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Abstract

Lately, the application of UAV (Unmanned Aerial Vehicle) has drawn increasing
attention. However, due to the lack of related systems, safety issues are becoming an
urgent matter. The course rollback, a function provided by commercial UAV companies,
cannot react to issues about various difficulties and fuel shortage. This is the reason it is
necessary to study selecting an emergency landing zone in urgent situations. This study
proposes a method for the drone to autonomically select a landing zone in case of an
emergency as a model. In the validation stage, Our study analyzes the image according to
the procedure and verifies if the site was properly selected. This study has an academic
and practical significance as an advanced research on the safe operation of UAV.
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1.Introduction
Lately, the application of UAV (Unmanned Aerial Vehicle) has drawn increasing
attention. The scope of UAV application has greatly extended from its original
military purpose to include Amazon‟s delivery system and defense
against many infections by Microsoft. Korea Internet & Security Agency announced
that the growth rate of the global drone market was 55% higher than the previous
year, and it still has a great potential for growth. The UAV is drawing commercial
attention because rotor technology has considerably improved. A rotor with
propellers is installed with propellers in its four (or eight) axes. It has two major
advantages, one is that it can hover stably, and second is it can take off and land
vertically. Since it is easy to pilot a drone, expectations for its industrial utitilization
is also increasing. [1] The biggest obstacle to the drone industry, however, is that
there is no solution for the drone to handle in-flight emergencies. It is because of the
this safety issue why American and Korean UAV-related legislations tend to restrict
the use of a drone to pilot it within the visual range and to register before use. In the
safety issue, according to [2, 3] the second top cause of UAV accidents by the U.S.
Army was the pilot‟s mistake, while landing was the best part of it. There have been
many studies and discussions on UAV landing, but most of them are applicable to
the fixed wing type. The emergency landing of vertical takeoff and landing UAVs,
such as the quadcopter, still need to be studied. This study made a reference model
for selecting a landing zone for a drone, and validated it through the actual airborne
image analysis. This study will be a guideline for the safe emergency landing of the
drone when it becomes commercial within cities. The thesis is organized as to
compare the advance study on UAV landing to this study in Chapter 2, describe the
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development of the model ― the core of this thesis ― in Chapter 3, and validate the
model in Chapter 4. Finally, it discusses the result and its limit in Chapter 5 .

2.Related Research
There have been many studies on selecting UAV landing zones. This is because
there are many places available, and various landing techniques have been
developed according to each environment.
2.1. UAV Landing Using Images
Studies on methods to guide UAV landing are as below.
Table 1. Outline of Related Research
Research field

Author

Method

Fixed wing

[3]

Landing by searching for the installed net

Helicopter

[4]

Landing by recognizing the mark

4-Roter

[5]

Selecting

the

landing

zone

with

the

satellite map. Extract the zones on the
basis of color and filter them through pixel
analysis.
Fixed wing

[6]

Selecting the landing zone on the basis of
the horizontal line correction and satellite
pictures

4-Roter

[7]

Selecting the landing zone, using the image data,
applying the differential technique, and considering
moving objects

[3] and [4] materialized the automatic landing system based on the marker of
UAV. These studies used the method of first searching for the assigned landing zone
and then landing on it. It is proper in daily circumstances, but not in an emergency.
[5] and [6] selected the best landing zone, using the geographic information from
the Google Earth. [6] has greatly improved the detectability factor when
distinguishing the horizontal line for image processing. It has the advantage of not
being affected by the weather, but it‟s not easy for these satellite picture APIs to
provide the real-time information. In order to enhance the landing stability,
therefore, it is necessary to be prepared for any unexpected occurrence by analyzing
the image of the actual landing. [7] has taken this issue into consideration. It has
many similarities to this study when it selected the landing zone by using the
vertical image data of the drone and considered the moving objects by using the
differential technique. The only problem is that it has not considered immovable
objects. On the other hand, this thesis is differentiated in that it detects immovable
objects, as well.

3. Research Model
Lately, the environment in which UAVs are used has been enlarged to the hearts
of the cities and residential areas. We reflected such change to add a process which
detects obstacles when selecting the landing zone. It is presented in Figure 1.
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Figure 1. Emergency Landing Zone Select Model
UAV uses various sensors to measure its altitude and location, and acquires
images from the camera. Based on such data, it created creates a list of candidate
landing zones, going through the process of extracting candidate landing zones . This
list becomes the underlying data for extracting obstacles and calculating the distance.
The distance to each candidate landing zone and the score from the risk evaluation
are used as factors to rank the candidate zones, and select the best landing zone in
turn.
3.1. Data
We use a vertical image to be the reference image of UAV image data. A
vertical image is supposed to have the bank angle no more than 3°, which means
its optic axis is nearly identical to the vertical line. We measure the altitude with
the air pressure sensor and GPS.
3.2. Extraction of Candidate Landing Zones
We use the HIS color space first to extract the landing zone from the image data.
In Korea, the landing sites on the roof are colored in green. Extract areas having
green hue such as lawns in the park.[8] We can remove unfitting zones through the
pixel analysis. While extracting areas based on the color, there may be big errors in
the images of street trees or river. We are able to remove any such error with the
Convexhull feature value, a method of pixel analyses. Then, we can draw maximum
circles in the filtered areas, based on the border lines. Each circle is a candidate
landing zone, with its barycentric coordinates and radius becoming the data forming
the list of candidate landing zone. The radius of the circle as a candidate must be
able to include the size of UAV at the least. Therefore, the scale of the area in the
image to the actual size must be calculated at this stage. It uses the formula (1).
𝑙
𝐿

=

𝑓
𝐻

(1)

(1) refers to the distance between two points on the screen, while L refers to the
distance between two points on the ground. f is the focal length, while H is the flight
height.
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3.3. Distance Between UAV and the Landing Zone
At this stage, the distance between the UAV and the barycentric coordinates of
the landing zone is calculated. We saw the location of UAV as the center of the
vertical picture, and used the candidate landing zone list extracted from the earlier
stage to find the landing zone within the radius of the barycentric coordinates .

Figure 2. Measure the Distance in the Vertical Picture
Figure 2 shows an example of how to calculate the distance. From two points we
can make the main landing sites as circle A and B. We cam can get the distance to
useby using the trigonometric function. We can get the D which is the distance
value from the formular (2).
=√
(2)
3.4. Obstacle Extraction and Classification

Figure 3. Obstacle Detection Area per Candidate Landing Zone
Figure 3 explains the obstacle detection area per candidate landing zone. This
study followed it because [9] also agreed that following the local calculation is more
effective than detecting the whole image. „ ‟ is the semi-diameter of UAV, „ ‟ is
the semi-diameter of the candidate landing zone, and „ ‟ is the limit radius of
detecting obstacles, which is a fixed constant number. Detection takes place in the
gray areas of Figure 3, which are the same for every candidate landing zone
regardless of its radius. For this, we crop the original image and use the detecting
algorithm and count the obstacle in the image [10].
There are various algorithms to solve the problem. This time, we used the Knn
algorithms, which is a very basic classification. These days „LCNN‟ could be the
better choice. In this section we do not check the obstacles‟ position. We just
calculate the number, because in the air photo we cover too big size and picking the
site is the main point in this paper.
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3.5. Assessment of Landing Zones
Risk of obstacle is classified according to the type and number of the obstacle.
Fixed weights are given depending on the type of the obstacle. For example, human
and car ,the ones the pilots find the most burdensome, have the highest weight. The
formula (3) is what we designed to calculate the degree of risk. It estimates a place
with the lowest final R value to be the best landing zone.
R: Final risk of the candidate landing zone
N: Number of obstacles per type detected in the candidate landing zone
W: Weight of the obstacle per type
T: Sum of the risk of the obstacle in the image
R=

∑ 𝑊∗𝑁
𝑇

(3)

3.6. Landing Zone Ranking Assessment
It could be the subjective which is the best landing site for UAV. We asked the
most important measure to experienced pilot. The online community called
„Dronplay‟, which is the biggest community in Korea, was asked regarding the key
factor when a UAV pilot found the emergency landing site. From the 30 experienced
pilots, obstacles are the most important factors. The characteristic for ranking is
previously calculated as D, the distance between landing zone and drone, and R, the
risk. Both of them have to be little to be estimated as a good landing zone. It
calculates the ranking of the zone, considering R first, and then determines the
ranking with D when there are sites sharing the same rank. The top zone in this list
becomes the final landing zone.

4. Test & Result
We made use of the Labview 2015. Camera specifications were based on the
phantom 3. It complied with the specifications of the camera and computer
http://www.dji.com as Table 2.
Table 2. Hardware Spec
CPU
Framework
Sensor
Lens
ISO Range
Supported
File Format

Copyright © 2016 SERSC

Spec
Intel Core I7-3570 3.4GHz
Labview 2015
Sony EXMOR 1/2.3” Effective pixels: 12.4 M
FOV 94° 20 mm
100-1600 (photo)
Photo: JPEG, PNG

137

International Journal of Control and Automation
Vol. 9, No. 7 (2016)

4.1. Data

Figure 4. Original Image
Figure 4 chose a picture in which the bank angle less than 3°, which is the error
range of the vertical image, among the images from https://www.skypixel.com/. The
size of the image is 1280x1080 pixels, with the actual size of a pixel 0.125m. We
can get the real measure from camera caliberation. First, we can get the F value
from the real camera. We use the checker board for camera calibration.
4.2. Extraction of Candidate Landing Zones and Distance Calculation

Figure 5. HIS Histogram
Figure 5 is the Color histogram. We set the range of the value H of HIS as
35°~90°, extracted the green image, and performed the Convxhull feature value
analysis to remove non-conforming areas. If we have time to focus on the Saturation
and Intensity, it might have some characteristics. However, in this test we only
check the max parameter and ignore the Saturation and Intensity to focus on the Hue
value.
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Figure 6. Convexhull Area Conformity Evaluation
Figure 6 illustrates the result of dividing the values of Convexhull Area (CA) and
Area in the extracted area to analyze the pixel. As the distributions of possible
landing zones and Area/CA value show, most of the eliminated sites are less than
0.5. Of course, there are 6% of valid zones below 0.5. On the other hand, nonconforming areas below 0.5 are 100% so that it is assumable that it played its role as
a filter eliminating non-conforming zones properly.

Figure 6. Circle Detection to Make a List of Candidate Landing Zones
Draw candidate landing zones with the “circle detection” in the color-extracted
area.) The candidate landing zones are shown as circles in Figure 6. To make the
circle, we should find the 4 points for the circle in the outline of the color-extracted
area. Red area is the green value area in the image. We can make the circle in the
red area. That means we can make a list of candidate landing zones.
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Figure 7. Circle Information
Save pixel data of barycentric coordinates and radius of each circle. For the
distance between UAV and each candidate zone, calculate the distance between the
barycentric coordinates of the whole image and that of the candidate zone. For
calculating the ranking, we did not convert the pixels to the actual distance because
the relative distance of candidate zones was what mattered.
4.3. Obstacle Extraction and Classification

Figure 8. Obstacle Extraction From Cropped Image
Figure 8 is the images of which obstacles are extracted and classified. The red
inner circles are the candidate landing zones. The blue outer circles are the masking
areas. To use this masking area, we cropped the picture and used the detection
algorithm. Every candidate zone has the same size of masking areas, and the
obstacles were detected, targeting these areas.

Figure 9. K-nn Data Example
In this study, we classified the obstacles simply into two things: the car and the
things. Figure 7 is an example of data for the K-nn to learn to classify cars. We
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input 500 images of 32x32 pixels. Table 3 shows what we evaluated the image
shown in Figure 6. We compared the candidate zones D and F.
Table 3. Risk of Obstacles in the Landing Zone
Candidate
Type
of
Landing Zone Obstacles
ID
D
Car
Thing
F
Car
Thing

Risk per Type

Number of Total degree of
Obstacles
risk (%)

5
1
5
1

2
1
5
1

16
24

In fact, an error was made in zone D, detecting a door as a car. It was due to the
lack of the dataset and classification algorithm was not good enough. The
coefficient of K-nn in the airborne image to test 50 objects was 3, with the accuracy
81%.
4.4. Ranking and the Final Decision

Figure 10. The Final Image Processing
The final result of the image is shown in Figure 8. Following the process, we can
find the 13 landing sites. Red circles are the candidate landing sites. Green circles
are the detection areas. We can figure out that C,G,J could be better than other
candiates options. Also, there are many possible places for landing as we said.
However, we focus on the risk of obstacles and distance.
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Table 4. Ranking Result
Rank

Candidate
Risk of Obstacles Distance
Landing Zone ID
C
0
267
1
G
0
364
2
J
1
297
3
As a result, the distances from UAV to C and J, respectively, are not much
different from each other. However, an obstacle was detected around J, so it was
given the third rank. In order to validate the reliability of the model, we repeated the
above process on 128 other images. We found 95 false detections from 1046
candidate landing zones, which makes the accuracy 90.09%.
Table 5. Result of Testing
Images
Candidate landing zones

False detection

Success rates

108
1046
Water(river
lake)

59

Shadow

30

Others

6

95

90.09%

There are other figures we can see. It seems that there are too many green areas in
Figure 1. However, we can only detect the fewer small circles.

Figure 11. Exclusive Result
This is because circle detection algorithm doesn‟t allow the hole in the area. In
Figure 12, there are lots of holes in the red area. This space cannot make the circle
when we use the algorithms. However even if we have little problem, we also can
find the right landing sight.
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Figure 12. Image Processing for Figure 11.

5. Conclusion
In this paper, we propose a model in consideration when selecting an obstacle for
emergency landing. The model is carried out by utilizing the sensor to the vertical
image that the height is measured. Classification is based on the histogram of the
HSI on the image area to take advantage of the Convex Hull algorithm in creating a
list of the filtered candidate landing. It landed candidate list ranks are based on the
land and obstacle detector algorithm based on the Knn distance information.
Based on this information,our method recommend the top three landing zones.
General area values and Convex hull Algorithm comparison threshold was defined
as the result of an experiment to 50% of 100 candidates. This gave rise to the error
of 4%. Knn was classified into three groups by the learning data 200 for each group.
This model utilized 108images, from which 1046 vertical image extracted candidate
landing. Adequacy of the extracted edges landing showed an accuracy of 90.09%.
However, it should be noted in this study that the process and using the vertical
image which was filtered by convexhulls are more important than the accuracy of
the model. GCS deliverables through the ranks on the list of candidates as not to
land to provide a systematic process that helps for the selection of safe landing
magazine. This study has an academic significance and practical significance as a
leading research on the safe operation of unmanned aircraft landin g systems. It
intends to improve the accuracy of the ranking list for the further studies, by re selecting the optimum extracting/selecting algorithms at each stage and reducing the
error at the middle stage of the model.

Copyright © 2016 SERSC

143

International Journal of Control and Automation
Vol. 9, No. 7 (2016)

References
[1]

S. G. Park, "A Research of AR.Drone2.0 Operating Assessment and the Development Potential on
Drone-Journalism", AURA, vol. 32, (단일호), (2014), pp. 140-156.
[2] W.-M. Park, "Jeong-Hun Choi, Seong-Geun Choi, Nam-Du Hwang and Hwan-Chul Kim: „Real-Time
Shooting Area Analysis Algorithm of UAV Considering Three-Dimensional Topography", J-KICS, vol.
38, no. 12, (2013), pp. 1196-1206.
[3] H.J. Kim, M. Kim, H. Lim, C. Park, S. Yoon, D. Lee, H. Choi, G. Oh, J. Park and Y. Kim, "Fully
autonomous vision-based net-recovery landing system for a fixed-wing uav", Mechatronics,
IEEE/ASME Transactions on, vol. 18, no. 4, (2013), pp. 1320-1333.
[4] S. Saripalli, J.F. .Montgomery and G.S. Sukhatme, "Visually guided landing of an unmanned aerial
vehicle", Robotics and Automation, IEEE Transactions on, vol. 19, no. 3, (2003), pp. 371-380.
[6] K. Park, "A Study ofLanding SiteSelection for Unmanned Aerial Vehicle using Global Positioning and
Image Analysis", Thesis, Graduate School of Konkuk University, (2015).
[6] Y.-F. Shen, Z. Rahman, D. Krusienski and J. Li, "A vision-based automatic safe landing-site detection
system", Aerospace and Electronic Systems, IEEE Transactions on, vol. 49, no. 1, (2013), pp. 294-311.
[7] J. Sokalski, T.P. Breckon and I. Cowling, "Automatic salient object detection in uav imagery", Proc.
25th International Unmanned Air Vehicle Systems, (2010), pp. 11.11-11.12.
[8] K.-B. Kim and D.-H. Song, “Elimination of the Red-Eye Area using Skin Color Information”, Journal of
information and communication convergence engineering, vol. 7, (2009), pp.131-134.
[9] W.-Y. Shin, M. H. Kabir, M. R. Hoque and S.-H. Yang, “Development of an Edge-Based Algorithm for
Moving-Object Detection Using Background Modeling”, vol. 12, no.3, (2014), pp.193-197.
[10] T. Cover and P. Hart, “Nearest-neighbor pattern classification, Information Theory”, IEEE Transactions
on, Jan. (1967), pp. 21-27.

Authors

DongHo Kang, he received his B.A. degree of Business of
Administration in 2014 and the M.S of Computer Science degree
in SoongSil University from 2016. His research interests are
automatic control of UAV, Computer Vision and HIC.

Jaehyun Choi received the Ph.D. degree in Computer Science
from Soongsil University in Korea, 2011. He is a profressor at
Graduate School of Software, Soongsil University. His research
interests are in areas of Data Processing, Service Engineering,
Software Engineering, and Text Mining.

Jae-Yoon Cheon, he received his bachelor's degree of
Computer Science in Korea National Open University, Seoul
(2000) and master's degree of Computer Science in Yonsei
University(2003).Now he is studying his doctoral degree IT
Policy & Management in Graduate Soongsil University, Seoul.
From 1988 to present is currently in LG Nsys and working as a
Network consultant and Project Manager. His research interests
focus on Open Source Software and Software Defined
Networking.

144

Copyright © 2016 SERSC

International Journal of Control and Automation
Vol. 9, No. 7 (2016)

Joong-Hyo Bok, he received his bachelor's degree (2000),
master's degree of Computer Science in Kunsan National University,
Kunsan (2002). He is studying his doctoral degree IT Policy &
Management in Graduate Soongsil University, Seoul. His research
interests include various fields of application based on IoT(Internet of
Things) and O2O(Online to Offline) technology for national payment
market.

Jeawon Park, he received the Ph.D. degree in Computer Science
from Soongsil University in Korea, 2011. He is a profressor at
Graduate School of Software, Soongsil University. His research
interests are in areas of Software Testing, Software Process, Web
Services, and Project Management.

Copyright © 2016 SERSC

145

International Journal of Control and Automation
Vol. 9, No. 7 (2016)

146

Copyright © 2016 SERSC

