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Abstract 

Generally cameras are used for area based surveillance, but with advancement in technology, 

cameras can be employed for wide area space surveillance (volumetric space surveillance). The 

volumetric systems require a number of cameras in order to cover a large area. Single panoramic 

cameras do not provide required functionality for wide area space surveillance and 

Pan-Tile-Zoom (PTZ) cameras do not either cover wide areas.  

To meet this challenge, we propose a cost effective smart volumetric surveillance system which 

utilizes smaller number of cameras in order to provide a coverage of 360 degree. A test case used 

for this system includes detection of birds in the wind farms. The proposed approach provides a 

solution for recording/preventing collision of birds with wind turbine. To realize the system, a 

model is developed with two camera nodes. This model provides a 360 degree conical volumetric 

space coverage. The system is utilizing a servo motor with capability of changing speed and 

arduino embedded platform for controlling different functionality. After triggering the camera 

nodes from arduino, software perform the image analysis.  

This cost effective and wide area surveillance system consumes at least half lower power as 

compared to traditional linear systems with eight cameras. It is worth noting that the system 

provides conical shaped area coverage of 200 square meters with height ranging from 

approximately 40 to 100 meters. The system would capture images in raw format in local storage 

and the test results show that saving images with PNG format requires a small memory size as 

compared to BMP and TIFF.  Experiment results indicate that surveillance system can be 

effectively employed for detecting birds in opening places. 

 

Keywords: Volumetric, Wide Area, Surveillance, Servo control, Arduino, Cost effective.    
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1. Introduction 

1.1. Background and motivation 

Visual surveillance becomes an active area of research in the field of computer vision in recent 

few decades. Surveillance becoming more and more vital and has found many applications 

ranging from human surveillance to open space surveillance. Accordingly, many studies have 

been developed for highly sophisticated surveillance systems [1].  

 

One of the earliest real time video surveillance systems for use in unattended outdoor 

environment was proposed by G.L. Foresti in 1998 [2]. After that, amounts of similar systems 

have sprung up. With popularity of intelligent surveillance system rises, some experiments focus 

on capturing meaningful event information by using stationary cameras. Such fixed cameras 

commonly have limited coverage and blind area. Considered an event occurs in larger region, 

these kinds of fixed cameras cannot obtain the surveillance of whole area. To cover a large space 

a multi camera solution is required to be developed. 

 

Traditionally camera systems have been employed for area based surveillance. With 

advancement in technology, cameras can be employed for volumetric surveillance. Example of 

area surveillance includes monitoring of people in airport or park whereas example of volumetric 

surveillance includes monitoring of birds in volumetric space as shown in Figure 1. 

 

There has been a lot of work in field of area based surveillance. Volumetric surveillance is an 

emerging area so there has not been much work in this area. For covering a large space, 

volumetric systems requires a number of cameras. Challenges in volumetric surveillance include 

selecting and placement of cameras and realizing wide-area surveillance with smaller numbers of 

cameras. 

 

 

Figure 1  Birds around the wind farm. [3] 
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Camera systems can be used for wide spectrum of applications: security guard for special 

communities, surveillance of important places like museums, traffic surveillance in cities and 

expressways, detection of military targets, etc.  

 

This paper focus on surveillance of birds around wind farm especially endangered species like 

golden eagle.  The wind farms are area of attraction for birds and raptors as can be seen in 

Figure 1. As a leading renewable energy source, wind farms are becoming popular in Europe in 

recent years. It is critical that the implications for wildlife are fully considered. Birds, in particular, 

are at risk through collisions and habitat loss. The geographical locations of wind parks are the 

main channel of bird migration and transformation. During their seasonal characteristics of 

migrations, huge numbers of birds cross Europe at a low altitude. An inevitable thing occurs that 

birds will collide to the turbines, particularly under adverse weather conditions [5][6]. 

 

As to government, there is a significant positive correlation between the percentages of land area 

designated as Special Protection Areas (SPAs) in the original 15 European Union Member States. 

Since 1979, all birds in the European Union (EU) have been protected under the Birds Directive 

[7]. Special Areas for Conservation (SACs) form SPAs as part of the EU’s NATURA 2000 ecological 

network. [8] 

 

Our proposed volumetric surveillance system has been developed for a case study of birds 

monitoring in the wind farms. In the proposed system, two cameras are placed on a cylinder 

platform with capability to rotate in 360 degree in order to perform a conical volumetric 

surveillance. The experiments were performed in Sundsvall and birds were passively observed.  

1.2. Problem description 

The cameras are traditionally be used for area surveillance but the trend is now shifting towards 

integration of cameras for volumetric space surveillance. Conventional volumetric surveillance 

systems require a large amount of camera nodes for covering a 360 degree area. The solution is 

expensive, environment unfriendly and in-flexible because each camera node’s is fixed.  

 

Conical volumetric surveillance in this paper offers new approach to reduce the camera nodes as 

compared to the traditional one. A smart camera system has been modeled and developed with 

two cameras which can cover a 360 areas. The system uses a servo motor to effectively rotate the 

camera systems for 360 degree coverage. The system has been tested for different parameters 

including illumination conditions, usability, and image data saving. Over all aim is explained in the 

following section. 

1.3. Overall aim 

The project’s overall aim is to model and develop a cost effective conical volumetric surveillance 

system with small number of cameras in order to detect birds around wind farms. With servo 

motor controlled by embedded system, camera nodes used in the model can rotating at different 
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speed. The system has been tested for illumination conditions and tipping point of failure has 

been considered. The system power consumption has been provided and appropriate image 

format for saving image has been reported.  

1.4. Concrete goals 

 Modelling the 360 degree coverage area with two cameras. 

 Developing experimental prototype. 

 Evaluating the system for different parameters:  

 illumination conditions,  

 different surveillance speed of servo motor,  

 usability,  

 saving data with different imaging formats and  

 energy consumption. 

1.5. Outline 

Chapter 2 states a brief introduction of related works and main knowledge of theory: embedded 

system and servo motor, principle of image and processing. 

Chapter 3 mainly talks about the model developed of the system and the approaches to achieve 

goals of the thesis. Also, it describes implementation steps in detail. 

Chapter 4 presents the gained result covering covered area, usability, energy consumption, 

different speed of servo motor and image quality. 

Chapter 5 discusses of the experiment results 

Chapter 6 does the conclusion for this thesis. 

Chapter 7 indicates the future work of this study. 

Chapter 8 lists the references in this paper. 

Appendix A is the specification of servo motor SM-4303R. 

Appendix B shows the program code used in Arduino. 

Appendix C shows the program code used in Matlab. 

Appendix D shows the code for analysis in Matlab. 
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2. Related work and Theory 

2.1. Related work 

For home security surveillance, a system is developed by using a web camera attached to a 

hyperbolic optical mirror. This creates an efficient omnidirectional surveillance system. The 

captured scenes are then fed into a laptop computer for image processing and alarm purposes 

[1]. 

 

G. L. Foresti [2] evaluated the statistical spectrum, which is invariant to translations, rotations, 

and scale variations, and it is robust to noise. The system is able to detect, localize, track, and 

classify multiple objects moving in a surveilled area,  

 

Connaught Automotive Research Group and Valeo Vision Systems Team discuss some of the 

factors that motivate the use of wide-angle and fish-eye camera technologies in vehicles. The 

authors [9] describe the benefits of using wide-angle lens camera systems to display areas of a 

vehicle’s surroundings and provide information to driver.  

 

A paper by Wang, W et al. [10] reviews the recent development of relevant technologies from the 

perspectives of computer vision and pattern recognition. A division of electronics design of Mid 

Sweden University proposed to use a general surveillance taxonomy as a base to structure the 

analysis and development of surveillance systems. [11] 

 

As to air-to-ground video tracking, a paper presents a signature-aided multiple hypothesis 

tracking system where signatures are extracted during periods of certainty and used after the 

occlusion to resolve association ambiguity. The discussion focuses on the interaction between the 

tracker and the signature extraction/exploitation module, as well as other tracking aspects within 

the signature-aided tracking paradigm. [12] 

 

For the application of 3-D reconstruction, T. Stehle et al. [13] discussed Camera calibration for 

fish-eye lenses in endoscopy with an application to 3D reconstruction, while D. Hong et al. [14] 

researched about color segments from colonoscopy images. 

 

Leena Lepistö [15] performed research in the colour and texture based classification of rock 

images using classifier combinations. Her studies may be used in similar identification.  

 

Most of these systems introduced above are area based surveillance systems which requiring 

multiple cameras. The system developed in this thesis target the volumetric surveillance of open 

area. Traditional linear approach for covering a wide area is costly. Our approach is different from 

others and requires smaller number of cameras for wide area surveillance. 
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2.2. Theory 

2.2.1. Principle of camera image 

Focal length: The focal length of an optical system is a measure of how strongly the system 

converges or diverges light. For an optical system in air, it is the distance over which initially 

collimated rays are brought to a focus. [16] 

Angle of view (AoV): The AoV is defined as the angle subtended at the lens by the camera sensor 

when the lens is focused at infinity [17]. The Equation 1 to calculate the AoV is: 

 

Equation 1  Calculation of angle of view 

 

where x  is  the  sensor  length in direction of horizontal(lh), vertical(lv) or diagonal(ld), f  is 

the focal length. Equation (2-1) shows that AoV and f are inversely proportional terms of camera 

imaging.Longer focal length lenses will give a larger magnification ratio (larger images). 

Correspondingly, the object extension which belongs to a certain image format conjugate to it is 

smaller [18]. 

 

Resolution: Usually, an image can be decomposed into many units. Each basic unit is called pixels. 

The number of pixels along the longer side and smaller side are respectively called the horizontal 

resolution rh and the vertical resolution rv. An image with higher resolution has better quality. It is 

expressed as the number of pixels per meter. 

 

Image formation model: A model for the image formation with a lens on a camera sensor is 

shown below: 

 

Figure 2  Image formation model 

As shown in Figure 2, focal length f and distance d from the lens to actual object are in the 

symmetry of triangles [9]. So we can derive their relationship in Equation 2.  

http://en.wikipedia.org/wiki/Optics
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Collimated
http://en.wikipedia.org/wiki/Focus_(optics)
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 or  

Equation 2  Relationship between focal length and distance 

Where ,  are the camera sensor parameters as described above. and  are the lengths 

of the objects in the direction of horizon and vertical while  represent the size of image 

sensor. The number of the pixels occupied by an eagle on the camera sensor of x and y side can 

be labeled as . 

2.2.2. Image processing 

Histograms are the basis for numerous spatial domain processing techniques. It can be used 

effectively for image enhancement. Histogram display a tall line, this means there are a lot of 

pixels of the corresponding to brightness level in the image the range  from [0, 255]. Where 

you see many different lines present different number of pixels  at that brightness level. A 

histogram is common to normalize by dividing each of its values by the total number of pixels in 

the image. 

 

The gray-level histogram corresponds to an image that composed of light objects on a dark 

background. The object and background pixels have gray levels grouped into two dominant 

modes.  The obvious way to extract the objects from the background is to select a threshold 

that separates these modes. [19] So an optimal threshold in terms of minimum error. Threshold 

can be used in segmentation then perform as the binary image.  

 

Reversing an image produces the equivalent of a binary image. This kind of procedure is 

particularly suited for enhancing white or gray in dark regions of an image like the bird flying in 

the sky because the black areas are the dominant in this situation.  

2.2.3. Embedded system and servo motor 

Technically, for a typical servo motor, the standardized control input is a pulse of varying width 

that is repeated at a given interval. The output shaft is internally attached to a potentiometer 

that is used to report the present angle of the output shaft to the controlling electronics. Any 

position can be represented by a pulse width of the proper ratio. Usually, PWM (Pulse-Width 

Modulation) signal, a kind of analog square wave, with characteristic that its time different 

between the rising along with the falling edge of width control the servo motor. It is obviously 

can be generated by embedded system. 

For a 360 degree rotating, when analog signal is given, the servo chooses orientation according to 

impulse width. When intermediate value of impulse width is above 1.5ms, servo is performing 

clockwise rotation, conversely, it is rotating anticlockwise. Servo will stop rotation when the input 

signal is equivalent to impulse width. 
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3. Model and Implementation setup 

3.1. Model 

3.1.1. Overall model 

In order to achieve better realization of the combination of software and hardware, it is 

necessary to install the camera on a rounded desk controlled by servo motor. In this way, with the 

moving of the motor, camera nodes fixed on a desk in a specified angle are rotating. This model 

can finally realize the omnidirectional surveillance as shown in Figure 3. 

 

Figure 3  Overall model 

3.1.2. Design 

In this subtitle, to establish the model of video system, some parameters should be defined. 

Through formula (2-1), for wider AoV, focal length should be selected as a small one. 6mm focal 

length is the minimum standard available with us and has been used in this project. So AoV can 

be calculated as below, where the size of image sensor can be found in Table 1:  

In horizon view: AoV = 2 arc tan (6.784mm / (2*6mm)) ≈ 30° 

In vertical view: AoV = 2 arc tan (5.427mm / (2*6mm)) ≈ 24° 
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·Step1: Setup angle of view for surveillance system 

For wider angle, the horizon side is chosen as the measurement in front view. As for detecting 

birds flying in sky, it always should have the view upwards. The area perpendicular to the ground 

also can be neglected for that birds cannot be fall down in a line to the ground, thus the 5° and 

25° are defined as the empty area. This has been shown in Figure 4. 

 

Figure 4  Coverage in front view 

 

·Step2: Selecting frames for 360°rotation 

Meanwhile, the angle in top view is the vertical AoV. The frames for one rotation is decided by 

this angle to meet the requirement for 360 degree surveillance. Thus, the least frame should be: 

360°/ 24° = 15 frames. The initial frames can realize basic requirement in this thesis as shown in 

Figure 5. 

 
Figure 5  Frames in top view 

·Step3: Communication between hardware and software 

For a continuous movement, speed and acceleration are key to image acquisition. When the 

camera node capture photos, it usually need little time for servo motor delay to achieve better 

result of photography. The key point to control the speed of servo motor is to accomplish 

communication between the hardware platform and software that give instructions to camera 
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nodes. Once the motor output a signal to software, the camera get an order to start triggering 

one picture. 

 

·Step 4: Illumination conditions 

After designing the system above, the available time due to different illumination should be 

considered. Through camera nodes cannot capture photos at night, pixels of sample objects can 

be a criteria to judge if it run in the right way. In another word, if the actual value is close to the 

theoretical value than the usability is proved, vise visa. Theoretical value of pixels can be 

calculated from formula derivation of Equation 3:       

 

Equation 3  Calculation of theoretical value of pixels 

Where , ,  are the camera sensor parameters as described above,  and  are the 

lengths of the object, in sample picture are 2cm, 4cm, 6cm, 8cm, 10cm, respectively. For accuracy 

to recognize an object, the minimum resolution is required. In an object recognition algorithm 

reported in the literature [20], 12 pixels per meter can be chosen in my study. 

3.2. Implementation setup 

3.2.1. System components 

·Hardware: Arduino 

As for the hardware platform, costs and performance are diverging. Arduino is an open-source 

electronics prototyping platform based on flexible, easy-to-use hardware and software. Arduino 

can sense the environment by receiving input from a variety of sensors and can affect its 

surroundings by controlling lights, motors, and other actuators [21].  

·Servo Motor 

For volumetric surveillance, it is necessary to choose 360 degree servo motor, type SM-S4303R is 

used in this project and controlled by Arduino. From appendix A, the speed of motor is 60 

rotation per minute with voltage 4.8V and it can support 3.3kg load, which make the system 

available. 

·Sensor  

The traditional CMOS (complementary metal oxide semiconductor) sensor is to use colour filter 

image sensor, in a single substrate must capture colours in RGB. UI-1240SE is chosen fitted with 

1.3MP. Its global shutter enables to capture fast-moving objects. [22] Specific parameters are 

shown in Table 1. 

Table 1  Specification of sensor in used 

Sensor Model EV76C560ACT 

Resolution (h x v)  1280 x 1024 

Color depth (sensor)  10 bit 

Color depth (camera)  8 bit 
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Pixel Class 1.3 MP 

Sensor Size 1/1.8" 

Max. fps in Freerun Mode  25.8 

Sensor Technology  CMOS Color 

Pixel size 5.3 µm 

Optical Size 6.784 mm x 5.427 mm 

·Lens 

Wide-angle cameras have been widely used in video surveillance, automotive applications, and 

endoscopic imaging. [23]Wide Angle lens with the focal length 6 mm, is suitable for taking 

panoramic views of the broad landscapes. To install with the camera sensor, is adjusted such that 

the combination of the camera sensor and the lens focal length must ensure the minimum 

required resolution of a bird, flying at the highest altitude. 

·Software: Matlab 

MATLAB® is a high-level language and interactive environment for numerical computation, 

visualization, and programming. MATLAB is for a range of applications, including signal processing 

and communications, image and video processing, control systems, test and measurement. [24] 

3.2.2. Work flow 

Here is the work flow of all system implementation in Figure 6. All the steps are followed by the 

top-down structure. 

 

 

 

 

 

 

 

  

 

 

 

 

Cradle head 

 

Photo capture 

 

Software Processing 

Embedded system 

 

Arduino 

PWM 

Servo motor 

Surveillance 

 

Embedded system 

 

em  

urveillance 

Camera based system 

Multi sensor nodes 

Angled deployment 

Figure 6  Work flow chart of all system implementation 
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3.2.3. Servo motor control 

Every general-purpose I/O pin on the ATmega328 has an alternate peripheral function, which can 

be selected in software. The expansion connector pin information can be found in Table 1-1 in the 

manual of Arduino [19], that Pin3 5 6 9 10 11 can generate PWM wave. In this code, I chose pin9 

as the output of PWM. Source code flow chart are shown in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Set variables of whole time for one rotation , delay time  and frame number N. As 

described above, for better photography of a picture, there should be a little time for delay when 

the camera nodes capture the picture. The little period is decided by the whole time for one 

rotation and frame number. = ( - rotate time)/ N. 

Where the rotate time is decided by the input voltage to the motor which is 5V from Arduino 

board. It can be found that the rotate time is 1 second per rotation in Appendix A. 

3.2.4.  Calibration of camera nodes and image processing 

We can find that to meet the required angle of view in Figure 3.1.2-1, the centre of camera nodes 

should be placed in a steel board with 40° and 70° to the ground. 40° is the angle of empty area 

25° plus half of the camera angle of view 15°. Then, 40°plus camera 1 angle of view(30°) result in 

Initial variables 

Start USB 

Clockwise rotation 

Send signal to Matlab 

Delay 

Anticlockwise rotation 

Send signal to Matlab 

Delay 

End 

Figure 7  Code flow for Arduino 
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the camera 2 angle to the ground, equal to 70°. For more accuracy, to measure the placement in 

the angle gauge would be better. All these implementation is an optimization process to find the 

best location based on the proposed AoV. To capture the bird in sky, light is also an important 

factor. Adjust the aperture for the best of the optics is a necessary step to follow before test.  

 

Software Matlab then process the image from these camera node and save pictures. Source code 

are attached in Appendix B. Its flow chart is present in Figure 8 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Montage the picture actually connects the different angle of view so that to accomplish a wider 

angle approximately to 60°. 

 

After storage the pictures, another code is made to do some processing and analysis. Chart in 

Figure 9 describes source code attached in Appendix C. 

 

 

 

 

 

 

 

 

 

 

 

This code can make a colour image into grey and then processed to a binary image for 

Initial variables 

Get signal from Arduino 

Camera1 capture image1 

Camera2 capture image2 

Montage image1&2 

Output montage image 

End 

Read images 

Grey Processing 

Binary Processing 

Output Image 

Figure 8  Flow chart of Matlab code 

Figure 9  Flow chart of processing code 
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segmentations. In this way, it is easy to distinguish objects from background. 

3.2.5. Assemble cradle head 

Servo motor is fixed to a hollow circular steel lever which connects to the whole bracket that can 

drive things on it. After fixing all the camera nodes in angled, the steel board should be set up to 

a desk that connected to the hollow circular steel and driven by the servo motor. Once the lever 

connected to the rounded cradle desk can rotate with the servo motor, the camera nodes on the 

steel board can rotate simultaneously.  

 

There must be some vibration from motor that leads to the unstable trigger of camera nodes. 

Thus it is recommended to place the system on a wood board for reduction of the vibration as 

shown in Figure 10. 

 

 

Figure 10  Completed experimental setup 

Connect to computer 

Cradle desk 

Arduino board 

Servo motor 
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3.2.6.   Illumination environment setup 

After making the system, it was deployed for analyzing the illumination conditions in 

environmental effect on segmentation and bird detection. To achieve this, a sample pictures are 

placed outside in open area and experiments were performed at different lighting conditions. To 

mention is, it is better to test different illumination with the location of the camera node is 

parallel to the sample picture. Distance from the lens and the test picture can be measured by a 

laser measuring device. 
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4. Result 

4.1. Covered Area  

By follow the method described in Chapter 3, a model is developed which shows the coverage 

area. Figure 11 indicates that the distance a is the lens to the farthest depth of field that can be 

calculated from formula derivation of (2-1). Due to Triangle Theorem, the coordinates of A1 and 

A2 can be also calculated as (a1, h2) and (a2, h1).  

 

Figure 11  Covered area 

 

Calculation: 

 

 ,  , 

               ，  . 

The circle with radius 89 m can certainly cover 200 square meters while height covering the 

fan-shaped area from the A1 ( 8, 98 ) to A2( 89 , 42 ). 
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4.2. Different speed of servo motor 

The system has been tested with different servo speeds for 360 degree coverage and the results 

are shown in Table 2. The quality of the photos is categorized with respect to different servo 

speeds. 

 

Table 2  Different speed versus quality 

Time for one 

rotation 

Captured photo quality Speed for detecting a bird 

1s blur Fast 

2s blur Fast 

3s Good suitable 

4s Good suitable 

6s Good suitable 

8s Good Slow 

10s Good Slow 

12s Good Slow 

4.3.  Illumination Conditions 

For testing illumination conditions, experiments were performed in different day timings. The 

timings include weather conditions like sunny and cloudy timings. 

Based on experiments, we can categorize the working conditions for system in two  

 Working conditions 

 Non working conditions 

 

Working conditions 

Figure 14 (c) is clear segmentation of the sample birds so it is enable to use the system from 

morning to 8.40 PM and a little time later. Table 5 lists the measured distance, the ideal value and 

actual pixels measured in Matlab as an example of working time at 8.40 PM. 

 

   

Figure 12  (a)Captured image at 8.40 PM (b) Grey picture. (c)Binary picture 
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Table 3  Pixel compare at 8.40 PM 

 
Measured distance  Ideal pixel Actual pixel Percentage Variation (%) 

2 cm 0.654 m 46 44 4.35 

4 cm 0.660 m 92 95 3.26 

6 cm 0.670 m 136 139 2.21 

8 cm 0.674 m 180 182 1.67 

10 cm 0.676 m 227 231 1.76 

 

Non working conditions 

This represents timings in which system is not working. Figure 15 (c) clearly shown the light 

intensity is not enough to capture a bird at 9.50 PM and later time. 

 

   

Figure 13  (a) Captured image at 9.50 PM. (b) Grey picture. (c)Binary picture 

4.4. Usability 

For usability study, experiments were performed in Sundsvall harbour in order to check the 

system functionality in relation to detection of birds. Some set of experiments are shown in 

Figure 16. 

From these photos in Figure 16, we can clearly see in the birds labelled in the black circle, where 

(a)(b)(c) are taken from Camera 1 and (d)(e)(f) are taken from Camera 2 with respect to each 

other taken at the same time. 
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(a)                     (b)                       (c) 

   

(d)                     (e)                       (f) 

Figure 14  (a)(b)(c):Photos from Camera 1; (d)(e)(f): Photos from Camera 2. 

 

Pros and Cons  

Table 6 lists the advantages and disadvantages of this surveillance system. 

 

Table 4  Pros and Cons 

Pros Cons 

Cost efficiency Test environment limited 

Controllable speed of surveillance Overlapping and empty area 

Simple configuration Mechanical error 

Low power consumption --- 

Environmental friendly --- 

 

4.5. Different image formats 

In illustration of different image formats, size of every picture can be compared. Figure 16(b) used 

as the sample picture with format .bmp, .PNG and .tiff respecting to different resolution. Figure 

17 is the bar graph compare different format with size in different resolutions. 



Camera Node for Conical Volumetric Surveillance  Result 
Zhennan Zhang  2014-06-18 

21 

 

Figure 15. Memory requirement with different resolution and formats  

4.6. Power consumption 

The maximum power consumption is considered in this subtitle. Power = Voltage × Current. 

Arduino: Considered the limiting factor to Arduino and USB as power supply, 500mA is the 

maximum current rating. [19]. so the maximum power 

of Arduino should be 2.5w. 

 

Camera node: In the manual of camera [20], it can be found that the max admissible current is 

500mA and the USB power supply is 5V. So for one camera node, the power of one camera 

should be:  . 

 

Servo motor: As servo motor is supplied by Arduino, the maximum current of servo motor is the 

maximum output current of I/O of Arduino. The limit for each I/O pin is 40mA. 

 

Then the whole power of system becomes:  

 

The typical power consumption of the linear system with eight cameras would be  

 

 

(MB) 
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5. Discussion 

5.1. Covered Area 

Wind farms are usually built in size of about 60 to 80 meters. To prevent birds from colliding with 

turbines, the location around the turbines is the key point for the surveillance area. As presented 

in result, this model has measurement range of approximately from 40m to 100m high that 

perfectly capture the requirements to monitor near the turbines. 

5.2. Different speed of servo motor 

For the best choice to detect a bird, servo motor should be adjusted to a suitable speed. Table 2 

shows that the least speed to get a sharp photo is 3 seconds for one rotation 

If the motor is rotating too fast, it would not result in sharp pictures. Different tests for the time 

and quality of pictures indicates that 3 sec to 6 sec per rotation is good for getting sharp images. 

Below 3 sec is considered fast and above 6 sec is considered slow for this system. 

5.3. Illumination Conditions 

When actual pixel is close to the ideal value, the light intensity is defined as the working 

illumination. All the variation percentage between ideal pixel and actual pixel is below 8% in 

working illumination. With increase the length of the object, the variation goes down as shown in 

tables in Chapter 4.3. 

The result of illuminate in a relatively cloudy situation is one of the successful conditions in this 

study. In sunny environment, the image objects are sometime saturated with background. 

 

To analysis that situation, Figure 18 is the histogram of Figure 12 (b). Peak value from left to right 

is bird, sky and the paper respectively. A suitable threshold can be chosen as 50 for segmenting 

the birds to background so that clearly segmentations can be got as Figure 12 (c). 

 

 

Figure 16  Histogram of grey picture of available illumination. 

 

As described above, the illumination at time 9:50 PM is too low to capture a bird. From Figure 19, 
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the two peak values is too closed and both in low value, so threshold of 50 just segment the 

background from the paper not distinguish the bird from the background. 

 

Figure 17  Histogram of grey picture of unavailable illumination. 

 

Compare the ideal calculated pixel to actual pixel measured in Malab, day time of 8.40 PM can 

represent that the illumination is successful be used. For better surveillance, system operating 

time should before 9.50 in summer time. Illumination greatly effects on system using time. All the 

measurement of environment are in May with long day time. In terms of winter, available time 

will be different due to the change of distribution: days become shorter while nights become 

long. So the system using time in winter reduce as the daytime shorten. 

5.4. Usability 

The photos shown in Figure 14 convince that the system is capable of detecting birds in 360 

degree area. For reaching wider angle field of view, the horizon side sensor is chosen in horizon 

view so the height is long side and width is short side. Camera 2 is below to camera 1 which 

means the field of camera 2 is more close to the ground as shown in Figure 14 (d)(e)(f). By 

comparing the photos take from camera 1 and camera 2, it could be found there is a little field of 

overlapping by combining these different-shaped clouds. Overlapping means the two camera 

captures the same field and should be avoided. But it will not effect on the usability because the 

angle of view is wide enough. 

 

Pros:  

·Volumetric visual system is cost effective as compared to multi-camera systems. 

         
                 (a)                                        (b) 

Figure 18  (a) Linear system (b) Volumetric system 
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Figure 18 (a) shows the linear system surveillance by using eight camera nodes while Figure 18 (b) 

shows the volumetric surveillance by using two camera nodes. For almost the same covered area, 

the linear system requires 8 cameras but the volumetric system in my study requirement only 

needs two cameras. These reduction can highly decreases the cost of surveillance system.  

 

·Controllable speed of surveillance 

 

As bird migration has obvious seasonal characters, the system needs different rotating speed so 

that can realize different tracking speed in bird migration season and non-migratory season. 

Based the model in this system, with variable change of camera focal length, the AoV is changed 

that ultimately lead to different frame number requirement. Servo motor can also change the 

variable of different frames. 

 

•Simple configuration  

 

As shown in Chapter4, the model is easy to complete with normal materials like steel and wood. 

All the steel boards are the smallest size that light the weight and make flexible that can 

accurately detecting birds around wild power for minimizing turbine hazard to them. Besides, 

multi-camera apparatus is implemented easily for wider angle of surveillance accommodating 

image. 

 

·Low power and environmental friendly 

 

Besides, the system also uses low power as shown in result. Every part of current are the 

maximum value so the power is ideally calculated as the maximum.  

The less number of camera nodes reduce the multiple-wire situation so that it is invasive to the 

birds. All the deployments are with no noise and no hazard to the environment. 

 

Cons:  

·Test environment limited 

 

In this project, a cylinder platform is built to approach a conical volumetric surveillance system to 

capture birds in Mid Sweden University in Sundsvall simulating wind farms but not the wind farm 

itself, some elements are not sure of that may not considered like wind and special weather. 

 

·Overlapping and empty area 

 

Some tiny error may be caused during the operation in fixing cameras with angled on the steel 

board. Overlapping then appears when the camera nodes too close with each other while empty 

area will come out for the angle of camera nodes is too large. Both sides will lead to inaccuracy to 

the range of field of view.  

 

·Mechanical error 
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Through there are some unavailable error like vibration causes from mechanic friction and inertia, 

servo motor cannot reach the ideal value of speed. The vibration lead to unstable capturing 

images of the camera nodes. Though slow the speed can reduce the effects of this problem, it is 

still need high speed of servo motor in some special situation like tracking fast-moving objects. 

5.5. Different image formats 

Besides the successful detection of birds, there are some other object may appear in the sky, like 

kite and airplane. These object may also be detect and when they are far away enough to the 

lens ,it cannot be judged if it is a bird or not from simply segmentation, so all the images take 

from the camera node should be saved with no compression for further classification. In 

illustration of different image formats as shown in Figure 17, size of every picture is compared. It 

indicates that with all the sample pictures in each resolution, format .PNG has the smallest size as 

compared to format .bmp and .tiff with no compression. Saving images as .PNG can cover whole 

colour information with smallest size. 

5.6. Power consumption 

The power consumption of the whole volumetric system including components like Arduino, 

camera nodes and servo motor is 7.7 Watt. As compare to this volumetric surveillance model, the 

linear system as shown in Figure 20(a), consumes 20 Watt. That will dramatically increase with 

adding more cameras because the eight cameras might not cover the 360 degree space. For eight 

cameras, the linear system approximately consumes double power consumption as compared to 

conical volumetric system.
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6. Conclusion 

Volumetric system realizes wide-area surveillance with numbers of cameras in order to cover a 

wider area. Conical volumetric surveillance in this paper offers new opportunities to reduce the 

number of camera nodes as compared to the traditional linear systems. A typical volumetric 

surveillance application, birds’ detection around wind farms as to prevent the risk of hazard to 

them from turbine collisions has been studied in this paper. For realization of the wide-angle of 

field surveillance, key challenge is to secure wide coverage area with smaller numbers of camera 

nodes in order to reduce the cost. A model mounted with two cameras with suitable angle on a 

rotating cradle desk is established in this project. Rotation is achieved by using a servo motor 

which is controlled by Arduino embedded board. This wide area surveillance system consumes 

less than half power with using only two cameras as compared to traditional linear systems with 

eight cameras. The system finally realizes conical coverage of 200 square meters from 40 to 100 

meters height by using wide-angle lens. High quality images taken from camera nodes can be 

saved as .PNG for further studies. Simple infrastructure is also environmental friendly because 

few wiring is required for the proposed system. All the experiments point out this omnidirectional 

volumetric surveillance system modelled in this study can successfully detecting the birds in open 

place like wind farm. 
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7. Future work 

Surveillance system is not only used in protection of animal but can also be used for monitoring 

of other things like key laboratory, cultural relics, museums, geological exploration and 

celebrities' residence etc. The current system is mainly used around the onshore wind park but 

offshore wild farm is another new technology wildly used, so this system may be further tested 

for aforementioned test cases. Trajectory and flight speed identification can improve accuracy of 

judging, those procedures may be further accomplished in order to make system more robust. 
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Appendix A: Datasheet of Servo Motor 

(SM-4304R) 
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Appendix B: Program code for Arduino 

#include <Servo.h> 

Servo myservo; 

int camera_angle,cycle_time,additional_time,stop_cnt,max_angle,pos,rotating_time; 

void setup() 

{ 

  //initial camera_angle and cycle_time 

  camera_angle=20; // 

  cycle_time=6; //6 seconds  

  rotating_time=1000*camera_angle/180; //every time for roration 

  stop_cnt=179/camera_angle+1; //stop times = frame number 

  if(cycle_time<=1)additional_time=0; //achieve fast speed of servo motor 

  else additional_time=(cycle_time-1)*1000.0/stop_cnt; 

  myservo.attach(9);  // attaches the servo on pin 9 to the servo object 

  Serial.begin(9600);  // set the frenqucy of serial 

}   

void loop() 

{ 

   for(pos = 0; pos < 180; pos += camera_angle)  // goes from 0 degrees to 180 degrees 

   {                                  // in steps of 1 degree 

     myservo.write(pos);              // tell servo to go to position in variable 'pos' 

     delay(rotating_time);      // waits time of every rotation  for the servo to reach the 

position 

//signal 

     Serial.print("65");    // serial outputs a signal with number"65" 

     delay(additional_time); // waits time of camera capture photos 

   } 

   if(pos!=180){ 

     myservo.write(180);              // tell servo to go to position in variable '180 ' 

     delay(rotating_time);      // waits time of every rotation  for the servo to reach the 

position 

//signal 

     Serial.print("65");     

     delay(additional_time); 

   } 

   for(pos = 180; pos>0; pos -= camera_angle)     // goes from 180 degrees to 0 degrees 

   {                                 

     myservo.write(pos);              // tell servo to go to position in variable 'pos' 

     delay(rotating_time);                       // waits 15ms for the servo to reach the 

position 

     //signal 
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     Serial.print("65");     

     delay(additional_time);   

   } 

   if(pos!=0){ 

     myservo.write(0);              // tell servo to go to position in variable 'pos' 

     delay(rotating_time);      // waits 15ms for the servo to reach the position 

     //signal 

     Serial.print("65");     

     delay(additional_time); 

   } 

}
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Appendix C: Program code for Matlab 

close all 

clear all 

  

reply = input('Set a frame_rate:','s'); 

frame_number=str2num(reply); 

      

obj=serial('COM5'); 

obj.BaudRate=9600; 

obj.BytesAvailableFcnMode='byte'; 

obj.BytesAvailableFcnCount=2; 

  

vid1=videoinput('winvideo',2); 

vid2=videoinput('winvideo',3);%camera2 

%img_count=1; 

global img_count; %set a global variable 

       img_count=1; 

obj.BytesAvailableFcn={@mycallback_,vid1,vid2}; 

   

    triggerconfig(vid1,'manual'); 

    triggerconfig(vid2,'manual'); 

    set(vid1,'FramesPerTrigger',1 );%Specify number of frames to acquire 

per trigger using selected video source 

    set(vid2,'FramesPerTrigger',1 ); 

    set(vid1,'TriggerRepeat', Inf);  %The TriggerRepeat property 

specifies the number of additional times you want the object to execute 

a trigger. 

    set(vid2,'TriggerRepeat', Inf); 

    start(vid1); 

    start(vid2); 

fopen(obj); 

 

function mycallback_(obj,event,vid1,vid2) 

global img_count; 

sprintf('haha') 

trigger(vid1); 

trigger(vid2); 

im1(:,:,:,1)= getdata(vid1,1); %im Êý×é  

im2(:,:,:,1)= getdata(vid2,1); 

blend_img = imfuse(im2,im1,'montage'); 

figure,imshow(im1(:,:,:,1)); 
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figure,imshow(im2(:,:,:,1)); 

imwrite(im1(:,:,:,1),['C:\Users\Mia_ZZN\Documents\MATLAB\initial1\','

imi1_',num2str(img_count),'.bmp']); 

imwrite(im2(:,:,:,1),['C:\Users\Mia_ZZN\Documents\MATLAB\initial2\','

imi2_',num2str(img_count),'.bmp']); 

imwrite(blend_img,['C:\Users\Mia_ZZN\Documents\MATLAB\montage\','mont

age_',num2str(img_count),'.bmp']); 

img_count=img_count+1;
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Appendix D: Code for Analysis in Matlab 

close all 

clear all 

 

imread(im(:,:,:,1),['C:\Users\Mia_ZZN\Documents\MATLAB\initial1\','ii

i',num2str(1),'.bmp']); 

stop(vid),delete(vid),clear vid; 

threshold=50; 

im2_gray=rgb2gray(im); 

figure(1) 

imshow(im2_gray) 

title('gray image') 

[Rows Cols] =size(im2_gray); 

for i=1:Rows 

    for j=1:Cols 

        if im2_gray(i,j)<=threshold  

            im_segmented(i,j)=0; 

        else 

            im_segmented(i,j)=255;  

        end     

    end  

end 

  

binary_image = im2bw(im_segmented, .5);   % .05 initally 

binary_image = imcomplement(binary_image); 

  

[L n]=bwlabel(binary_image); 

num_objects_with_bubbles=n 

count=zeros(1,n); 

for kk=1:n 

    for i=1:Cols 

        for j=1:Rows 

            if L(j,i)==kk 

               count(kk)=count(kk)+1; 

               break; 

            end  

        end  

    end     

end 

image_sizes=count 

figure(120) 
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imshow(L) 


