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ABSTRACT 

Urban planning has dynamic problem as time goes by. 3D City Model is one of solutions to help planners in decision making, because 
it can represent real objects in high detail, including the rooftop type. In this research, case study of 3D City Model located in the 
office area of Wonogiri Regency Government, which was processed from aerial photos using semi-automatic method with LoD 2 
standart. This semi-automatic method used Computer Generated Architecture (CGA) rules that contained commands to create 
objects based on their input. The result was a 3D model of the building along with road and landscape. The roof shape of 3D building 
model was compared to aerial photos in order to evaluate the visual accuracy, specifically aiming for completeness, correctness, and 
accuracy values above 85%. The result showed that the flat and shed have the highest accuracy, while the gable roof has low accuracy, 
though they were all above 85% accuracy. This means that the semi-automatic method has potential for 3D modeling purpose in any 
kind of standard roof types. 
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1. Introduction 

Urban planning is one of the regional planning aspects 
and serves to plan an area using spatial data with the aim of 
making each space function effectively and supporting the 
survival of the people who live (Raven et al., 2018). This 
space planning activity needs to be carried out in all areas, 
both cities and villages in detail in the form of a combination 
of building forms and objects contained in the area so that 
the function of space can be more optimal and attractive 
(Udoh et al., 2020). 

As time goes by, the problems in urban planning are 
increasingly dynamic and diverse, so detailed and dynamic 
data representations are needed so that they can be 
analyzed in more depth. Regency/city governments in 
Indonesia have already prepared spatial planning data, but 
it is still in the form of 2D maps that are realized in the 
Rencana Tata Ruang Wilayah (RTRW)/ Regional Spatial 
Plan and Rencana Detil Tata Ruang (RDTR)/ Detailed 
Spatial Plan. The solution to overcome this problem is to 
use a 3D City Model. This is because 3D models can 
represent data better than 2D map models (Biljecki et al., 

2015; Herbert & Chen, 2015; Uggla et al., 2023; Willenborg et 

al., 2018). In addition, the 3D City Model can also be updated 
dynamically as problems change over time (Bieda et al., 
2020; Trikusuma et al., 2021). 

One of the most widely used concepts in 3D urban 
modeling is the level of detail (LoD) (Biljecki, 2017). The 
concept of LoD refers to the degree of information and 
geometric complexity included in a 3D model. It determines 
how much detail is represented in the visual and structural 
components of the model. At the most basic level, LoD 1 
provides simple representations of buildings, typically 
shown as block models with flat roofs. These models lack 
detailed features but are sufficient for certain types of 
analysis. As the level increases to LoD 2, LoD 3, and LoD 4, 
the models become progressively more detailed. At these 
higher levels, roof structures begin to reflect the actual 
shapes and features of real buildings. This gradual increase 
in detail allows for more realistic and functionally rich 3D 
representations, which are useful in various urban planning 
and architectural applications. 

In spatial planning applications, 3D models often utilize 
the LoD 2 concept due to its relatively simple structure 
while still providing a more realistic representation 
through the inclusion of roof geometry. The presence of 
roof elements in the model allows for analyses such as the 
estimation of solar energy potential in urban planning 
contexts (Peters et al., 2022). However, practical 
implementation of roof modeling requires special attention, 
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as roof shapes are highly diverse and often difficult to 
interpret accurately through digital interpretation. 

In this research, the creation of a 3D City Model for urban 
planning takes a case study in the office area of the 
Wonogiri Regency Government. This is because based on 
the Central Java RTRW 2009-2029, the area is projected to 
become a new economic strategic area in the Greater Solo, 
Central Java. This 3D City Model creation method can use 
automatic (Danilina et al., 2018; Pađen et al., 2022) and 
semi-automatic (Badwi et al., 2022; Buyukdemircioglu et al., 
2018) methods. The automatic method means that the 
software used to create has already defined the syntax, 
attribute grammar, and object parameters, while in the 
semi-automatic methods the parameters are defined 
manually (Firdaus et al., 2020). Each of these methods has 
advantages and disadvantages. The automatic method has 
the advantage of fast and efficient modeling time, but it is 
difficult to model models that have a high level of accuracy. 
In semi-automatic methods, the advantages are generally 
the same as automatic methods, but can represent objects 
better. One of the modeling techniques with this method is 
Computer Generated Architecture (CGA), which is a 
programming grammar that contains a rule or rule that 
contains object parameters to be modeled (Kelly, 2021). 
The weakness of this semi-automatic method is that for 
modeling objects that have a high level of accuracy, the 
rules needed will be more complicated, so this method is 
suitable for use at a low LoD. 

In the process of making this 3D City Model, the Level of 
Detail chosen is LoD 2, so the method used is semi-

automatic, because it can quickly and effectively model an 
object. The constituent data used in making this 3D City 
Model is aerial photography data of Wonogiri Government 
office area, which is then processed into a Digital Terrain 
Model (DTM) and Digital Surface Model (DSM) to extract 
object heights using the Normalized Digital Surface Model 
(nDSM) algorithm. In addition, aerial photographs are also 
used for the extraction of building footprints that will be 
created in 3D using semi-automatic methods. 

The result of 3D City creation is a 3D model of the 
building. The 3D shape of the building is differentiated 
based on the shape of the roof due to the different level of 
complexity of the building roof. Visual accuracy test is 
conducted using completeness, correctness, and accuracy 
parameters to determine the quality of the resulting 3D City 
model. The results of this research can show the accuracy 
level of the suitability of the 3D City model based on the 
complexity of the roof type of the building modeled using 
the semi-automatic method. In the future, the accuracy 
results of the 3D model of each type of building roof are 
expected to further optimize the creation of 3D City Models 
with semi-automatic methods that are fast and effective, 
and can help overcome urban planning problems that 
always change over time. 

2. Methods 

The research area is in Wonogiri Regency, Central Java, 
specifically in the regency government office area, 
Giripurwo, Wonogiri District. 

 

 

Figure 2 Workflow of 3D city modeling 
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The data used to create the 3D City Model is aerial photo 
data that captured that area, with a total of 1,243 aerial 
photos taken in January 2023 and has 5 Independent 
Control Point (ICP) as geometric accuracy assessment as 
shown in Table 1. The flight altitude of the UAV is 360 m, 
with a ground resolution of 3.96 cm/pixel. The whole 
process for 3D city modeling is shown in Figure 2. The map 
of the research area is shown in Figure 3, bordered with red 
line.  

 
Table 1 Measured ICP 

 
Points X (m) Y (m) Z (m) 

CWNG001 491807.5737 9136249.5576 159.9147 

CWNG002 492463.0344 9136474.8400 157.1404 

CWNG003 493728.2765 9136571.3452 179.5095 

CWNG004 493209.1563 9137307.3061 154.7872 

CWNG005 491777.5791 9135589.1289 162.4414 

 

2.1. Aerial Photo Processing 
The 1,243 aerial photos were processed using Agisoft 

Metashape software. The first step is to align the photos, 
this process serves to adjust the orientation of each photo 
and look for similar features/objects in each photo so that 
they can be bound to each other. The result of aligned photo 
processing is sparse clouds data. The next step is to make 
dense clouds. Dense cloud is a collection of point clouds 
data arranged to form an object on aerial photos. This dense 
clouds data will be used as the basic data for making DTM 
and DSM. 
 

 

Figure 2 Map of research area 

 
The next processing is mesh creation and texture 

creation. This mesh creation serves to reconstruct the 
object into 3D from the shape and position of the aerial 
photo viewpoint. The concept of making 3D uses the 
principle of interpolation from dense clouds data in the 
form of point clouds. After 3D is formed, texture creation is 
carried out which functions to adjust the quality of the 
lighting hue and flatten the texture of the processed aerial 
photo data to make it smoother. 

The last step of processing this aerial photo is making 
DEM and orthophoto. DEM data is made from dense clouds, 

the data resulting from making this DEM is still in the form 
of DSM because it has not been filtered. In addition, the 
resulting DEM data is also used as surface data for making 
orthophoto. The projection system used in the making of 
orthophoto and DEM is set to UTM Zone 49S WGS 1984. 

The results of the orthophoto that has been made need 
to be tested for geometric accuracy to determine the quality 
of aerial photography coordinates against actual field 
coordinates, both vertically and horizontally [8]. The 
formulas of this geometric accuracy test are presented in 

equation  𝐶𝐸90 = 𝐶𝐶𝐸 × 𝑅𝑀𝑆𝐸ℎ  (1) and 𝐿𝐸90 =
𝐶𝐿𝐸 × 𝑅𝑀𝑆𝐸𝑣  (2). 

 

 𝐶𝐸90 = 𝐶𝐶𝐸 × 𝑅𝑀𝑆𝐸ℎ (1) 

 𝐿𝐸90 = 𝐶𝐿𝐸 × 𝑅𝑀𝑆𝐸𝑣 (2) 

where, 
RMSEh : horizontal root mean square error of aerial photo 
RMSEv : vertical root mean square error of aerial photo 
CCE  : circular error constant (1.5175) 
CLE  : linear error constant (1.6499) 

 

Meanwhile, RMSE calculation shown in equations 

 𝑅𝑀𝑆𝐸ℎ = √𝐷2 𝑛⁄  (3), 𝑅𝑀𝑆𝐸𝑣 =

√∑(𝑍𝑑𝑎𝑡𝑎 − 𝑍𝑐ℎ𝑒𝑐𝑘)
2 𝑛⁄  (4), and 𝐷2 = ∑|(𝑋𝑑𝑎𝑡𝑎 −

𝑋𝑐ℎ𝑒𝑐𝑘)
2 + (𝑌𝑑𝑎𝑡𝑎 − 𝑌𝑐ℎ𝑒𝑐𝑘)

2| (5). 
 

 𝑅𝑀𝑆𝐸ℎ = √𝐷2 𝑛⁄  (3) 

 𝑅𝑀𝑆𝐸𝑣 = √∑(𝑍𝑑𝑎𝑡𝑎 − 𝑍𝑐ℎ𝑒𝑐𝑘)
2 𝑛⁄  (4) 

 𝐷2 = ∑|(𝑋𝑑𝑎𝑡𝑎 − 𝑋𝑐ℎ𝑒𝑐𝑘)
2 + (𝑌𝑑𝑎𝑡𝑎 − 𝑌𝑐ℎ𝑒𝑐𝑘)

2| (5) 

 
In this research, the CE90 and LE90 values are 

considered to pass the geometric accuracy assessment if 
the values are <2 m and <1 m, respectively. This refers to 
the level of scale accuracy used, which is at a scale of 1:5000 
class 3 of the Peraturan Badan Informasi Geospasial Nomor 
18 Tahun 2021. After the aerial photo has passed the 
geometric accuracy test, it can be cropped based on the 
Area of Interest (AOI) border as shown in Figure 2. 

 
2.2. DTM, DSM, and nDSM Extraction 

DSM data has been generated from the process of 
creating dense clouds during the processing of previous 
aerial photographs, so to create DTM data, filtering is 
required using Agisoft Metashape software to separate 
objects with terrain from DSM data. This DTM data will be 
used as the ground for the 3D City Model. The results of 
filtering DSM into DTM are in raster format, which both are 
used as material for making Normalized Digital Surface 
Model (nDSM) (Jang et al., 2020). nDSM is used to extract 
the height of building objects, the value of which is obtained 
from a subtraction of DSM from DTM using a raster 
calculator in ArcGIS Pro software. The results of making 
nDSM are also stored in the form of raster data. 

 
2.3. Footprint and Building Height Extraction 
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Footprint data is used as surface data on each building 
object, which is obtained through the process of digitizing 
the geometric corrected orthophoto in the previous 
accuracy test. The result of the footprint digitization 
process is vector data. This data is then used to extract the 
height of each building object. 

The height extraction stage of building objects is carried 
out using ArcGIS Pro software with the "Zonal Statistics as 
Table" tools. This tool functions to detect the statistical 
value of height from raster data in each zone bounded by 
vector data (Winsemius & Braaten, 2024). In this study, the 
vector data used as a boundary for height extraction 
calculations is footprint data from orthophoto digitization 
and the raster data used is nDSM data. This is because nDSM 
data is data that only contains raster values of objects on 
the ground. The result of height extraction is a data table 
containing information on the maximum, average and 
minimum height values of each building object. The height 
extraction table is then combined with the building 
footprint vector data. 

Footprint data that already contains the height value of 
the data extraction results, then added the attribute of the 
type of roof shape of each building. Defining the type of roof 
on each building is done manually by identifying each 
building object one by one in the orthophoto data. In this 
research, there are 5 types of roofs identified, which are hip, 
gable, shed, pyramid, and flat. 

 
2.4. Semi-Automatic Modeling Process 

The process of making 3D City Model uses semi-
automatic method. This method differs from manual 
approaches in which the building's shape is entirely 
reconstructed by humans. It also does not delegate the 
entire interpretation and 3D modeling process to the 
computer. In the semi-automatic method, the 3D modeling 
process is carried out by the computer with human 
intervention. Humans are responsible for providing input 
in the form of modeling parameters, such as object height 
and roof type, while the processing tasks are done by the 
computers. There is a mutually dependent division of roles 
between humans and computers in semi-automatic 
modeling as indicated in Figure 4. 

 

 

Figure 3 Human and computer contributions in different 
modeling methods 

As shown in Figure 2, the semi-automatic modeling 
method requires only three essential inputs: building 
height, building footprint, and rooftop type. While the DTM 
and orthophoto are not mandatory, they remain useful for 
enhancing model accuracy. Both datasets are imported into 
CityEngine, where the DTM serves as the ground surface 
and the orthophoto is used as texture data. This setup 
simplifies the process of creating a 3D city model of the 
buildings. Furthermore, 3D modeling can be performed at 
LoD 2 using footprint data and the Computer-Generated 
Architecture (CGA) rule scripting in CityEngine  (Badwi et 
al., 2022). Some of the CGA commands used to generate the 
basic 3D building form include defining object height and 
roof type. The CGA rules can automatically generate the 
building and roof geometry based on the building footprint. 
Subsequently, extrusion is applied according to the 
specified height, and textures such as wall and roof colors 
can be assigned. 

In this research, the level of accuracy of the modeled 
object is at the LoD 2 level, where the object is modeled in 
the form of a block parallelogram shape and features the 
shape of the roof structure on each building (Biljecki, 2017). 
A comparison of the level of fidelity at each LoD level is 
presented in Figure 4. 
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Figure 4 Visualization in each level of LoD 
(Biljecki, 2017) 

 
2.5. Evaluations from Visual Accuracy Assessment 

The 3D City model that has been created then needs to be 
tested for accuracy in order to determine the quality of the 
data and find out which roof types are suitable to be 
modeled to form 3D City with the semi-automatic method. 
Accuracy test used the accuracy test used is visual accuracy, 
which compares data from the 3D model to orthophoto data 
on the roof type. The parameters for determining the 
quality of the visual accuracy test results use completeness, 
correctness, and accuracy testing with an accuracy 
threshold of at least 85% of each of at least 30 samples 
taken on each roof type (Foody, 2002; Heipke et al., 1997; 
Zheng et al., 2017). The formulas for calculating 
completeness, correctness, and accuracy are presented in 

equations  𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 = 𝑇𝑃 (𝑇𝑃 + 𝐹𝑁)⁄  (6), 
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 = 𝑇𝑃 (𝑇𝑃 + 𝐹𝑃)⁄  (7), and 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 (𝑇𝑃 + 𝐹𝑁 + 𝐹𝑃)⁄  (8). 

 

 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 = 𝑇𝑃 (𝑇𝑃 + 𝐹𝑁)⁄  (6) 

 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 = 𝑇𝑃 (𝑇𝑃 + 𝐹𝑃)⁄  (7) 

 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 𝑇𝑃 (𝑇𝑃 + 𝐹𝑁 + 𝐹𝑃)⁄  (8) 

 
where, 
TP : True Positive, the number of objects that are 

present in both 3D city model and actual data 
FP : False Positive, the number of objects that are 

present in the 3D model, but not in the actual data 
FN  : False Negative, the number of objects that are 

present in the actual data but not in the 3D model 

The assessment is conducted by comparing the 
completion of the sides of each roof type against the roof 
data in the orthophoto. The results of the comparison are 
then entered into the computation of completeness, 
correctness, and accuracy calculations. If the total accuracy 
value of the samples taken has passed the 85% threshold, 
then the 3D City model can be accepted for its data quality. 
In addition, this accuracy test can also determine which 

roof types are good to be modeled using the semi-automatic 
method with CGA rules. The testing technique of this visual 
accuracy test is presented in Figure 5. 

 

 

Figure 5 Visual accuracy assessment technique. 
White number indicated TP, yellow indicated FP, and 

orange indicated FN 

3. Results and Discussion 

3.1. Aerial Photo Processing Results 
Aerial photos that have been processed from 1,243 

photos produce the same Ground Sampling Distance (GSD) 
as the aerial photo acquisition data specifications. The 
results of aerial photo processing in the form of orthophoto 
are then tested for horizontal and vertical accuracy based 
on the CE90 and LE90 values. Horizontal and vertical 
accuracy testing is done by comparing the coordinates on 
the actual ICP position data to the ICP position data on 
aerial photographs. The test results are shown in Table 2. 

Based on the Table 2, the RMSE value obtained in the 
horizontal accuracy test is 0.6667 and in the vertical 
accuracy test is 0.4381, while for the CE90 value the result 
is 0.1013 and the LE90 value is 0.7229. Referring to the 
Peraturan Kepala Badan Informasi Geospasial Tahun 2021, 
the calculation results meet the 1:5000 scale specification 
standard in class 3 with a maximum threshold of CE value 
of 2 m and LE of 1 m. After the orthophoto data have passed 
the CE and LE assessment standards, cropping of the Area 
of Interest (AOI) research study can then be applied to the 
Wonogiri Regency government office area. This is 
necessary so that further data processing is lighter and can 
focus more on the research study area only. 

 
Table 2 Horizontal and vertical  

accuracy assessment results 

 

Accuracy 
assessment 

RMSE CE90 LE90 

Horizontal 0.6667 0.1013 - 

LoD 1 LoD 2 

LoD 3 LoD 4 
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Vertical 0.4381 - 0.7229 

 
3.2. DTM, DSM, and nDSM Results 

In processing aerial photos, there is dense clouds data 
generated. The data still represents the earth's surface and 
the objects on it or commonly called DSM data. Automatic 
filtering is used to make topographic data of the earth's 
surface only to produce DTM data. From the DTM and DSM 
data, nDSM data is also produced which is obtained from 
reducing DSM to DTM using a raster calculator, which only 
represents the height of objects above the earth's surface 
without being accompanied by surface topography data. 

The range of pixel values in DTM, DSM, and nDSM raster 
data represents the height value of an object. In nDSM data, 
the range of pixel values ranges from 0 to 33.3646 only, this 
is because the range of values is the result of subtraction 
from DSM data to DTM data, so it can be determined that 
the height of objects in the data has a maximum height of up 

to 33.3646 meters. The height data from nDSM is then 
extracted to get the height value of each building object 
based on its footprint. 

 
3.3. Footprints Extraction Results 

The result of footprint extraction is to classify buildings 
based on their area. In this study, the area is divided into 7 
areas, which are public facilities, educational institutions, 
residential areas, regency government offices, public offices, 
shops, and places of worship. Determination of the type of 
area is based on the results of field surveys and 
interpretation through aerial photos. The footprint data 
contains attributes that have height values and roof types. 
Height data is obtained from the extraction of height from 
nDSM data, and roof type data is obtained from visual 
interpretation of aerial photos. There are 5 types of roofs 
that have been identified, namely hip, gable, shed, flat, and 
pyramid.

 

Figure 6 3D City Model of Wonogiri Government Office Area 
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Figure 7 3D model result of each roof type 

 
3.4.  3D City Model Results 

The footprint data that has been created and its 
attributes contain information on the height and roof type 
of each building can then be processed into a 3D City Model. 
The creation of 3D City Model semi-automatic method with 
CGA Rules using CityEngine software succeeded in 
modeling effectively with a total of 179 buildings. 
Respectively 2 buildings in public facilities, 9 buildings in 
educational institutions, 65 buildings in residential areas, 
60 buildings in district government offices, 14 buildings in 
public offices, 25 buildings in residential areas, and 4 
buildings in places of worship. 

In terms of building height, this research analyzes the 
distribution of building heights based on each type of roof. 
This is because different roof shapes have different height 
references. The results of the building height distribution 
show that the flat roof type has an average height of 5.739 
m, gable 5.990 m, hip 6.599 m, pyramid 6.142 m, and shed 
4.878 m. The tallest building modeled three-dimensionally 
on the 3D City Model is the gable roof type with a height of 
19,925 m, while the lowest is the flat roof type with a height 
of 2,389 m. Hip, gable, shed and pyramid roofs use the 
maximum height value (MAX), while flat roofs use the 
average height (MEAN) (Figure 7). The final result of 
creating a 3D City Model of the Wonogiri Regency 
government office area is presented in Error! Reference 
source not found. 6 with a legend classification based on 
the type of area. 
 
3.5. Evaluations from Visual Accuracy Assessment Results 

The results of the 3D City Model that has been made are 
then tested visually on the building to determine the quality 
of 3D data and the effectiveness of the semi-automatic CGA 
rules method in modeling each type of roof. This visual 

accuracy testing technique uses 30 samples of each roof 
type, then calculated using the completeness, correctness, 
and accuracy parameters. The results of the visual accuracy 
test are presented in Table 3 Visual accuracy assessment 
result 
based on roof typesbelow. 

 
Table 3 Visual accuracy assessment result 

based on roof types 

 

Roof type 
Completeness 

(%) 
Correctness 

(%) 
Accuracy 

(%) 

Hip 99.63 94.03 93.83 

Gable 96.28 89.63 86,41 

Flat 100 100 100 

Shed 100 100 100 

Pyramid 93.47 93.65 88.84 

 
Based on Figure 7, the accuracy value for all roof types is 

above 85%, which means it passed the threshold. The 
highest level of accuracy is found in buildings with flat and 
shed roof types with a value of 100%, which means there 
are no errors at all. The gable and pyramid roof types have 
the lowest accuracy level and are almost close to the 85% 
tolerance threshold, with values of 86.41% and 88.84% 
respectively. The cause of some of these discrepancies or 
errors is due to the low level of LoD used, causing 
differences in the shape of the roof of the building object in 
the 3D model to the original roof model, which results in 
some parts of the original building roof that are not 
modeled in the 3D model. Another cause is that the CGA 
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rules algorithm sometimes detects the shape of the 
footprint as a complex object, so that the generated model 
can create new parts on the roof of the building where these 
parts are not found on the original object. The accuracy test 
results for each roof type show that 3D building modeling 
using CGA rules for LoD 2 level has high accuracy for 
buildings with flat, shed, and hip roof types, and less than 
maximum accuracy for modeling buildings with gable and 
pyramid roof types. 

4. Conclusion 

Aerial photos of the Wonogiri Regency Government 
Office Area that have been processed with Circular Error 
(CE90) accuracy of 0.1013 m and Linear Error (LE90) of 
0.7229 m can be used as basic data to create and produce a 
3D City Model of the Wonogiri Regency Government Office 
Area using the semi-automatic method with CGA rules and 
LoD 2 accuracy level. The visual accuracy test conducted on 
the 3D City Model data is also acceptable in quality which 
has a value above the 85% threshold based on sampling of 
each roof type. However, when described based on the 
quality of modeling by roof type, flat, shed, and hip roofs 
have high accuracy when modeled using the semi-
automatic CGA rules method, while gables and pyramids 
have low accuracy. This is influenced by the low LoD level 
used as well. In the upcoming research, the results of this 
semi-automatic roof type making visual quality assessment 
can be used for further analysis and development in making 
3D City Model with a higher LoD level in order to help solve 
urban planning problems. 
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