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Android Controlled Smart Wheelchair for Disabilities 
 By Tarun Debnath, AFM Zainul Abadin & Md. Anwar Hossain 
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Abstract- This paper describes a control technology of wheelchair which may feel more flexible 
than traditional joystick controlled one. The main objective of our research is to develop new 
control architecture for a motorized wheelchair as well as an embedded system for monitoring 
critical patients. Such a smart wheelchair is designed for the disabled people in the developing 
countries as it will be very low-cost than existing others. Controlling is possible by android 
operated mobile or tab. In addition to button control, motion sensor controlling mechanism also 
has implemented. Moreover, bio-metric features have made wheelchair more suitable for critical 
patients. If the patient is in hostile condition, the wheelchair will produce an alert by raising the 
alarm with the measurement of the heartbeat at a particular interval.  

Keywords: handicapped, motorized wheelchair, android controller, motion controlled wheelchair, 
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Abstract- This paper describes a control technology of 
wheelchair which may feel more flexible than traditional 
joystick controlled one. The main objective of our

 

research is 
to develop new control architecture for a motorized wheelchair 
as well as an embedded system for monitoring critical 
patients. Such a smart wheelchair is designed for the disabled

 

people in the developing countries as it will be

 

very low-cost 
than existing others. Controlling is possible by android 
operated mobile or tab. In addition to button control, motion 
sensor controlling mechanism also has implemented. 
Moreover, bio-metric features have made wheelchair more 
suitable for critical patients. If the patient is in hostile condition, 
the wheelchair will produce an alert by raising the alarm with

 

the measurement of the heartbeat at a particular interval.

  

Keywords:

 

handicapped, motorized wheelchair, android 
controller, motion controlled wheelchair, SOS, smart 
monitoring, bio-metric, accelerometer and GSM.

 

I.

 

Introduction

 

uman being is the most beautiful creation of the 
universe, but much unexpected accidental 
disabilities or autistic by born have to carry 

through the tenure of life. Such a disable person feels 
helpless and becomes disappointed to lead their life. 
The physically disable, and paralyzed individuals 
accomplish their movement through manual or powered 
wheelchair.

 

While manual wheelchair operation involves 
other’s help, the power wheelchair can be operated 
using joystick, touch screen, voice gesture based or any 
other control technologies [1]. As many of the 
wheelchair users do not feel comfortable with joystick 
and speech recognition is often creates problems and 
difficulties when we target more than a single user [2]. 
Researchers are developing sophisticated control 
technologies for physically disables. An android 
controller can be a better substitution of joystick and 
voice-controlled. Like a touch screen

 

button, a person

 

can control his wheelchair by pressing the android 
button. Besides that, it is also possible to control the 
devices using the tilt of the mobile. Tilting feature can be 
supportive of one-sided paralyzed patients who do not 
get enough strength in their fingers. Biometrics feature 
also has been implemented in the system.

 

If the patient or disabled person is in hostile 
condition, the wheelchair will produce an alert signal 

through ringing alarm with the measurement of patient’s 
heartbeat. If required an SMS can be sent to any 
individuals mobile using GSM shield [3]. The whole 
system development has accomplished in two phases. 
Initially, the simulation-based prototype has developed 
and finally, the developed prototype has implemented 
as a smart wheelchair. The hardware development 
platform has implemented using PIC Microcontroller, 
and software development has completed in Java and 
Android programming.

 

The system tested on various 
surfaces by some disabled persons with required 
moderation to test the effectiveness and evaluate 
performance.

 II.

 

Transmitting Unit

 

Architecture

 a)

 

System Block Diagram

 

 

Fig. 1: Block diagram of android & joystick to receiving 
unit transmission architecture. 

Fig. 1. shows separate control architecture for 
target wheelchair. The first one shows, controlling data 
communication architecture from android to wheelchair 
receiving unit over Bluetooth link. The button control 
interface and the Android sensor produce the same 
control information. After that separate controlling data 
will communicate with the device [4]. Another benefit of   
adding a joystick controlling interface besides Android, 
will give some advantages. For example, if the mobile 
device charges run out at the time of traveling, the 
joystick controlling can be fruitful. Here we will discuss 
only the android controller, because the joystick sends 
data directly to the microcontroller. The rest of the 
process is similar to Android. The concept of Android 
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control architecture is like an Android game that we play 
on our Android phone.  

b) Interface Anatomy 
Fig.3 explains active and inactive regional view 

of accelerometer through the coordinate system of 
motion controlling interface. We know there are three 
axes in an accelerometer. Smartphone Accelerometer is 
a semiconductor IC that employs piezoelectric effect 
and measures the intensity of change along the x, y, and 
z-axes. Yaw, pitch, and roll refer to the rotation of the 
device in these three axes, but the vertical acceleration 
that is measured by z-axis is not essential for our 
application. That’s why z-axis has eliminated in this 
architecture.  

The circle of axes pictogram indicates stop region.  
When the x and y-axis gravitational value is less 

than the threshold value, the device performs a stop 
operation. This value has set by measuring one-third of 

the gravitational force g. The app will send the stop

 

command of the microcontroller via Bluetooth. 
 

Otherwise,
 
the application sends front, back, right and 

left operation data by mobile rotation.
 
On another side of 

“Button controlling interface” includes press & hold 
buttons for each of the commands using in motion 
controlling. We are using to press and hold button for 
our driving. So when we lift the finger from the screen 
button, the stop operation is done automatically.

 

In case of any urgent situation, SOS (Save Our 
Soul) dials or Emergency number dial option has 
included with the mobile application. If the user gets 
stuck in an uncertain state, he would

 
be able to call one 

or more SOS numbers. In addition,
 
he can send an SMS 

to a predefined cell number. This is an additional 
feature, it can help the user in case of any emergency 
when using the application for driving [5] [6]. The flow 
chart given below explains total transmitting unit 
architecture at a glance.
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Fig. 2: Transmitting app Flow chart.



 

    

III. Receiving Unit Architecture 

a) System Block Diagram 

 

  

The above figure shows whole receiving system 
block diagram of our wheelchair, the brain of the 
receiving system is PIC16F877A Microcontroller, which 
performs forward, reverse, 360 degrees left turn, 360 
degree right turn and break commands. There is some 
extra facility for the emergency. That is real-time patient 
monitoring. 

b) Patient Monitoring Circuitry  
The heart rate sensor performs real-time patient 

monitoring by counting the number of beats in the heart. 
This process is terming as smart monitoring. As it varies 
from man to man, it is possible to set the value 
manually. By default, we have selected the lower 
threshold as 60 and the upper threshold value as 90. 
This standard for an adult is very normal. When the heart 
rate is more or less than threshold, it waits for 5 
seconds, and then again observes the condition of the 

user. If the sensor finds such an unusual situation, SMS 
(short message service) is sent to emergency SMS 
numbers through GSM circuits. To complete this 
purpose, we can use any heart rate sensor, or it can be 
made manually [7].  

 

  
Where,  
          Feedback R1 = 1MΩ 
          Low-Pass filter R2 = 100Ω, C1 = 4 µF  

c) Hardware implementation  
The hardware implementation has done in both 

mechanical & electronics parts. Those three control box 
shown in Fig.6 consist of electronics parts. That includes 
Microcontroller, assembly of Relay, Bluetooth module, 
GSM (Global System for Mobile Communication) 
module circuitry. After receiving commands, 
microcontroller initiates ports to operate the Relay.  

Fig.7 shows assembly of the system. Where 
mechanical parts of the wheelchair include 24 volts, 250 
watts, 150 rpm DC gear Motor and four pcs 12 volts 
batteries [8]. The connection between motor and 
batteries has established by motor controller and relay 
circuit. That helps in forward & reverse direction rotation. 
For turning in a shortage amount of space, the rotation 
of the wheel in both forward and reverse direction is 
more significant. Moreover, the speed controller circuit 
provides variations in speed manually according to 
user’s desire by a suitable potentiometer. Different 
speed variations can be possible in future using PWM 
(Pulse Width Modulation). 
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Fig. 3: Coordinate system for motion controlled 
interface.

Fig. 4: Block Diagram of Receiving unit.

Fig. 5: Heartbeat monitoring circuit.

Fig. 6: Control box and Battery assembly.
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IV. Conclusion 

The system has considered and designed to 
make lives better for the disabled society. For this, the 
prototype and the whole system have implemented 
considering sufferings of the people, who are 
dependent on the wheelchair for their mobility. Various 
people with disabilities have tested the prototype for 15 
days. Various changes in the system have done 
according to their wishes. Wheelchair operating 
application has designed and developed in an easier 
way so that the general people of our country can easily 
drive this wheelchair. Fig.8 shows the finally developed 
system. The aim of our research is to design, and 
improvement of a modern low-cost android controlled 
smart wheelchair for disabled people with higher 
flexibility and better assistance. 
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Fig.7: Relay and HC-05 Bluetooth circuit assembly.

Fig. 8: Android controlled smart wheelchair for 
disabilities.
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Multi Modal Medical Image Registration: A New Data Driven 
Approach 
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Image registration is a challenging task in building computer-based diagnostic 

systems. One type of image modality will not be able to provide all information needed for better 
diagnostic. Hence data from multiple sources/image modalities should be combined. In this work 
canonical correlation analysis (CCA) based image registration approach has been proposed. 
CCA provides the framework to integrate information from multiple sources. In this work, the 
information contained in both images is used for image registration task. T1-weighted, T2- 
weighted and FLAIR MRI images has Multimodal registration done on it. The algorithm provided 
better results when compared with mutual information based image registration approach. The 
work has been carried out using the 3D rigid registration of CT and MRI images. The work is 
carried out using the public datasets, and later performance is evaluated with the work carried 
out by Research scholars previously. 
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Abstract-

 

Image registration is a challenging task in building 
computer-based diagnostic systems. One type of image 
modality will

 

not be able to provide all information needed for 
better diagnostic. Hence data from multiple sources/image 
modalities should be combined. In this work canonical 
correlation analysis (CCA) based image registration approach 
has been proposed. CCA provides the framework to integrate 
information from multiple sources. In this work, the information 
contained in both images is used for image registration task. 
T1-weighted, T2-

 

weighted and FLAIR MRI images has 
Multimodal registration done on it. The algorithm provided 
better results when compared with mutual information based 
image registration approach. The work has been carried out 
using the 3D rigid registration of CT and MRI images. The work 
is carried out using the public datasets, and later performance 
is evaluated with the work carried out by Research scholars 
previously. Our algorithm performs better with mutual 
information based image registration. Medical image 
registration of multimodality images like MRI, MRI-CT, and 
MRI-CT-PET. In this paper for MRI-CT Medical Image 
Registration CT image is used as a fixed image and MRI 
image as moving image and later compared results with some 
benchmark algorithm presented in literature such as 
correlation coefficient, correlation ratio, and mutual information 
and normalized mutual information methods.

 

Keywords:

 

image registration, CCA, CT, MRI, T1, T2, 
FLAIR, FD, MIR, Rigid registration, MI, NMI, SSD, SAD.

  

I.

 

Introduction

 

he medical image registration process is used to 
estimate the deformation between the images while 
considering the domain specific Information into 

consideration. A closer look at the problem statement 
intuitively reveals two methods of solving it. The first 
method operates directly on two different images have 
intensity values called intensity based registration [1], 
continuously transforming the entire image to align it with 
the other. When desirable alignment is obtained for the 
respective transformation, the optical representation is 
considered to be registered. These methods are called 
area based methods [2, 3]. The second method relies on 
a few salient points which are most prominent in both the 
images. The goal here is to estimate the deformation 

based on the corresponding pairs of points/regions 
across the images. 

These are known as feature-based medical 
picture based on brain methods, have gained popularity 
over the area based methods These methods[4] are 
more robust to illumination changes, a partial overlap 
between the images, occlusion, alterations in 
background, and viewpoint. Area-based methods are still 
preferred over feature based techniques, despite these 
advantages in the medical domain due to two main 
factors: 
1) Its ability to handle local deformations, especially 

with the case of human organs.  
2) Its capability of Dealing with information from 

different imaging sources. 

 

Fig. 1:  Image Registration Process 

a) Transformation 
Transformation step is to determine the position 

of corresponding points in reference and sensed 
images, Medical Image Registration (MIR) is considered 
as a combination of translation, rotation, and scaling 
parameters. Image registration methods employ 
transformations such as rigid, affine and elastic (non-
rigid transformations [5]. The rigid transformation 
considers tx and ty translations along the x-axis and y-
axis, and a rotational angle θ for the registration process 
[6]. It assumes that the subject in the image maintains its 
shape and size [7]. Affine transformations offer a high 
degree of flexibility in accommodating linear distortions 
by allowing and shearing in addition to translation and 
rotation [8]. The non-rigid transformation provides more 
degree of freedom as compared to rigid and affine 
transformation. 

b) Optimization 
Optimization problem is formulated by a number 

of parameters used for transformation [9] to get the 
maximum value of similarity, for a given registration 

T

 
  

  
   

5

  
 

(
)

G
G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
III

 I
ss
ue

 I
 V

er
sio

n 
I 

  
Y
e
a
r

2 
01

8

© 2018   Global Journals 

Author α: Research Scholar, JNTUK, Mallaredy Institute of Engineering 
& Technology, ECE Maisammaguda, Dhullapally, Telegana State.  
e-mail: c_hemasun65@yahoo.com
Author σ: Professor of ECE and principal in MVR College of    
Engineering & Tech.  Paritala, Krishna Dist., Andhra Pradesh. 
e-mail:  pvnaganjaneyulu@gmail.com 
Author ρ: Professor of ECE, JNTUK University college of Engineering
Kakinada, Andhra Pradesh. e-mail: Prasad_kodati@yahoo.com

I/P: Pre & Post
Contrast  MR Images

O/P: Visualization of
Contrast agent update

Transformation
Model Optimization Similarity Metric



process. The choice of the transformation is dependent 
on the type of application and its geometrical complexity 
(i.e., degrees of freedom). Although an exhaustive 
search guarantees an optimal solution, its computational 
expense is proportional to the size of the search space 
as well as the number of parameters used for 
transformation and, hence, becomes infeasible as they 
increase [10]. Therefore, these forms the motivation to 
explore refined search strategies or optimization 
methods which can help to find the maximum value for a 
given similarity measure. 

Optimization method should be reliable and be 
capable of finding the best possible transformation 
quickly [11]. Many optimization methods have been 
introduced and adopted for the registration process, by 
the transformation parameters, similarity measure, time 
restrictions and required accuracy of registration. 

c) Similarity Measure 
Similarity measure gives the ability to determine 

the level of global correspondence between two images. 
During the registration process, the parameters of a 
given transformation model are changed, based on the 
optimization technique until the similarity measure 
reaches a maximum value of alignment[12].Hence the 
choice of similarity measure along with optimization 
method plays a crucial role to a successful outcome of a 
registration process. 

II. IMAGE REGISTRATION ALGORITHM 

a) Medical Image Registration  

In Non-rigid registration consists of Non-rigid 
transformations can be broadly classified by physical 
models or basis function expansion. While linear 
elasticity (Moshfeghi,1991), viscous fluid flow [13] and 
optical flow [14] are examples of physical model-based 
transformations, radial basis functions [15], multi 
quadrics [16], thin-plate splines [17], B-spline [18], 
wavelets [19] and piecewise affine transforms [20] are 
some of basis function expansion transformations, 
involves finding the optimal geometric transformation 
that maximizes the correspondences across the images. 
Medical Image Registration consists of components 
such as Transformation Model, Similarity Metric and 
Optimization Techniques as shown in Fig 1.  An image 
registration algorithm defines an objective function 
based on the similarity measure and tries to maximize 
this objective function. In the proposed method, a new 
registration method has been explained using canonical 
correlation analysis (CCA).  

b) Canonical Correlation Analysis (CCA) 

Canonical Correlation Analysis (CCA) can be 
seen as the problem of finding the basis vectors for two 
set of variables such that correlation between 
projections of the variables on these basis vectors is 
mutually maximized. 

CCA seeks a pair of linear or nonlinear 
transforms one for each step of variables, such that 
when one set of variables, is transformed, the 
corresponding coordinates are maximally correlated. 
CCA used in image retrieval, image fusion [21] and 
object recognition problems [22] in computer vision. 

CCA finds the relationship between two multi-
dimensional datasets [21]. The basic formulation of 
CCA is as follows:  

For a given two multi-dimensional data sets of 
basis vectors or projection vectors wx, wy respectively, 
for two data sets that maximize the correlation between 
the random variables x=wx

T(xi-x) and y= wy
T(yi-y), 

𝜌𝜌 = 𝐸𝐸[𝑥𝑥 ,𝑦𝑦]
�𝐸𝐸[𝑥𝑥2]𝐸𝐸[𝑦𝑦2]

= 𝐸𝐸[𝑊𝑊𝑥𝑥� 𝑇𝑇𝑥𝑥𝑦𝑦𝑇𝑇𝑊𝑊𝑦𝑦� ]

�𝐸𝐸� 𝑊𝑊𝑥𝑥𝑇𝑇𝑥𝑥𝑥𝑥𝑇𝑇𝑊𝑊𝑥𝑥�� �𝐸𝐸[𝑊𝑊𝑦𝑦𝑇𝑇�𝑦𝑦𝑦𝑦𝑇𝑇  𝑊𝑊𝑦𝑦�  ]
    (2.1) 

𝜌𝜌 = 𝑊𝑊𝑥𝑥� 𝑇𝑇𝐶𝐶𝑥𝑥𝑦𝑦𝑊𝑊𝑦𝑦 ]

�� 𝑊𝑊𝑥𝑥𝑇𝑇�𝐶𝐶𝑥𝑥𝑥𝑥𝑊𝑊𝑥𝑥𝑊𝑊𝑦𝑦𝑇𝑇𝐶𝐶𝑦𝑦𝑦𝑦𝑊𝑊𝑦𝑦
      (2.2) 

Cxx and Cyy are the within- class covariance 
matrix and, Cxy is the cross -covariance matrix. Maximum 
correlation has been found as follows. 

ρ = argmax (Wx
T CxyYTWy )                 (2.3) 

s.t   Wx
T CxxWx=1 and   Wy

T CyyWy=1        (2.4) 

The Basic formulation of CCA has the following 
disadvantage. 
1. CCA finds the only linear relationship between two 

datasets. 
2. Difficult to extend more than two data sets. 

 These problems can be addressed using the 
following ways. 
1. A non-linear relationship between the data sets can 

be addressed using kernel extension of CCA [23]. 
Kernel CCA defines the non-linear mapping of two 
datasets φ: x   →   φ(x) and ψ: y → ψ(y) and 
performs the traditional CCA on transformed 
datasets.  

2. Neural network based CCA extracts the non-linear 
relationship between datasets. 

3. Locality preserving method based CCA also extracts 
a non-linear relationship between datasets.   

III. Algorithm for Image Registration 

Image Registration methods are trying to find 
the relationship between two images in intensity domain 
or feature domain. Regarding similarity measures this 
relationship is defined. Similarity measures can be 
classified in two categories (i) in all; similarity measure 
quantifies the spatial alignment between two images. 
Various intensity-based similarity measures such as sum 
of squared difference (SSD) [24], sum of absolute 
difference (SAD) [25], correlation coefficient (CC) [26], 
NCC [27] and ratio image uniformity (RIU) [28] have 
been proposed for mono modal registration process. 
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These measures do not perform well in all cases. While 
SSD [25] is highly sensitive to Gaussian noise, SAD is 
less responsive to outliers on the subject boundaries. 
CC, NCC and, RIU perform well in these conditions, but 
are highly sensitive to non -uniform illumination in the 
images and (ii) The Non-linear similarity measures such 
as mutual information or divergence measures, etc. 
Multimodal image registration, the images are captured 
through different sensors (CT or MRI) or different 
parameters (T1, T2 or FLAIR) so that the intensity 
relationships between images are highly non-linear. 

In this work, based on the structural 
representation of images an algorithm has been 
proposed. The dense set of descriptors which perform 
the intensity based registration replace the input images. 
The advantage of this method is that after new 
representation, one can use any simple similarity 
measure such as L2 norm or SSD [25] for multimodal 
image registration. 

1. Given two images find projection directions using 
Kernel CCA (Gaussian kernel used for projection). 

2. Project original images or features in lower 
dimension space using projection direction. 

3. Use L2 norm as a similarity measure. 
In this algorithm Gradient descent uses φ 

optimization function. 

IV. Methodology 

 Using two sets of experiments the work has 
been carried out and is detailed below 

1. First set of demonstrations on T1 and T2 MR Images 
for 3D rigid registration (RIRE dataset). Experiments 
are carried out with the specifications: 15mm 
translation and 10-degree rotation as a deviation 
from correct position with ten times with different 
affine parameter settings. Mutual information based 
method for rigid registration has been used to be 
compared against the experimental results. We 
show the absolute error for translation (in mm), 
rotation (in degree) and root mean square error 
(RMS) in Tab. 1. Consider 1 mm equal to 1 degree 
for the absolute error computation.  

CCA has been performed on for more than two 
modalities (T1, T2, and PD) also. Tab. 2 Shows results 
for Brain web dataset. Comparison purpose uses the MI-
based on pairwise registration framework. CCA based 
method performs better regarding accuracy (Tab1) (in 
translation and rotation) compared to MI-based method.  
CCA based method improves overall accuracy to 6.7% in 
pairwise registration and 13 % in Groupwise registration 
compared MI-based method.    

 

The Degree of freedom: 90 

The work has been carried out using two sets of 
experiments and are detailed below.

 

V. Results 

a) Figures and Tables 

Table 1: Errors in translation (in mm) and rotation (in 
degree) in T1 and T2 MR 

Method
 Translation 

x(mm) 
Translation 

y(mm)  
Rotation     

(Degrees) 
MI-based 3.1 2.0 4.2 

CCA 2.9 1.8 4.0 

                                   
Table 2:

 
Registration error (translation in mm and 

rotation in degree) in T1, T2, ,and FLAIR
 

 
 
 
 
 
 
 
 

Table 3:
 
Registration Error in D1

 

 

 

 

 

Moving image Static image

Registered Image_MI Registered image_CCA  

Fig.
 
2: (a) Moving image, (b) Static image, (c)  

Registered image_MI,  and (d)  Registered image_CCA
 

2.
 

The second set of experiments was carried out on 
collected data sets (FLAIR, T1 and T2 images). The 
datasets have been divided into two parts. (i) 
Datasets which contain large tumors regions (D1, 
three volumes) (ii) Datasets which do not include 
tumor lesion or very fewer tumor lesions (D2, three 
volumes) (Next section contains datasets 
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Data Set Method Error
(RMS)

T1-T2 MI
CCA 3.0

T1-FLAIR
MI

CCA
2.6

T2-FLAIR
MI

CCA 2.7

T1-T2-
FLAIR

MI
CCA 2.5

Method Error(mm)

MI-based 14.6

CCA 10.3



description). For the first part of datasets, we use 
the T1 and FLAIR images registration model 
compared with our algorithm with MI-based based 
method and results shown in Tab.3. 

For the error calculation, five manual points 
were marked on the MRI image. In the second set of 
images also the experiments in a similar environment 
and the same method are used for error calculation. 
Results have been shown in following Tab.4.   
                                         Table 4: Registration Error in D2

 
 
 
          
 
 
3. CT and MRI Image Registration The work has been 

carried out on CT and MRI brain images. CT images 
provide bone structure information and, MRI 
dispenses soft tissue information of brain. For 
accurate tumor diagnostic one needs CT and MRI 
information. In this work 3D, rigid registrations of CT 
and MRI images were performed. In this work CT 
image used as the fixed image and MRI image as 
moving image. On comparing results with some 
benchmark, algorithm presents in literature such as 
mutual information; normalize mutual information 
and correlation-based approaches. Fig.5 shows the 
results of CT and MRI image registration. 

 
 
 
 
 
 
 
 
 
 (a)Unregistered                             (b) Registered              

 Fig.
 
3: CT and MRI Registration

 Fig.(a)

 

shows the unmatched as unregistered 
image and Fig.(b) shows the matched image of CT and 
MRI registration method. 

 
Method Translatio

n x(mm)
 

Translatio
n y(mm )

 

Rotation 
(Degrees) 

Error 
(RMS) 

MI-
based

 

5.6
 

4.8
 

5.1
 

5.2
 

NMI
 

5.3
 

4.6
 

4.8
 

4.9
 Correlation

- based

 

5.1
 

4.5
 

4.4
 

4.7
 

Entropy-
based

 

4.9

 

4.3

 

4.1

 

4.4

 

 

  

  

CCA(pro
posed)

 

4.8

 

4.1

 

3.9

 

4.2

 

Table 5: Image Registration Algorithms Comparisons

 

VI.

 

Conclusion

 

In this work new algorithm, CCA has been 
proposed for image registration. In multimodal 
framework, due to different acquisition parameters, the 
relation between datasets not follows the linear 
relationship. In this algorithm, the kernel version of 
canonical correlation analysis was used because the 
basic formulation of CCA gives the only linear 
relationship between datasets. The results are shown in 
Table I, Table II, Table III, Table IV and Table V on two 
different data sets (i) RIRE data sets have shown in 
Table II and (ii) Our collected data sets shown in Table 
III, Table IV and Table V.

 

Two sets of experiments have been performed 
on the RIRE datasets (T1, T2, and PD images). (i) Pair 
wise registration and (ii) Group-wise registration. From 
table I, Table II, it is evident that group-wise registration 
performs well compared to pairwise registration 
because group-wise registration consists of extra 
information (due to other modalities) which helps 
registration. The advantage of using CCA based method 
is one can easily extend this framework for more than 
two modalities.
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Abstract-

 

Youtube  is  the  most  video  sharing  and  viewing

 

platform in the world. As there are many people of different 
tastes, hundreds of categories of

 

videos can be found on 
YouTube while thousands of videos of each. So, when the site 
recommends videos for a user it takes some

 

issues which fill 
the needs of the user. Most of the time a user watches videos 
related to the previously watched video. But sometimes user’s 
mood changes with time or weather. A user may not hear a 
song in the whole year but can search the song

 

on a rainy day. 
Another case a user may watch some types of

 

videos at day 
but another type of videos at night or another

 

at midnight. In 
this paper, we propose a recommendation system considering 
some attributes like weather, time, month to understand the 
dynamic mood of a user. Each attribute is assigned a

 

weight 
calculated by performing a survey on some YouTube users. 
Most recently viewed videos is assigned heavy weight and 
weather is assigned lower. This recommendation system will 
make YouTube more user-friendly, dynamic and acceptable.

 
 

I.

 

Introduction

 

ince the launch of YouTube in 2005, it has 
become a popular destination site for users to

 

find 
videos as well as

 

share their videos. YouTube has 
earned worldwide popularity in the past decade. 
Thousands of users watch and upload millions of videos 
daily. So YouTube has a recommendation system for 
each user individually. But the mood and need of a user 
is very dynamic and changes dramatically. So it is the 
challenge of the recommendation system to understand 
the current mood and need of a

 

user and suggest that 
types of videos that the user wants. As YouTube 
recommends a very few videos from thousands of 
videos, they are very selective for this recommendation 
system. The system recommends personalized sets of 
videos to users

 

based on their recent and frequent 
activity on the site, subscribed channel, etc [1]. The 
recommendation

 

made by the system is reasonably 
recent and fresh, as well as diverse and relevant to the 
users recent action. But user mood can change at any 
time. Let a user generally does not watch songs of the 
rainy day. But on a rainy day he may search for a 
favoured rainy day song that he watched many days 

ago or not at all. In another case: a user watches many 
videos regularly but some of those he may watch at mid 
of a day, some of them he mostly watches at early night 
and some of them at late night. So user’s mood can 
change at different time of a day. So when the system 
recommends videos, it should also consider the current 
time and what videos mostly he watches at that time. So 
dealing with this dynamic mood and need of a user is 
the prime challenge of this recommendation system. 

In the paper, a new recommendation system is 
proposed where we consider some attributes for 
recommending videos along with most recently and 
most frequently viewed videos. The new attributes are 
time, month and weather. As each of them is not equally 
significant for deciding which video a user may watch, a 
weight assigned to each attribute. The weight is 
calculated by surveying some YouTube users. Most of 
the users feel that they expect a video which is related to 
the previously of frequently watched videos. So a high 
weight is assigned to these two attributes. Some users 
feel that they watch different types of videos at the 
different time of the day. So a moderate weight is 
assigned to this attribute. A less number of users feel 
that they watch some videos in a particular time of the 
year but not in the other time like they watch rainy day 
song in rainy weather but not in the cold weather. So this 
attribute is assigned a less weight. But the highest 
weight is assigned to a new video of a channel that the 
user subscribed and watches the videos on that channel 
regularly. So, when the system recommends videos, the 
weighted sum of related videos is calculated. The 
highest valued videos are recommended for the user 
and top N videos are shown on the home page like the 
method [5]. 
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Fig.1:

 

Recommended Videos of a user

 
II.

 

Proposed Method

 
As stated above, we do not only consider a 

user’s recent activities, we also consider some other 
important attributes to make the system more dynamic 
and to make user understand why a video is 
recommended to them. The method is designed in four 
stages: i) Weight Calculation, ii) Generating Related 
Videos iii) Generating

 

Recommended Candidates and 
iv) Finding recommended videos by calculating a 
weighted sum.

 
a)

 

Input Data

 

During the generation of personalized video 
recommendations, we consider some data

 

sources. In 
general, there are two broad classes of data to 
consider: 1) content data, such as the raw video 
streams and video metadata such as title, description, 
etc. and 2) user activity data, which we can further 
divide into explicit and implicit. Explicit activities include 
rating a video, favoriting/liking a video, or subscribing to 
an uploader. Implicit activities are datum generated as a 
result of users watching and interacting with videos. We 
also define some others behavior of a user as explicit 
data such as the specific time, date and weather

 

when a 
video the user watches. But user data only captures

 

a 
fraction of a users activity on the site and indirectly 
measures a users engagement and happiness. 
Because a user may watch a video for a long time, but 
that cannot conclude that actually he/she has liked it. 
The implicit activities data is generated asynchronously 
and can be incomplete. So it is very challenging to deal 
with this huge amount of discrete and noisy data.

 
b)

 

Assigning Weight

 

 

 

Table I:

 

Survey Result on the Questions asked to some 
Youtube users
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There may be a large number of input data for 
further processing. Among them, all the videos are not 
equally important. So, we have to find out the significant 
ones for further processing. For this purpose, a weight is 

assigned to each attribute based on a number of user’s 
feedback. We take the feedback of the users on some 
questions like: Whether user’s mood or taste vary at 
different times of the day or with the change of weather. 
The questions and the survey result is given in Table I. 
The weight is calculated considering the

Question No. Of
User

Always
Yes

Most
Often
Yes

No

Do You Want New Videos
Uploaded by Subscribed
Channel You Watch Reg-
ularly

250 203 38 9

Do You Want New Videos
Uploaded by Subscribed
Channel You Watch Irreg-
ularly

250 129 91 30

Do You Want Videos Re-
lated to Recently Watched
Videos

250 147 87 16

Do You Want Videos
Related to Frequently
Watched Videos

250 162 77 11

Do You Watch Different
Types of Videos at Differ-
ent Time

250 113 78 59

Will You Be Happy if
a Rain Song is Recom-
mended on a Rainy Day

250 109 95 46

value of the answers  of the users. The  equation  for 
calculating weight is

Wi = Ai + 0.8 ∗Oi −Ni



 
 
 

Where Wi

 

is the weight of an attribute,

 
 
 
 
 
 
 
 
 

Oi

 

is multiplied with .8 as its contribution of the total 
weight

 

should be less than the contribution of always 
yes. Ni

 

is

 

subtracted from the weight as those users do 
not want those videos. So, for the first attribute which is 
The Videos Uploaded by Subscribed Channel That a 
User Watches Regularly, its weight should be 

                Wsr

 

= (203/250) + 0:8 * (38/250) -

 

(9/250) = 0.90. 
Another

 

attribute which is a new video by the channel a 
user follows irregularly, the weight will be 

                       Wsi= (119/250) +

 

. 8 * (81/250)

 

-

 

(50/250) = 0.54. Thus 
the weight is calculated for each attribute. The most 
significant attribute that affects

 

the user mind mostly, 
gets the highest weight. The final value is calculated by 
multiplying the attribute value which is 0  or 1 with the 
corresponding weight. Suppose a video candidate is 
generated which is newly uploaded by a subscribed 
channel watched by the user regularly, the user watches 
that

 

type videos at night, the user watches that type of 
videos recently but not frequently. The current time the 
user sign-in is day, and it is a hot day. Then the attribute 
value for Asr

 

= 1, Asi

 

= 0, Ar

 

= 1, At

 

= 0, Ar

 

= 0. 

 

c)

 

Generating Related Videos  
For this work, we are using

 

the method 
proposed by [1]. We are not proposing a new method

 

for finding related videos. In this stage of 
recommendation,

 

we have to construct a mapping from 
a video vi to a set of similar or related videos Ri

 

The 
similar videos are defined as those that a user is likely

 

to 
watch after having watched the given seed video v. For

 

computing this mapping [1] has used a well-known 
technique

 

known as association rule mining [2]. They 
also consider the

 

duration of a session of a user and 
count for each pair of videos

 

(vi,

 

vj) how often they were 
co-watched within sessions. This

 

co visitation count is 
denoted by cij and they calculate the

 

relatedness score 
of vj

 

to a base video (vi

 

by the following

 

equation.

 
 
 
 

where ci and cj

 

are the total occurrence counts across 
all sessions for videos vi and vj

 

, respectively. f(vi , vj)

 

is a 
normalization function that takes the global popularity of 
both

 

the seed video and the candidate video into 

account. One of the simplest normalization functions is 
to simply divide by the product of the videos global 
popularity: 
 
 

One of the simplest normalization functions is to 
simply divide by the product of the videos global 
popularity   f(vi, vj) = ci, cj. Other normalization functions 
are possible. See [6] for an overview of possible 
choices. [3] used a video co-view graph which 
represents the videos watched by some users. They 
then use it for generating related videos. They then 
pickup N videos from a number of related videos based 
on the value or relatedness score. N is variable 
depending on a threshold. If there are many videos 
satisfying the relatedness score, N will be larger. So this 
system face difficulty generating related videos which 
has a

 

lower view count. There may be some additional 
problem like

 

presentation bias, noisy watch data etc.

 d)
 

Generating Recommendation Candidates
 For computing personalized recommendations, 

the related videos association rules are combined with a 
user’s personal activity on site.

 
This can include videos 

that were watched recently, frequently or liked or added 
to playlists. The union of those videos is called seed set. 
There may be many videos which can come with several 
categories, but each video is present only one time in 
the

 
seed set. Assume the generated seed set S; we 

expand the related video graph G in order to find the 
related and connected videos. For each video Vi in the 
seed set, assume its related video Ri. The related video 
set Ci will be

 
 
 
 In many cases, computing C1 is sufficient for 
generating a set

 
of candidate recommendations that is 

large and diverse enough to yield interesting 
recommendations. However, in

 
practice

 
the related 

videos for any videos tend to be quite narrow, often 
highlighting other videos that are very similar to the seed 
video. This can lead to

 
equally narrow recommendations 

which can achieve the goal of recommending content 
close to the users interest, but fail to recommend videos 
which are truly new to the user. This problem can arise 
after generating recommendation candidates

 
by this 

process. To get rid of that possibility, a distance
 
of n will 

be traversed through the related video graphs to find 
more candidates. Due to the high branching factor of 
the related videos graph, we found that expanding over 
a small distance yielded a broad and diverse set of 
recommendations even for users with a small seed set. 
That’s why the value

 
of n should

 
be set a smaller value. 

A large
 
value of n can generate a huge candidate set 

which will be time consuming and unnecessary.
 
Note 

that each video in the candidate set is associated with
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Ai =
NoofUsersAnsweredAlwaysY es

TotalNumberofUser

Oi =
NoofUsersAnsweredMostOftenY es

TotalNumberofUser

Ni =
NoofUsersAnsweredNo

TotalNumberofUser

r(vi, vj) =
(cij)

f(vivj)

f(vi, vj) = ci.cj

Ci(S) =
⋃
vi∈S

Ri

one or more videos in the seed set. We keep track of 



these seed to candidate associations for ranking 
purposes and to provide explanations of the

 recommendations to the user. A deep neural network 
based method is used by [4] to generate recommended 
candidates. They also consider related videos for 
candidate generation, but they have used a deep neural

 network to generate the best candidates from the 
millions of videos. But their method need high 
computational resources and millions of data. In the 
proposed method we use the same process proposed 
by [1] for generating candidates. 

e)
 

Recommended Videos
 After generating recommendation candidates, 

the recommended set may contain many videos. But the 
designed user interface shows only some of them. So 
the question is how they should be selected. After the 
generation step has produced a set of candidate videos 
they are scored and ranked using a variety of signals. 
[1] Considers three different signals i) Quality, ii) user 
specificity, iii) diversification.

 
The proposed method also uses these signals 

with considering some other attributes. For video quality, 
the proposed method considers view count (the total 
number of times a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 2: System Architecture of Proposed Method

 video has been watched), the ratings of the video, 
commenting, favoring and sharing activity around the 
video, and upload time. Considering all these things,

 

the 
proposed method calculates the value of quality Qi

 

like 
the method [1].

 User specificity is a unique user’s taste and 
preferences. For this the current method only considers 
users watch history, such as view count and time of 
watch. But these attributes

 

are not enough to detect 

user’s mood and recommend the
 
desired videos. For 

this we propose to consider some other
 

attributes 
described earlier. We propose to consider subscribed

 channel videos, recently watched videos, specific time 
when

 
a video has been watched. The value of user 

 Considering all these things the
 

proposed method 
calculates the value of user specificity of a

 
video vi 

 

is:
 

 
 Using a linear combination

 
of these signals we 

generate a ranked list of the candidate videos. As 
YouTube only displays a small number of 
recommendations between 4 to 60, we have to generate 
a recommendation lists. In this stage diversity is 
considered. Since a user generally has interest in 
multiple different topics at differing times, videos that are 
too similar to each other are removed at

 
this stage to 

further increase diversity. For this diversity we consider 
weather information. In a rainy day a video

 
of rainy song 

may be recommended or a snowy video may be 
recommended on a snow falling evening though the 
user does watch this types of videos very often. After 
generating those videos the value of Ww

 
is assigned to a 

video vi
 
Considering all

 
these issues

 
that can affect a 

user mind, we generate an equation that calculates the 
rank of a video from the video

 
set of recommended 

candidates. The equation is the sum of all three signals 
considering all the attributes described. If

 
the system 

shows N videos from the set, the highest ranked videos 
will be displayed. The rank of a video vi

 
from the 

candidate set can be calculated by the following 
equation:

 
 
 

Then the top N scored videos will be displayed 
in the user interface. 

III. Implementation 

[1] Choose a batch-oriented pre-computation 
approach rather than on-demand calculation of 
recommendations. The proposed method does the on-
demand calculation of recommendation. As there are 
millions of data in the logs, the most significant 
downside of this approach is the delay between 
generating and serving a particular recommendation 
data set. To reduce the problem, we propose to use a 
pre-calculated recommendations. This recommend- 
dations are updated regularly so there is no chance of 
recommending same videos again and again. The 
actual implementation of YouTubes recommendation 
system can be divided into three main parts: 1) data 
collection, 2) recommendation generation and 3) 
recommendation serving. We collect input data from 
many users manually from their YouTube logs and store 
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Ui = Wsr.Asr +Wsi.Asi +Wr.Ar +Wt.At

Rvi = Qvi + Uvi +Dvi

specification can be generated by equation. 

Input Data

User Activity(Implicit, Explicit)/
Video Quality, View Count

Genrating
Realated Videos

    Genrating 
Recommedation

    Candidates

Assign a Weight to
All Attributes of Each

            
Video

Calculate Rank
  Score of Each
        Video

Display Top N
Recommended
      Videos

Display Top N
Recommended

      Videos



those in a big table [7]. Then we select the top N videos 
by the system described in section II. 

IV. Experimental Result 

A large number of user data is experimented by 
the method. User data are collected from the watch 
history of a large number of users for a period of three 
weeks (21 days). The data then processed for each 
individual users and recommended videos are 
generated by the proposed method. The result then 
analysed by the feedback of the users. As we cannot 
experiment the result by the random users of YouTube, 
we manually generate result for each individual users 
and ask which video he/she may click if the video 
appeared in the recommendation sector of YouTube 
home page. Based on some user’s feedback, some 

 

Table II: User’s Feedback on Recommended Videos by 
the Proposed Method 

 

 

 

 

 
experimented on more than 100 users. According to 
their feedback they would click around 75% of the 
recommended video. At the same time they would click 
only 63% video recommended by current 
recommendation system. Since we cannot implement 
our method in YouTube, we calculate our result 
manually considering user’s feedback and their 
feedback on current recommendation

 

system. There 
may be different result in real case. As the 
recommendation system is designed

 

considering user’s 
feedback,

 

there may be many users who do not think in 
the same way. It is very difficult to understand

 

user’s 
need as millions of user’s do not think the same way. 
But this recommendation system is accepted by most of 
the users we experimented.

 V.

 

Conclusion

 Recommending suitable video to a user is a 
very challenging task as the mood of the user is very 
dynamic. In this paper, we consider almost every 
attribute that can affect user mood. It makes our 
recommendation

 

system more friendly, reliable and 
dynamic. But all the values of the attributes depend on 
the previous activities of a user. So it may not perform 
well while recommending videos to a new user or the 
users who are not signed in. A user’s mood can change 
rapidly on some incident, our system may fail to 
understand that. But our recommendation system can 
deal with almost every other possible cases. Though we 
consider five attributes, all of

 

them are not equally 
important identifying the rank of a

 

video. So we assign a 

weight

 

to each attribute according to the significance of 
that attribute to the user. After that a final value is 
calculated for a video considering all these facts. The 
highest valued videos will be recommended to the user. 
Selection of attributes that take care of the dynamic 
behavior

 

and the calculating process makes our 
proposed system more

 

robust, dynamic and reliable.
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User No
Recommended

Videos
Videos He
May Watch

Videos He
May Ignore

Success
Rate

User 1 43 28 15 65.11%
User 2 52 40 12 76.92%
User 3 33 25 8 76.76%
User 4 55 43 12 78.18%

results are shown in. The proposed method has been
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Abstract-

 

In the early stages of mobile application 
development, mockups can be used to receive feedback 
from potential end-users. This richness of feedback is 
limited by the lack of interactivity and requires a lot of time 
for a more significant study population. The Klikker 
methodology aims to unite the designer, developers, and 
end-users in the initial phases of development by utilising 
modern web technologies and readily

 

available

 

–

 

and 
interchangeable -

 

design and analytic software. Klikker 
combines the collection of quantitative user behaviour and 
qualitative feedback from end-users on their own devices 
without additional effort

 

from researchers. The method is 
intended to be deployed in the first few weeks of the 
development process.

 

Keywords:

 

usability testing, distributed systems, user 
behaviour, event logs, mobile

 

applications.

 

I.

 

Introduction

 

he early stages of the design and development 
of a mobile application often involve producing 
sketches of interfaces. After the ideas have been 

conceptualised, (interactive) mock-ups can be made 
using What You See Is What You Get (WYSIWYG)-
editors such as Invision Studio

 

(invisionapp.com),

 

JustInMind

 

(justinmind.com),

 

PowerMockup

 

(powermockup.com),

 

ProtoIO (proto.io), Sketch 
(sketchapp.com), or Adobe XD CC (adobe.com). 
Most of these editors can produce an exported 
version that runs on a mobile phone and allows for 
testing the interaction internally within the develop-

 

ment team. Iterations and refinements during this 
process depend on the experience of the team 
members, only at a later stage, where an actual ver 
sion

 

of

 

the

 

mobile

 

application

 

is

 

available,

 

real

 

user

 

feedback

 

can

 

be

 

obtained through

 

applications

 

such

 

as

 

Google

 

Analytics

 

(analytics.google.com),

 

Apple 
Analytics

 

(developer.apple.com/app-store/app-
analytics/),

 

AppsFlyer

 

(apps-

 

flyer.com), or Appsee

 

(appsee.com).

 

phases of the development of a mobile application. 
Related work evaluated the benefit of performing field 
testing for mobile applications versus laboratory 
settings [Kaikkonen et al.2005]. Reviewed test 
procedures and tools for field testing [Bastien2010]. 
Provide similar remote-

 
based user tracking methods 

using an HTTP Proxy [Atterer et al.2006]. WebQuilt 
[Hong et al.2001] has a similar strategy of visualising

 

behaviour as a process but still utilises a separate 
web browser and requires the use of multiple custom 
services. The approach of this work is to be non-
disruptive, integrating into existing workflows/software 
of developers, and have ’dumb’ clients

 
(no custom 

software or framework required).
 

The mining of data is achieved by attaching 
event listeners to existing design tools and 
communicating event information through web

 

sockets to a server that also serves the interface of 
the mockup. The analysis and visualisation of user 
behaviour are treated as an Event Log used for 
Process Mining [van der Aalst2011]. The process

 

analysis program Disco (Fluxicon) [Gunther and 
Rozinat

 
2012] produces a process map from the 

event log that
 

enables
 

analysis
 

of
 

behaviour
 

and
 

detects
 
outliers

 
in

 
expected

 
paths.

 

The asynchronous nature of recording events 
by the server allows for high throughput for new 
events. The advanced filtering methods of Disco 
enable removing uncompleted instances and provide 
a visual representation showing the bottlenecks in the 
mobile application design. The method discussed in 
this work is tested through a use-case presented in 
this paper on the development of a healthcare and 
wellbeing mobile application [Wetzels

 
et al.2017]. 

The resulting application is used for the clinical trials 
in the European

 
Horizon

 
2020

 
project

 
DoCHANGE

 

[Habibovi ć
 
et

 
al.].

 

II.
 

Methodology
 

The aim of the Klikker-method is to connect 
user interactions with a mock-

 
up interface-exported 

T
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different points of view will be described: system 
view, experience view and implementation view. From 
a system point of view, the methodology is expressed 
through a system architecture model. From an 
experience point of view, the methodology contains 
guidelines to improve the user experience. From the 
technical perspective, a WebSocket service with a 
NoSQL-database (MongoDB) is used to receive and 
store events. Combined with a small script attached 
to the client-side code which

 
monitors and sends 

events to that
 
service.

 

a)
 

System
 
view

 

Figure
 

1
 

shows
 

the
 

system
 

architecture,
 

containing
 
the

 
Klikker

 
Host,

 
several clients,

 
and

 
a

 

separate
 
offline

 
client.

 
The

 
clients

 
connect

 
to

 
the

 

web
 
service provided

 
by

 
the

 
Klikker

 
Host,

 
whereas

 

the
 
offline

 
client

 
receives

 
periodical exports of the

 

MongoDB.
 

The Klikker Host service runs on a local 
research cluster, assigned 2 CPUs, 2Gb of memory 
(dynamically scaling to 8Gb), and 100Gb of storage 
within a dedicated Virtual Machine (VM). Node.JS is 
used

 
to serve

 
the static content of the website and 

act as a web socket  server for the  clients  to 

establish a persistent connection to. Uncomplicated 
Firewall (UFW) is used to restrict the in-  and  
outgoing  traffic.  An SSL-certificate is used to 
upgrade the HTTP and WebSocket (WS) connections 
to HTTPS and Secure WebSocket (WSS). PM2 
(Process Manager 2) is used for process 
management. When during peak-moments the server 
is on heavy use, PM2 allows quick clustering of 
processes. The nature of the application logic itself 
will enable this type of horizontal scaling without 
adjustments. A MongoDB instance is running on the 
VM; binding only a port on the localhost. Per  event 
triggered by clients, a new document is inserted 
based on the type of event.

 

The Klikker clients consist of desktops, 
tablets, or mobile phones. The scalability features 
(user interface) from the exported website and the 
soft-

 

wares ease-of-use were determining factors

 

for 
choosing JustInMind (JIM) as the mock-up designing 
software.

 

When loading the website, the injected 
script connects to the Klikker Host over a secure 
WebSocket  connection.   In addition to the source IP-
address and timestamp (server-side), the con-

 

nection is assigned a unique identifier that is used for 
separating

 

events

 

within the users (e.g. to differentiate 
between users behind the same public IP-address).

 
 

 
 
 

Figure 1: System architecture visualisation of Klikker method 
The offline client is a desktop or laptop of 

the research team. The client connects to the 
MongoDB service through an SSH-tunnel that is 

configured for key-based authentication over 
password-based for security reasons. An export of 
the dataset is made using the mongo command 
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in HTML format to an event log. In the next sections, 3 



line interface (CLI) or through the use of Studio 3T 
(studio3t.com). Depending on the settings of 
export provided by the data extraction approach, 
the resulting dataset will be provided as a JSON-

file (JavaScript Object Notation) or CSV-file 
(Comma-separated Values). In our analytics setup, 
the JSON-file is imported into a Jupyter Notebook 
running a Python (2.7) kernel. 

b) Experience view 
 

 

 

Figure 2:
 
Example of interfaces used in the Klikker study

 
Figure 2 shows two screenshots of the 

DoCHANGE  mobile  application [Wetzels and 
Liebregts2017]; the use-case of this methodology. 
Two functionalities of the app are: being able to get 
insight into nutritional values of food in pictures, and 
receiving personalised behavioural prompts. The 
latter bases its personalisation parameters on data 
from Fitbit (fitbit.com) and Moves [Evenson and 
Furberg2016] using the Consume-backend [Wetzels 
et al.2018]. Before executing the prompts, specific to 
the use-case, the participant is asked to agree to 
informed consent and provide basic demographics, 
age range, and gender used to annotate the events 
during analysis. A feature available in JIM-exports is 
that when the user presses on noninteractive 
elements of the interface, visual cues are given to 
what elements are interactive. It is up to the use-
case to include this behaviour, as it is monitored as 
well, or exclude it by changing the export settings 
or making the mock-up as interactive as the future 
product. The latter would result in more work 
required to create the mock-up; contradictory to the 
intent

 

of the (rapid-prototyping)

 

method.

 The process of making a mock-up suitable 
for this purpose starts with defining what the elements 
that are interesting to evaluate. These elements can 
consist of general styling and organisation

 

of buttons, 
specific functionalities, or the general structure of the  
app.  In general, everything that can  be simulated 
using a Wizard of Oz [Hannington and Martin2012] 
user test can be

 

evaluated.

 Although not utilised in this study, A/B-testing 
[Hannington and Martin2012] can be applied when 
hosting variations of the same mock-up. The static file 
serving should simply switch between versions, or a 
merged version is served where, based on 
demographics, one version is shown over the other.

 c)
 

Implementation
 
view

 Buttons and other UI elements exported by 
JIM are generated as HTML elements; like div, img, 
and span. The jQuery-library (jquery.com) allows 
event

 
handeling

 
on

 
specific

 
elements.

 
More

 specifically,
 

certain
 

mouse-events such as mouse-
down, hover, mouse-out, toggle, and mouse-over are
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available. JIM exports the mock-up inside a container 
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with the simulation  identifier.  In case of tracking the 
mouse event, this prevents events being transmitted 
that are outside of the scope of the simulation.

The mouse-down event is monitored on all 
elements within the simulation container. The event 
handler is connected to the simulation element but 
takes the source Element.id of the event  as an output 
parameter to send to  the Klikker Host. This approach 
enables to detect participants misclicking - e.g. 

seeing that the active area of the selection box is too 
small on mobile - or clicking on non-interactive 
elements. The first is commonly more an issue on 
touch-based interfaces than on pointer-based due to 
the lack of granularity of the input sensors (finger 
versus pointer). The mouse-down events are used for 
the generation of the event log shown in the results 
section of this paper.

$( ’# simulat ion ’ ). on (”mousedown”, f un c t i o n ( event )
                                               { socket . send ({
                ’ event ’ :event . srcElement . id , 
                ’ timestamp ’ :event . timestamp
                        })
               })
                   Code Snippet 1: mousedown event

The mouse-move event is also monitored on 
all elements within the simulation container. As 
configured in code snippet 1, The event handler is 
called on every refresh of the interface. According to 
the developer guides of Google modern devices 
refresh at 60 frames per second (fps); leaving about 
10ms per refresh for work in each cycle [Developer]. 
The time consumption of extracting the event 
information and, most importantly, sending the web 
socket message can cause janks.  Janks is a result of 
frame-rate dropping   and results in laggy interfaces.  
It is advisable to reduce the collection rate   or buffer 
events to reduce the relative time-consuming work of 
sending a message. In practice, sending messages 
over WebSockets is faster than the three-way 

handshake required by TCP for HTTP calls [Chaniotis
et al.2015];e.g. using HTTP calls.

The benefit of collecting mouse-move events, 
at a reduced interval, is the ability to reproduce user 
behaviour  as  they  interact  with  the mouse. An 
example of behaviour not captured by the mouse-
down event is the indecision of a participant in 
choosing which button to press. Based on the 
mouse-down event, a long time span is observed 
between two events, but it cannot explain what the 
user was doing in between. With the mouse-move 
event, a researcher could differentiate between 
indecisiveness while moving the mouse and Away 
From Keyboard (AFK) as is possible with traditional 
tracking software.

$( ’# simulat ion ’ ) . on (” mousemove” ,  f un c t i on ( event ){ 
        socket . send ({
          ’ x ’ :event . o f f se tX ,
         ’ y ’ :event . o f f se t Y ,
         ’ timestamp ’ : e v e n t . timeStamp
          })
       })
        Code Snippet 2: mousemove event

Code Snippets 1 and 2 show the code 
required for handling these events and sending them 
to the Klikker Host. As can be seen, no identifiable 
infor- mation is stored on the client or appended to
the message.  The identifiers are added to the 
message by the server based on connection details. 
This approach results in a database, or collection for 
MongoDB, that consists of thousands of separate 
events that can be regrouped based on identifiers  
but are stored as independent data-points. The 
timestamp keys ensure reproducibility of 
chronological order. The combination of identifiers 
and timestamps result in not having to rely upon or 

even implement, session- management in the Klikker
Host.

III. Results

This section addresses the application of 
Klikker-methodology on the use- case of the 
development of a mobile health application for the 
DoCHANGE project. Prior work consists of defining 
the functionalities and producing a visual style of the
DoCHANGE application. The results section is 
divided into the four phases: generation, collection, 
analysis, and evaluation.



a) Phase 1: Generation  

Figure 3: Overview of screens for mockup procuded in Sketch 

Figure 3 shows a screenshot of the mockup 
design created in Sketch. The primary role of this 
overview is to iterate over the chosen visual language  
and conceptualisation of specific features. The 
overview should contain an exhaustive amount of 
screens that cover the range of possibilities for the 
mobile application. The application development 
team can define focus points for user analysis. 

The DoCHANGE mobile application 
aggregates data from various commercial devices, 
such as Fitbit, and newly developed devices and 
services such as Smart Sleeve [Ayoola et al.2014] 
and Horus. This mobile application intends to 
preside next to existing applications from the 
devices. Smart Sleeve is a liquid intake monitor for 
heart failure patients with a fluid restriction. Horus is 
a service for providing nutritional advice based on 
photographs. 

In this use-case, the following tasks are 
given to participants: 

1. Upload a picture from the camera roll. Use a 
family picture for this one. 

2. Keep a record of what you eat. Upload a 
picture of your last meal. 

3. You have  just received a new DO (message)!  
Check  it out and mark  it as completed. 

4. Change the profile settings so buddies can find 
you. 

5. Text one of your buddies on your Buddies list. 
6. Add a new device to your Devices list. 
7. Check your liquid intake data. 

Based on the sequence of tasks, the interface 
of the application can change. E.g. after Task 1, a 
family photo should be visible on the dashboard. This 

type of detail is added to make the mockup 
experience feel complete and bind the result of a task 
to the next task. As depicted in Figure 4, after 
completing a task, a separate screen is used to 
introduce the next task. Pressing the start button 
serves a normalisation timestamp to compensate   
the time difference between tasks. 

The interactive mockup is internally tested 
by the development team as a dry-run test for 
completeness. After exporting to an interactive 
website, the mockup-with the custom integration 
injected- is placed on a dedicated server hosting 
the static files. Again, the development team 
performs a dry-run to identify the correct 
functionality of the service. 
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Figure 4: Example screenshot of task screens  

b) Phase 2: Collection 
The Klikker study for the DoCHANGE 

project was put online for three weeks and available 
online through a link. All members of the 
consortium were asked to distribute the link through 
social media or by word of mouth. The consortium 
partners are situated in The Netherlands, Spain, 
United Kingdom, and Taiwan; which explains why 
the data points shown later on Figure 6 clusters 
around this regions. 

Before the in-depth analysis, a quick view of 
general statistics is per- formed to determine whether 
the size of the dataset is satisfactory for the analysis. 
E.g. if the sample size is too small, additional 
recruitment efforts need to be performed. Using the 
Mongo CLI, an export was made of the full dataset in 
a JSON-format. This dataset was transferred using 
scp (Secure Copy based on SSH protocol). A total of 
160 unique users - based on the IP-address, 
connection identifier, and submission of 
demographics before the first task - are found in the 
exported database. These have produced 5097 
events based on the mouse-down event handler 
described in the methodology section. For the events 
sourceElement.id, 165 unique events are found in the 
dataset. 

For the study, gaining insight on the user 
behaviour and difficulties in executing the 
predefined tasks, it was concluded that the 
continuation of the analysis of the methodology was 
warranted. As mentioned above, in the case where 
more data would be needed, it would simply 

require recruiting more participants and export a 
new dataset. 

c) Phase 3: Analysis 
The exported dataset is imported into the 

Disco program. Every participant is considered as a 
case for the Event log and their button presses as 
their activities. The sourceElement.id values are 
labeled as Activities and an aggregation of IP-address 
and connection-id is used as CaseIDs. 

An extension to the basic analysis showed a 
mean case duration of 2.9 minutes (median 99.5 
seconds). Based on internal testing, the 
questionnaire can be performed in 4 minutes. This 
observation triggered the investigation towards the 
length of the cases (number of activities). A high 
number of cases did not finalise all tasks. For that 
reason, a filter was  applied to take  out all cases that 
not completed up to Task 2. Task 2 was chosen to not 
discriminate non-compliance to the study based on 
the difficulty of the task versus not wanting to finalise 
participation. The filter reduced the sample size to 94 
participants. 

The remaining cases are imported into a 
Jupyter Notebook (jupyter.org) for analysis. Figure 5 
visualises the age-range and gender distribution of 
the remaining 94 participants. The Figure highlights a 
bias in the sample for males between the age of 18 
and 45 (combining the lower age-ranges). 

Based on the IP-address of the case, a geo-
distribution is made using   the Map View plugin 
(Figure 6). The Figure illustrates the bias for Dutch 
participants over the other partner countries. This  
visualisation  does  not take into account the possible 
use of a Virtual Private Network (VPN) connection, 
hiding the actual geo-source of the participant, and 
can provide a visually skewed  picture based on the 
different sizes of the countries.  E.g.  the number of 
participant from Finland might appear larger than those 
of Spain.  Although this visualisation is not a crucial 
element to the analysis,    it does provide an insight to 
the participant population as the geolocation is 
available as a second parameter in the dataset. 
Considering the ease of producing such overview, it 
is recommended to generate it to identify any bias. 

Figure 7 shows a map of general pathways of 
cases through the tasks.  The red line highlights the 
correct pathway to complete the Tasks. The pathway 
is filtered to hide activities with relatively low 
occurrence for clarity of the visualisation. Deviations 
from the correct path show unintended user 
behaviour. Based on the activities that are performed, 
the intuition of the participant, expecting a specific 
action resulting in the correct outcome, can be 
reconstructed. As discussed in the evaluation section, 
this can result in concrete design- and development-
requirements. 

  
  
 

  

22

Y
e
a
r

2 
01

8
  

 
(

)
G

G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
III

 I
ss
ue

 I
 V

er
sio

n 
I 

© 2018   Global Journals 1

Klikker: A Method and Infrastructure for Mining, Analysis, and Visualisation of user Behaviour and 
Usability Issues for Mobile Application Development



  

 Figure 5: Stacked bar chart showing demographics of participants
 After completing all tasks, the participants 

were given the opportunity to
 

provide
 

written
 feedback to express experiences not

 
captured

 during
 
the study. As presented in the evaluation 

section, 92 out of 94 participants provide additional
 feedback.

 
d)

 
Phase 4:

 
Evaluation

 Based on the results from the analysis, 
several learning can be derived. Looking at Figure 7, 

the circles highlight the bottlenecks in tasks.  A 
bottleneck   is defined as a high deviation from the 
correct pathway. These bottlenecks occurred at the 
following tasks:

 
 
 
 
 

Figure 6: MapView of participant geo-distribution 

Task 4: Change your proftle settings so buddies can ftnd 
you Al- though the majority followed the correct 
activity, going to settings to change, the second 
largest group searched for the settings in the buddies 
panel. This shows unclarity in how to change the 
profile settings. 
Task 5: Text one of your Buddies on your Buddies list 
the

 

majority chose a buddy that was not listed as a 

friend yet; the top of the list. To stimulate the social 
experience from the application, a suggested

 
friend 

list is put on top of the screen. Considering that the 
largest group chose the first item on the list, it can 
be concluded that the

 
suggested buddies disrupts 

the user
 
flow.
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Task 6: Add a new device to your Devices list As
stated in the qualitative feedback, and low number of 



  participants choosing the correct event, the intended 
device button in the interface did not identify itself as 
such.

 
Based on the qualitative feedback, the

 
following observations are extracted from the entire 
list of feedback:

 
•

 

The visual style of mock-up was general 
considered to be good. Some Tasks, involving 
pressing icons as buttons, created confusion to 
the purpose of the button. E.g. the devices list 
button consisted of four squares.

 
•

 

Multiple participants stated that they only 
finished a specific tasks based

 

on

 

trial-and-
error

 

or

 

due

 

to

 

the

 

interactive element 
highlighting from

 

JIM.

 
•

 

The purpose of the study was not clear to some 
participants as no introduction of the study was 
provided.  This was  done intentionally  by the 
researchers to prevent pre-educating the 
participants for

 

the purpose of the app. If 
required, additional introductory stories can be 
added prior to loading the mock-up to provide 
some context to the study.

 
•

 

Some participants wanted to see more of the 
application; this is limited by

 

the

 

mock-up

 

and

 
outside

 

the

 

purpose

 

of

 

this

 

approach.

 •

 

Feature-specific feedback consisted of raising the 
concern of showing People you might want to 
know as suggestion in the Buddies list or 
prioritising these suggestions over actual Buddies 
by showing the sug- gestion

 

first.

 •

 
These insights provided direction for future 
efforts: re-evaluate the application navigation and 
investigate how to improve the usage of icons to 
convey meaning.  The latter might seem obvious 
from a third perspective, but bias blind spots are 
only discovered by receiving feedback

 

from 
others.

 IV.

 
Conclusions

 The Klikker-methodology has proven to be 
easy to implement and requires few resources in 
comparison with other methods to collect user 
behaviour and feedback. The process requires the 
involvement of researchers with different backgrounds 
to create the mockups and analyse the produced 
dataset. Prior work by the authors, also highlighted 
the relevance of combining the perspectives of 
researchers, designers, and developers [Wetzels et 
al.2017]. The Klikker method intends to achieve this 
cooperation at an early stage of the

 
application

 development
 

to
 

increase
 

efficiency
 

in
 

the
 development

 
process and prevent major overhauls in 

the later stages of development. From a technical 
perspective, the authors would recommend

 modernising the setup by containerising all services 
using Docker [Chamberlain and Schommer2014], 
implementing a reverse proxy-such as NGINX 
[Nedelcu2010] or Traefik (traefik.io)-, and

 
having

 NGINX or a separate
 

service
 

to host the
 

static
 files instead of the Node.JS process. Future efforts 

will also investigate the mimicking of the TCP three-
way handshake using web sockets to confirm 
successful delivery of events. From a research 
perspective, the method is positioned as an early 
stage explorative approach to kick-start an iterative 
development cycle and promote end-user 
involvement. The method has not been designed to 
evaluate large, in depth, topics such as user 
behaviour over a longer period. It is recommended to 
focus on UI elements and general functionalities;

 preferably
 
the

 
study

 
does

 
not

 
take more than a few

 minutes.
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2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
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framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your 
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with 
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you 
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list 
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of computer science then this point is quite 
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 

Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

Preparation of Eletronic Figures for Publication

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only) should have a resolution of  at  least 350  dpi  (halftone)  or 700  to 1100 dpi              (line  drawings).  Please  give  the  data 
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and 
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line 
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper.
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9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable.

10.Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should 
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain 
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research 
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a 
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere, 
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data.
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19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research.

6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier.



 

 
 

 

 

 

 

 

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies 
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings. 
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the 
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A 
good quality research paper format is essential because it serves to highlight your research paper and bring to light all 
necessary aspects of your research.

Informal Guidelines of Research Paper Writing

Key points to remember:

• Submit all work in its final form.
• Write your paper in the form which is presented in the guidelines using the template.
• Please note the criteria peer reviewers will use for grading the final paper.

Final points:
One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent 
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general 
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

• Insertion of a title at the foot of a page with subsequent text on the next page.
• Separating a table, chart, or figure—confine each to a single page.
• Submitting a manuscript with pages out of sequence.
• In every section of your document, use standard writing style, including articles ("a" and "the").
• Keep paying attention to the topic of the paper.
• Use paragraphs to split each significant point (excluding the abstract).
• Align the primary line of each section.
• Present your points in sound order.
• Use present tense to report well-accepted matters.
• Use past tense to describe specific results.
• Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
• Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have 
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer 
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant 
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet 
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability 
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The 
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any 
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

• Fundamental goal.
• To-the-point depiction of the research.
• Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of 

any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

o Single section and succinct.
o An outline of the job done is always written in past tense.
o Concentrate on shortening results—limit background information to a verdict or two.
o Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important 

statistics) are just as significant in an abstract as they are anywhere else.

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background 
information to be capable of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

o Explain the value (significance) of the study.
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them.
o Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job 
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad 
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.

Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a 
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of 
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped 
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit 
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of 
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad 
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of 
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:

Materials may be reported in part of a section or else they may be recognized along with your measures.

Methods:

o Report the method and not the particulars of each process that engaged the same methodology.
o Describe the method entirely.
o To be succinct, present methods under headings dedicated to specific dealings or groups of measures.
o Simplify—detail how procedures were completed, not how they were performed on a particular day.
o If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.

Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.

What to keep away from:

o Resources and methods are not a set of information.
o Skip all descriptive information and surroundings—save it for the argument.
o Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective 
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor.

Content:

o Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.
o In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
o Present a background, such as by describing the question that was addressed by creation of an exacting study.
o Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 

appropriate.
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript.

What to stay away from:

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
o Do not include raw data or intermediate calculations in a research manuscript.
o Do not present similar data more than once.
o A manuscript should complement any figures or tables, not duplicate information.
o Never confuse figures with tables—there is a difference. 

Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.

Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work.

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.
o Give details of all of your remarks as much as possible, focusing on mechanisms.
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives.
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain?
o Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

The Administration Rules

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection. 

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 
decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 
appropriate content, Correct 
format. 200 words or below 

Unclear summary and no 
specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 
information

Above 250 words

Introduction

Containing all background 
details with clear goal and 
appropriate details, flow 
specification, no grammar 
and spelling mistake, well 
organized sentence and 
paragraph, reference cited

Unclear and confusing data, 
appropriate format, grammar 
and spelling errors with 
unorganized matter

Out of place depth and content, 
hazy format

Methods and 
Procedures

Clear and to the point with 
well arranged paragraph, 
precision and accuracy of 
facts and figures, well 
organized subheads

Difficult to comprehend with 
embarrassed text, too much 
explanation but completed 

Incorrect and unorganized 
structure with hazy meaning

Result

Well organized, Clear and 
specific, Correct units with 
precision, correct data, well 
structuring of paragraph, no 
grammar and spelling 
mistake

Complete and embarrassed 
text, difficult to comprehend

Irregular format with wrong facts 
and figures

Discussion

Well organized, meaningful 
specification, sound 
conclusion, logical and 
concise explanation, highly 
structured paragraph 
reference cited 

Wordy, unclear conclusion, 
spurious

Conclusion is not cited, 
unorganized, difficult to 
comprehend 

References
Complete and correct 
format, well organized

Beside the point, Incomplete Wrong format and structuring
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