PJ.6/2003, n.d.)This rule is an important reference in ensuring the accuracy of measurement data, especially
in the application of modern technology such as SLAM (Simultaneous Localization and Mapping). In the
research conducted, the measurement data using SLAM compared to the Total Station showed good results,

thus meeting the tolerance criteria. It can be seen in the linear data distribution pattern shown in Figure 4.
Difference Point Diagram (%) of SLAM vs Total Station Data
2
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Figure 4. Linear Trend
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The linear regression model developed based on the measurement results showing a linear trend as shown in
Figure 4, can be developed into a linear equation by finding the coefficients of the line equation calculation
model. This model can be used to predict future values, thus providing added value in real-time measurement
applications(Atthifa Ryantika et al., 2023; Dao et al., 2024). The resulting model based on the data in Table 2,
which uses the calculated area difference, for the resulting equation Y = AX + B is as shown in Figure 5,
resulting in the formula Y = 0.2368X-0.3776.

Difference Point Diagram (%) of SLAM vs Total Station Data
2

1 y =0.2368x +-0.3776
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difference (%)
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floor

Figure 5. Linear equation

The resulting linear equation can be applied as a prediction of the maximum tolerance value of 10% as
stipulated in the Directorate General of Taxes Circular Letter by inserting the 10% parameter into the Y value
as shown in Figure 6, the projected increase in Y value in percent units based on the number of floors of the
building, using the linear regression equation Y=0.2368X-0.3776. Based on the visualization, the Y-value
reaches a maximum limit of 10% at around the 43rd floor, so the arca above the limit is marked as an over-
tolerance zone. This capability shows the great potential of SLAM in the field of construction and architecture,

especially in the measurement of high-rise buildings.

Projected Increase (%) Based on Number of Floors
With Maximum Threshold at 10%

Valid Area (< 10%)

Over Limit Area (> 10%)
10k= Y =0.2368X - 0.3776

==+ Maximum Threshold (10%)

i (43.8,10%)

Projected Increase (Y%)

43.8 floors

Limit X

6 1‘0 2‘0 Bb 4‘0 5‘0
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Figure 6. Building Floor Projection

Conclusions

The SLAM (Simultaneous Localization and Mapping) method represents a transformative advancement in
cadastral mapping by allowing the real-time capture and updating of spatial data with exceptional precision
and efficiency. Unlike conventional techniques that often rely on GNSS connectivity, SLAM utilizes sensors
such as LiDAR to independently map environments, making it highly effective in areas with limited satellite
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access. This autonomy not only accelerates data collection but also improves the flexibility of field operations.
In the context of cadastral applications, SLAM has demonstrated the ability to achieve a spatial error margin
of less than 10%, as referenced in the Directorate General of Taxes Circular Letter No. SE-19/PJ.6/2003. This
level of accuracy is sufficient to map vertical spaces up to the 43rd floor of high-rise buildings, using linear
graph-based calculations to model vertical spatial relationships.

This capability positions SLAM as a crucial tool in addressing the growing demand for three-dimensional
cadastral data, especially in urban settings characterized by high-rise developments and dense building
arrangements. Traditional surveying methods often face significant limitations when mapping within or around
tall structures due to obstructions and restricted visibility. SLAM circumvents these challenges by creating
detailed 3D spatial models even in complex architectural environments. As cities continue to grow vertically,
integrating SLAM into cadast
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