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Abstract
This paper presents the IP camera control mechanism through fuzzy logic, a lot of
applications of fuzzy logic in control scenarios grab our attention to control the IP
camera through it. Statistical moments also play an important role for feature extraction
in image processing, therefore we considered the statistical moments for extracting
features from image due to its simplicity and preciseness. In the proposed work first the
image capturing operation is performed, the image is captured through IP camera, after
image capturing the statistical moments calculation of the capturing image is performed
in order to get the feature of interest from that image. Finally, these features are fed to
fuzzy logic. The output of fuzzy logic with some factor is used to control the IP camera.
The results indicate that fuzzy logic is an efficient way to control IP camera and can be
used in many real life applications.
Keywords: Fuzzification, IP Camera, Defuzification, Statistical Moments, Fuzzy Logic

1. Introduction
An internet protocol camera or IP camera is a video camera, contrasting to analog
closed circuit television (CCTV) cameras has the capability of sending or receiving data
through internet. The IP camera usually uses for surveillance. Axis Neteye 200 was the
first centralized IP camera, it was released by Axis Communication in 1996. IP cameras
may differ from one another in features and functions, video encoding (compression)
schemes, available network protocols, and the API to be used by video management
software. Many operations may be used in order to control the IP camera, i.e. zoom in,
zoom out, rotation, etc. Here in this article we have used fuzzy logic to control IP camera
[1-2]. In recent age the IP cameras usage in various places have been significantly
increased, such as in movie theatres, Universities, markets, malls, etc. These applications
of IP camera grasp the attention of the user
First, the term fuzzy logic introduced in 1965 by Lotifi Zadeh, is a procedure of several
valued logic, in fuzzy logic the values of variables can be any real value between 0 and 1.
In Boolean logic, the truth values of variables may be either 0 or 1, these are called crisp
values. It is normally used in order to handle the concept of partial truth, where the truth
value may be in range of completely true and completely false. The fuzzy logic has four
main components, namely fuzzification, inference engine, knowledge base and
defuzzification [3]. In order to construct a fuzzy system, the first work that is carried is to
define linguistic variables and terms then the membership function are constructed and
ranges are assigned to membership functions. Rules construction is an important phase of
fuzzy logic design, rules are carried out from membership functions of input/ outputs
variables, the selection membership function for output variable in rules is subjective and
depends on the observer or designer. The next step is fuzzification in order to convert
crisp data into fuzzy data by using membership functions. Normally the rules in the fuzzy
logic are in the rule base, hence the rules are evaluated in the rule base, the result is
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combined from the rule base and at the last the defuzzification is applied to these rules in
order to get the crisp output from fuzzy values [4-5]. The architecture of the fuzzy logic is
illustrated in Figure 1. The fuzzy is normally used for controlling purposes, fuzzy logic
has the capability to control the machines and consumer products, i.e. air conditioner,
dryers, heaters. It doesn’t always give the exact value, but always gives us the
approximate result. The fuzzy logic is normally used to deal with uncertainty [6]. There
are four main components of fuzzy logic namely fuzzification, inference, composition and
defuzzification. The fuzzification process uses the membership function to convert the
crisp inputs to the fuzzy input. There could be one or more input variable in fuzzy logic
and each variable may have many membership functions, each membership function may
have different ranges. The defuzzification also uses the membership functions to convert
the fuzzy values to the crisp output. There are different types of membership functions,
such as bell shaped membership functions, Gaussian membership function, triangular
membership function and sigmoid membership functions [7].
In this paper, we propose the IP camera control mechanism through fuzzy logic in
control scenarios grab our attention to control the IP camera through it. The rest of the
paper is organized as follows: Section 2 extant the literature review, Section 3 shows the
proposed work, experimental results and discussion is given in detail in Section 4 and the
conclusion is given in Section 5.

2. Related Work
In this work fang et al. proposed a system [10], the proposed system comprises of main
three steps namely object tracking (infant), infant tracking, initialization, and PT IP
camera control. For background subtraction the codebook algorithm is used in order to
extract the input frames and to first construct a tracking feature. After infant extraction,
then the tracking feature model is used for tracking infant. As the infant changes the
position or posture the feature tracking model is updating accordingly. This system also
has the prediction capability and it also predicts the infant’s actions and controls the PT IP
camera movement in order to escape from crawling infant or to cross the boundary of the
monitoring scope, the retracing mechanism is used.
Nowadays the IP camera is extensively used for security purposes however there is a
lot of space to work on these security devices. In this paper Ali et al. [11] investigated the
cloud-based IP cameras security. There is numerous applications of these devices in many
research spaces, such as secure multimedia, network security and cloud security. In this
work the investigation has been done for traffic generation wireless camera for average
home users. The security provision taken by IP cameras manufactures have been explored
in this study and many security and privacy issues have also been investigated.
In this work Junying et al. [12] designed a real time face recognition system, the
proposed system is based on IP camera and image processing algorithms. The OpenCV
and C++ programming have been used to way out it. This work has been divided into
three parts, namely preview module, register module and recognition module. For real
time face recognition the AdaBoost algorithm has been used which carry out the real realtime face detection and join the nose detection for secondary screening. Next for texture
feature extraction from detected face image, texture feature extraction algorithm is used.
At the end the face recognition is done that is based on image sets. The testing results
show that the suggested method is effective for processing video in real-time and provide
good results on face recognition and detection.

3. Proposed Control Method of IP Camera Based on Fuzzy Logic
The proposed configuration for controlling the IP camera by using fuzzy logic is
illustrated in Figure 1. In the proposed methodology, first the feature extraction module
request to image module for getting an image. The image module gets an image from the
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IP Camera, after getting the image from image module, the feature extraction stage
calculates the first two statistical moments (mean, variance). The values of these
statistical moments are then input to fuzzy logic. The fuzzy logic gets the crisp input and
provides crisp output and some action are performed according to the fuzzy logic on that
IP camera.
Get an Image

FUZZY INFERENCE SYSTEM FOR CONTROLLING IP CAMERA
FUZZY RULE

Image

Feature
Extraction(
Mean,
Variance)

x
FUZZIFICATION

DECISION
MAKING LOGIC

DE FUZZIFICATION

MEMBERSHIP FUNCTION

Request for an Image

Figure 1. Proposed Configuration of Control Method of IP Camera Based on
Fuzzy Logic
We use the triangle membership function included a great significant and the most
commonly used membership function. Therefore, we have used triangular membership
functions in the proposed fuzzy logic. The triangular function defined by a lower limit a,
an upper limit b, and a value m, where a < m < b. Equation 1 is triangular membership
function specification.

(1)
The rule matrix is used for description of fuzzy sets and fuzzy operations; it defines it
in the form of conditional statements. An if-then rule can be defined as:
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Figure 2. Graphical Interpretation of Fuzzy Operators
For combining more than one input the fuzzy operations used are: AND=min, OR=max
and NOT= additive complement. The Figure 2 shows the geometrical demonstration of
fuzzy operations [8].
Where A represents the set of conditions that have to be satisfied and Z is a set of
consequences that can be inferred. This is a simple graphical tool that is used to map the
fuzzy logic rules. The working mechanism of the fuzzy logic is given in Figure 3. Figure
4 shows the input, output and different components of fuzzy logic.

Figure 3. Fuzzy Logic Working Mechanism
The statistical moments also play an important rule for finding nature of the data. In
fuzzy logic the input may be single or few values, as we can’t exceed the input variables,
because by increasing the input variables the rules will be also increased exponentially,
hence the computation complexity will also be increased exponentially causing problem.
On another side thorough IP camera we can capture images or record videos. Each image
has thousands of pixel values; hence in the proposed work we have used statistical
moments to find the nature of an image. There are four statistical moments that are mean,
variance, skewness and kurtosis [10], here in this work we have used the first two
statistical moments, namely mean and variance(standard deviation) which are represented
in equation 2 and 3 respectively.
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Where i=1 to n, represents the pixels value of an image.

Figure 4. Fuzzy Logic Systems Architecture
The sequence diagram of the proposed configuration for controlling IP camera through
fuzzy logic is illustrated in Figure 5. First the input module gets the input from the feature
extraction stage, the inputs are then pass to fuzzification module, the rule employment,
implication and aggregation is carried out in fuzzy inference module. At last we need
crisp output, then on these fuzzy out the centroid method is applied on defuzzification
module for crisp output and base on these outputs the image is zooming in or out.
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Figure 5. Sequence Diagram for Proposed Methodology
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4. Implementation and Experimental Results
All the code is done in MATLAB R2015a version using an Intel core i5 system on
running windows 7, for fuzzy logic we have used fuzzy logic toolbox, created
membership functions, defined its ranges, defined input/output variables, etc. Figure 6
shows the fuzzy inference system and membership functions. First we captured an image
by using IP camera, then the statistical mean and variance are calculated of that image’s
pixel values. As the images normally taken through IP camera are RGB images and an
RGB image comprises of three channels that are red, green and blue. In this work we have
considered the red channel for mean and variance calculation of image pixels.

Figure 6. Proposed FIS for IP Camera Control
The proposed fuzzy Inference system for IP camera control has two Input variables,
namely mean and variance and one output variable that is IP camera. There are five
membership functions in each variable. The ranges of the input variables are fixed on
mean of the pixel values of an image. The range of the output value is desired size of an
image. The input/output membership functions are given in Figure 7.

Figure 7. Input/Output Membership Functions of Proposed Fuzzy Logic for
IP Camera Control
Rule design is the most important part of fuzzy logic, the rule design method is
subjective and in fuzzy logic one can define rules according to his/ her requirement. Rules
are mainly defined by the experts for applications. In the prosed system the general rule
mechanism has been carried out. The user can set it according to their needs. Table shows
the rules used in the proposed fuzzy logic for IP camera control and Figure 8 shows the
rule viewer.
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Table 1. Rules for IP Camera Control Fuzzy Logic
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The rule viewer shows the implication process entirely. It is possible in rule viewer to
do movement around the line, and according to that line movements the new output are
carried out.

Figure 8. Rule Viewer of the IP Camera Control Fuzzy Logic
The rule editor is used to edit the set of rules, these rules defines the attitude of the
system. The editor has made it easy to define the rule for the system. Figure 9 shows the
rule editor, input membership functions’ terms, output membership functions and
different type of connector used in rule editors.
The zoom out and zoom in operations on the IP camera is illustrated in Figure 10.
According to the output of the fuzzy logic, the IP camera has been zoom in or zoom out.
In Figure 10.a, we can see the original view of IP camera, Figure 10.b is the zoom in view
of the IP camera by using the fuzzy logic and Figure 10.c is the zoom out view.
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Figure 9. Rule Viewer of the IP Camera Control Fuzzy Logic

(a) Normal View
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(b) Zoom In

(c) Zoom Out

Figure 10. Control Results of IP Camera
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5. Conclusion and Future Work
In this study the fuzzy logic is discussed in detail, each component’s working and
mechanism of fuzzy is explained in detail, some applications of fuzzy logic are also
discussed. The detail literature review on IP camera is also carried out. In this paper, we
have made an attempt to control the IP camera through fuzzy logic, numerous operations
can be carried out on IP camera, but in this work we have done the zoom in and zoom out
operations. The results are promising for tackling the IP camera control through fuzzy
logic. The fuzzy logic performs these operations in efficient way. The basic purpose of
this research was to control IP camera efficiently. In future we would like to control more
operations of IP camera like rotation, movements, etc. through fuzzy logic.
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