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customer satisfaction which is the main aim of banks. With the 
help of the Microsoft Cognitive Services Face API, the 
emotional state of the customer being at the bank is detected 
with certain periods. Then, by reporting, it will be determined  
which banking transactions have problems and which staff are 
more favorable to the customers. In this way, the 2nd and 3rd  
important causes mentioned in Table 1 have been ensured. 

II. EMOTION TAXONOMY 
According to the emotion theorists and psychologists, various 
of emotions can be categorized by starting from globally  
showed six fundamental emotions to complicated emotions 
which are originated from different culture with. The following  
theories are mainly used in emotion analysis studies; Ekman  
and Friesen’s List of Basic Emotions (1971), Plutchik’s Wheel 
of Emotions (1980) and Parrots’ Classification of Emotions  
(2001). Ekman and Friesen in 1971[7] put forward six 
quintessential basic emotions like disgust, joy, sadness, fear, 
anger and surprise which are globally presented and identified 
from facial expressions. Microsoft Cognitive Emotion API 
results give us Ekman and Friesen’s fundamental set of 
emotions. Therefore, customers will be evaluated through their 
list of basic emotions. 
 

 
Figure 1: Ekman and Friesen’s List of Basic Emotions. 

III. IMPLEMENTATION 
The emotional analysis of the customer is made with a structure 
that can be integrated into the banking application. The main  
aim for taking part in banking application is to get the 
transaction and employee information. In addition, there must 
be a camera connected to the branch staff’s computer. The 
general model of emotion analysis integration is shown in 
Figure 2. 

 
Figure 2: Generalized Model for Emotion Analysis. 

 

A. Taking Photo 
Samples of facial expressions are gathered in specific periods 

by a camera during the operation of the customer’s request as 
seen in the Figure-3. The samples collected are put into the 
folder to be operated. The reason why the photos aren’t 
processed as soon as they are taken is that the customer 
shouldn’t lose any time while his operation is being done. 

 

 
Figure 3: Taking customer’s photo by a camera. 

B. File Name 
The names of the files are saved into the folders in a specific 
form as compressed. The example is seen in the Table-2. 

Table 2: Sample of file name format 

20171021_1400_ISARAKSIZL_1_bk000207.7z 
20171021_13087_ISARAKSIZL_1_ky000090.7z 

taking photo
•Samples of the customers' photos  are 
taken by a camera with specific periods 
and put into a folder. 

file name 
• the files avalaible in the folder are kept 
in a compressed form with an encoded 
file name. 

parse 
operation

•20171021_13087_ISARAKSIZL_1_ky0
00090 the file name figured in this way 
is parsed.

transaction 
of photos

• the photos kept in the folder are 
processed with the help of Microsoft 
Cognitive Face Api.

transferring 
to database

• the results of the photos identified are 
forwarded to the database.

Analyzing 
& Reporting

• the data is analyzed and reported by 
making a sense of them.
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20171021_43679_ISARAKSIZL_1_gy000114.7z 

 

C. Parse Operation 
The samples of the photos saved are kept in zipped files. The 
result in the Figure-3 consists when we parse the file name. The 
areas of the file names are separated from each other with an 
underline (_). From the left, the   date of the operation done is 
in the first tab, the client no processed in the bank is in the 
second tab, the screen information belonging to the process 
done in the banking application is in the third one, the 
information of the branch office in which the operation is done 
is in the fourth tab, the information of the staff who is carrying 
out the operation is in the fifth tab. 
 

 
Figure 3: Parsing file name 

 

D. Transaction of Photo 
After the parsing, identifying the photos is started with the help 
of Microsoft Cognitive Face API. Firstly, to gain an API key by 
doing a recording on the platform of Microsoft AI + Machine 
Learning is needed for this operation. We use this key while 
processing the photo.  
We take the output of the processed photo as a data set on the 
form of JSON. The finding of the operated photo in the Figure-
1 can be observed in the Figure-4.  We conclude after the process 
that the customer is really satisfied in the second when the 
sample of the customer’s photo is taken and processed. 
 

 
Figure 4: Result of the processed photo 

 

E. Transferring the Database 
We save both the result of the data processed in JSON form and 
the name of the zipped file in the database after parsing. A 
number of photos belonging to the customer are available since 
we take the samples of the customer’s photos in specific 
periods.  
 

F. Analyzing & Reporting 
The outputs inset into the database are evaluated according to 
the processes of the branch office, the staff and the banking 
applications. When the records evaluated in the branch-based 

are analyzed, we learn that which branch is welcoming the 
customer in a better way for performance. In this way, we detect 
the behaviors’ the branch staff. We also use this information in 
the evaluation of the staff performance. Finally, the problematic 
ones of the banking applications are found. For instance; 
imagine that it is detected some clients are not satisfied during 
the process of a telephone bill. In this situation, we decide there 
is a problem in the integration of the telephone bill process and 
all the actions are carried out by the Unit of Information  
Technology to resolve the problem.  

 
 

Figure 5: All transaction process of the data 

IV. RESULT & ANALYSIS 
After the images of customer are processed, the result in 
Table 3 occurs. In this way, the transaction-based results of 
the customer can be examined. When we review it in 
general, we find that the customer is satisfied according to 
the result. Any anger did not occur. 

Table 3: Result of a customer’s process   

 
 

 The most important outcomes of Ekman and Friesen’s List of 
Basic Emotions are the anger and happiness. These two 
emotions, give us the most definitive result for the customer. 
 
When we examine the Figure-6, we see that the customer is 
leaving the bank happily. In this way, we assume that the 
customer will be in connection with the bank again. It is a good 
progress for the bank’s profit. 
 
However, if we look at the linear line of happiness while the 
customer is in the bank, we can see that the happiness of the 
customer goes down and the neutral situation tends to increase. 
This situation is not a problem for the bank because the neutral 
situation does not give us an exact result. Figure 7 and Figure 8 
show the linear line of happiness and neutral status. If the 
customer was angry instead of neutral, then we could say that 

20171021 
(Process Date)

13087 
(Customer 
Number)

ISARAKSIZL 
(Screen Code)

1 (Branch 
Code)

ky000090 
(Personel 
Code)

20171021_13087_ISARAKSIZL_1_ky000090.7z

EmotionId ProcessDate BranchId CustomerId UserCode ScreenCode Anger Contempt Disgust Fear Happiness Neutral Sadness Surprise
0 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 1 0 0 0
1 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 1 0 0 0
2 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0.81 0 0 0.19 0 0
3 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 0.86 0.14 0 0
4 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 0.78 0.22 0 0
5 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 1 0 0 0
6 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 0.87 0.13 0 0
7 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0.9 0.1 0 0 0 0
8 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 0 1 0 0
9 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 0 1 0 0
10 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 1 0 0 0
11 20170206 1 13087 ky000069 ISARAKSIZL 0 0 0 0 1 0 0 0
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Experiments are conducted for 4 different conditions. These 

conditions are classified to their clutter and maneuvering 
conditions. Each condition takes place for a real life scenario. 
Some additional specifications should also be defined. These 
additional specs that exist in the scenarios are mean clutter 
number, maximum acceleration, and minimum SNR ratio of AI. 
It is also considered that the target is spread to the pixels due to 
its physical shape. The results are evaluated for mean  
estimation error and maximum estimation error. If any of them 
is greater than the square root of the target spreading pixel area 
then it can be concluded that the tracking process is 
unsuccessful. In Table-1, the results are given for four different  
scenarios corresponding to four different conditions. 

Table 1: Experimental Results. 

Scenario 
Type. 

Mean Clutter 
No / Max 

acceleration 
(pxl/scan2) / 

min. SNR of AI 
(dB) 

Spread 
of 

Target 
(pxl2) 

Mean 
Estimati-
on Error 

(pxl.) 

Max. 
Estimati-
on Error 

(pxl) 

Low 
Clutter / 

Low 
Maneuver 

8 / 
0.318 pxl/scan2/ 

5.6 dB 
150 2.4 7.1 

High 
Clutter / 

Low 
Maneuver 

75 / 
1 pxl/scan2/  

1 dB 
54 1.97 4.7 

Low 
Clutter / 

High 
Maneuver 

11 / 
3.25 pxl/scan2/ 

4.37 dB 
121 3.8 8.5 

High 
Clutter / 

High 
Maneuver 

72 / 
3.5 pxl/scan2/ 

2.3 dB 
420 4.03 13.1 

 
It can be seen from the table that the performance results of 

HPMHT-AI algorithm obtained using RST based point 
measurements gives highly satisfactory results for video object 
tracking. 
 

V. CONCLUSION 
In this study a novel approach for tracking air vehicles from 

ground using video sensors is proposed. The tracking is 
conducted via HPMHT which is a point measurement based 
technique. For this reason, an image processing method called 
RST is applied to the video sequences and target determination 
is provided. Then RST data is converted to point measurement  
with AI. Thus, the video data is converted a totally different  
form, but it still conveys the whole information. This point 
measurement data is used in HPMHT-AI algorithm for track 
continuation. The results obtained by using the proposed image 
processing technique and the HPMHT-AI algorithm are quite 
satisfactory. 
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Abstract - Unmanned Aerial Vehicles (UAVs), are air aircraft that 
can fly autonomously without human control or that can be 
controlled by a ground station. In parallel with the technological 
developments of the present day, it has been observed that the use 
of UAVs is also greatly increased. In this context, new working 
areas were needed together with the widespread use of UAVs. As 
a result of the researches, the autonomous control works was seen 
to become the foreground. Within the scope of this study, an 
autonomous landing system has been implemented for UAVs. The 
images taken with the help of the camera located at the bottom of 
the UAV are subjected to image processing techniques on the 
Linux based operating system to determine the landing track. In 
the scope of the study, the landing station detected is a circle with 
a "H" in the middle. The letter "H" on the landing station can be 
changed color according to the location. For example; the landing 
station can be red in football ground, can be blue in empty ground. 
Images taken from the camera are subject to the image processing 
technique. First of all, the image is removed from noises. Then, it 
is classified according to the “H” letter color on landing station. 
Pixels which are same with "H" letter are changed to white color, 
others changed to black color. So that, it is determined how many 
shaped has been found. The shapes are ordered according to their 
size and compared with the landing station. If the similarity rate 
is over 75%, the target is determined. Once the determination, the 
altitude of UAV will gradually decrease and the image acquisition 
and measurement process will be repeated until it reaches a 
desired position. After arriving at the desired position (Eg z<=20 
cm), the UAV performs descent by stopping engines. 
 

Keywords - UAV, Rotary Wing, Landing Station, Image 
processing, Autonomously 

I. INTRODUCTION 
nmanned Aerial Vehicles (UAVs), one of the innovations 
brought by today's technologies, have reached massive 

amounts due to their low costs. The increase in users has also 
increased accident rates due to careless use. To eliminate such 
problems, autonomous control systems have been needed. 
These systems are able to provide UAVs to autonomously move 
from one point to another point and also fast response from the 
reactions in the environment. But the average flight time for 
UAVs can range from 10 to 30 minutes, although battery 

technology is progressing day by day [1, 2]. Flight times are 
further reduced by the size and weight of the UAVs. When the 
battery is at insufficient level, autonomous moving UAV may  
be in danger of falling over time. 

In order to prevent such problems, with the additional  
enhancements integrated into the autonomous moving systems, 
the autonomous landing operation can be performed for the 
nearest ground station if the battery level reaches the critical 
point. 

Autonomous landing systems can be done by GPS based 
algorithms. But, in GPS-based positioning, usually 2-3 meters 
of error can occur [3]. In this case, the UAV may land at a 
different point than the ground station and problems may occur. 
The problems of GPS-based autonomous landing systems can 
be solved with the help of image processing techniques. 

In this study, the UAV is landed at the ground station which 
is in view by the image processing techniques. During landing 
operations, the images taken from the camera are subjected to 
various image processing methods to determine the ground 
station. In the scope of the study, the images which are taken 
with a wide-angle camera are send to a microcontroller in 
electronic environment. Images were processed on 
microcontroller with OpenCV libraries and C++ programming  
language. 

II. LITERATURE REVIEW 
Different studies have been conducted on UAVs for 

autonomous landing systems. Youeyun Jung and his colleagues 
have been working on the detection of the "H" lettering, which 
is yellow on the black ground plane. Height values were 
continuously analyzed with IMU after the target was detected. 
The deformations on the image at the near distance were 
prevented by marking the middle of the "H" [4]. 
Karl E. Wenze and his colleagues have been working on the 
detection of the "H" lettering, which is white and black in color. 
They used an infrared camera in that work. They found that the 
images taken from the camera using the infrared technology are 
clearer [5]. 
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III. MATERIAL AND METHOD 
In this study, firstly we designed the shape and size of the 
ground station. The used camera is connected to the UAV via 
usb cable. The analysis process begins when the ground station 
enters the view of the camera which has a wide angle of 150 
degrees. The images from the camera is initially blurred to 
remove noises. Afterwards, undesired colors are extracted from 
the image by the color detection algorithm. The shapes of the 
images are determined by the contour detection algorithm. The 
shapes are filtered according to their size and small shapes are 
taken from the image. The remaining shapes are compared with  
the ground station image in order to find the target. The detected 
image must have a similarity rate of at least 75% of the target 
image. If the similarity condition is met, the landing command  
is sent to the autonomous moving system. The system 
comprises Raspberry Pi 3 microcontroller control card for 
processing images. Obtained images were subjected to image 
processing algorithms with OpenCV 3.2.0 library. 
  The ground station shown in the block diagram in Figure 1 is 
formed with the universal letter "H" used all over the world. 
The circle is used outside of the letter "H" so that the target can 
be detected successfully, regardless of the angle from which is 
viewed. Red color is preferred for circle and "H" because there 
are fewer in our living spaces and in nature. The ground station 
is designed in such a way that the background color is white. 
 

 
Figure 1: Block Diagram 

 

A. Raspberry Pi 3 
The Raspberry Pi microcontroller card, which was developed 
by Raspberry Pi Foundation company in 2009 to expand the use 
of computers in 3rd world countries, has its own place with its 
hardware features and size. The Raspberry Pi control card, 
which is a credit card sized in size, can be used for many 
different operations thanks to its input / output modules [6]. In 
the scope of this study, Raspberry Pi 3 shown in Figure 2 was 
used as a control card. Debian-based Raspbian version is 
preferred for Linux distributions as operating system. 
 

 
Figure 2: Raspberry Pi 3 

B. OpenCV 
OpenCV, developed by Intel Corporation in 1999 and licensed 
under BSD license, is an open source "Computer Vision"  
library. It can be used to extract and process meaningfu l 
information contained in pictures or videos. Since OpenCV is a 
library developed independently from platforms, it can work in 
environments like Windows, Linux, MacOS, IOS, Android. 
OpenCV applications can be developed with very different  
programming languages such as C, C #, C ++, Python, Java, 
Perl, Ruby [7]. 
Within the OpenCV library, there are many algorithms for 
image processing and machine learning. With these algorithms, 
many processes such as plate recognition, face recognition, 
object classification, object discrimination, image comparison, 
human motion detection can be done easily [8]. 

IV. PROPOSED LANDING SYSTEM 
The system is basically based on determining the location of the 
ground station using the OpenCV library and image processing 
algorithms of the images taken from the camera. The visual in 
Figure 3 shows how the ground station is detected, the results 
of the applied filters. 
 

   
a. Original Image                              b. Blur Filter 

   
    c. Color Detection                         d. Contour Detection 

Figure 3: Steps for Detection Ground Station 
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The images taken from the camcorder are processed in the 
method is called by the timer, not in the loop because of the 
mistakes that may occur if the microcontroller is stuck. The 
timer is set to 200 milliseconds so that 5 images in one second 
can be processed. The operations performed by the camera are 
explained below; 
1) Images are taken in 640x480 format. The image is 

converted to a 340x240 size for faster processing. This is 
done using the resize() method of the OpenCV  
library [9, 10]. 

2) Figure 3.b shows the picture with average blur filter. This 
filter is used to remove the noises on the image. The filter 
takes the average of all pixels with a 3x3 kernel matrix 
moving around on the image, then equaling the pixel value 
in the middle. This method softens transitions between 
pixels. 

3) Images taken from the camera are in RGB format as 
standard. Each pixel value is a 1x3 matrix structure. In the 
OpenCV library, other color spaces such as HSV, YCbCr, 
LAB are also available. The HSV color space is more 
successful than the RGB color space when the primary  
colors are detected [11]. For this reason, the color space of 
the taken images is converted to HSV format. In the HSV 
color space, each pixel value is represented by a 1x3-
dimensional matrix, as the same RGB color space. The first 
element of the matrix H represents the main color value, 
the second element S represents the saturation value, and 
the third element V represents the brightness value. As 
shown in Figure 4, the H value in the HSV color space is 
between 0 and 360, and the S and V values are between 0 
and 255. But, in the OpenCV library, the H value is scaled 
from 0 to 180 for not overload the 8-bit area. The red color 
determined in the study is defined as 0 to 10 and 170 to 180 
for the H value in the HSV color space.  

 
Figure 4: HSV Color Space 

 
4) After changing the color space, the values of all the pixels  

on the image are checked according to whether they are in 
the red color range or not. Those that are out of the red 
color range are converted to white color, while those that 
are in the red color range are converted to black color. As 
a result of this operation, each pixel value is represented by 
an elementary matrix. On this account, you earn money 
from memory. Figure 3.c shows the image subjected to 
color filtering. In the OpenCV library, color space filtering  
is done using the inRange () method [12]. 

5) Interconnected pixels are analyzed in black-and-white 
formatted images. Each pixel is numbered according to 

whether it has the same value as its neighbor or not. So that, 
it is important that how many shapes are determined on the 
image. Figure 3.d shows the shapes detected on the image. 
In the OpenCV library, the findContours () method is used 
to detect shapes from black and white images [13]. This 
method is based on algorithm developed by Satoshi Suzuki 
et al. In 1985 on binary images [14]. 

6) The determined shapes are sorted in size from large to 
small. The detected shapes are compared with the ground 
station image recorded in the system. When the similarity 
rate reaches 75% and above, it is acceptable result that the 
ground station is detected. 

The form screen designed by the C ++ programming language 
is shown in Figure 5. The image processing starts with "start 
cam" button on form. The similarity ratio of between shapes 
and ground station are shown on the right in Figure 5. At the 
same time, the position on the detected image that is also 
shown. 
 

 
 

Figure 5: GUI of Ground Station Detection 

V. CONCLUSION 
In this study, it was aimed to detect the ground station, which is 
related to the autonomous landing procedures of an unmanned 
aerial vehicle (UAV). Approaching the ground station, the 
UAV identifies the location of the ground station with image 
processing techniques. After locating, the UAV initiates 
landing by sending commands to the autonomous moving  
system. At this time, if the ground station disappears, landing 
stops. Then, it rises to the original height which is before start 
landing. Within the scope of application, color identification  
algorithm is used from image processing techniques. For better 
results, different image processing techniques such as color 
space changing and contour detection algorithms have been 
used. All techniques were applied with the help of the OpenCV 
library in C++ language. 

International Conference on Advanced Technologies, Computer Engineering and Science (ICATCES’18), 
May 11-13, 2018 Safranbolu, Turkey

12





 
Abstract - The main objective of this study is to automatically 

extract tea gardens from large geographic areas using high-
resolution digital orthophoto maps. To achieve this objective, 
object-based image analysis and decision tree (DT) classifier were 
integrated. For segmentation, multi-resolution image 
segmentation algorithm was used which is implemented in 
Definiens Developer commercial software. Both scale and 
compactness parameters were empirically calculated that 
produced optimal results. The segmented objects were selected 
manually for training the DT classifier from all used images. 
Spectral and textural features were extracted from each segment 
and to make the features robust against local variations, they were 
extracted at two image scales and final feature vector was formed 
by averaging the two feature vectors. The selected optimal features 
were used to train the DT classifier and then applied it on the test 
data to generate thematic maps for tea gardens. The performance 
of the proposed method was evaluated by comparing results with 
the reference data that produced promising results for mapping 
tea gardens (overall accuracy 88%) on our dataset. 
 

Keywords – Tree classification, decision trees, object-based 
segmentation, tea garden extraction.  
 

I.  INTRODUCTION 

HE advent of modern imaging sensors has made it possible 
to obtain images with very high spatial and spectral 

resolution, which makes it possible to extract objects even at 
fine scales. On the other hand, efficient and powerful image 
processing techniques are also proposed to take advantage of 
the data produced by such sensors. However, these techniques 
are devised keeping a specific dataset under consideration, 
therefore, they may not produce satisfactory results when 
applied on other datasets. Since, the process of deriving useful 
information from remotely sensed data is not trivial due to 
similarities in spectral information between various classes of 
interest [1], new methods are still required to investigate for 
remote sensing data classification. 

Generally, machine learning based methods combined with 
object-based approaches have proven to be more effective for 
tree species information extraction from remotely sensed data 
[2]–[4]. Traditionally, pixel-based methods were used; 
however, they failed to produce optimal results for high-
resolution images due to spectral similarity among classes. To 

overcome the problems with pixel-based approaches, object-
based approaches are proposed that partition images into small 
homogeneous segments called objects, which are obtained by 
exploiting spectral and spatial relationships with neighboring 
pixels. In addition, object-based approach is useful as additional 
information can be obtained from image objects, such as 
textural and contextual information [2], [5], which is valuable 
for object detection and classification. Therefore, this study also 
focused on using an object-based approach for extraction of tea 
gardens.  

Image segmentation is the key step of object-based image 
analysis. It subdivides the image into smaller regions using a 
predefined criteria of homogeneity and heterogeneity [6]. In 
this regard, all pixels belonging to same object are assigned 
same class during classification to overcome the problem of 
interclass similarities as in pixel-based approaches. A number 
of methods have been proposed in literature for image 
segmentation; for instance mean shift [7], region growing [8] , 
multiresolution segmentation[9] etc. 

Remote sensing data plays a vital role as it has been widely  
used to map tree species from large geographic areas. Obtaining 
this up to date information may be useful for making decisions 
at regional or even at national levels. For instance, the data can 
be used in various applications, such as environment 
monitoring, tree inventory forest management [3], forest 
mapping etc.[10], [11]. Therefore, there is need to develop new 
technique and continuous efforts are being made to derive 
useful information from remote sensing data.  

The objective of this study is to automatically map tea gardens 
from large geographic areas using an object-based 
segmentation method and decision tree (DT) classifier. Object-
based approach is useful to deal with high resolution data, DT 
have proved to be effective to deal with large-scale data, and 
their implementation is straightforward. The following sections 
describe the technical details of the proposed method. 

II.  MATERIALS AND METHOD 

A. Study Area 

The study area selected for this study is known as Rize, which 
is a province of Turkey. It is located toward the Black-Sea 
region which is known for tea production. Rize and its 
neighbouring regions are dominated by thick forest and 

Vegetation extraction from digital orthophoto 
maps using object-based segmentation and 

decision tree classifier 

A. JAMIL1 and B. BAYRAM 1  

1 Yildiz Technical University, Istanbul/Turkey, akh.jamil@yahoo.com 
1 Yildiz Technical University, Istanbul/Turkey, bayram@yildiz.edu.tr  

T 

International Conference on Advanced Technologies, Computer Engineering and Science (ICATCES’18), 
May 11-13, 2018 Safranbolu, Turkey

14



agricultural land. Figure 1(a) shows map of Turkey and location 
of Rize province while (b) shows a sample image. 

 
(a) 

 
(b) 

Figure 1: Study area (a) Map of Turkey (b) A sample image. 

B. Dataset 

Flights were made on 27th and 28th March in 2013 to acquire 
the images. The temperature of the region was ~15 °C and under 
bright sunny days. UltraCam-X digital aerial camera was used 
to capture the images by mounting it on an airplane. The flight  
altitude was about 4200 m with side and lateral laps to were 
70% and 30% respectively and ground sample distance was set 
to 30 cm. Four bands namely red, green, blue, and near infrared 
were captured by the camera.  

C. Preprocessing  

Preprocessing step was primarily used to reduce salt and 
pepper effects and to remove non-vegetation areas. For the 
former one, Gaussian low-pass filter was applied on the input 
image to produce a slightly smoothened images using a kernel 
of size 5x5. For later, we used normalized difference vegetation 
index (NDVI) using red and near infrared bands and non-
vegetation areas were removed.  

D. Image Segmentation  

Image segmentation is basis of object-based analysis 
methods. This study employed multiresolution image 
segmentation algorithm implemented in eCognition 
commercial software  [12], which is extensively used for 
object-based analysis of high resolution images. The core 
algorithm implemented in the software is fractal net evolution 

approach (FNEA). FNEA is a bottom-up segmentation method, 
which starts with a single pixel and merges smaller segments 
with larger ones based on the homogeneity criteria. The 
segmentation process is controlled by selecting appropriate 
values for weighting of input data, scale, color and shape 
parameters. The scale parameter determines the maximu m 
allowed heterogeneity for the resulting image objects. While the 
color determines the influence of spectral values and the shape 
(compactness  and smoothness) determines the impact of the 
shape on the segmentation of objects[13]. Figure 2 shows the 
result of the FNEA applied on a sample image. 

 

 

Figure 2:  FNEA results obtained for a sample image. 

The FNEA segmentation algorithm produced visually 
appealing results on the input image. However, there were some 
errors, especially towards the boundaries of the objects due to 
spectral similarity between different classes. 

E. Classification 

This study employed knowledge-based decision trees for tea 
garden extraction. DT is a reliable and robust approach used for 
both classification and regression.  It applies a method for 
separating the data into homogeneous subsets using a threshold 
value of the input features in a recursive manner. The non-
parametric nature of DT makes it more popular as it does not 
require prior knowledge about the distribution of data and it has 
the ability to process high-dimensional data fast [14].  

Both spectral and spatial features were used for training and 
testing the data. The classifier constructs a decision tree by 
performing a statistical analysis of the data. As the spectral and 
textural features of tea gardens are significantly different from 
other types of trees, it uses the criteria to split the data into 
desired classes.  

 The decision tree classifier analysis was performed using 
MATLAB 2017b © platform. The knowledge-based 
classification tree was constructed using the function fitctree of 
MATLAB . It requires two parameters: X (feature vectors) and 
Y(labels). After training the classifier, the features of the test 
data were passed and classifier predicted a label for each row of 
features set which contains samples of input images.   

F. Post-processing 

A post-processing step was included to remove some 
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unwanted objects and reduce noise from the output obtained 
from the DT classifier. Two image processing techniques were 
employed, morphological processing for filling small gaps 
within objects while geometrical constraints were applied to 
remove small objects which were not tea gardens, such as 
isolated trees and small grassy areas. Figure 3 shows the results 
before and after applying the post-processing step on a sample 
image. 

 

 
(a) 

 
(a) 

Figure 3: (a) DT classifier result (b) Post-processing result after 
removing the noise 

III.  RESULTS AND DISCUSSION 

For object-based approaches, the results of the classification 
are highly influenced by the image segmentation. Therefore, 
selecting a good segmentation algorithm is highly desirable to 
obtain higher classification accuracies. Although, there is no 
general rule for selection of segmentation algorithm, however, 
one that produces good classification results is favored. We 
selected FNEA as it has been successfully used in various 
remote sensing applications. 

FNEA requires tuning of various parameters, therefore by hit 
and trial method, optimal values for these segmentation 
parameters were obtained that produced visually suitable 
segments. After several trials, the scale parameter was set to 50, 
compactness to 0.8, shape to 0.2, and the weights for all the 
layers to 1.0 for all images. 

After image segmentation using tuned parameters, training 
samples were selected for two classes of interest (tea gardens 
and other types of species). An unbalanced training dataset was 
prepared by selecting 800 samples for tea gardens while 500 
samples for other types of trees. While testing was performed 
on the whole dataset (all objects). The training samples were 
carefully selected for each type of classes by visually inspecting 
the objects and having good homogeneity. Since, the images 

were mostly dominated by tea gardens, therefore, relatively  
higher number of training data was selected for tea gardens 
compared to that of other types of tree species. Table 1 
summarizes the amount of training and testing data used in this 
study. 

Table 1: Summary of test and training data used 

Class Type Training Object Testing Object 
Tea Gardens 800 All Images 
Other Trees 500 All Images 

 
The performance of the proposed method was evaluated by 

overlaying the output results with the reference data. The results 
were then quantified in the form of overall accuracy and 
Cohen’s Kappa Coefficient for tea gardens. It is worth 
mentioning here that evaluation was done only for tea gardens 
for two main reasons: first, the objective was to extract the tea 
garden areas; secondly, the reference data was only available 
for the tea gardens.  

The overall accuracy (OA) was 88% and the Cohen’s Kappa 
Coefficient is 0.72 for tea garden extraction using the proposed 
method. A sample output as a thematic map for tea gardens 
(green color) obtained for the proposed method is shown in 
figure 4. (a) is the sample input image while (b) is the final 
result of the proposed method. Table 2 summarizes the 
quantitative results obtained for whole dataset. 

 

 
(a) 

 
(b) 

Figure 4: The results obtained for the proposed method. (a) A 
sample image (b) Thematic map of tea gardens by applying DT. 

Table 2: Classification accuracy of proposed method (%) 
Class Overall Accuracy Kappa Coefficient 

Tea Gardens 88.01 0.72 
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It  is interesting to note that lower value for Cohen’s Kappa 

Coefficient was due to recently cultivated tea gardens. Even 
visually these gardens seem like bare land in the obtained 
digital images, however the photogrammetric experts evaluated 
them as tea gardens and during reference data creation they 
were marked with white pixels indicating them as tea gardens. 
From technical point of view, however, the proposed method is 
primarily designed to classify vegetation areas, therefore, 
recently cultivated tea gardens will be rejected considering 
them as non-vegetation areas. Before start of this work, it was 
assumed that only vegetation areas will be further processed for 
classification and rest of the areas will be rejected as non-
vegetation areas. These cases affected the classification 
accuracy of the classifier. However, the accuracy can be 
improved by adding a manual editing process where users will 
be able to manually add the missing tea gardens to the 
classification output due to lack of vegetation information in 
those particular areas which is not part of this work.  Few 
examples of such cases are highlighted in red colored polygons 
in Figure 5. 

 

 

Figure 5: Some samples of non-vegetation areas but they are 
marked as tea areas since they have been recently cultivated.  

IV.  CONCLUSION 

This work focused on extraction of tea gardens from high 
resolution digital orthophoto maps by combining object-based 
image analysis technique with decision tree classifier. After 
applying a preprocessing step to reduce the impact of noise, the 
region-growing algorithm was applied to transform individual 
pixels into an object-based representation. From each object 
several spectral and texture features were extracted and fed into 
the DT classifier for training. After training the classifier, the 
same set of features were extracted from the test images and 
sent to the DT classifier for classification which produced 
thematic maps for tea gardens. A post processing step was 
employed to remove small objects by applying morphological 
and geometrical constraints. Finally, the results were compared 
with the reference data for evaluation. 

Our findings indicate that integration of object-based image 
segmentation and DT is effective for extraction of tea garden 
from high-resolution digital orthophoto maps. It is worth noting 
that the proposed method can be adopted for other types of 
vegetation classification. In such case, appropriate training data 
should be selected for each class and train the classifier. In 
future, we intend to work on different classifier combination to 

improve the accuracy of the classification. 
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Abstract - In this paper, a measurement system composed of a 

single low-cost sensor and a shape estimation algorithm is 
proposed. Measurement mechanism consists of a low-cost infrared 
sensor, two servo motors and a microcontroller. This mechanism 
provides flexibility to scan at different heights and angle intervals. 
From the obtained scanning results, the features of the shapes are 
extracted and objects are classified accordingly. Classified objects 
are square prism, triangular prism, cylinder and pyramid. The 
extracted features are change in the width of the object depending 
on its height, having corner, corner angle and slope of the surface. 
The algorithm uses segmentation and fractured line fitting on the 
contour data of the shapes. The proposed algorithm is proved to 
be superior to our former method using RANSAC algorithm. 
 

Keywords - shape estimation, low-cost sensors 

I. INTRODUCTION 

Shape estimation is one of the important research areas for 
robot vision, robotics and pattern recognition. Shape of the 
objects is an important feature which can eventually contribute 
to the object recognition and classification. Data can be 
collected using camera, infrared or ultrasonic sensors.  

Most sensors collect surface data from the objects. Digital 
images captured by cameras, also contains the contour 
information of the objects. To obtain contour data from the 
digital images, algorithms like “A daptive Discrete Curve 
Evolution” may be used [1]. This algorithm deletes the 
deformed parts of the boundary points of an image and keeps 
the points that contain visual information. Algorithm ends when 
all the significant points are included. The contour data can be 
used to estimate the shapes efficiently. Lines or curves are fitted 
to boundary points and feature vectors are obtained to classify 
the shape of objects [2]. Another study focuses on using 
centroid distance function curve to do shape recognition on two 
dimensional shapes. This function presents the distance of the 
contour points to the centroid of the shape [3]. To recognize 
shapes, shape context is also used [4]. All boundary points of 
the shape are defined with respect to a single boundary point. 
This feature is compared with the shape context value of the 
shape in the database and dissimilarity is measured. Thus, the 
shape recognition is done. This study is done on digital images 
having two dimensional shape contours of objects. 

Another family of sensors to estimate shapes are infrared or 

ultrasonic sensors. Those sensors may be combined to form 
different sensor arrays. An ultrasonic sensor array containing 
four sensors is used to estimate the shape of cube, cylinder and 
rectangular prism [5]. However, measurements are taken at 
only one horizontal slice. Another sensor array containing 16 
ultrasonic sensors is used to distinguish and classify a cylinder 
and a rectangular prism and distorted ultrasonic waves are 
utilized to identify the shape of the objects using genetic 
algorithm [6]. This algorithm detects the distortion created by 
different shapes. Another sensor array alternative is a pentagon 
sensor array which is applied using infrared sensors [7]. The 
object is placed inside of the pentagon sensor array. 
Hemisphere, ellipse and cylinder shaped objects’ shape are 
reconstructed. In this study, shape of the object is not classified. 
In another study, data is collected with an infrared range finder 
in order to do mapping for a mobile robot [8]. Collected data is 
processed in three steps: cluster, segment and fit. Thus, 
classification of line, arc or corner is done [8]. 

All approaches discussed above, contain measurements  
performed at only a fixed height.  Another common point of the 
former studies is to use multiple sensors. However, the cost 
increases with the increasing number of sensors. Approaches 
that use digital image of the object is not sufficient since camera 
is a relatively expensive sensor with respect to the infrared or 
ultrasonic sensors. Additionally, the sensor arrays are not a 
flexible alternative to use on mobile robots due to higher 
mounting space requirements. Therefore, a system that contains 
minimum number of low- cost sensors and provides flexib le 
scanning to collect data is needed for mobile robots. 

In this paper, a two Degrees of Freedom (DoF) mechanis m 
is designed to collect data. The objects are scanned with the 
mechanism. Collected data is classified using proposed 
algorithm with respect to the determined features of the shapes. 
Proposed algorithm separates the collected points into segments 
and does fractured line fitting between segmented parts to 
evaluate features. Classification results are compared with the 
previous study that uses RANSAC (Random Sample 
Consensus) algorithm for line fitting [9]. 

II.  SETUP 

Measurement setup consists of two servo motors and one 
GP2Y0A02YK0F infrared proximity sensor. Setup is shown in 
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Fig. 1 together with the rotation and coordinates axes. The 
system is capable of rotating around z and x axis. This allows  
taking measurements from horizontal planes at different heights 
and angle intervals. 

 

Figure 1: Designed mechanism; servo motor rotating around y axis 
is labeled as 1, servo motor rotating around z axis is labeled as 2. 

The infrared sensor is labeled as 3. 
 

Infrared sensor gives analog voltage output depending on the 
distance of the object measured. However, the sensor should be 
calibrated in order to measure distance values. The calibration 
of the sensor is done fitting a fifth degree polynomial that 
relates voltage outputs by distance values as seen in Fig.2. 

 
Figure 2: Calibration curve of the infrared sensor. 

 
During the measurements, a distortion occurs at the output. 

Setup works similar to a radar while scanning the objects. 
Therefore, the data is collected at different angle values of the 
servo motor. This creates a distortion since changing angle of 
motor causes a change in the perspective of the sensor. This 
means the data should be rectified. This rectification is done 
using basic trigonometric functions. Sensor field of vision is 
divided into three regions and trigonometric functions are used 
to find the distance value independent from the perspective of 
the sensor. This is shown in Fig.3. The function used for 
rectification of measurements in region I is: 
 

                          �@= �N�à cos(�=)                                      (1) 
 
Where d is the rectified distance, �N�I  is the measured distance, 
�= is the angle of the motor.  

Similar calculations are done for the case of objects standing 
on region II and III.  

Additionally, impulsive noise is present on the scanning 
output of the sensor. In order to clean the noise from the output, 
tenth order median filter is applied. All the steps including 

rectification and median filtering are shown in Fig.4

 
Figure 3: Coordinate transformation applied to region I: The sensor is 
at point A, the radial distance between the sensor and object is “�N�I ” 

and the obtained distance after rectification is “d”. 
 

         
 Figure 4: Rectification and median filtering steps on the raw scanned 

data.               
sdsdsdds 

III.  MEASUREMENT AND CLASSIFICATION 

Measurements are repeated for all the objects which are 
shown in Fig.5. Scanned data includes the contour information 
of the shapes. This information is evaluated in order to obtain 
features for classification. 

Scanned shapes are square prism, cylinder, triangular pris m 
and pyramid. Obtained scanning results of these shapes are 
shown in Fig.6. 

Scanning results are also obtained using a single ultrasonic 
sensor. The measured contours are shown in Fig.7. All contours 
show similar curvatures and the shapes cannot be distinguished. 
Since the wavelength of the acoustic waves are comparable to 
dimensions of the fine details on the surfaces, the patterns of the 
contour plots do not give enough information to classify the 
shapes.  

According to measurements using infrared sensor, surface 
curvature of cylinder is higher than the square prism. Also, 
corner angle of square prism is higher than the triangular prism. 
Width of the pyramid is decreasing with its height. Using these 
properties, four features are generated. These features are: 

�x change in width depending on height 
�x having a corner 
�x corner angle 
�x slope of the surface 
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The flow of the proposed algorithm is summarized in Fig.8. 
The shapes are firstly classified with respect to corner and 
height features. This principle of this step is shown in Fig. 9. 

  

 
Figure 5: Scanned objects. 

Figure 6: Contour data obtained using infrared sensor from upper and 
lower sections of square prism, cylinder, pyramid, triangular prism.

Figure 7: Contour data obtained using ultrasonic sensor from upper 
and lower sections of square prism, cylinder, pyramid, triangular 

prism. 
The change in objects width with its height determined using 

two arrays containing surface information of the shape. 
Those arrays are obtained from scanning the object at two 
different heights. Difference of the arrays is calculated. If the 
difference of the surfaces is greater than a threshold value for 
certain amount of value, it is considered the width of the object 
is getting decreased with its height. Defined groups depending 
on height feature is shown in Fig.9. 

In order to determine whether the object has corner or not, 

the mean of the dataset is found. If the minimum data in the 
dataset is smaller than the mean value for a certain threshold, it 
is considered as the shape has corner. 

While comparing surface slope or corner angle, segmentation 
is needed. In order to define surface slope, the surface of the 
shape is split into three parts. The lines are fitted to these 
segments. Finally, slope of these three lines are compared. 
Fig.10 shows an example of segmentation done on the shape. If 
the slopes of those lines are getting increased, then 
classification results in cylinder. 

While calculating the corner angle, corner point is defined. 
The right hand side and left hand side points of this corner are 
used to fit lines. The angle between those lines is the corner 
angle of the shape. Fig.11 shows an example of fitted lines to 
the vertices of the shape. If the angle is greater than the value 
of 95, classification results in angled square prism. This 
threshold value is chosen depending on the measurements. 

 Finally, the algorithm is tested by manually moving each 
object 40 times. In these measurements, objects are placed 
randomly in front of the sensor at 20-30 cm distances and 60-
120 degrees interval. The success of the algorithm is shown in 
Table 1. 

Table 1: Shape Recognition Results with Proposed Algorithm 

 
Classification results show that if the number of segmented 

lines increased, the success of classification increases. Also, 
boundary values could be chosen as intervals to decrease the 
errors. For instance, triangular prism is classified wrongly as 
square prism since the corner angle differs from the specified 
value by ±1. If an interval would be specified, this type of errors 
would be decreased. Also, success of classifying pyramid 
shows that doing measurement from different heights is 
important for shape estimation. 
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Classification Result 

Square 
Prism 

Triangular 
Prism Cylinder Pyramid 

Square Prism 40 0 0 0 
Triangular 
Prism 

6 34 0 0 

Cylinder 11 0 29 0 
Pyramid 0 0 0 40 
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