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 In this paper, an analysis is performed for the spatial characteristics of the 

contours of aerial images that are homogeneous in brightness to determine 

the parameters that make it possible to identify anthropogenic objects with a 

higher probability. A complex criterion is proposed for the regions, which 

homogenous in brightness and an algorithm for detecting anthropogenic 

objects, which takes into account its area, the ratio of the total length of long 

contour fragments to the total length of the contour, the concentration of 

corners and endpoints of the contour. Also, when deciding on 

anthropogenicity, the particular characteristics of the contour of a 

homogeneous segment are used, depending on the number of long fragments 

of the contour. Using the proposed criterion, an algorithm of searching 

anthropogenic objects based on the analysis of contour elements (its shape, 

size and concentration) is developed. The proposed algorithm allows 

reducing the probability of skipping the anthropogenic object in comparison 

with the spatial anomaly search algorithm. 
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1. INTRODUCTION  

Currently, there is an intensive development of geographic information technologies [1], [2]. The 

range of tasks solved by geographic information systems (GIS) is expanding, and also increases the level of 

decision-making automation [3]-[8]. In connection with the development of unmanned aerial systems, GIS is 

becoming increasingly important, focused on aerial images formed using unmanned aerial vehicles  

(UAVs) [9]-[12]. Many of the tasks of modern GIS use the detection of anchor points in images of the earth's 

surface, moving objects, potential goals [13]-[17]. As a rule, such objects are anthropogenic (man-made), 

those have an unnatural origin. These are buildings [18]-[20], communications, altered soil, vehicles [21]-

[23]. To implement the task of searching for anthropogenic objects in a GIS [24], methods from one or more 

of the following groups are most often used: 

 Methods based on artificial neural networks [25], the disadvantage of these methods is high computational 

complexity, related the need for prior training. 

 Methods based on the analysis of periodic textures [26] narrowly targeted methods, oriented detection of 

distributed objects (for example, city blocks), which does not allow them to be effectively used to search for 

concentrated anthropogenic objects (for example, roads, individual buildings). 

https://creativecommons.org/licenses/by-sa/4.0/
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 Methods based on spectral parameters (vegetation index, moisture content index, shadow indicator) [27], 

requiring multispectral cameras on the side of the air complex. 

 Methods based on spatial parameters (characteristics of the surroundings for the key points in the  

image) [28], using mainly the search for anomalies (deviations) in the distribution of brightness in aerial 

images, which in many cases leads to ambiguous decisions. 

To eliminate the considered disadvantages, it is necessary to use a set of geometric characteristics 

(parameters) of an anthropogenic object in the spatial domain, which will allow them to be sampled on aerial 

images. Aim of the work: to develop an algorithm for detecting anthropogenic objects in the aerial image 

based on the analysis of the geometric characteristics of the contours of homogeneous regions. 

 

 

2. RESEARCH METHOD 

2.1.   Characteristics of the contours of the anthropogenic objects 

To analyze the characteristics of 4 types of anthropogenic objects, fragments of aerial images were 

used, received from UAVs on high 𝐻 = 400 meters at focal length 𝐹 = 1920 pixels (pixel size on the 

ground). Examples of test fragments are presented in Figure 1. 

 

 

    
(a) (b) (c) (d) 

 

Figure 1. Test fragments of aerial images with various types of anthropogenic objects, (a) buildings,  

(b) communications, (c) altered soil, (d) vehicles  

 
 

For each test fragment of the aerial image, segmentation was performed using the algorithm regions 

growing [29]. At the same time, pixels were used as the key, containing in the Moore region more than 2 

pixels, not exceeding the threshold difference p=2 brightness components relative to the key. As a result of 

segmentation received overlapping segments to each test of aerial image. Segments considered if its 

dimensions s satisfy the following condition: 
 

{
𝑠𝑟 > 2 м

2,

𝑠 =
𝑠𝑟

𝐺𝑆𝑃
,

  (1) 

 

where rs  – the real size of the object, 2м . 

For each segment was performed High-pass filtering using Canny filter [30] (use characteristics: 

gradient search mask 5×5 pixels, upper and lower thresholds - 0 and 1, accordingly, since a binary image was 

fed to the input) and thinning the obtained contours using the algorithm NCLT [31], [32]. Based on the fact, 

that in the contour can be distinguished such elements, as lines, angles and endpoints, in each of them the 

following parameters are determined that are essential for the detection of anthropogenic objects:  

 Number of contour fragments; 

 Length of each contour fragment; 

 Number of the endpoints for each contour fragment; 

 Number of angles for each contour fragment (100). 

Examples for obtained segments and their corresponding contour with located end and corner points 

for each type of test aerial images are presented in Table 1. The analysis for the characteristics of the 

contours of anthropogenic objects as shown in Table 1 identified the following parameters:  

 Smooth contour, consisting of a small number of fragments;  

 Lack of accumulation of small fragments in the contour;  

 Lack of a large number of angles and their concentration in the contour; 

 Lack of a large number of endpoints and their concentration in the contour. 
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Table 1. Characteristics of the contour segment of aerial images with different types of objects 

Segment image 
The located contour with 

angles 

The located contour with 

endpoints 

Parameters of the 

contour 

Aerial image with object type «buliding» 

  

- 

№ of lines 1 

Lenght 327 

Corners 17 

Endpoints 0 

Aerial image with object type «communication» 

 

- 

 

№ lines 1 

Lenght 145 

Corners 0 

Endpoints 2 

Aerial image with object type « altered soil » 

 
  

№ lines 1 

Lenght 193 

Corners 2 

Endpoints 4 

Aerial image with object type « vehicles » 

  

- 

№ lines 1 

Lenght 39 

Corners 6 

Endpoints 0 

 

 

2.2.  A complex criterion for a homogeneous region in the brightness to anthropogenic objects 

Based on the presented characteristics of the contour segments of the aerial images with objects of 

different types Table 1, a complex criterion of a homogeneous region in brightness to anthropogenic objects 

has been formed based on shape analysis, size and concentration of its contour elements, which includes the 

following characteristics: 

 The region s for a segment, which is homogeneous in brightness, should be more than 10 pixels function 1. 

 The number of the selected contour fragments of the aerial image should fall in the interval:𝐾0 ∈ [1, 50]. Of 

these, the length of the contour fragments must satisfy the condition: 𝐾𝐿𝑏 ∈ [1, 50]. In this case, the contour 

fragment is understood as a fragment, the size which exceeds the value 𝑡ℎ𝑟𝐿 ∈ [9, 11] pixels. 

 The ratio of the total size to the length of the contour fragment 𝐿𝑏 to the total number of pixels in it 𝐿0 must 

satisfy the condition: 

 
𝐿𝑏

𝐿0
> 𝑡ℎ𝑟, (2) 

 

where 𝑡ℎ𝑟 ∈ [0, 1] threshold. 

 The ratio of the total number of endpoints to the length of the contour fragment bE  to their number 
bLK  

must satisfy the condition: 
 

𝑂𝐸 ≤ 3. (3) 
 

 If a segment is characterized by only one long contour line, when 𝐾𝐿𝑏 = 1, and lack of endpoints  

(𝑂𝐸 = 0), it can be attributed to anthropogenic.  

If the endpoints are present (𝑂𝐸 ≤ 3) – segment can be attributed to anthropogenic, if the ratio for 

the number of angles for a long contour fragment С𝑏1 to its pixel length 𝐿𝑏1 satisfies the condition: 
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{
𝑂𝐶 =

С𝑏1

𝐿𝑏1
,

𝑂𝐶 ≤ 0.1.
. (4) 

 

 Where 𝐾𝐿𝑏 = 2segment can be attributed to anthropogenic, if both lines are double-ended straight lines, if 

the number of the pixels less than 50 %, therefor, must satisfy the condition: 
 

 

{
 
 

 
 

𝐸𝑏1 = 2,

𝐸𝑏2 = 2,

𝑂𝐿 =
𝐿𝑏1

𝐿𝑏2
,

𝑂𝐿Î[0.6, 1.7],

 (5) 

 

where 𝐿𝑏1 , 𝐿𝑏2  –number of the pixels for two long contour fragments; 𝐸𝑏1 , 𝐸𝑏2– number of the endpoints for 

two long contour fragments. 

 If the characteristics of the contour segment dose not satisfy steps 4 and 5, then it can be attributed to 

anthropogenic under the following conditions: 
 

𝑂𝐶 ≤ 0.1, 
 

where 
CO  – arithmetic mean for stack value 

i ib bC L , calculated by the formula, 

 

𝑂𝐶 =
∑

𝐶𝑏𝑖
𝐿𝑏𝑖

𝐾𝐿𝑏
𝑖=1

𝐾𝐿𝑏
. (6) 

 

The algorithm to analysis the segment of aerial image based on the proposed complex criterion are 

uses as initial data, Figure 2:  

 Formation of stack for coordinates of contour fragments 𝑙 = {𝑋(𝑛), 𝑌(𝑛)}(𝑛 = 1,𝑁𝑆) homogeneous region in 

brightness of the aerial image, where 𝑛 = 1,𝑁𝑆 – sequence number of a fragment; SN  – the number of 

contour fragments which has the same brightness; 

 Length for the contour fragments 𝐾𝐿𝑏 ← 0, where 𝑋(𝑛) = {𝑥(𝑖)}𝑖=0,𝐾−1, 𝑌(𝑛) = {𝑦(𝑖)}𝑖=0,𝐾−1 – 

coordinates for the contour fragments; К – number of pixels in the contour fragments. 

Algorithm analysis contour segment of the aerial image consists of the following steps: 

1. Counting the length for the contour fragment (how many pixels in the contour fragment)
bLK .  

If the length for the contour fragment satisfies the condition:  

  LL n thr , 

Then this contour refers to a long fragment, otherwise – refers to a short fragment.  

if  𝐾𝐿𝑏 < 1, then go to step 12. 

2. Analyzing to the total size of the contour fragment bL . 

If  
𝐿𝑏

𝐿0
< 𝑡ℎ𝑟, where 𝑡ℎ𝑟 ∈ [0, 1] – threshold value, then go to the step 12. 

3. Initializing the counter for the loop 1j  .  

4. Determining the total number of the endpoints 𝐸𝑏(𝑗).  
5. Calculating form factor 𝑓(𝑗) for contour line. Use direct detection contour lines algorithm based 

on Euclidean form factor [32]. If for j contour line condition: 

 

{
|1 − 𝑓(𝑗)| ≤ 𝑇𝑐 ,
𝑇𝑐 = 0,2,

 (7) 

 

then go to step 6, otherwise go to step 5. 

6. Searching the angles for the contour fragment. For searching the angles for the contour fragment 

𝐶𝑏(𝑗) using the algorithm for detecting the angles of contour lines based on expandable masks [33]. 

7. Setting the counter value 1.j j   

8. Analyzing the counter value. 

when bj K  then go to step 4, otherwise go to step 9. 
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9. Calculate the ratio of the total number of endpoints to long contour fragments to their number 
bLK : 

 

𝑂𝐸 =
∑ 𝐸𝑏(𝑗)
𝐾𝐿𝑏
𝑗=1

𝐾𝐿𝑏
. (8) 

 

if 𝑂𝐸 ≤ 3, then go to step 10, otherwise go to step12. 

10. Calculating the characteristics of contour elements for the segment homogenous in brightness 

depending on the number of its long fragments 
bLK  and their previously defined parameters: 

 

{
 
 

 
 
(𝐾𝐿𝑏 = 1 ∧ 𝑂𝐸 = 0)  ⇒ go to step 11,

(𝐾𝐿𝑏 = 1 ∧ 𝑂𝐸 ≠ 0)  ⇒ go to step 10.1,

(𝐾𝐿𝑏 = 2 ∧ (|1 − 𝑓(1)| ≤ 0,2 ∧ |1 − 𝑓(2)| ≤ 0,2))  ⇒ go to step 10.2,

otherwise ⇒ go to step 10.3.

  

 
 

 
 

Figure 2. Algorithm of analysing the segment of aerial image based on the proposed complex 

criterion 

 
 

10.1. Calculating the ratio of the number of angles for a long contour fragment  1bC  to its number 

of pixels in it  1bL : 

 

𝑂𝐶 =
𝐶𝑏(1)

𝐿𝑏(1)
, 
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If 𝑂𝐶 ≤ 0,1, then go to step 11, otherwise go to step 12. 

10.2. Calculating the ratio of the number of the pixels for two long contour fragments relative to 

each other: 

 

𝑂𝐿 =
𝐿𝑏(1)

𝐿𝑏(2)
, 

 

where 𝐿𝑏(1), 𝐿𝑏(2) – number of pixels in first and second contour fragment. If 0.6 ≤ 𝑂𝐿 ≤ 1.7, then go to 

step 11, otherwise go to step 12. 

10.3. Calculating
CO . Use formula (2). If 0,1CO  , then go to step 11, otherwise go to step 12. 

11. Deciding on the anthropogenic segment. The segment can be attributed to anthropogenic objects. 

12. Ending for the algorithm. The segment can be attributed to non-anthropogenic objects. 

As a result of the analysis of the aerial image segment on the basis of the proposed criterion, the 

selected homogenous region can be attributed to one of two types: anthropogenic or non-anthropogenic 

object. 

 

2.3.   Algorithm detection of anthropogenic objects based on the spatial characteristics of their contour 

in aerial image 

Proposed algorithm (detection of anthropogenic objects based on the spatial characteristics of their 

contour in aerial image (DAOBSCC)). The developed algorithm DAOBSCC different from the known 

determination of affiliation for the homogenous regions in the brightness to anthropogenic objects, taking 

into account its area, the ratio of the total length for a long contour fragments to the total length of the 

contour, concentration of angles and endpoints of the contour. 

The source of the data for the algorithm is a grayscale aerial image 𝐼 = 𝑖(𝑦, 𝑥)(𝑦=0,𝑌−1,𝑥=0,𝑋−1) 

Figure 3 (a). 

Algorithm DAOBSCC consists of the following basic steps: 

Step 1. Low pass filtering. Use Gaussian filter of size S T  with core 
 

𝑤 =
1

2𝜋𝛿2
𝑒𝑥𝑝 (−

(𝑠2+𝑡2)

2𝛿2
), 

 
 

where 𝑠 ∈ [−
(𝑆−1)

2
,
(𝑆−1)

2
], 𝑡 ∈ [−

(𝑇−1)

2
,
(𝑇−1)

2
]– coordinates convolution kernel abscissa and ordinate,   – 

standard deviation of a Gaussian distribution.  

At the output is formed a blurred grayscale image. 𝐼𝑔 = 𝑖𝑔(𝑦, 𝑥)(𝑦=0,𝑌−1,𝑥=0,𝑋−1) Figure 3 (b), where 

  

𝑖𝑔(𝑥, 𝑦) =

{
 
 

 
 ∑ ∑ 𝑤(𝑠, 𝑡)𝑖(𝑥 + 𝑠, 𝑦 + 𝑡)

(𝑇−1)

2

𝑡=−
𝑇−1

2

,
(𝑆−1)

2

𝑠=−
𝑆−1

2

           𝑤ℎ𝑒𝑟𝑒 𝑦 =
𝑇−1

2
− 1, (𝑌 − 1) −

𝑇−1

2
, 𝑥 =

𝑆−1

2
− 1, (𝑋 − 1) −

𝑆−1

2
,

𝑖(𝑥, 𝑦), 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.                                                                                    

 (9) 

 

Recommende the size for the mask 𝑆 = 𝑇 = 7 pixels, deviation value – calculated according to 

mask size:  
 

𝛿 = 0.3 × ((𝑇 − 1) × 0.5 − 1) + 0.8  
 

Step 2. Segmentation. Image segmentation is performed using the region growing algorithm [34], [35]. In 

this case, pixels were used as key pixels, containing more than 3 pixels in the Moore region, with the 

difference in the brightness p=2.  

As a result, a segmentation matrix is formed. 𝐼𝑠𝑔 = ‖𝑖𝑠𝑔(𝑦,  𝑥,𝑚)‖(𝑦 = 0,𝑌−1, 𝑥 = 0,𝑋−1)
, where 

𝑚 = [1, 𝑀𝑠𝑔]; 𝑀𝑠𝑔 – the number of selected segments. 

Segments smaller than 10 pixels are not considered Figure 3 (c). 

Step 3. High pass filtering. For each m segment matrix 𝐼𝑠𝑔 use high-pass filtering by Ganny-edge detection 

algorithm. As a result, a binary matrix is formed 𝑃 = ‖𝑝(𝑥, 𝑦,𝑚)‖(𝑦=0,𝑌−1,𝑥=0,𝑋−1) selected 

contours, where 𝑝(𝑥, 𝑦,𝑚) = {0, 1} – pixel value. 

Step 4. Segmentation for contours of the aerial image (fragmentation).  
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Use algorithm Brice and Fenema for contour segment in the matrix Р, based on a selection of simple 

rules of growth and the binary value of the pixel, equal 1. 

As a result, is formed a segmentation matrix 𝐼𝑆 = ‖𝑖𝑆(𝑦,  𝑥,𝑚, 𝑛)‖(𝑦 = 0,𝑌−1, 𝑥 = 0,𝑋−1), where 

𝑛 = [1,  𝑁𝑠(𝑚)], 𝑁𝑠(𝑚) – the number of selected contour segments. 

Step 5. Thinning the contour fragment homogenous in the brightness for the segment of aerial images  

use algorithm thinning contour lines based on mask analysis of the local orientations of their 

fragments [31], [32]. As a result of the algorithm search and remove redundant pixels from matrices 

𝐼𝑆. 

The result of steps 3 – 5 for the test image is shown in Figure 3 (d). 

Step 6. Selection and analysis for the basic characteristics of contour elements for a segment have the same 

brightness, use for this segment 𝑙(𝑚) = {𝑋(𝑚, 𝑛), 𝑌(𝑚, 𝑛)}
(𝑛 = 1,𝑁𝑆(𝑚))

, where  

𝑋(𝑚, 𝑛) = {𝑥(𝑖)}𝑖=0,𝐾−1, 𝑌(𝑚, 𝑛) = {𝑦(𝑖)}𝑖=0,𝐾−1 –m, n coordinates contour fragment; К – number 

of pixels in the counter fragment.  

As a result of analysis characteristics contour elements of aerial image segments has formed a 

matrix of numbers of anthropogenic segments AM . 

As a result of the implementation algorithm based on matrix AM  and sgI  is formed stack for coordinate 

𝐼𝐴 = ‖𝑖𝐴(𝑦,  𝑥,𝑚𝐴)‖(𝑦 = 0,𝑌−1, 𝑥 = 0,𝑋−1) segments of aerial images, describing found anthropogenic objects. The 

result of the proposed algorithm DAOBSCC for the test of aerial image shown in Figure 3 (e). 

 

 

   
(a) (b) (c) 

 

 

 

 
(d) (e) 

 

Figure 3. Step-by-step algorithm execution DAOBSCC, (a) original grayscale test aerial image,  

(b) blurry test aerial image, (c) allocated aerial image segments, (d) the result of thinning the contours of 

allocated segments of the aerial image, and (e) allocated anthropogenic objects 

 

 

3. RESULTS AND DISCUSSION 

3.1.   Evaluation of the effectiveness of anthropogenic object detection algorithms 

The proposed algorithm is written in С++. For a comparative assessment, an anthropogenic zone 

detection algorithm was used based on the search for spatial anomalies [5]. The experiment was tested in the 

computer with the following technical characteristics: processor Intel (R) Core (TM) i5-2320 CPU  

@ 3.0 GHz; RAM – 4 GB; Windows 7. 

A study of the effectiveness for the proposed algorithm for the detection of anthropogenic objects 

was tested on aerial images, at the different times of the year with compact unmanned aerial vehicle (UAV) 

with the high 300..500H   meters, at focal length 1920F   pixels and the pixel size on the ground

0,16..0,26GSD  . Five test sets were formed from these aerial images (50 images for each type), related to 

the following selected types of anthropogenic objects Figure 4: 

 buildings Figure 4 (a); 

 communications Figure 4 (b); 
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 altered soil Figure 4 (c); 

 vehicles Figure 4 (d); 

 non-anthropogenic objects Figure 4 (e). 

 

 

     

(a) (b) (c) (d) (e) 
 

Figure 4. Step-by-step algorithm execution DAOBSCC, (a) buildings, (b) communications, (c) altered soil, 

(d) vehicles, (e) non-anthropogenic objects 
 

 

For all fragments, anthropogenic objects were searched by algorithms DAZ [27] and DAOBSCC. 

Based on the obtained data, the effectiveness of these algorithms is estimated based on the calculation of the 

statistical probability of skipping 1P  anthropogenic object for each type. The statistical probability of 

skipping for each type of anthropogenic object was determined using the function:  
 

𝑃1 =
𝐼𝑒

𝐼0
, (10) 

 

where eI  – number of aerial images with skipping anthropogenic objects; 

0I  – a total number of aerial images with a given type of anthropogenic object. 

The results of a comparative analysis of algorithms for detecting anthropogenic objects on aerial 

images are presented in Table 2. Table 2 shows, the proposed algorithm for detecting anthropogenic objects 

in comparison with DAZ allow reducing in the probability of skipping, 2.1 times for object type «building», 

1.7 times – for object type «communication», 1.9 times – for object type « altered soil » and 2.3 times – for 

object type «vehicle».  

Also, as criteria for the effectiveness of algorithms for the detection of anthropogenic objects in 

aerial images are used average 𝑡𝑎, minimum 𝑡𝑚𝑖𝑛 and maximum 𝑡𝑚𝑎𝑥 processing time. In Table 3 shows the 

processing time for the algorithms. From Table 3 shows, the proposed algorithm loses time compare with the 

algorithm DAZ by 2.1 times. At the time for the proposed algorithm a noticeable difference in the dispersion 

processing time-in some aerial images it faster than algorithm DAZ by 17.2 times. 
 

 

Table 2. The statistical probability of skipping 

anthropogenic objects 

Table 3. Processing time for the algorithms, s 

Algorithms  
𝑃1 

Type 1 Type 2 Type 3 Type 4 

Proposed algorithm  0.24 0.46 0.5 0.18 

DAZ 0.5 0.76 0.94 0.42 
 

Algorithms 𝑡𝑎 𝑡𝑚𝑖𝑛 𝑡𝑚𝑎𝑥 

Proposed algorithm 10.6 0.05 900 

DAZ 5.1 0.86 73.3 
 

 

 

4. CONCLUSION 

Developed algorithm detection of anthropogenic objects based on the spatial characteristics of their 

contour in the aerial image. The algorithm is differed from the known determination of affiliation for the 

homogenous regions in the brightness to anthropogenic objects, taking into account its area, the ratio of the 

total length for a long contour fragment to the total length of the contour, the concentration of angles and 

endpoints of the contour. The algorithm reduces the statistical probability of skipping anthropogenic objects 

by increasing the accuracy of taking into account their shape, size and concentration at the boundaries of 

regions that have the same brightness. Shown, the proposed algorithm allows to reduce the probability of 

skipping the anthropogenic object by 2.3 times in comparison with the spatial anomaly search algorithm with 

a decrease in processing time by 2.1 times. The disadvantages of the proposed algorithm include the 

dependence of the results on pre-processing (high-pass and low-pass filtering). 
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