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Mobile LIDAR, which can be attached to any moving vehicle, started to be used after 2000. 
In recent years, Wearable Mobile LiDAR (WML), which can be carried by wearing it on a 
person, has started to be used. WML is used for mapping and 3D modeling of interior and 
narrow places that cannot be reached by any vehicle and only one person can enter. In this 
study, 3D model and orthophoto of Mufti Abdullah Sıddık Mosque located in Mersin 
University Çiftlikköy campus were produced. With WML, data were collected in a short 
time like 13 minutes in the field and the produced orthophoto and 3D models were 
produced within the error limit. When the system is used fast and based on Ground 
Control Points (GCP), it gives results within the error limits. This study demonstrates the 
usability of WML in structure modeling and mapping. 
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1. Introduction

 
The world population is constantly increasing. The 

growing population is generally concentrated in cities. 
Today, the needs of technologically developing and 
growing cities are also increasing. For a sustainable 
development, it is necessary to make earthquake-
resistant structures by taking into account the 
earthquake reality of the buildings and to examine the 
deformation in the following years. It is thought that it is 
important in the construction or restoration stages of 
large buildings or in possible disasters to record cities in 
3D. The 3D modeling of the structures made with the 
WML method also reveals all the details that escape the 
human eye (Erdoğan et al., 2021;). With the WML 
method, fast reliable mapping of structures is possible. 
The number of buildings in our cities is increasing day by 
day. We think that a 3D model of these structures with 
their geographical location is necessary in order to be 
able to recognize, record, respond to their needs, protect 
people's lives and develop geographic information 

systems that will help those who govern the city. In this 
study, the 3D model and orthophoto of Mufti Abdullah 
Sıddık Mosque located in Mersin University Çiftlikköy 
Campus were produced using WML. 

Point cloud technology is developing day by day 
(Karataş et al.2022a). Cultural heritage documentation 
and modelling can be performed with high precision 
(Karataş et al.2022b). Architectural properties can be 
defined and determined in a short time (Karataş et 
al.2022c; Kanun et al., 2021; Kaya et al., 2021; Şenol et al., 
2017; Şenol et al., 2020; Ulvi & Yiğit, 2022; Yakar et al., 
2009; Yılmaz & Yakar, 2016). 

 
2. Wearable Mobile Lidar (WML) 

 
The method of scanning by a human wearing the 

Mobile LIDAR platform is called WML. WML is a system 
in which 3D point cloud data of scenes within a 
horizontal range of 360o can be viewed and recorded by 
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a tablet computer, which is usually loaded by a human 
being through a backpack.  

WML is a compact system that includes a LIDAR 
sensor, RGB camera and GNSS-IMU, which can work in all 
light conditions. LiDAR sensors, which can capture full 
360° panoramic images, have a range of 100 - 200 m in 
different brands. A 3D model is created by calculating the 
distance from the time elapsed until the reflection of the 
rays hitting the object illuminated by a LIDAR light, and 
by determining the surfaces over the triangular model 
consisting of points (NAVVİS, 2021; Lauter, 2020; 
GEXCEL, 2021; Geoslam 2021). 

Since the system is carried on a person's back, it can 
be easily moved and worked in narrow and complex 
structures. The system can be easily transported in the 
trunk of a vehicle. GML is designed to be used in places 
where people can walk. It is a system designed to be a 
solution for indoor and outdoor areas, underground 
mines, tunnels, cultural heritage sites, forests, urban 
areas, buildings and crime scenes that are difficult to 
record and complex (NAVVİS, 2021; Lauter, 2020; 
GEXCEL, 2021; LEICA, 2021). The GEXCEL Heron 
wearable mobile LIDAR scanner is shown in Figure 1. 

 

 
Figure 1. GEXCEL Heron GML scanner (GEXCEL, 2021). 

 
Since GNSS does not work in covered areas, other 

systems are required. Simultaneous localization and 
mapping “Simultaneous Localization And Mapping” 
(SLAM) was developed in 2008. The system is mobile, 
that is, active by movement, while the system is making a 
map of an unfamiliar environment, it improves the map 
it produces according to the location it is progressing, 
and offers an algorithmic approach to solving problems 
by constantly positioning itself. When mobile robotics 
travel with SLAM, it positions itself according to the 
environment by using the distances from LIDAR. It 
requires LIDAR, GPS, accelerometer, sensors and 
algorithm data to do this. SLAM technology is a solution 
against the deterioration of GPS signals in closed areas, 
forests, inside buildings, tunnels, caves, wells, mines and 
narrow streets in the city where the sky is not visible at 
all or completely. SLAM technology has revolutionized 
mapping in difficult and complex locations. SLAM 
calculates the instantaneous position of each 
displacement of the wearable mobile LIDAR by taking the 
relative and absolute positioning inputs. However, its 

position calculated in this way cannot be expected to be 
as precise as a static position (Geoslam, 2021; Thomson, 
2020; Thomson, 2021). 
 
2.1. WML Considerations 

 
The points to be considered in the field for the quality 

of the cartographic data obtained; Filippo, vd., 2018; 
Stefano, vd., 2021; Chio ve Hou, 2021, Karabacak, 2022; 
Ulvi et al., 2015; Yakar et al., 2008; Yakar et al., 2010). 

 
• First, a reconnaissance is made in the work area, 

the walking path is determined, and if there are obstacles 
on the walking path, they are removed. 

• If there is a door that the GML operator will pass 
through on the walkway, it is made open. 

• Take precautions to avoid walking people and 
moving objects during scanning. 

• If you slow your walking pace, you will collect 
more detailed data. 

• Slow down when entering different rooms so 
that the SLAM algorithm can combine the inside and 
outside. 

• Slow down when transitioning to different light 
and dark places so that SLAM can combine properly. 

• Make the work of the SLAM algorithm easier by 
placing different objects in uniform spaces. For example, 
you can place a bicycle or a dustbin in the tunnel. 

• Move by drawing an arc on turns. 
• If there is another door on the way out than the 

door you entered, differentiate the scenes by descending 
from there, or if there is another staircase when going up 
and down, use it. 

• Carry the LIDAR pole upright. 
• Finish the route where you started. 
• Do not make sudden movements. 
• Reduce your walking speed in tasks requiring 

precision. 
• Working by dividing large work areas into small 

areas will prevent the growth of error amounts. 
• Keep the scan time less than 30 minutes.  

 
2.2. Positioning Performance with RT-PPP Method 

 
It is a wearable or handheld mobile laser scanner 

developed in 2015. It uses SLAM Algorithm. It can be 
used in all kinds of walkable areas. It can capture 3D 
point clouds and 5K panoramic images to collect both 
geometry and color information together. The portable 
Mobile laser scanner tested in this study is the Heron 
wearable Lidar device manufactured by Gexcel. Emitting 
infrared laser beams at a wavelength of 903 nm, a 16-
channel Velodyne Puck LITE laser scanner achieves 
300,000 points per second within a range of 100 m and 
with a 360° horizontal view and a 30° (-15 +15) vertical 
field of view. The laser scanner sensor is combined with 
an XSens MTI, IMU, whose data is used in system 
trajectory prediction. While working, the LiDAR head is 
mounted on a telescopic carbon fiber pole, connected to 
a battery and a control unit. 

Parts of the Gexcel Heron wearable 3D mobile 
mapping system are shown in Figure 2. The scanner head 
with the laser sensor is screwed onto a pole. The cable 
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connection from the scanner head connects to the 
battery for power, data exchange and the tablet for the 
program. The device is controlled and managed with the 
Heron live program in the tablet. The instantaneous state 
of the point cloud made on the tablet screen appears and 
the mobile LIDAR operator stops the work when there is 
a possible problem on the screen and returns to the 

beginning if necessary and repeats the work. The pole 
holding the LIDAR can be used by placing it in a pocket 
attached to the belt, or it can be used by holding it 
vertically by hand (Oruç and Baş, 2021; Oruç and Öztürk, 
2021; Alptekin & Yakar, 2021; Alptekin et al., 2022). 
 

 

 
Figure 2. Heron GML 

 
According to the manufacturer's specifications, the 

system provides a local accuracy of 3 cm and a final 
global accuracy of 5 cm. The presence of loops and 
closures, as well as the properties of the scanned 
environment, may affect the SLAM algorithm and the 
accuracy may drop to 20-50 cm (Paksoyteknik, 2022, 
Maset vd., 2021). 

 
Suitable Weather Conditions for Working 
• Direct sunlight. 
•Wind. 
• Dark places 
• Operating temperature from -10° C to +45° C. 
Unsuitable Weather Conditions for Working 
• Rain, snow, heavy rains. 
• Very dusty environments. 
• Aggressive atmosphere Shaking greater than 500 

m/s2, usually lasting 11 ms. 
• Strong electromagnetic fields. 
• Water coming into the device will destroy the 

device. 
 
Considerations During Scanning 
• Do not shake the sensor. 
• Do not splash. 
• Avoid sudden movements. 
• When scanning and calibrating, make sure that the 

cables connected to the laser sensor head always face to 

the right according to your path. The IMU may be affected 
if the cable direction changes. 

• The pole should be kept upright during scanning. 
 

2.3. WML Usage Areas 
 
It can meet the many mapping and modeling in 

documentation of cultural heritage, forestry and forest 
mapping studies, indoor modelling, open mine surveys, 
determination of deformation in structures caused by 
seismic events, tunnel, cave modeling, renewal of 
cadastral maps, measurement of energy transmission 
lines, infrastructure maps and recording of the crime 
scene. (Filippo vd. 2018, Masiero vd. 2018, Rodríguez-
Martín vd. 2022, Carlos Coba vd. 2018, Xu, vd., 2020, 
Hyyppä, vd., 2020, Ko, vd., 2021, Zhou, 2019, Geoslam, 
2021, Otero, vd., 2020, Maset, vd., 2021, Maset, vd., 2022, 
Vassena ve Clerici, 2018, Sánchez-Aparicio, vd. 2021, Di 
Stefano, vd., 2021, Chio ve Hou, 2021, Velas, vd., 2019, 
Ulvi, vd., 2021; Kabadayı, 2021; Kabadayı & Uysal, 2020). 

 
3. 3D Modeling of a Mosque With WML 

 
The 3D model and orthophoto of Mufti Abdullah 

Sıddık Mosque, located in Mersin University Çiftlikköy 
campus, were produced. For mosque measurement, ITRF 
coordinates were obtained by measuring 6 polygons in 
the field with GNSS and total station. Pictures from field 
studies for mosque measurement are shown in Figure 3. 
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Figure 3. Mufti Abdullah Sıddık Mosque field study 
 
3.1. Scanning Inside and Outside of Mosque with 

Closed Route Using GCP 
 
The route was planned by visiting the inside and 

outside of the mosque, using 6 GCPs as the closed route, 
so that the inside and outside of the mosque would be 
completed in the same purchase. Closed doors were 
opened and a plan was made according to the obstacles. 
The route was planned to be closed, but considering that 
the retaining wall around the mosque with a ladder 
would disrupt the dimensions, the route that started over 
the wall was closed by coming to the bottom of the wall 
from the garden of the mosque. The route was completed 
in 13 minutes. When we walk on the rough slope, the 
route is disrupted (Figure 4). 

 
Figure 4. The sloped land around the mosque. 
 
Trying to solve it at different intervals to fix it. 
Odometering the route and the problematic place on the 
route are seen in the odometer stage with a red line 
(Figure 5). 
 

 
Figure 5. Odometer of the Closed and GCP Route. 
 
The automatically generated ties with the GCP points 
included are given in Figure 6. 
 
 
 
 

 

 
Figure 6. Tie with GCP points included 
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New ligaments were pulled (Fig. 7). 
 

 
Figure 7. Tie when new links are added 
 
As a result of newly added ligaments and balancing, the 
error in the RMSD range of 4.1 cm on average 2.5 cm was 
calculated as 8 cm at most and 3 cm on average (Figure 
8). 
 

 
Figure 8. The biggest mistakes in ties as a result of 
balancing. 
 
As a result of balancing, the error in the control points 
was 0,1,1,3,4,5 cm. Average output was 2.3 cm (Fig. 9). 
 

 
Figure 9. Errors hitting YKN as a result of balancing. 

 
The error rate is higher in the vineyards at the stair 

exits to the upper floor of the mosque. Therefore, it was 
tried to reduce the error in the route by creating links 
between the route on the first floor of the mosque and the 
ground floor (Figure 10). 

 

 
Figure 10. The ties added between the first floor and the 
ground floor in the mosque. 
 
The representation of the ties together in the 3D model is 
given in Figure 11. 
 

 
Figure 11. View of the 3D model together with ties. 
 
The work is transferred to the Reconstructor program 
(Figure 12). 

 

 
Figure 12. Exported to Go to Reconstruct. 
 
In Reconstructor, the 3D model of the Mosque can be 
examined from different angles and measured (Figure 
13). 
 

 
Figure 13. Mosque 3D model from different angles in 
Reconstructor. 
 
An orthophoto of the structure was produced in 
Reconstructor (Figure 14). The edges measured on the 
orthophoto were measured with a steel tape measure as 
5.56, 3.33, 5.66, 6.70, 3.77, 5.47, 7.40 m clockwise 
starting from the northwest in the field. The differences 
between the measurements were calculated as 4.1, 1.3, 
1.2 and 1 cm, respectively, and the average of the 
differences was 1.9 cm (Table 1), (Figure 15). 
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Figure 14. Mosque orthophoto. 

 

 
Figure 15. Lengths measured on the mosque orthophoto. 
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Tablo 1. The lengths of the mosque walls over the land 
and its orthophoto 

 1 2 3 4 5 6 7 
Length on 
land (m) 

5.56 3.33 5.66 6.70 3.77 5.47 7.40 

Length in 
orthophoto 

(m) 
5.60 3.32 5.65 6.73 3.78 5.49 7.41 

Difference 
(cm) 

4 1 1 3 1 2 1 

In the Reconstructor, the location of the GCP points 
given by GML and the ITRF coordinates given by GNSS 
and totalstation can be viewed (Figure 16). In the 
Reconstructor, the errors hitting the YKN and their 
deviations relative to the coordinate axes can be 
displayed (Figure 17).  

A coordinate transformed 3D point cloud can be 
displayed in Reconstructor (Figure 18). 

 

 

 
Figure 16. GCP position and ITRF coordinates. 

 

 
Figure 17. GCP hitting errors and their deviations relative to the coordinate axes. 

  

 
Figure 18. 3D mosque model in ITRF coordinate system 

 
4. Conclusion 

 
With the GML, the exterior and interior of the 

mosque were completed on the same route in a short 
time like 13 minutes. Since the walking path in the 
western direction of the mosque is sloped and stony, 
mistakes grow in the vineyards where it is difficult to 
walk. When going up the stairs in the mosque, the error 
is big in the vineyards on the stairs. In this case, errors 
were reduced by pulling ties from the first floor of the 
mosque to the entrance floor of the mosque. Since there 
is no GNSS support in the GML used in the study, the 
growth of errors was prevented with YKN and the 

mosque map and 3D model could be produced in the 
ITRF coordinate system within the error limits. The weak 
point of the system is that GCP should be used to give 
reliable results and this increases the working time in the 
field. In this study, it is suggested to use GML to produce 
maps and 3D models of structures. 
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