
Proceedings of IEEE International Conference on Applied System Innovation 2018 
IEEE ICASI 2018- Meen, Prior & Lam (Eds)

259ISBN 978-1-5386-4342-6

B. Effect on identification of unexpected patterns: 
We demonstrated the effect on identifying unexpected 

patterns. When an unexpected pattern accessed our Conpot, it 
was extracted as a representative sequence and detected 
because of its dissimilarity with the other sequences. Therefore, 
we used all sequences collected from Conpot, selected a 
sequence as an unexpected pattern when this type was logged 
for the first time, and then checked whether it would be 
detected through our method. Additionally, we evaluated the 
false positive rate when a sequence was incorrectly detected as 
an unexpected pattern. The δ was 0.5. Table 3 shows the true 
positive and false positive rates of our method for detecting 
each attack assumed to be an unexpected pattern. The rates in 
the table indicate that our method worked excellently. 

 
Fig. 3. Accuracy for identifying attack types with the impact ofδ 

Table 2. Number of attack sequences of each attack type and number of 
attack sequences identified 

Attacks Number of 
attack 
sequences  

Number of 
attack 
sequences 
identified 

Scanning 
attacks 

Function code 3 1 
Slave address and 
information  

3 3 

Slave information 3 3 
Data block 6 6 

DoS attacks Write data block attack 6 6 

Table 3. True positive and false positive rates for identifying each unexpected 
attacking sequence 

 DoS 
attacks 

Scanning 
attacks 

All attacks 

True Positive Rate(TPR) 95.12% 90.00% 92.04% 
False Positive Rate(FPR) 0% 0% 0% 

 
V. Conclusion 

These experiments and results of this study demonstrate that 
our proposed method exhibits efficient performance in 
identifying and detecting unexpected Modbus TCP attacks. 
The method provides an approach to achieving intrusion 
detection for Modbus TCP by deploying a honeypot to collect 
attacking patterns and generating an FG to clearly express the 
procedures of all attack sequences. These findings are expected 
to be helpful for end users in identifying and understanding 
Modbus TCP attacks from honeypots. 

In the future, we hope to collect more Modbus TCP attack 
types or patterns from honeypots to further verify the 
effectiveness of our proposed method.  
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Abstract 

Recently, Unmanned Aerial Vehicle (UAV), equipped 
with different high accurate remote sensing sensors acquiring 
various physical or geometric spatial information has many 
mature applications in different fields, such as environmental 
patrol, pollution monitoring, disaster prevention and relief, and 
mapping. High resolution imagery acquisition and spatial 
geometric information extraction is still the current major 
application for UAV. 

The visual representation of traditional cadastral maps is 
still limited in 2D drawings. It seems insufficient to provide 
intuitive understanding of the variety of problems in high 
density residential areas. Even though the 2D cadastral maps 
can be overlapped on traditional semi orthophoto, it still 
represents in two dimensional map. It is very hard to represent 
land legal boundary and physical information on imagery 
preciously. Because 2D cadastral maps and 3D image-based 
model are produced separately, it is also a very challenge issue 
for the land boundary line to follow the variation of terrain 
surface. This study propose a 3D cadastral map production and 
update technology using UAV-derived imagery. This study 
overlaps the cadastral map with true orthophoto using 3D 
visualization technique which change the way for visual 
inspection of traditional cadastral map. In this study, digitized 
land corner coordinates from UAV-derived true orthophoto are 
verified by field survey data. The accuracy of these land corner 
points is proved to fulfill the requirement of cadastral map 
accuracy.  
Key words: UAV, 3D cadastral map, true orthophoto  

Introduction 
The visual representation of traditional cadastral maps is 

still limited in 2D drawings. It seems insufficient to provide 
intuitive understanding of the variety of problems in high 
density residential areas. Even though the 2D cadastral maps 
can be overlapped on traditional semi orthophoto, it still 
represents in two dimensional map. It is very hard to represent 
land legal boundary and physical information on imagery 
preciously due to the height displacement and scale distortion of 
Quasi-orthophoto. Because 2D cadastral maps and 3D 
image-based model are produced separately, it is also a very 
challenge issue for the land boundary line to follow the variation 
of terrain surface. If the cadastral map is directly placed on the 
3D image model, we only see a floating line in the 3D image 
model, and the feasibility of cadastral boundary visualization is 
extremely low. 

A quasi-orthophoto image cannot be directly used to obtain 
any accurate geometric quantity, so it is necessary to acquire the 
geometric quantity from the stereo mapping in a 
three-dimensional drawing manner, such as an aerial surveying 
topographic map measurement process. However, in recent 
years, the rise of unmanned aerial vehicles combined with the 
principle of multi-viewpoint image processing has made it 

possible to produce true orthophoto and high-density 3D point 
cloud results directly. In combination with true orthophoto and 
3D point cloud results, 3D image models can be produced by 
UAV aerial photogrammetry. 

With the rapid development in the fields of UAV 
photogrammetry, 3D data such as 3D point cloud and 3D image 
model can be obtained using computer vision and multi-view 
technique. Finally, cadastral maps are used to provide semantic 
information about the land cover class and 2D spatial 
information of the boundary of the cadastral objects in study 
area to fulfill the producing 3D cadastral object by dense image 
matching and registration procedure. If it is true, the subjects 
and surrounding environment can be previewed when we 
purchase land and building or apply the engineering 
applications. In the future, the management and use of the 
cadastral map by related units can be more convenient if this 
technology can be applied to a land administration office or an 
engineering unit and then integrated with the GIS technology to 
combine the attribute data of the cadastral map. 

Recently, the computer vision technique “Structure from 
Motion (SfM)”(Figure 1), the simultaneous determination of 
camera (interior and exterior) parameters and 3D structure, and 
bundle adjustment algorithm are available for UAV imagery to 
produce true orthophoto. The accuracy of each pixel in 
resulting imagery can reach 2~4 cm level after validating with 
ground check points which can meet the accuracy requirement 
of land parcel boundary corners for overlapping cadastral map. 
Therefore, the goal of this study aims to apply modern UAV 
photogrammetry technology to the production of 3D Image 
Cadastral Map based on true orthophoto. 

 
Figure 1. Structure from Motion (SfM) 

Related Works 
The cadastral map records the position, shape, and 

geographical status of each land in a fixed scale, and the quality 
of the cadastral map relates to the rights and interests of the 
people and the effectiveness of the use of state land 
management. The production of cadastral maps depends on 
cadastral surveys and is distinguished by surveying methods. 
The current cadastral maps are the graphical cadastral maps 
measured by the galvanometer and the numerical cadastral 
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maps measured by the goniometers. Norm and accuracy are 
different. At present, the common scales are 1/500, 1/600, 
1/1000, 1/1200, 1/2400, 1/3000, which include the cadastral 
maps from the Japanese era and retested, re-planned, and 
repaired cadastral map. 

Therefore, this study proposes a 3D cadastral map 
production and update technology using UAV-derived imagery 
by applying SfM technology. In 1992, Tomasi and Kanade 
applied the affine factorization method to build shape and 
motion from image streams under orthography and SfM 
technology to estimate the multiple camera positions and 
moving path [1]. In 2016, the use of high-precision aerial UAV 
derived true orthophotos and three-dimensional point clouds 
for urban re-delineated mapping. According to the land 
readjustment applications based on the above high precision 
true orthophoto, the direct production of cadastral maps and 
land registration can eliminate the need to re-implement 
cadastral mapping and reduce the works of field survey [5]. 

In 2017, modern UAV photogrammetry technology had 
been applied to "three map-in-one" project to evaluate the 
feasibility of measuring coordinates of land parcel boundary 
corners on true orthophoto without field survey of these corners. 
Compare to traditional field survey, by utilizing this method, 
the efficiency of proposed method increase 77.22%. The cost 
decreases from TWD$ 360,000 to TWD$82,000 accordingly. 
The updated urban planning map, topographic map and 
Cadastral map by the proposed method can be integrated into 
geographic information system (GIS) for additional 
value-added applications [2]. In addition, the UAV-derived 
true orthophoto, three-dimensional point clouds, and 
three-dimensional image models results can provide precise 
pipe line geographic position and spatial coordinates to reduce 
the required human resources and increase the operation 
efficiency of pipe line measurement [4]. Compare to traditional 
field survey, the efficiency of proposed method increase 50% 
in time, decrease 60% in cost, and decrease 70% in human 
resource accordingly. 

Study area and UAS photogrammetry procedure 
1. Study area 

In this study, we select the area near high speed rail station 
in the Wudong section of Quren District, Tainan City as the 
experimental area. Its geographic location is adjacent to the 
Tainan High-speed Rail Station and is still under development. 
The cadastral map used for the three-dimensional cadastral 
map production in this study was surveyed last year as shown in 
Figure 2. 

 
Figure 2. Study area 

2. UAS Survey and Route planning  
The UAV for aerial imagery captured used in this study is 

the Phantom 3 Standard quadrotor unmanned drone produced 
by DJI (DJI). A total of 594 images were taken in the 
experimental area of this study. The relevant basic information 
is shown in Table 1. In this study, we setup 6 fiducial markers 
(as shown in Figure 1) as ground control points (GCPs) in study 
area to improve true orthophoto accuracy and to assure the 
coordinate system is TWD97[2010]. The fiducial markers are 
made by canvas with straight shape with proper size and 
contrast color with ground which can be recognized by UAV 
photogrammetry software. 

Table 1  Phantom 3 Standard Specs 
AIRCRAFT 
Weight 1216g 
Diagonal Size 350mm 
Max Ascent Speed 5m/s 
Max Descent Speed 3m/s 
Max Speed 16 m/s (ATTI mode) 
Max Service Ceiling Above 
Sea Level 

6000m 

Max Flight Time Approx. 25 minutes 
Operating Temperature Range 0° to 40°C 
Satellite Positioning Systems GPS 
Camera 

Sensor 1/2.3” CMOS Effective pixels:  
12 M 

Lens FOV 94° 20 mm (35 mm format 
equivalent) f/2.8 

ISO Range 100-1600 
Electronic Shutter Speed 8 - 1/8000 s 
Image Size 4000*3000 

Still Photography Modes 

a. Single Shot 
b. Burst Shooting: 3/5/7 frames 
c. Auto Exposure Bracketing 
(AEB): 3/5 bracketed frames at 
0.7 EV Bias 

d. Time-lapse 
Operating Temperature Range 0° to 40°C 

To improve the accuracy of the 3D image model, the 
accuracy of the model must have matched with the accuracy of 
the cadastral map and the topographic map. The route planning 
is performed using the cross-tracking and the circular route. 
The side overlap ratios are all chosen to be 80%, and the height 
of aerial photography is 40 meters. There are 7 routes in total, 
as shown in Figure 3 (left). The purpose of the circular flying 
route is to take picture every 10 degrees to provide the texture 
of the building walls, and the aerial altitude is determined by 
the line conditions, as shown in Figure 3 (right). To improve the 
quality of the 3D image model to produce 3D cadastral maps, 
this study uses the total station measure the three-dimensional 
coordinates of four feature points of the building in the 
experimental area as shown in Figure 4. 

 
Figure 3. Cross-tracking and circular route. 

 
Figure 4. Feature points of the building in the experimental area 

3. Image Processing 
In this study, we use PhotoScan Pro software to process 

594 photos and derive true orthophoto for study area as shown 
in Figure 5. The GSD of the true orthophoto is 3.48 cm/pixel. 
The height accuracy of 3D point clouds (figure 6) is about 5 
cm/pixel. 

 
Figure 5. true orthophoto for study area 

 
Figure 6. Point cloud of buildings in study area 

Study of three-dimensional image cadastral map 

1. Overlapping of true orthophoto image and cadastral map 
To obtaining the true orthophotos, the location of the 

experimental area can be confirmed from the cadastral map. 
Then the two image files can be imported into the Global 
Mapper software, to adjust the cadastral map and true 
orthophoto appropriately to completes the overlay procedure as 
shown in Figure 7. In addition, to highlight the visibility of 
cadastral boundaries, we adjust the cadastral boundary color red. 
After completing the overlay of the cadastral map and the true 
orthophoto, we can enlarge the overlapping results of the 
buildings, to check whether the boundary of the cadastral map is 
consistent with the boundary of the building in true orthophoto 
as shown in Figure 8. 
2. Production of Three-dimensional image cadastral map  

Global Mapper software automates layer overlays of 3D 
image cadastral maps. When importing various drawing data, it 
is necessary to pay attention to the order of the layers importing. 
In addition, the numbering sequence of the layers needs more 
attention to smoothly attach the cadastral map to the surface of 
the 3D image model. The three-dimensional image cadastral 
map of the entire experimental area is shown in Figure 9. It can 
be seen from the figure that the cadastral boundary is able to 
closely adhere to the topographical surface and follow the 
variation of topography. On the other hand, to understand the 
fitting quality of the built-in cadastral boundary, the positive 
three-dimensional image of the building is enlarged and 
displayed as shown in Figure 10. It can also be seen from the 
figure that the cadastral boundary is also close to the building 
surface as the height of the building changes. 

 
Figure 7. The overlapping of true orthophoto and cadastral map 

 
Figure 8. Enlargement of overlapping result. 
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maps measured by the goniometers. Norm and accuracy are 
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1/1000, 1/1200, 1/2400, 1/3000, which include the cadastral 
maps from the Japanese era and retested, re-planned, and 
repaired cadastral map. 

Therefore, this study proposes a 3D cadastral map 
production and update technology using UAV-derived imagery 
by applying SfM technology. In 1992, Tomasi and Kanade 
applied the affine factorization method to build shape and 
motion from image streams under orthography and SfM 
technology to estimate the multiple camera positions and 
moving path [1]. In 2016, the use of high-precision aerial UAV 
derived true orthophotos and three-dimensional point clouds 
for urban re-delineated mapping. According to the land 
readjustment applications based on the above high precision 
true orthophoto, the direct production of cadastral maps and 
land registration can eliminate the need to re-implement 
cadastral mapping and reduce the works of field survey [5]. 

In 2017, modern UAV photogrammetry technology had 
been applied to "three map-in-one" project to evaluate the 
feasibility of measuring coordinates of land parcel boundary 
corners on true orthophoto without field survey of these corners. 
Compare to traditional field survey, by utilizing this method, 
the efficiency of proposed method increase 77.22%. The cost 
decreases from TWD$ 360,000 to TWD$82,000 accordingly. 
The updated urban planning map, topographic map and 
Cadastral map by the proposed method can be integrated into 
geographic information system (GIS) for additional 
value-added applications [2]. In addition, the UAV-derived 
true orthophoto, three-dimensional point clouds, and 
three-dimensional image models results can provide precise 
pipe line geographic position and spatial coordinates to reduce 
the required human resources and increase the operation 
efficiency of pipe line measurement [4]. Compare to traditional 
field survey, the efficiency of proposed method increase 50% 
in time, decrease 60% in cost, and decrease 70% in human 
resource accordingly. 
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experimental area. Its geographic location is adjacent to the 
Tainan High-speed Rail Station and is still under development. 
The cadastral map used for the three-dimensional cadastral 
map production in this study was surveyed last year as shown in 
Figure 2. 
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is shown in Table 1. In this study, we setup 6 fiducial markers 
(as shown in Figure 1) as ground control points (GCPs) in study 
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Figure 9. The three-dimensional image cadastral map 

 
Figure 10 Three-dimensional image of buildings overlapped 

with cadastral boundary. 

 Conclusion 
In this study, we conclude that, the proposed UAS 

photogrammetry procedure utilizes the 3D image model 
produced by true orthophoto high-density 3D point cloud 
results as a supplementary tool for production of 3D image 
cadastral map. The resultant three-dimensional image cadastral 
map has a high degree of visualization for providing land 
administration unit a way to demonstrate on the website for 
public inquiries and enhance the people's understanding of their 
land. According to this result, the indoor explanation to the 
people understand the status of the object and the cadastral 
situation. 
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Abstract

This paper presents a torque optimization method of a
novel reaction sphere actuator for spacecraft attitude control.
The proposed reaction sphere is based on a spherical
induction motor, which is composed of a stator, 6
electromagnets for magnetic levitation and a rotor made of a
multi-layer spherical metal shell. Torque model is built
through SVMs and FEM simulations. The optimized structure
parameters are calculated using a modified genetic algorithm
based on the developed SVM model. The simulation results
validate the effectiveness of the proposed optimization
method, showing that the proposed reaction sphere with
optimized structure could increase the torque density by 57%
as compared to the original prototype.

Key words: Design optimization, reaction sphere, support
vector machines, finite element method.

Introduction

Reaction sphere actuators are potential alternatives to
momentum exchange devices for satellite attitude control.
Generally, reaction wheels are widely used as the momentum
exchange actuators. Reaction wheels only rotate in one axis,
so the Attitude Control System(ACS) need at least 3 reaction
wheels to make the satellite 3-axis stabilized. Yet reaction
spheres are spherical motors whose rotors can rotate in any
directions. So a single reaction sphere actuator can achieve
3-axis attitude control of the satellite with the benefits of its
3-D rotation. Compared to flywheels, reaction sphere
actuators have more compact design and yield multi-degree of
freedom motion, thus leading to potential aerospace
applications in small satellites.
So far, four kinds of spherical motor have been designed as

reaction spheres: permanent magnet spherical motor,
spherical induction motor, spherical hysteresis motor and
spherical ultrasonic motor. Rossini L[1], L Yan[2] have
accomplish a series of research of PM (permanent magnet)
spherical motors. PM motors generate the driving torque
through the interactions between permanent magnets on the
rotor and the electromagnetic poles. PM reaction sphere can
achieve high efficiency and output torque while the
controlling strategies can be quite complex. Doty J[3], Kim
D K[4]have carried out several research of spherical induction
motor with different structures. To realize rotations about
arbitrary directions, stators of the motor are designed to
generating three independent revolving magnetic fields.
Spherical induction motors have high reliability due to their
simple structure. But low efficiency remains their weakness.

Zhou L[5] has applied spherical hysteresis motors to reaction
spheres and realize one-axis hysteresis drive with
experimental prototype. The rotor of the hysteresis motor is
made of magnetic material with high hysteresis performance.
The driving torque of hysteresis motors comes from the
attractions between rotor poles produced by magnetization
effects and the electromagnetic poles of the stator. The
attraction force between rotor poles and stator poles will drive
the rotor rotates with the spinning magnetic field
synchronously. Paku H[6] designed a novel reaction sphere
based on spherical ultrasonic motor. Ultrasonic motors are
powered by the ultrasonic vibration using the reverse
piezoelectric effect of piezoelectric material. The stators are
placed against the rotor and so the driving torques come from
the friction forces in between. Spherical ultrasonic motors
are easy to miniaturization, yet yielding low speed output.

Fig. 1 The reaction sphere to be optimized.

Torque determines the ability to change the speed of the
rotor and to change the attitude of the spacecraft. Thus, it is
the key parameter of the reaction sphere. This paper presents
a torque optimization method of a novel reaction sphere based
on SVM. The structure of the reaction sphere is shown in
Fig.1, which is made of rotor and stator. The stator are loaded
with AC currents to generate rotating magnetic field and then
the induced eddy currents will drive the rotor to rotate in any
desired axis. The rotor is magnetically levitated by 6
electromagnets which are set in pairs for each axis, intended
for obtaining more long working life by removing mechanical
friction. Due to the high nonlinearity and multiple constraints
between different parameters of the spherical induction motor,
a pure analytical method is not applicable. Thus, as a
nonparametric modeling method, support vector machines
(SVMs) are applied in nonlinear regression and prediction of
the torque characteristic for the reaction sphere.

Torque Modeling Based on SVMs and FEM Calculation


