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Abstract

Human activity detection is one of the key areas of interest in all surveillance
applications. This work has earlier been performed manually but recent technologies have
successfully converted into automated systems to carry out this task. A variety of online
dataset repositories are available for training the systems and testing them later. Some datasets
are solely inclusive of single human actions, however, in some others, the interactions of
humans with objects and other humans have also been accounted for. This paper focuses on
single human actions alone and a survey of datasets with the dominance of single human
actions.

Keywords: Human-object interaction; Human activity detection; Surveillance;
dataset evaluation

INTRODUCTION

Human activity recognition and human to object interaction [1], [2] are considered to
be the key objectives of surveillance systems to watch over any suspicious activity taking
place. The purpose can be achieved by using human resources for monitoring the CCTV
footage. However, human beings cannot be exempted from errors due to their inability to
focus on a task for longer uninterrupted durations of time. Therefore, there is a need to
develop automated vision-based computer systems to get the desired functionality more
accurately and efficiently. A variety of online dataset repositories are available for training
and testing such systems.

The increased rate of terror attacks coupled with crime activities in Pakistan demands
development of comprehensive automated systems capable of detecting the human presence,
identifying and recognizing their actions; detecting their emotions, age and gender and
completely describing the scenario under observation. On the contrary, there is a need to
predict these doubtful events prior to occurrence in order to prevent them from happening
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altogether. System requires training for predicting an activity based on unit human actions
leading to the complex activities.

In the context of single human action recognition, many online datasets are available,
however, most of them consist of human to object interaction along with basic single human
actions. This review has its main focus on datasets with the dominance of single human
actions out of which KTH [3],[4] is one of the most frequently used datasets. This dataset
may not be inclusive of larger set of actions but due to its uniform background, it is generally
employed for training purposes. HMDB51[15] dataset has its significance in catering real life
scenarios and is commonly used for testing of trained system. To account for actions
captured from different view angles, datasets such as MuHAVi [6]-[7] dataset play their part.
IXMAS [8-10] dataset is vital for training the system for dealing with both occluded and
non-occluded actions. UT Tower action dataset [11] presents the searchers with action
recorded from an aerial view.

Distinction in the dataset is made on the following parameters in the field of activity
recognition or CV (Computer Vision) domain:

i. Presence of Human
ii. Human Skeleton/Structure
iii. Inner parts of body
iv. Arm Movements
v. Leg Movements
vi. Bending Curves of Human Skeleton
vii. Position of Human with respect to objects
viii. Indoor/Outdoor Environments
ix. Camera Angle

DATASET REVIEW

Following eleven datasets have been reviewed in this paper.

1. KTH
2. MuHAVi-MAS
3. UT Towers
4. IXMAS Action
5. UIUC
6. HMDB51
7. WVU
8. MPII
9. WEIZMANN
10. CASIA
11. Berkeley MHAD
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KTH Dataset

The KTH dataset had been generated in 2004 by Royal Institute of Technology [12].
six human action classes have been focused in KTH dataset [4, 13]. It consists of 4 different
conditions for recording actions i.e. outdoors, outdoors with scale variation, outdoors with
different clothes and indoors. Each of the 25 subjects was made to perform these 6 actions, 4
times each. There are a total of 2391 video sequences in KTH dataset [13,3]. The resolution
of these videos is 160x120 [13],[14]. It is considered to be one of the largest datasets
available for single human action recognition [12]. The dataset has been divided into training
set (8 subjects), validation set (8 subjects) and test set (9 actors) [13].

The action classes [1] included in this dataset are;

(i)   Walking
(ii)  Jogging
(iii) Running

(iv) Boxing
(v)  Waving
(vi) Hands clapping

Apart from videos, the dataset also provides ground truths. The dataset consists of
single action labels assigned to each action class [4]. This dataset is limited to clean,
homogeneous and uniform backgrounds [2],[3]. This trait of KTH proves good for training
reasons but some researchers demand rather complex and realistic backgrounds for testing
purposes [2]. It is for this reason that KTH is mostly used for training purposes with action
videos from other datasets used as testing data.  Frames from a few instances of KTH dataset
i.e. boxing, jogging and waving have been shown in Figure I

(a) Boxing (b): Jogging (c): Waving
Figure 1: Few instances of KTH Dataset

MuHAVi-MAS Dataset
This dataset has been originally generated by a team at Digital Imaging Research

Centre, Kingston University in the year 2010. Each of the 17 different action classes,
performed by 4 actors has been recorded from 8 different angles using eight CCTV cameras.
Each action has been performed several times by actors in the action zone [6]. The resolution
of these videos is 720x256.
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The actions in this dataset are:

(i)    Punch
(ii)   Kick
(iii)  Walk-fall
(iv) Walk-turn-back
(v) Run-stop
(vi)   Shot gun-collapse
(vii) Pull heavy object
(viii) Pick up/Throw object
(xi) Walk-fall

(x)    Look in car
(xi)   Crawl on knees
(xii)  Wave arms
(xiii) Raw graffiti
(xiv) Jump over fence
(xv)  Drunk walk
(xvi) Climb ladder
(xvii)Smash object

The action videos with uneven backgrounds have been recorded in night street light
illumination [6] and have been manually synchronized. Videos from 5 action classes have
been manually annotated. The silhouettes of human presence and actions in various frames
of videos has been provided for this subset of action classes [7]. It comprises of both unit
actions and composite actions. For training purposes, often these composite actions have
been cropped to obtain unit actions videos [7] e.g. walk-fall is a composite action and can be
further divided into two unit actions i.e. walking and falling. Figure 2 (A) and Figure 2 (B)
display a few samples of MuHAVi dataset and silhouettes of some actions of the same
dataset respectively.

(i) Punch (ii) Kick (iii) Jump

(iv) Fall (v) Crawl (vi) Collapse

Figure 2A: A few instances of MuHAVi dataset
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(i) Collapse (ii) Punch (iii) Kick
Figure 2B: Few instances of MAS silhouettes

UT Tower Dataset

Nine action classes have been targeted in UT tower dataset (pointing, standing,
digging and others) [11]. This aerial dataset has been recorded using static camera setup at
the top of the main tower of University of Austin. Each action has been performed 12 times
by 6 individuals with 2 backgrounds i.e. floor and grassy lawn [15]. Five actions recorded in
this dataset are:

(i)   Carry
(ii)  Run
(iii) Wave with one hand

(iv) Wave with two hands
(v)  Jump

The remaining 4 actions i.e. point, stand, dig and walk have been recorded with floor
background. There are 108 videos in total [16]. All videos have low resolution since the
actions have been recorded from a distance. In these video frames, the person height is no
more than 40 pixels. The figure centralization detector has been applied to provide figure-
centric patches in the video frames [15] in order to focus on the person of interest only.
These poses are common for recognizing multiple games action also [11]. Figure 3A
presents a few cases of actions showing the person of interest only, however, Figure 3B
shows the complete frames of actions and associated background taken from an aerial view.

(i) Pointing (ii) Walking (iii) Jumping (iv) Running
Figure 3A: Few instances of UT Tower dataset
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(i) Bounding box (ii) Corresponding Frame
Figure 3B: UT Tower Dataset

IXMAS Action Dataset

IXMAS action dataset was first published in the year 2007. It comprises of 1148
videos, most of which are without occlusions except 698 video sequences in which objects
partially occluding the actor. Eleven actions have been included in this dataset. These actions
were performed by 10 actors; 5 males & 5 females. Each of these action instances has been
recorded from five different view angles using five standard fire wire cameras [8].
The eleven actions include:

(i)   Walking
(ii)  Waving
(iii) Punching
(iv) Kicking
(v) Picking up
(vi) Sitting down

(vii) Checking Watch
(viii) Crossing arms
(ix) Scratching head
(x) Getting up
(xi)    Turning around

Resolution of these videos is 390x291. Ground truths and bounding boxes have also
been provided along with the videos. It consists of both un-occluded and partially occluded
single human actions [9]. It aids in the development of more robust and realistic systems
where the human actions are expected to be partially occluded in most general cases.
Volumetric voxel representations and silhouette of human actions obtained by eliminating
backgrounds have been included in the dataset. [10]. A few examples of occluded actions
and some of un-occluded actions have been displayed in Figure 4A and Figure 4B
respectively.

(i) Turn Around (ii) Get Up (iii) Punch
Figure 4A: IXMAS (without occlusion)
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(i) Punch (ii) Turn Around (iii) Get Up
Figure 4B: IXMAS (with occlusion)

UIUC Dataset

UIUC dataset includes video sequences of 14 general human actions and 4 badminton
sequences [17]-[18]. Eight actors have cooperated in the generation of this dataset. It
comprises of 532 videos in total.

The action classes included in this dataset are very diverse which are listed below:

(i) Crawling
(ii) Turning
(iii) Clapping
(iv) Walking
(v) Running
(vi) Jumping
(vii) Waving

(viii) Jumping jack
(ix) Jump from sit-up
(x) Raise one hand
(xi) Stretch out
(xii) Sit to stand
(xiii) Pushing up
(xiv) Stand to sit

Apart from these action classes, badminton sequences have also been included in this
dataset. These videos have been recorded from a single camera view. All the video
recordings have a uniform and clean background [18]. Foreground masks are also provided.
Figure 5 shows selected collection of actions from this dataset.

(i) Clapping (ii) Waving (iii) Pushing Up
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(iv) Turning (v) Jumping (vi) Crawling
Figure 5: UIUC dataset

HMDB51 Dataset

HMDB dataset has been collected from various public sources such as YouTube and
Google videos. A total of 51 actions have been added in this dataset out of which nineteen
are single human actions and remaining include interactions of human beings with objects or
with other human beings. Each category has 101 video clips on an average [5]. It consists of
images taken from a static camera and in some cases, taken from a moving camera. This
dataset contains 6766 video sequences. Thirty percent of the data is used for testing while 70
percent for training against each action class [18]. The dataset has both the originally
generated videos and the stabilized version of these videos i.e. standard image stitching
techniques were used to align frames of the video [5], [18]. A few sample instances of the
dataset have been revealed in Figure 6.

(i) Standing (ii) Kicking (iii) Clapping
Figure 6: HMDB51 Dataset

Meta information for each video is also provided in the dataset along with video
sequences. The validation of the dataset was manually checked. This vast dataset has five
subcategories [5].

1) General facial actions
2) Facial actions with object interaction
3) Single human actions
4) Human to object interaction
5) Multiple human actions
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WVU Dataset

This dataset consists of 2 main divisions i.e. single human unit actions and single
human prolonged composite actions. There are 12 videos for unit actions and 8 videos for
composite actions available in this dataset. Jogging, clapping and nodding head are a few of
these many action classes. To help understand the dataset better, WVU dataset also contains
meta information and description of the videos. The camera resolution is 640x480 pixels for
unit actions and 960x720 pixels for composite actions. Twenty frames per second are present
in each video sequence. The data has been recorded from 8 cameras that are synchronized in
time [19]. All eight camera views of nodding head have been exhibited in Figure 7.

(i) (ii) (iii)

(iv) (v) (vi)

(vii) (viii)
Figure 7: WVU dataset (8 camera views of nodding head)

MPII Dataset

This dataset comprises of 21 main categories (e.g. running, home activities, sports
and others) which are further subdivided into 823 individual human action classes [20] such
as running, jogging, sitting, exercising and so forth. These image frames and short video are
taken mainly from YouTube. The dataset contains 24,920 videos in total. The dataset
consists of a huge range of videos among which, some may consist of occluded human
actions, and the camera viewpoint of these videos may also vary from one video to another.
It is also possible that most videos may not show the complete silhouette of humans present
[22]-[23], rather some portion of human body may be truncated in some or all of the frames
in any video [21].
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Weizmann Dataset

The dataset is composed of ninety videos with low resolution of 180x144[22]-[23].
Ten natural action classes are focused in this dataset which include running, walking,
skipping, bending and others. Each of the ten actions was performed once by all nine actors
[22]-[23]. This dataset includes videos without occlusions for most actions, however,
walking action has been covered with object occlusions too, such as walking occluded by a
bag, a log or a pole. In addition to this, moon-walk, limp-walk and normal walk captured
from 10 different angles is also part of this dataset. Frames of 3 actions, randomly selected
for illustration, have been shown in Figure 8. However, these varying walking styles have
been included in the test data where training will be carried out by video sequences of
normal walk. Extracted masks and background sequences are also part of this dataset.

(i) Jumping (ii) Idling (iii) Skipping
Figure 8: WEIZMANN dataset

CASIA Dataset

CASIA action database [24]-[26] for recognition includes 8 single person actions and
7 two-people interactions. The single human actions consist of:

(i) Bending
(ii) Crouching
(iii) Walking
(iv) Running

(v) Jumping
(vi) Fainting
(vii) Wandering
(viii) Punching a car

Two persons interaction instances consist of:

(i) Rob
(ii) Follow
(iii) Follow and gather

(iv) Meet and part
(v) Meet and gather
(vi) Fight and overtake

The resolution of video sequences is 320x240. All actions have been recorded with
three camera views i.e. top-down view, angle view and horizontal view. The recordings have
been made in a parking lot, an outdoor cluttered background, where frame to human ratio is
large. All 3 views of five actions from CASIA dataset have been displayed in Figure 9.
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(i) Walking

(ii) Running

(iii) Bending

(iv) Jumping

(v) Crouching
Figure 9: Three views of a few instances of CASIA Action dataset
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Berkeley MHAD Dataset

The dataset consists of 11 actions performed 5 time by each of the 12 actors [27]-[29]. The
actions include:

(i) Jumping
(ii) Jumping jacks
(iii) Throwing
(iv) Waving

(v) Clapping hands
(vi) Sitting
(vii) Standing
(viii) Bending

As an example, a sample frame of each of the eleven actions have been depicted in
Figure 10. The dataset consists of diversity since no specifications were provided on how to
perform a particular action [27]. The actions have been recorded in indoor environment. In
addition to these actions, a T-pose of every subject is also provided in the dataset to estimate
the structure of the subject. Moreover, background information is also available.

Figure 10: Berkeley MHAD dataset
(Some actions along with their point clouds obtained using a Kinect camera)

DISCUSSION AND SUMMARY

The collection of single human actions obtained from the datasets mentioned in this
review can be categorized into 3 subdivisions i.e. sports and fights, body gestures and some
common actions including both unit and composite actions. Sports and fights category
include a summary of all those actions in these datasets that are related to either sports or
fights and disputes e.g. climbing, punching, running etc. Gestures category is meant to
familiarize the reader of all the instances in this collection which represents bodily gestures
in one way or the other. This category includes crossing arms, nodding head, bending the
body etc. The third category i.e. common actions include all those examples which cannot be
linked to any particular class of actions, rather include commonly performed actions in daily
routine e.g. walking, sitting, standing etc.

Following fact and figures are determined by comparing all datasets in Table 4.

From 2004 to 2010; KTH, MuHA Vi-MAS, IXMAS Action, WEIZM ANN, CASIA, UIUC
and UT Tower were compiled.
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- KTH dataset’s background consists of indoor as well as outdoor; IXMAS Action &
UIUC was captured indoor and in uniform environment and outdoor only for WEIZM
ANN and CASIA. However MuHA Vi-MAS and UT tower were recorded outdoor.

- Illumination in KTH is grey-scale, MuHA Vi-MAS is Night Street Lights, IXMAS
Action is Dim Light, UIUC is Moderate Light, WEIZM ANN, CASIA and UT Towers is
Daylight.

- All of them have no occlusions except IXMAS Action, it contains occluded and non-
occluded both videos.

- Resolution of KTH and UT Tower is very low; IXMAS Action and UIUC have normal
resolution. However, MuHA Vi-MAS has high quality resolution with 720 pixels.
Camera views are different for all of these datsets.

- KTH and WEIZM ANN have single camera View only; UT Tower has aerial view,
MuHA Vi-MAS consists of 8 camera views, IXMAS Action is recorded with 5 different
angles, CASIA has 3 and UIUC has only frontal view.

- KTH is sorted into 6 Classes with 25 subjects, MuHA Vi-MAS is in 17 classes with 4
subjects, UT tower is in 9 classes with 6 subjects, IXMAS action is in 11 classes with 10
subjects, WEIZM ANN is in 10 classes with 9 subjects, CASIA is with 8+7 with 24
classes and UIUC is in 14 classes with 8 subjects.

From 2011 to 2013; HMDB 51, WVU, MPII and Berkeley MHAD were collected.

- HMDB 51 and MPII were recorded in varying lightning condition while XVU and
Berkeley MHAD in moderate light.

- Background conditions are varying for HMDB 51 and MPII whereas indoor for WVU
and Berkeley MHAD.

- WVU and Berkeley MHAD has no occlusions but other 2 has different occlusions.

- Camera view for MPII and HMDB 51 is single. WVU has 8, and Berkeley MHAD has
12 views of camera.

- Class division of HMDB 51 is 51, WVU is of 12+8 classes with 1 subject, MPII of 823,
and Berkeley MHAD of 11 classes with 12 subjects.

Moreover an additional row of “others” has been added in the tables to compensate
all those actions that occur in a single dataset or are found to have rare occurrences in the
discussed datasets. HMDB51 and MPII action datasets are very versatile and cover a large
number of actions. The details of action events in datasets other than these two have been
summarized in Tables 1-3. Moreover, a detailed tabular summary and analysis of these
datasets have been presented in Tables 4 and 5 respectively.
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Table 1: Presence of action instances related to sports category in datasets

Sports and Disputes
KTH

MuHAVi
-Mas

UT
Tower

IXMAS UIUC
Berkeley
MHAD

CASIA WVU MPII
WEIZ
MANN

Climbing Yes
Punching Yes Yes Yes
Kicking Yes Yes Yes
Running Yes Yes Yes Yes Yes Yes Yes Yes
Jumping Yes Yes Yes Yes Yes

Jogging Yes Yes Yes
Others (dive,
somersault

etc.)
Yes

Table 2: Body gesture instances in datasets

Gestures
KTH MuHAVi

-Mas
UT

Tower
IXMAS UIUC Berkeley

MHAD
CASIA WVU WEIZ

MANN
Cross arms Yes

Scratch head Yes

Nod head Yes

Bend Yes Yes Yes
Waving Yes Yes Yes Yes Yes Yes Yes Yes
Pointing Yes

Raising hand Yes

Table 3: Some common action instances in datasets

Common Actions

KTH
MuHAVi

-Mas
UT

Tower
IXMAS UIUC

Berkeley
MHAD

CASIA WVU MPII
WEIZ
MANN

Walking Yes Yes Yes Yes Yes Yes Yes

Crawling Yes

Clapping Yes Yes

Sitting Yes Yes Yes Yes

Standing Yes Yes Yes Yes Yes

Turning

Pick up/ carry Yes Yes Yes Yes

Drop/throw Yes Yes
Two people
Interactions

Yes

Others
(crouching,

fainting etc.)
Yes Yes Yes Yes
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Table 4: A summary of datasets and their specifications

D
at

as
et

s

B
ac

kg
ro

un
d

Il
lu

m
in

at
io

n

O
cc

lu
si

on
s

R
es

ol
ut

io
n

C
am

er
a 

vi
ew

s

Sc
al

e 
va

ri
at

io
ns

N
o.

 o
f 

V
id

eo
s

Si
ze

C
la

ss
es

Su
bj

ec
ts

F
or

m
at

Y
ea

r 
of

 P
ub

lic
at

io
n

R
ef

K
T

H

Indoors,
Outdoors,
Uniform

Grey-scale
images

No 160x120 1 Y 2391
1.14
GB

6 25 AVI 2004
[1-4],
[12],
[13]

M
uH

A
V

i
M

A
S Outdoor,

complex

Night
street
lights

No 720x256 8 N 952
171.8
GB

17 4 AVI 2010
[6],
[7]

U
T

T
ow

er
s

Outdoor,
uniform

Daylight No
Person height
no more than

40 pixels
Ariel view N 108

670
MB

9 6 BMP 2010
[15],
[16]

IX
M

A
S

A
ct

io
n

indoors,
Uniform

Dim light Both 390x291
5 different

angles
N 1148

7.4
GB

11 10 AVI 2006
[8],
[9],
[10]

U
IU

C Indoor,
uniform

Moderate
light

No 400 pixels Front view N 532
57.7
GB

14 8 TIP 2008
[17],
[18]

H
M

D
B

51

Varying
Varying

light
conditions

Rarely Varying 1 Y 6766
5.5
GB

51 - AVI 2011
[5],
[18]

W
V

U Indoor,
Complex

Moderate
light

No 640x480 8 N 6240
23.1
GB

12+
8

1 JPEG 2011 [19]

M
P

II

Varying Varying Both Varying 1 Y 24920
438
GB

823 - - 2014
[20].
[21]

W
E

IZ
M

A
N

N

Outdoor,
uniform

Daylight
only in
walking
actions

180x144
Single with
exception of

'walking'
N 90

340
MB

10 9 AVI 2005
[22]
[23]

C
A

SI
A

Outdoor,
complex

Daylight No 320x240 3 N - - 8+7 24 - 2007
[24]-
[26]

B
er

ke
le

y
M

H
A

D

Indoor
Moderate

light
No 640x480 12 N 56

822.8
GB

11 12
GRB

G
2013

[27]-
[29]



PJCIS (2018), Vol. 3, No. 1 : 1-19 Towards Recognition of Human

16

Table 5: A brief analysis of datasets

Datasets Strengths Weaknesses

KTH Varying background Poor resolution

MuHAVi MAS
Multi-camera views, silhouettes of
human body are provided in MAS

dataset
Frame to human height ratio is higher

UT Tower Recorded from an aerial view
Large frame to human ratio results in poor

resolution of the area of interest

IXMAS action
Occluded instances of videos have
also been made part of the dataset

Poor resolution and blurred videos

UIUC High resolution
Slight edges appear in background which

might cause trouble in training

HMDB51 Versatility in actions Inconsistent recording conditions

WVU
8 different camera views for each

action, neat background
Edges in background might become

problematic in training

MPII Versatility in actions Inconsistent recording conditions

WEIZMANN Uniform background Low resolution

CASIA
Unique classes have also been

included
Frame to person ratio is large

Berkeley
MHAD

Versatility in style of performing
actions is a plus in testing

Versatility in style of performing actions
becomes challenging in training

CONCLUSION

Most of the 11 datasets discussed in this review have managed to provide uniform
backgrounds in their recordings, which is vital for training the system. On the contrast, some
other datasets provide complex and real backgrounds, aiding in testing purposes. Relatively
lesser number of instances of occluded actions is provided in this collection. Majority of
these datasets provide annotations or bounding boxes around humans.

The mentioned datasets have a dominance of common actions performed in daily
routine. However, it is observed that there is a lack of instances in context of surveillance for
security systems in these online repositories. UT Tower and WEIZMANN datasets have low
frame to person height ratio and KTH dataset comes with low resolution. Due to this reason,
it may become tedious to utilize these datasets in body parts segmentation. HMDB51 and
MPII comprise of videos based on real life human actions with multiple backgrounds,
different resolutions, varying camera views and scale variation. These traits are significant
when it comes to testing the accuracy of a well-trained system; however, they provide little
benefit in training stage.
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Analysis of these datasets reveals that there are negligible instances of locomotion-
based actions that have been captured from a frontal or backside view i.e. approaching or
moving away from a static camera. Moreover, no datasets of Asian people are available who
are likely to have varying clothes and styles of performing chores.
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MATERIAL AND METHOD

Considering the nonlinear equation, such as( ) = 0 (1)
Now writing ( + ℎ) in Taylor’s series expansion about x, we obtain( + ℎ) = ( ) + ℎ `( ) + (ℎ) (2)(ℎ) = ( + ℎ) − ( ) − ℎ `( ) (3)
Supposing `( ) ≠ 0,for searching the value of h, so ( + ℎ) = 0, such that( ) + ℎ `( ) + (ℎ) = 0 (4)
This is equivalent to finding the following `h`

ℎ = − ( )`( ) − (ℎ)`( ) (5)
Eq (5) can be rewritten in the following formℎ = + (ℎ) (6)
where = − ( )`( ) (7)
and (ℎ) = − (ℎ)`( ) = − ( + ℎ) − ( ) − ℎ `( )`( ) (8)
Here c is a constant and N(h) is a nonlinear function. When we apply the technique of [11], inEq (8) we get

= − ( + ∗) + ( + )1 − ′( + ∗) (9)
when x is sufficiently close to the real solution of f(x) = 0, ∗ ≈ 0. Thus Eq (9) is converted
to

= − ( ) + ( + )1 − ′( ) (10)
Applying the Adomian’s method to Eq (6), we get
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= (ℎ ) = ( ) = ( )1 − ′( ) = ( + )2 ′( ) − 2 ′( + ) (11)
Now we construct the iterative method. For ℎ ≈ ℎ = − ( )`( ) , obtains ℎ + ≈ −( )`( ), which yields Newton method = − ( )`( )
For k = 1, one obtains ℎ ≈ ℎ + (ℎ ), ℎ + ≈ + ℎ + (ℎ ), which suggests the
following iterative technique, we have

= − ( )2 `( ) − `( ) (12)
Eq (12) can also be written as

= − ( )2 `( ) − `( ) (13)
Where, = + ℎ (14)
By using numerical condition i.e. ℎ =∆ ( ) = ( ) in Eq (14), then substitute in Eq (13),
we get = − ( )2 ` + ( ) − `( ) (15)
Hence Eq (15) is a new accelerated iterated method.

RATE OF CONVERGENCE

The following section shows that the New Accelerated Method is Quadratic Convergence.
proof
Using the relation = − a in Taylor series, ore from Taylor series we estimate( ), `( ) `( + ( )) with using this condition c = ``( )`( ) and ignoring higher

order term, we have ( ) = `( )( + ) (16)
or `( ) = `( )(1 + 2 ) (17)
and
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+ ( ) = `( )[ + ( ) + ( + ( ))
Or ` + ( ) = `( )[ 1 + `( ) + 2 1 + `( ) + ( ) ]` + ( ) = `( ) 1 + `( ) [1 + 2 + ( ) ] (18)By using Eq (16) and Eq (17) in Eq (18), we obtain` + ( ) = `( ) 1 + `( )(1 + 2 ) 1 + 2 1 + `( )` + ( ) = `( ) [1 + `( ) + 2 + 6 `( ) + 2 ` ( )] (19)By usingEq (19) and Eq (17), thus2 ` + ( ) − `( ) = `( )[2 + 2 `( ) + 12 `( ) + 4 + 4 ` ( ) − 1 − 2 ]2 ` + ( ) − `( ) = `( )[[1 + 2 `( ) + 2 {1 + 6 `( ) + 2 ` ( )}] (20)
Substituting Eq (16) Eq (17) Eq (15), we have

= − `( )( + )`( )[[1 + 2 `( ) + 2 {1 + 4 `( ) + 2 `( ) + 2 ` ( )}]= − (1 + )[1 + 2 `( ) + 2 {1 + 4 `( ) + 2 `( ) + 2 ` ( )}]= − (1 + )[1 − 2 `( ) − 2 {1 + 4 `( ) + 2 `( ) + 2 ` ( )}]
= 2 `( ) + 2 32 + 4 `( ) + 2 ` ( ) (21)

By using Eq (1) in Eq (16), then substitute Eq (21), we get

= −2 ``( ) + 2 32 + 4 `( ) + 2 ` ( )
= −2 ``( ) + 2 32 + 4 `( ) + 2 ` ( )

Hence, this proves that the proposed iterative method has second order of
convergence.
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RESULTS AND DISSCUSSIONS

In this section, C++ programming is used to examine the fallouts of proposed method.
The developed second order method is applied on few examples of nonlinear functions and
interrelated with the Newton Raphson Method as shown in Table-1. From the numerical
results, it has been observed that the second order accelerated method is reducing the number
of iterations which is less than the iteration number of the Newton Raphson Method as well
as accuracy as depicted in the following table.

Table-1: Numerical Results of New Method

FUNCTIONS METHODS ITERATIONS ROOT A E
e-x-cosx

xo=5
Newton Raphson Method

New Method
3
2

4.72129 4.76837e-7

1.35655e-2

Sinx-x+1
xo=0.5

Newton Raphson Method
New Method

8
7

1.93456 1.19209e-7

1.27554e-5

x2 -ex–3x+2
xo=1.5

Newton Raphson Method
New Method

5
4

0.259171 2.98023e-8

1.77413e-4

2x-lnx-7
xo=6

Newton Raphson Method
New Method

4
4

4.21991 4.76837e-7

4.76837e-7

sinx-0.5x
xo=2

Newton Raphson Method
New Method

4
4

1.89549 1.19209e-7

1.19209e-7

CONCLUSION

The problem of locating roots of nonlinear equations occurs frequently in scientific
work. In this study, a new accelerated method is suggested and analyzed to determine the
nonlinear problems. The developed method is convergence quadratically. Few examples
exemplify the performance of the new method this makes it superior to the Newton iterative
method with accuracy as well as iteration perception. Henceforth, it is observed from
numerical outcomes that the proposed second order accelerated method is well execution,
more effectual and informal to employment for solving non-linear equations.
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Abstract

Now a days, due to recent growth of the Internet and the World Wide Web large
volume of data is available everywhere. Various approaches have been proposed in the
literature to analyze such large volume data involving large number of dimensions. Real time
data streams of large volume can be exploited for knowledge discovery. In the current study, a
literature review of the different approaches adapted by various researchers to extract
knowledge from Twitter data streams particularly by creating a multi-dimensional
architecture comprising of Meta tags with tweets is conducted. These approaches have been
reviewed in terms of data retrieval, storage, database design, analysis, visualization abilities
and the technologies being used for these components. The study also discusses the
technological gaps and proposes some recommendations for the future research.

Keywords: Twitter, Data Streams, Data Mining, Data Warehouse, Multidimensional Mining

INTRODUCTION

Over the last two decades, the data is being generated in large volume due to the use
of automated systems, enhancements in storage capacity of devices and availability of
internet connectivity [1]. Large volume of data contains important information related to
specific domains and can be exploited further for knowledge extraction and high-level
decision making. Many knowledge extraction techniques have been proposed by different
researchers which help the decision makers to study the insights of data [2]. Data warehouses
are used to store large volume of data in aggregate form to enable the multi-dimensional
analysis. Moreover, data mining techniques have been used in the past to extract and predict
trends by researchers [3]-[5].

Data streams are specific type of big data, in which real-time data is generated in large
volume. Streaming data is available in all social networks like Twitter, Facebook and
Instagram etc. at real time and in big volume. For example, according to a study [6], only
Twitter generates 500 Million Tweets per day. Analysis of these data streams is gaining
popularity these days.



PJCIS (2018), Vol. 3, No. 1 : 27-40 Mining the Twitter Data Stream

28

In previous studies, researchers have exploited the Twitter Streaming API and stored
the tweets in local file systems or databases for analysis purposes. Some studies have focused
retrieving real-time data for real-time analysis, while others have saved data over a specific
period of time for different analysis perspectives. Apart from this, the tweet text is targeted
for textual and opinion mining along with the analysis which is done on Meta tags associated
with each tweet. Data storage has been done in files systems, open-source databases, licensed
database as well as aggregated storage repositories like data warehouses. The targeted
objective in the research mainly include topic identification, location based intensity of
Twitter usage, improvements in storage time of data streams, application of OLAP over
multidimensional stream data, behavioral analysis, crisis detection and other events
detections. Apart from such analysis, researchers have also focused on visualization of
Twitter data streams in order to assist the analyst to explore streams graphically.

In this study, some recent research work related to storage of the large volume Twitter
data streams for performing analysis at large scale has been studied. At the end these
approaches are critically evaluated in terms of purpose, data storage methods and
technologies used.

LITERATURE REVIEW

Bringay et al. [7] focused on defining and manipulating the tweet cubes in a multi-
dimensional architecture. The study proposes to create a STAR Schema in a multi-
dimensional environment for analysis of data stream from Twitter. In the first step of the
process, the authors define a STAR schema for the data warehouse by exploring the
dimensions and facts from the tweets data. The second step in the process used TF-IDF
Adaptative measure to find out more significant words in the hierarchy levels of the cubes.
The model identifies the context of tweets by analyzing the word hierarchy using MeSH
(Medical Subject Headings), a vocabulary for medicines, if no predefined hierarchy exists in
the first step. Although the authors are able to classify the most important words in dimension
hierarchies, the approach seems to work for only STAR Schema for multidimensional
architectures. Moreover, the contextualization is done using Medical Science Library, and
thus the hierarchal contextualization only works for medical sciences if a predefined
hierarchy is not available.

A similar approach on text cube mining was presented by Liu et al. [8] in which they
aimed to study the human social cultural behavior using Twitter stream data. For this
purpose, the authors created text cube architectures in order to develop prediction models.
The framework proposed in this research has three parts. The framework extracts linguistic
features from the data in the generic language function. The next immediate part enables the
selection of linguistic features from the list by exploiting the psychological and sociological
expectations. The HSCB layer is added to evaluate the given dimensions. These dimensions
and facts are used to create a STAR Scheme at the next stage. The prediction models are
applied at the last step on the data warehouse for each dimension using the selected features.
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The methodology is tested for prediction of violence in Egypt during 2011. However, the
methodology is not tested with huge amount of data.

In another approach, Rehman et al. [9] introduced a technique which created a data
warehouse based upon the Twitter streams. The architecture presented in the technique works
on 5 layers. The first layer is used for capturing Twitter Streams using Twitter APIs (REST
API, Search API or Streaming API). Second layer in the process reads the data available in
JSON Format and creates an XML. MS SQL Server is used for saving the data in data
warehouse architecture in the third layer. The remaining two layers in the architecture include
front end tools for analysis and presentation purposes. The technique is tested on the data
gathered from Twitter stream related to earthquake in Indonesia. Data was stored in Data
warehouse, analyzed and was mapped graphically for visualization purposes. The authors
intend to perform content analysis involving spam filtering and language detection from
texts. Authors also suggested the future directions like usage of Yahoo, Wikipedia and
Similar services for events and entity detection.

Extending their work further, Rehman et al. [10] worked on analysis of unstructured
and semi-structured data from Twitter data streams. In the first step of this methodology, the
authors extract facts and dimensions required for multi dimensional STAR Scheme to build
the data warehouse. These facts and dimensions are extracted on the basis of aggregated
information formed by semantic analysis. Furthermore, two APIs are used for semantic
analysis including Alchmey API and Open Calais. These APIs are used for sentiment analysis
and topic generation respectively. A sentiment analysis is performed which categories the
tweets into Negative, Neutral, Positive and No Sentiment categories. Afterwards, entity and
event detection is performed to get further insights according to the entities like Persons or
Countries. Such Aggregate data is then stored in the data warehouse, where data mining
techniques are applied to explore the aggregated information for analysis purposes.

Liu et al. [11] also extended their work further by studying different kinds of human,
social and cultural behaviour (HSCB) embedded in the Twitter stream. The authors have
extended their previous approach of sentiment analysis on text cubes by displaying contents
of cubes over a heat map along with application of mining models on the data from these
cubes. To start the process, linguistic features are extracted particularly emotional features.
At this step, these features are treated as measures, whereas the sentiments are targeted as
facts to create a STAR Schema for the data warehouse. Afterwards data mining methods like
LIBSVM, REGTree and IBL methods are used to exploit the data warehouse for analysis
purposes. The contents of cubes are further mapped on a heat map, where degree of opacity
indicates the value of the behavioral, social or cultural measures, helping analysts to focus on
concerned hotspots on the map. The methodology is tested with two data sets taken from a
U.S. City, and Arab Spring.

In a similar approach for behavior detections, Vioulès et al. [21] presented a
methodology to automatically identify a sudden change in a Twitter user online behavior. In
this technique, the authors have combined natural language processing techniques with some
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text and behavioral features. The experiments show that this scoring method is able to capture
the warning signs better than compared with some other machine learning algorithms like
Random Forest, Simple Logistic and J48 Classifiers.

A location based study was performed by Kumar et al. [12], in which they worked on
identification of a tweet whether it is coming from a crisis region or not. Authors argue that
only 1% of the tweets include geographic information, and therefore it is not easy to confirm
if the tweet is from a crisis region or not. Moreover, in such cases, it is a time consuming
process to analyze the history of the tweeter to determine the same. Authors focus on the
tweet text instead in order to identify as if it is coming from a crisis region. Authors have
found that if a tweet is from crisis region, then its more likely to discuss a novel topic, it is
less likely to seek attention and it is more likely to use external resources to convey their
message. The authors have used different parameters like mobile features, resource features,
textual features, linguistic features, and user features to identify behavioral patterns,. The
experiments were conducted using Naïve Bayes and Random Forest Classifier through Weka
Tool. In order to find out the most important feature among the given features, logistic
regression was applied. It was found that linguistic features were the most important class of
features. A case study performed on Arizona Wildfire Tweets by using the described
approach, and it was found to be more effective than another similar approach. In future, the
authors intend to extend this study in terms of size of training data in order to see its effect on
classification.

In a different study, Koupaie et al. [13] presented an algorithm which is used to detect
outliers in data streams by involving a clustering method. According to the authors, the
unsupervised data mining approaches are more feasible when compared with the supervised
approaches, because these don’t require class labels of objects. Moreover, such techniques
can detect unforeseen outlying cases. Moreover, these techniques don’t require knowledge of
data in advance. Authors presented a cluster based outlier detection algorithm for data
streams, where real time outlier is detected in stream data using incremental clustering
algorithm. The methodology presented in this paper has not been compared with any other
similar approaches to draw a comparison for accuracy and efficiency.

Kraiem et al. [14] worked on OLAP Analysis of Twitter data stream, whereas a
multidimensional model was proposed. The methodology works on specificity of the tweet
text and creates a linkage between the tweets and its responses. The text of the tweets is
studied to create a multidimensional architecture. A logical model is created by applying
different set of rules. A tweet OLAP prototype (OLAP4Tweet) is created to analyze the
Twitter accounts. This prototype is created in Java with Oracle Database. In the first step of
analysis, the stream of data is read into the database for a couple of days. As the next step, the
language detection is done by using a JSON-based API. The tweets are categorized per
language at this stage. Afterwards the user category (Information Seeker,
Friendship/Relationship, and Information Sharing) is used to allocate the data within these
categories. In the text step, Tweet Type (Normal Tweet, Responses, Mentions, Retweet) is
setup against each tweet by analyzing the data. OLAP Cubes are further created to perform
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the actual analysis as per requirements. The methodology allows Twitter data exploration;
however it requires the analyst to setup predefined categories, tweet types and other
dimensions, therefore, it is not a generalized approach which can be used for specific cases.

In order to test the effectiveness of open source databases, Murazza and
Nurwidyantoro [15] tested Cassandra NoSQL Database to create a data warehouse using real
time Twitter data. Authors have written data into the Cassandra NoSQL database, and
performed read operations on the same. The results obtained were compared with the other
relational databases like MySQL and PostgreSQL for both write and read operations. It was
found that the Cassandra provides better write operation time, compared with other databases.
However, it is not faster than other databases in terms of read operations. The authors have
created visualization features using JQuery Libraries to show real time hash-tag counts.
However, the real-time visualization requires a one second gap after every 20 seconds to load
the new data. Authors have suggested that the research work can be enhanced in two
directions. One of the directions is to cover the join and aggregation limitations, which can be
done by integration it with some real-time analytic framework. Other future direction is to
improve the performance by creating clusters of data instead of applying analysis on all data
at once.

In order to receive Twitter data, perform analysis and provide visualization
capabilities, Sechelea et al. [16] presented a methodology which exploits the geo-location
parameters. Authors have created a script in Python which harvests the Twitter data based
upon some geo-location parameters and saves data into a text file. Afterwards, the data is
preprocessed by removing re-tweets, applying tokenization, removing stop-words, and
applying stemming. Afterwards, clusters of data are created using a consensus matrix along
K-Means Algorithm and DBSCAN algorithm. The clustering technique allowed the authors
to obtain hot topics from the data which is collected and preprocessed in the previous step.
Open Street Maps are used to provide the 3-D visualization capability through a python
script. The visualization shows the density of Twitter activity in a given location
geographically.

Bordogna et al. [17] proposed a new technique to exploit time-stamped geo-tagged
tweets posted by the users. The tweets in this research work are tracked to trace their trips
utilizing a clustering algorithm. The algorithm focuses on grouping similar tours together to
analyze popular tours. The overall framework created by the authors is termed as The
Interoperable Framework for Trips Tracking and Analysis. The framework includes two tools
named as Follow Me Suite and Trips Analysis Suite, which are used for Trips Identification
and Geographical Analysis respectively. Another component in the architecture is called as
Geo Server which is used to publish the data of trips as open data for further analysis through
OGC Standard Geo Portal Clients available online. The fourth component is the Tourist
Tracker Portal that enables online analysis of popular tours. Authors intend to integrate this
tool with other social network platforms. Moreover, in future it was aimed to utilize another
clustering technique to exploit unexpected knowledge from gathered trips.
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Cuzzocrea et al. [18] presented a new methodology to target the arrangement of
Twitter tweets in OLAP Cube within a conceptual hierarchy. To achieve this, the authors
have integrated Time Aware Fuzzy Formal Concept Analysis Theory with OLAP
Technology over multidimensional tweet streams. Authors have also introduced a
summarization algorithm which creates subjects of tweets according to the analysis
perspectives.

In a recent research, Mallek et al. [19] presented an approach to create a data
warehouse for Twitter data which uses NoSQL database for storage of data imported from
Twitter. The tool created by the authors is termed as BigDimETL which processes the
unstructured data received from Twitter streams into a NoSQL Database and then uses
MapReduce functions authored by Google's Hadoop Framework to load the data into a data
warehouse based upon STAR Schema. The data warehouse is further exploited to perform
different kinds of analysis.

In another recent approach, Ibrahim et al. [20] conducted a study to discuss different
techniques for topic detection from Twitter data stream. Authors have tested SFM, Bngram,
CSS and Examplar-based topic detection techniques on 3 Twitter data sets and calculated
their performance using term precision, term recall and topic recall along with the running
time. It was found that SFM and Bngram provide better precision among the techniques.
Moreover, CSS performs better in terms of topic and term recall. From the study, it can be
concluded that each method has its advantages and disadvantages. The business analysts can
select a certain technique by adapting the required precision and recall values. It will be
interesting to see these techniques in terms of F1 measure which seeks a balance between
both of these measures.

Summary of previous research

A brief Summary of Techniques used in mining of Twitter data stream is presented in
Table 1. Furthermore, the technological summary of these techniques is given in Table 2.
According to the findings, it was found that Twitter Streaming API was used in most of the
studies to receive the data in JSON format and store it locally for processing purposes [2],
[7], [8], [14], [17], [18]. However, some studies focus on geo-locations while receiving the
data, resulting in location-specific analysis. Some approaches targeted specific cities instead
of tweets from all over the world. At times, the streaming data was received using a specific
event, like a crisis a political campaign or a mega event like a football final [12], [17]. Such
studies show that business analysts from all domains have targeted the Twitter data stream for
knowledge discovery.

There are 67 variables in a tweet [10]. Some of these are numeric, whereas some
variables involve timestamps. One of the major attributes is tweet text itself. Most of the
studies have focused on tweet text for semantic analysis, textual mining, opinion mining,
topic exploration or behavioral analysis [11],[12], whereas other studies have utilized the
associated Meta tags present with the tweets for knowledge discovery [9],[18].
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It is also interesting to review the storage mechanism in different approaches used for
knowledge discovery from Twitter data streams. Some approaches have preferred to use text
files, whereas there are approaches where XML objects are used to store the extracted data
[10]. The usage of open source databases like Cassandra, MySQL, PostgreSQL etc. has also
been witnessed [15], [17]. The approaches which have targeted multi-dimensional analysis
have preferred to use SQL Server to store the retrieved information. In multi-dimensional
mining of data streams, most of the authors have used STAR Schema as the multi-
dimensional architecture in order to store the aggregated information for analysis purposes
[8], [11].

The targeted objectives in the reviewed research mainly include the following: topic
identification, location based intensity of Twitter usage, improvements in storage time of data
streams, application of OLAP over multidimensional stream data, behavioral analysis, crisis
detection and other events detections. These objectives are either met by analyzing the tweet
text or the analysis done using Meta information of tweets in a multi-dimensional
environment [9], [14].

It is also found that most of the techniques include a visualization component to assist
the analyst to explore the tweet streams graphically. Some of the researchers have created pie
charts or column bar charts to display the aggregated data from the databases. Whereas some
researchers have tried to plot the Twitter activities on Google Maps or similar components to
display the location based intensity of Twitter data streams. Some of the researchers have
created Heat Maps as well. For visualization purposes, researchers have utilized open source
and licensed components including GeoServer, Google Map Services, Wed Map Services,
HoloVizio and JQuery High Chart Components [15]-[17].

Different tools, technologies, algorithms and libraries have been used in the previous
researches for such analysis which include open source and licensed databases/languages like
MySQL, PostgreSQL, PHP, SQL Server, JQuery, JSON and XML.

Discussion and Future Recommendations

A discussion on the gaps identified in the previous researches is given below along with the
future recommendations to fill these gaps:

1. Almost all approaches require data to be in file system, database or a data warehouse in
order to process for analysis purposes. Some approaches are using XML structures;
therefore these approaches take more time to process the data.

2. The approaches which are storing data to the database are lacking techniques or a
mechanism to deal with continuous incoming data streams. In our opinion, there should
be a precise way to continuously update the underline storage with the latest data stream
so that a nearly real-time analysis is possible.
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Table 1: Summary of Techniques used in mining of Twitter data stream
No. Title Objectives Findings/Achievements Limitations
1 Towards an on-line analysis of

tweets processing - [7]
-Development of a data warehouse
for multi-dimensional analysis
-Contextual Analysis of
Multidimensional data

-Usage of TF-IDF Adaptative Measure for
finding significant words at hierarchical
levels.
-Usage of MeSH Library for Hierarchical
levels in case of absence of predefined
hierarchies

-The Approach has targeted dietary domain.
It will be interesting to test the methodology
in other domains.

2 SocialCube: A text cube
framework for analyzing social
media data - [8]

Multidimensional Modeling of
Twitter Data Stream for Information
Querying and Visualization

-Human, Social, Cultural and Behavior
(HSCB) Analysis
-Predictive HSCB Modeling

-Methodology works effectively for political
events but can be explored further on variety
of datasets.
-HSCB Analysis is done in a textual database
which can increase the computation time.

3 Building a Data Warehouse for
Twitter Stream Exploration - [9]

To Demonstrate the power of Data
warehouse technology for data
stream analysis

-Knowledge Discovery using multi-
dimensional schema for Twitter data
stream

Relies heavily on topics already defined by
Twitter, so hidden knowledge discovery is
very limited.

4 OLAPing social media: the case of
Twitter - [10]

Multidimensional Modeling of
Twitter Data Stream for Text and
Opinion Mining

-Semantic Analysis on multi-dimensional
Twitter stream data
-Event Detection

For opinion mining the targeted APIs have a
limit per day, which can be a hurdle for the
mining process.

5 A text cube approach to human,
social and cultural behavior in the
Twitter stream – [11]

Multidimensional Modeling and
Visualization of Twitter Stream
Data for HSCB Study

-Human Social and Culture Behavior Study
-Text Cube Visualization on Heat Map

-Methodology works for political events
effective and it can be explored to see its
effectiveness on variety of datasets.
-HSCB Analysis is done in a textual database
which can increase the computation time.

6 A Behaviors Analysis Approach
to Identifying Tweets from Crisis
Regions - [12]

Identify a tweet as if it’s coming
from a crisis region

-Behavioral Analysis using Tweet Contents -Requires rules to define the crisis behavior.
-A visualization capability will suit the topic

7 Outlier Detection in Stream Data
by Clustering Method – [13]

An algorithm to detect outliers in
data streams

-Outlier detection in data streams using
clustering
-Accuracy better than other algorithms

-No experiment data is available to see the
methodology in place
-The comparison of other approaches is un
known

8 Modeling and OLAPing social
media: the case of Twitter – [14]

Multidimensional Modeling of
Twitter Data Stream for Information
Retrieval

Development of Constellation Schema for
Multidimensional modeling of Twitter data

The exploration works effectively but
techniques like topic exploration and
automated schema generation can be handy if
integrated.

9 Cassandra and SQL Database
Comparison for Near Real-Time

Comparison of Cassandra and SQL
Server for data storage and

-Cassandra has better storage ability for
streaming data

-The analysis power of the approach is not
known as the focus is on time analysis
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No. Title Objectives Findings/Achievements Limitations
Twitter Data Warehouse – [15] multidimensional analysis for

streaming data
-Cassandra has lower query performance
for data retrieval

-It will be appropriate if the approach is
compared with conventional OLAP and other
data mining techniques

10 Twitter Data Clustering and
Visualization – [16]

Identification of topics from Twitter
data stream
Detection of intensity of Twitter
activity at a location

-Topic Clustering
-Visualization of Tweets in Density and 3-
D Maps

-No Pruning of topics is done, so garbage
topics are expected.
-Visualization remains overly technical for
business analysts

11 Clustering Geo-Tagged Tweets for
Advanced Big Data Analytics –
[17]

-Group Similar Trips based upon
Geo-Location to analyze popular
tours

-Grouping of Tweets based up the geo-
location
-Visualization Ability of Geo-Tagged
Tweets

-Highly focused on Geo-Location which is
not publically available most of the time

12 OLAP Analysis of
Multidimensional Tweet Streams
for Supporting Advanced
Analytics – [18]

-Integration of FFCA with OLAP
-A microblog summarization
algorithm to reduce the tweets data
to a subset

-Integration of FFCA with OLAP.
-Usage of Microblog Summarize for data
reduction

-It is not known if the discarded data in the
process has an impact on the analysis
-A comparison with the full data could have
helped as a comparative study

13 BigDimETL with NoSQL
Database – [19]

Usage of NoSQL database for data
warehouse for Twitter data stream

-A tool called BigDimETL having ability
to create a NoSQL Database for data
warehouse creation
-Usage of Map-Reduce functions to load
data into data warehouse

-A comparison with similar approach can be
done to see the effectiveness of using
NoSQL rather than traditional relational
databases

14 Tools and Approaches for Topic
Detection from Twitter Streams:
Survey – [20]

Comparison of techniques for topic
detection from Twitter Data Stream

-SFM and Bngram provide better precision
-CSS performs better in terms of topic and
term recall

-The approach requires technical knowledge
of Matlab.
-F1 Measure can be integrated in the system
for the comparison purposes.

15 Detection of Suicide-Related Posts
in Twitter Data Streams – [21]

Sudden Change Detection in user’s
online behavior

-Combined Natural Language Processing
Methods with Textual and Behavioral
features for user’s behavior detection
-Experiments conducted on datasets and
compared with Machine Learning
Classifiers

-The behavioral features are different for
different individuals, so the approach can be
improved by testing different behavioral
features for different persons instead of fixed
behaviors.
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Table 2: Technological Summary of Techniques used in mining of Twitter data stream

Sr.
No.

Title Database Storage Experiment Dataset / Size Visualization Technologies / APIs /
Libraries / Algorithms

1 Towards an on-line analysis
of tweets processing – [7]

PostgreSQL 1,801,310 Tweets No Visualization Ability MeSH Library, TF-IDF
Adaptative Measure,
PostgreSQL

2 SocialCube: A text cube
framework for analyzing
social media data – [8]

Data Warehouse
(STAR Schema)

Egyptian Revolution
64,000 Tweets

Visualization through
ABMiner

JSON, ABMiner,
LibSVM, RepTree, IBK,
OLAP

3 Building a Data Warehouse
for Twitter Stream
Exploration – [9]

Data Warehouse
(X-DFM based
Schema)

Indonesia Earthquake 2012
86000 Tweets

-Time Series Charts
-Pie-Charts

Microsoft SQL Server
Analysis Services

4 OLAPing social media: the
case of Twitter – [10]

XML Based Database
(BaseX)

Euro 2012 Final
0.5 Million Tweets

Basic Column and Pie
Charts

Alchmey API,
OpenCalais, XML,
BaseX

5 A text cube approach to
human, social and cultural
behavior in the Twitter
stream – [11]

Data Warehouse
(STAR Schema)

(Washington D.C Data Set)
~0.5 million tweets
Egypt Revolt –Unknown
Size

Visualization using Heat
Map

OLAP, Twitter
Streaming API, XML,
libSVM, REPTree, IBK

6 A Behaviors Analysis
Approach to Identifying
Tweets from Crisis Regions
- [12]

Not used Arizona Wildfires
(Size Unknown)

No Visualization Ability Naïve Bayes, Random
Forest Classifier,
Wilcoxon Signed Rank
Test

7 Outlier Detection in Stream
Data by Clustering Method -
[13]

Not Known Not Known Not Known Not Known

8 Modeling and OLAPing
social media: the case of
Twitter - [14]

OLAP
(Constellation Schema)

72,000 Tweets Custom Charting
Component (Column, Pie
Chart Graphs)

Java, Oracle, JSON
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Sr.
No. Title Database Storage Experiment Dataset / Size Visualization

Technologies / APIs /
Libraries / Algorithms

9 Cassandra and SQL
Database Comparison for
Near Real-Time Twitter
Data Warehouse - [15]

Cassandra
MySQL
PostgreSQL

10,000 Tweets Hashtag Counts shown
over time using JQuery
High Charts Component

Cassandra, PHP, JQuery
Charts, MySQL,
PostgreSQL, JSON

10 Twitter Data Clustering and
Visualization - [16]

Not Known 250,000 Tweets from
London 15,000 Tweets
from Brussels

Heat Map using Google
Maps
3-D Map using
HoloVizio

Python, Matlab, C++,
Apache

11 Clustering Geo-Tagged
Tweets for Advanced Big
Data Analytics - [17]

PostgreSQL 9127 Tweets from
Bergamo, Italy

Visualization on
GeoServer as per OGC
Standard via Wed Map
Service

Not Known

12 OLAP Analysis of
Multidimensional Tweet
Streams for Supporting
Advanced Analytics - [18]

Data Warehouse
(DFM based Schema)

2015 Italian Election
Campaign
(Unknown Data size)

No Visualization Not Known

13 BigDimETL with NoSQL
Database – [19]

NoSQL Database Not clear No Visualization NoSQL, Hadoop, Map
Reduce, XML, JSON,
CSV

14 Tools and Approaches for
Topic Detection from
Twitter Streams: Survey –
[20]

Not Known FA Cup (74,00 Tweets)
US Elections (620,000
Tweets)
Super Tuesday (230,000
Tweets)

Matrix Visualization
using TMG

Text to Matrix Generator
(TMG) Matlab tool

15 Detection of Suicide-
Related Posts in Twitter
Data Streams – [21]

Not Mentioned 1: 5446 Tweets
2: 11,000 Tweets

Small Graphs Not Known
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3. Some approaches neglect the Meta tags while saving the data stream in the underline
storage being used. The Meta tags have very detailed related information of tweet text, for
example the location, timestamp, number of retweets and likes etc. which can be
considered for a better analysis.

4. The approaches, which involve data warehouse for storage of aggregate data, don’t have a
mechanism to decide the dimensions as well as facts at run time. Such pruning may result
in improving the storage capacity. It will further improve the analysis computation time.
Moreover, a more targeted and meaningful analysis will be performed.

5. It can be seen that all these techniques are missing a one-window analysis framework.
Different technologies and components are being used in isolation for performing certain
operations. For example the data reading component is separate of the analysis
component in most of the approaches. Moreover, the visualization component works
separately from analysis component in some of the researches. A one-window framework
will not only make the operations smooth, but will also reduce the computation time.

CONCLUSION

In this research study, the literature related to the mining of Twitter data stream has
been studied. It is found that approaches using file systems to store the data streams have
greater computation time. Moreover, there is a need to create a real-time data retrieval
process for real-time analysis. Some approaches don't make use of Meta tags associated with
Tweets, and the approaches which use such information don’t prune these tags to ensure that
only required tags are used for storage and analysis to avoid storage and computation issues.
Moreover, there is a need to create a one-window analysis framework where all operations
like data retrieval, storage, analysis and visualization are possible instead of working in
different components in isolation.
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Abstract

Modern field of edge computing is playing vital role in the development of services
of cloud and distributed computing. Therefore, fast and reliable access is necessary for such
systems, services and tools. The current study aims to implement Internet Protocol version6
(IPv6) network. It is observed that during upgrading or transforming a network from Internet
Protocol version4 (IPv4) to IPv6, the proposed network becomes hybrid due to deployment of
IPv4 and IPv6 networks. Further, this research supports and enhances the network
compatibility between IPv4 to IPv6. Dual Stack and Tunneling mechanisms are also discussed
in this study. Though, Dual stack is one of the most successful mechanism, which works in
both networks either it is IPV4 or IPV6 and defines a compatible platform and mechanism to
run them in a single mode. It is observed that Tunneling is a reliable and protected mechanism
in comparison with different transition methods. Although, it is not appropriate for home
users but suitable for Data centres. Moreover, the pools of IPv6 addresses are successfully
being deployed at five departments in Campus Area Network (CAN). The author has also
discussed a design and specification model, which includes the mechanism of transformation
of IPv4 to IPv6 and IPv6 addressing schemes. This paper proposed Dual Stacking Transition
Mechanism (DSTM) and 6 to4 Tunneling transition mechanisms for transform of IPv4 to
IPv6 transition.

Keywords: IPv4, IPv6, Cisco, Dual Stack, Tunneling, Networking

INTRODUCTION

Internet connectivity is as old as communication [1]. With the passage of time, the
communication has widen by providing vigorous, interoperable, and reliable performance.
The evolution of technology demands up gradation, advancement and development into
communication systems. In this way, IPv6 becomes vital protocol for communication as
compared to IPv4. This protocol has various advanced features such as Quality of Service
(QoS). However, it has introduced security issues such as inherited attacks of IPv4 and
transition threats as discussed in [2]. This digital wireless communication age has evolved in
terms of scale and services very rapidly; and now its growth has reached to its limit, as there
are no more IPv4 addresses in the world. Therefore, to solve this problem, the IETF (Internet
Engineering Task Force) designed the latest extensive version of Internet Protocol with more
address space, called as IPv6. It is also called IPng (Internet Protocol Next Generation). IPv6



PJCIS (2018), Vol. 3, No. 1 : 41-50 Proposed Migration Approach

42

is an enhanced and successor version of network layer protocol of IPv4 and resolves the
problems of IPv4. But, IPv6 faces the backward-compatibility issue with IPv4. These issues
led the existing internet (which is based on IPv4) to completely switch to Internet 2 (based on
IPv6). Hence, it has become crucial for every organization to implement new generation of
Internet Protocol. Since 2010, all public and private networks have started to shift to
internet2. Correspondingly, CAN for smart university is experiencing the same global issue
of technology-shift, therefore, it needs to hook up with internet2 for implementing IPv6. In
this context, this research aims to provide the solutions of IP address exhaustion and global
technology-shift problem (IPv4-to-IPv6 change). It also aims to help in better network
infrastructure management; with more reliability, and more security. Transformation, up
gradation and evolution of technology is complex, because these require higher budget and
skilled personnel to maintain, supervise and control, otherwise it requires a training for
existing employees. The whole process deploys various techniques, approaches and tools for
communication. Further, few mechanisms support co-existence between IPv4 and IPv6 such
as DSTM while other like 6 to 4 Point-to-Point Tunneling allows IPv6 packets over existing
IPv4 networks. This research covers both transition techniques. The evolution and
improvement in technology growth demands better Internet access address solutions. So, it
supports the deployment of IPv6 in cyber age. Initial step towards deployment of IPv6 is an
advanced version of IPv4 and transforms the transition of internet, which is a huge task for a
team to build and maintain across the world. The whole process takes several years [1].
Therefore, co-existence mechanism is proposed as a meaningful choice for internet
deployment. The main theme of this research is to achieve the parameters such as deployment
of IPv6 on CAN, provision of IPv4 and IPv6 co-existence CAN and provision of IPv6-to-
IPv6 communication over IPv4 networks. Although, smart phones also demand better QoS
while these devices lack the capability to make changes from voice-centric to multimedia-
centric. Software Defined Networking (SDN) is a dynamic and flexible architecture, which
tackles and solves routing and handoff problems. The unique nature of SDN has attracted the
researcher’s attention pertaining to enhance the QoS in mobile computing [3].

BACKGROUND

IP Protocol is an essential communication protocol, which is used to connect different
nodes in a system. IPv6 is a widespread solution for internet access, and deploys ever-
expanding schema of supplementary users, devices and traffic services [4]. More than 200
million modern Internet services are offered every year and those services are used by 7.6
billion internet users approximately. All of these services are covered by IP protocol [5,6].

IPV4 ADDRESS EXHAUSTION

In 2011, IANA (Internet Assigned Numbers Authority) transferred the rights of last
address blocks to the RIRs (Regional Internet Registry). Since then, there is no more IP
address for any RIR. The unallocated pool of IPv4 addresses has become utterly emptied.
This task was carried out on 3rd Feb 2011, which is a critical point in the domain of Internet.
It reached to the allocation of the left over IPv4 addresses from a fundamental pool of IANA.
After that task, IANA was unable to provide new addresses to any of five RIRs. The APNIC
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(Asia-Pacific Network Information Centre) fatigued its broad use of IPv4 address pool in
2011. To overcome this IP address exhaustion, IETF planned to restructure the IPv4
addresses, and designed new addressing style termed as Variable Length Subnet Mask
(VLSM).

VARIABLE LENGTH SUBNET MASK (VLSM)

VLSMs is an additional subnet mask network, which is assigned to a network by IP,
and considers it VLSM embedded network due to the extensive network statistics having
different lengths at every subnet making level. As VLSM solved the issue of IP address
exhaustion, on the other side it has created another issue that is: it leads the overflow in the
global routing tables of core routers at backbone networks caused by increased number of
subnets created with VLSM as a solution to address exhaustion. Again, to solve this issue
another technique was created that is Classless Inter-Domain Routing (CIDR).

CLASSLESS INTER-DOMAIN ROUTING (CIDR)

CIDR is also called supernetting. It is an effective mechanism to overcome the
problems of IPv4 exhaustion as well as it supports to route table overflow. The main
advantage of CIDR is to permit route aggregation or route summarization of multiple subnet
masks by supernetting the subnets. This approach significantly decreases the routing
information at the fundamental level of backbone. CIDR is an efficient technique to impede
the IP address allocation flood and routing table overflow [7]. The internet systems which
were developed in 1994 and 1995 lacks CIDR.

NETWORK ADDRESS TRANSLATION (NAT)

NAT is an efficient and fundamental routing function and its function is to translate
network addresses from one network to another. Port Address Translation (PAT) has
importance over NAT technology, because PAT can translate various IP addresses into
another one. NAT Breaks IP’s End-to-End Model, Applications Problems with NAT,
Security Problems with NAT and Address Space Collision are emerging challenges to NAT
[8]. Renumbering or twice the NAT approach is a solution of above-mentioned issues.
However, these approaches are expensive and increase the complexness of NAT.

Problem Statement

The present international share of IPv6 is low in the development and implementation
phases during promotion. The research community has urged the requirements to understand
the reasons regarding slowness of transition in adaptation of IPv6. In addition, it is also
unknown that which factors may be used to migrate from IPv4 to IPv6. To overcome these
issues, the author proposed a design and specification model, which includes the mechanism
of transformation of IPv4 to IPv6, IPv6 addressing schemes, Dual Stacking Transition
Mechanism (DSTM) and 6 to 4 Tunneling transition mechanisms.
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Proposed Approach to Migrate from IPv4 to IPv6

We proposed the designing approach to adopt IPv6 instead of IPv4 to improve the
communication traffic among networks. In addition, this section includes tools & techniques,
specification & design and IPv6 addressing schemes.

Tools and Techniques

This section comprises of tools, Cisco IOS, and IPv4 to IPv6 transition techniques. It
also contains sub sections to develop a IPv6 based network to solve IPv4 related issues.

Tools

University of Sindh Campus Network is providing Dynamic Host Addressing, Domain Name
Service, Web Server and some other services. These network services are used as supporting
tool for this research.

CISCO IOS

Cisco Internetwork Operating System (IOS) is a network support program, which is
used in Cisco Systems, network routers and network switches [9]. IOS is a complete package
that includes routing, switching, and internetworking functions. These all functions are
integrated in a real time operating system.

The specification for the proposed research requires CISCO Systems Vendor, IOS
Software, 12.3 major release with 12.3(26) release number, 2501-2525 platform, IP plus as
feature set and c25000-is-l.123.26.bin as image name. 16 MB Dynamic Random Access
Memory (DRAM) and Flash are minimum requirements while the proposed research includes
Authentication, Authorization, and Accounting (AAA ), Access Control List (ACL), Address
Resolution Protocol (ARP), Asynchronous Transfer Mode (ATM ), Border Gateway Protocol
(BGP), Cisco Discovery Protocol (CDP), Dynamic Host Configuration Protocol (DHCP),
Domain Name Servers (DNS), Enhanced Interior Gateway Routing Protocol (EIGRP), Frame
Relay, File Transfer Protocol (FTP), Hyper Text Transfer Protocol (HTTP) Web Server,
HTTP Security, Internet Protocol Service Level Agreements (IP SLAs), Internet Protocol
Security (IPSec), Internet Protocol Version 6 (IPv6), Integrated Services Digital Network
(ISDN), Layer 2 Forwarding-Fast Switching, Quality of Service (QoS), Network Time
Protocol (NTP), Next Hop Resolution Protocol (NHRP), Open Shortest Path First (OSPF),
Password Authentication Protocol (PAP), Protocol-Independent Multicast (PIM) Version 1,
PIM Version 2, Policy-Based Routing (PBR), Point to Point Protocol (PPP), RADIUS,
Response Time Reporter (RTR), Routing Information Protocol (RIP), Resource Reservation
Protocol (RSVP), Real-Time Transport Protocol (RTP), Simple Network Management
Protocol (SNMP), Spanning Tree Protocol (STP), Virtual Private Dial-up Network (VPDN)
and X.25 [10].
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IPv4-TO-IPv6 TRANSITION TECHNIQUES

IPv6 is an advanced or successive version of IPv4. Thus, IPv6 is not “backward-
compatible”. Moreover, Back-ward compatibility allows gradually transition, that’s why IPv6
is regarded as an abundant functional alternative for IPv4. So, the recent devices and
networking tools deploy IPv6 in communication networks. IPv4 and IPv6 both are divergent
and dissimilar communication protocols.

The inference of this compatibility and failure to work as automated translator, this
practice maintains inclusive any-to-any connectivity in the transition process, each device is
deployed to perform a transition with IPv4 and IPv6 protocol stacks. This approach allows
the device to be “bilingual,” and intermediate between IPv4 and IPv6 to provide effective
communication. The whole transition process is termed as dual-stack transition. In this
research, following two transitions are proposed to transform the IPv4-IPv6 transition:

 DSTM
 6 to 4 Tunneling

DSTM

DSTM is a basic and fundamental technique of migration strategy. This approach
allows both IPv4 or IPv6 tools and equipment to communicate in both modes. Dual stacking
upgrades the system or network devices and programs on the network once. Thus, it becomes
easy for use and deployment. Moreover, all connected or associated hosts and devices require
to be upgraded [11]. Normally, all communication prefers successive version, and improves
their internet access. The implementation of DSTM is as shown in Figure 1 and Figure 2.

6 to 4 Tunneling

6 to 4 tunneling are also interesting and supportive mechanism to carry IPv6 data over
an existing or IPv4 compatible network. It is relatively achievable to have IPv6 subnets, and
allows all networks to communicate with each other. It is not complicated but require a Wide
Area Network (WAN) for this mechanism [12]. In this approach, the host or node devices are
connected in IPv6 network with connected router. When it is connected to another router for
communication it requires tunneling the IPv6 into IPv4 as shown in figure 1 where Physics
and Chemistry departments are taken as an example to illustrate the implementation while
complete architecture is illustrated in Figure 2.



PJCIS (2018), Vol. 3, No. 1 : 41-50 Proposed Migration Approach

46

Figure 1 IPv6 to IPv4 Tunneling

Figure 2: Overall Network Map of CAN
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SPECIFICATION & DESIGN
This section includes CISCO three layer network model, core layer, distribution layer

as explained below:

The CISCO Three-Layer Network Model
CISCO is a Network Company which defined three layered network model. This

model is mostly preferred by network professionals for designing, implementation, and
maintenance of a scalable, consistent, inexpensive network model. Core layer, distribution
layer and access layer are main three layers of above mentioned model as shown in Figure 2.
[13]. Above mentioned layers are logical instead of physical and each layer performs specific
functionality. Physical implementations of this network requires devices to perform function
either in a single or double layer. “Keep local traffic local” becomes a famous concept and
phrase of networking principle due to the merit of the concept in discussion.

The Core Layer
The Core layer is central part and soul of the network. This layer is responsible to

transport the hefty amounts of traffic data in an efficient and quickest manner. The main
purpose of this layer is to toggle the traffic rapidly, while distribution layer process the user
data and forwards the requests to the core if requested. Unfortunately, fault tolerance is a
challenge for this layer. Following are the specifications of core layer.

 Design high reliability core.
 Routing information of Virtual Local Area Networks (VLANs), access lists,

and filtration of packets take place.
 Usage of lower convergence protocols.

The Distribution Layer
The Distribution layer is the middleware and most important point between access

layer and core layer. The key role of distribution layer is to provide the network information
such as routing, filtering, and WAN/CAN access. Moreover, it determines the movement or
exchange of packets from networks and can access the core, if desired. The implementation
of the policies may take place in this layer for the network.

The Distribution layer includes following mechanism or procedures to achieve
reliable and requested results.

 Implementation of tools like access lists, filtration of packets, and creating
queues.

 Adoption of some security and network policies such as firewall, and address
translation.

 Redistribution of routing between static and dynamic routing protocols.
 Routing of data between VLANs.
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The Access Layer

This layer monitors the network resources, access controls of user and workgroup. It
is also referred as the desktop layer. The network resources are defined and provided at local
level as users get access of them easily. Some functions are defined as under:

 Data flow starts from distribution layer to get access control and enforce
policies.

 Segmentation takes place to create separate collision domains.
 Connecting workgroup with distribution layer.

IPV6 ADDRESSING SCHEME

In this section, multiple scenarios of CAN are taken and the results of University of
Sindh are used as sample. Every department is allocated a separate pool of IPv6 addresses
and one pool for Network Operation Centre (NOC). The below mentioned address schemes
are allocated to different departments on testing purpose. Therefore, there is not any fixed
limit for start and end schemes while tested addressing schemes are discussed in the
following Table 1. For practical use IPv6 chart is available for usage [14].

Table 1: Address Allocation Details of different IPv6 Pools
Location IPv6

Pools no.
Network

Prefix
Length

Starting IPv6 Ending IPv6

IICT 11 2001:DB8:0:11:: 64 2001:DB8:0:11:: 2001:DB8:0:11:FFFF:FFFF:FFFF:FFFF

IMCS 22 2001:DB8:0:22:: 64 2001:DB8:0:22:: 2001:DB8:0:22:FFFF:FFFF:FFFF:FFFF

Chemistry 33 2001:DB8:0:33:: 64 2001:DB8:0:33:: 2001:DB8:0:33:FFFF:FFFF:FFFF:FFFF

Physics 44 2001:DB8:0:44:: 64 2001:DB8:0:44:: 2001:DB8:0:44:FFFF:FFFF:FFFF:FFFF

NOC 100 2001:DB8:0:100:: 64 2001:DB8:0:100:: 2001:DB8:0:100:FFFF:FFFF:FFFF:FFFF

CONCLUSION
IPv6 is an extended and successive version of Internet Protocol. It became evident

due to rapid growth of the Internet technology that supplementary addresses would be
required to connect devices as compared to IPv4 address space. This advancement
introduced modern features and functionalities in the network technology to overcome the
limitations of IPv4. The grouping arrangement of CIDR and NAT support the network as the
collapse time of IPv4 address may lessen. Although, the NAT mechanism splits the end
nodes of Internet Protocol model, that’s why it has limitations for protocols. In migration
stage of technology, transition mechanism is one of the best solution which provides
compatible platform to run a network of IPv6 with same infrastructure of IPv4 networks.
Moreover, other mechanism and approaches have been developed and designed as per
request in organizations. This paper has discussed two mechanisms: Dual Stack and 6 to 4
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Tunneling. These mechanisms have distinct features in their defined Infrastructure. Dual
Stack transition is most preferable mechanism in networking and communication. It is also
appropriate for Internet Service Providers (ISPs), home users and enterprise network users.
Tunneling is a reliable and protected mechanism in comparison with different transition
methods. Similarly, it is not appropriate for home users but suitable for Data centres. At last,
it is concluded that the transition methods accomplish and resolve the issues of potential
network development and require selection as per infrastructure requirement. With the
evolution of technology, the communication has widened and has come across interoperable,
and reliable performance issues. Thus, IPv6 is used to cover these issues instead of IPv4.
This persistent research can attract the attention of researcher and academicians to provide
QoS, security and flexible network.
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Abstract

In the recent era, face recognition has procured the most important application of
image understanding and analysis which is quite evident by some of the recent researches.
Computer vision, pattern recognition and biometrics are emerging field for the researchers in
the recent past with the focus in the area of the human recognition. Face recognition is an
important factor keeping different issues such as robotics, security, attendance system. This
paper concentrates on the industrial utility of Computer Vision techniques, namely face
detection and recognition module. The present study mainly focuses on the Real Time Face
Recognition System (RTFRS) and its applications. This scenario provides the opportunity to
treat the face as a biometric identifier, that the person using information about the person or
other biological organism, and, that how to deal this identifier for different services.

Keywords: Real time Face recognition; Face detection; Computer Vision technology; Pattern
Recognition; Artificial Intelligence

INTRODUCTION

Humans have been using different characteristics to recognize each other through
eyes, face, fingerprints, voice and gait since ancient times. After the emergence of the
Computer Science, the replication of human perception is being one of the most growing
tasks. Researchers and Scientists have been working to recreate the human intelligence. This
generation is known as the generation of Artificial Intelligence. A lot of work has been done
to enable human’s interaction with the electronic devices and to make those devices sensitive
so that they can respond back to the human. This area of artificially intelligent systems allows
us to create such computer aided security systems [1]. Biometric systems are basically
automated system to detect the human’s presence. This can be done on the basis of their
behavior and their psyche [2]. As described earlier, this paper is divided into two parts, first
face detection and recognition and then its application

The Real time face detection and recognition [3] module mainly takes the raw image
as an input afterwards face detection using haar cascade classifier is done [4], then extracted
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facial coordinates are sent to the pre-processing module where orientation of the image is
processed and at last it is sent to the face recognition module which is linked with the
database and returns the identity of the sample as shown in Figure 1. This methodology is
explained in detail in forthcoming sections.

Figure 1: Face Detection System and Recognition

Literature Survey

Wiskott et al. [5] presented human face recognition system using the labeled graph
comparison. This system produced graphs of concise facial descriptions in which descriptive
fiducial points for describing face like eyes, mouth, nose, were illustrated by group of
wavelet components. The construction of bunch graph was achieved by utilizing graph
images from samples. Recognition was done through straight-forward comparison. The
system was tested on FERET database alongwith self-generated Bochum database and
achieved satisfactory results.

Ahonen et al. [6] proposed a novel approach in face recognition in which the images
were split into small patches that are further employed for computing Local Binary Pattern
(LBP) to describe texture information. Face recognition was achieved using nearest neighbor
classifier on extracted features. This system claimed 79% accuracy which was more than the
state-of-the-art approaches like PCA, BIC and EBGM on FERET database.

Zhu and Ramanan [7] used the pose and landmark estimation to implement a face
detection system. They used tree-structured models which was more convenient to optimize
than dense graph structure. They used self-collected and annotated dataset and achieved the
accuracy of 76.7 % to detect the face from the frontal (45 to 45) side and the partial side.
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Yang et al. [8] presented Principal Component Analysis in two-dimensional (2D-
PCA) model for image representation. This model was based on image matrices of two-
dimensions for feature extraction in which a covariance matrix for the image is established
directly utilizing the actual photo matrices, furthermore its eigenvectors were extracted for
feature computation from image. The proposed system was evaluated on three different face
datasets: ORL, AR and Yale face dataset. It was claimed that the throughput of face
recognition was higher in case of 2DPCA rather than PCA.

Wright et al. [9] presented an algorithm for recognizing the potential objects in the
image of a scene. This algorithm asserts that feature selection process can be improved by
considering the sparsity in the problem of facial identification. Unusual representations such
as resized photographs and random projections were extracted by choosing accurate
threshold, which was computed on the basis of sparse representation theory. This framework
can handle problems because of occluded region and corruption quite efficiently. They
performed different experiments on globally accessible databases and achieved 95%
accuracy.

He et al. [10] proposed a face recognition method based on appearance features by
employing Locality Preserving Projections (LPP) and named their approach the Laplacian-
Face Approach. They generated face subspace from face images for further analysis. LPP
keeps unchanged local features and attains a face subspace for deciphering manifold
structure. A comparison was made among Laplacian-face approach, Fisher-Face and
Eigenface methods on three multiple face datasets and better accuracy and low errors in
recognition were pro claimed.

Tan and Triggs [11] proposed combination of methodologies for reliable face
recognition under un-restrained illumination circumstances. They combined illumination
normalization, filter-based feature computation, multiple feature merging, texture oriented
facial features and distance transform based matching. Specially, they introduced local
ternary patterns (LTP), principal component analysis (PCA) for computing features and
Gabor wavelets based local representation cues. It was proposed that feature set alone is less
accurate than its combination. The resulting system achieved state-of-the-art results on three
distinct datasets by reaching a facial verification rate of 88.1.

Neto et al. [12] used  Kinect sensor for an RBG-D image especially, after acquiring
the image, Histogram of oriented gradients (HOG) and Principal component analysis (PCA)
was applied for face recognition with a combination of  K-NN used as a classifier by
Euclidean distance metric and at-last 3-D audio was used at the detected position. They used
Kinect-based dataset. The developed system achieved 94.26% accuracy.

Kumar et al. [13] detected the face from the live camera and extracted features by
using open-cv and passed these features to Neural Network to train the model. After
summarizing these features, they were stored in the database. The developed system was
controlled by a cell-phone while accuracy of 90.0% was achieved.
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Rehman et al. [14] captured the image, then preprocessing was applied on the
required image and Bayesian classifier for face skin detection was employed. Calculated
histogram using Gray Level Co-occurrence matrix (GLCM) and extracted features by
Haralick classifier and Local binary pattern (LBP). 85.39 % of accuracy in Ethnicity was
achieved.

Khan et al. [15] input the image to framework, pre-processing was applied on the
captured image and then facial feature extraction and facial landmarks point was done. The
optical flow of these feature points were tracked and passed to the classifier to detect the
facial expression. Self-generated dataset was used and accuracy of 93.3% was achieved.

Ding and Tao [17] recognized face even from the blurred video stream. First, the face
was detected, and then its image was restored to the original dimension by using the Trunk-
Branch Ensemble CNN model (TBE-CNN). Video-based face (VFR) dataset was used and
accuracy of 94.96% was achieved.

Methodology

There are a series of steps which are followed in real time face recognition and
detection. A system is created which takes an image as an input, that is simple raw image of
any type (.png,.jpg). Haar classification is applied on that image for the detection of eyes and
mouth which returned the reduced image of the sample. This reduced image is then passed to
the pre-processing module where image rescaling, resizing and bit-reduction is accomplished
i.e. converted into gray-scale. Afterwards image is passed to the face recognition module on
which different algorithms are employed e.g. Eigen faces, Fisher faces, LBPH and, CNN and
then the sample is identified as shown in Figure 2.

Figure 2: System Implementation
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Face Identification using Haar Classification: Viola and Jones et al. proposed a method of
Haar like features [13]. It sums up the intensities of the neighboring periodic areas at a
specific location and calculates the variation between the sums which is used to categorically
divide the image in the sub sections. Rectangular features of an image are calculated via
some intermediate expression. This representation is called integral image. For face
detection, the local area of eyes is darker than the other part of the face, same is true for lips
[5]. If original image is f(x;y), then integral of an image is f[i(x; y)] that can be computed as
shown below (Equation 1):

fI (x; y) = Px0x; x0x0 - jy - y0jA(x0; y0) (1)

Face Recognition Module: For face recognition, the prerequisite is face detection. The
detected model is sent to the face recognition model and then identity is matched with the
database, if the sample is identified then its result is shown, else it ignores the sample and
waits for the new sample, as shown in the Figure 3. As discussed earlier, for face detection,
Haar Cascade is applied. For validation, below points are followed in the order.

1. ROI of image is set for face detection.

2. Eyes and mouth are detected using eyes cascade and mouth cascade.

3. If any mouth is detected in upper portion of face, it is discarded.

4. If more than one mouth are detected, the largest one is kept.

5. If any eye is detected in the lower portion of face, it is discarded.

6. If more than 2 eyes are detected, eyes having the largest distance between them w.r.t

x-axis, the left most eye and the right most eye rectangle are kept while other eye

rectangle are discarded.

7. At this point, all the rectangles of mouth more than one and all the rectangles of eyes

more than two are discarded. If eyes are less than two and mouth is less than one then

the faces are discarded.

8. Above steps are repeated for all detected faces.

9. After that weight patterns or Eigen-faces are updated, both are optional.

10. If the same face appeared more than x times then its features are calculated and it

was added to the face space optional.
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Figure 3: Face Detection Module

Eigen Faces Algorithm: Face is mainly composed of the following features set eyes, nose,
hair and lips. In information theory, we need to get the pertinent knowledge in a face image
and then judging according to the local database we own [18]. The face recognition methods
consist of the following initialization steps:

1. The face images set for the training are acquired.
2. The Eigen Faces are computed on the basis of training images, M photos that

represent the largest Eigen value are kept only. These representative images depict
the face space. As current faces are experienced, the value of Eigen Faces can be
modified or recalled.
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3. Concordant distribution is computed in M dimensions for every known individual in
the form of weight space by mapping their facial images onto the face space. A set of
weights based on the input frame is calculated and the M Eigen Faces by projecting
the input frame onto each of the Eigen Faces.

4. Figured out whether the input image contains a face after all (whether known or
unknown) by confirming if the image is quite close to the faces space.

5. Classification of the weight pattern is made to determine whether it is a face, and of a
known person or an unknown.

Fisher Faces Algorithm (FLD): Fisher Linear Discriminant is also well familiar as Linear
Discriminant Analysis (LDA) [19] which draws a difference between different classes as a
large scatter and within classes as a small scatter [18] resulting into a very compact and well
defined clusters. FLD is behind many face recognition methods like Eigen-faces [20],[21],
discriminant analysis [22] and robust coding scheme [23]. Mostly techniques utilize PCA to
reduce the dimensionality of high dimension image space of original input images. After that
FLD transformation extracts further discriminant features (MDF) space for classification. It
needs large training set for proper generalization that is its drawback, and generally there are
large training faces for face recognition but per class they are less. And for that artificial
generation of data is a way out.

Local Binary Patterns Histograms (LBPH): As a whole, Fisher-faces and Eigen-faces use
a mathematical elaboration of the most prominent features of the training. LBPH overviews
each face in the set of training data independently and separately. In LBPH every image is
checked separately, while the Eigen-faces computes features on the complete dataset at the
same time. The LBPH algorithm is somehow simpler, in the way that we distinguish every
image in the dataset locally and when a different unknown image is given, similar analysis is
performed on it and the results are compared in the data-set. The manner in which we
localize the image patterns for every location f the image.

Convolutional Neural Network: Face recognition system includes local image sampling,
then passing these samples self-organizing maps(SOM) for dimensionality reduction and
then reduced set of feature scaled maps are passed to convolutional neural network to train
the network [24]. Convolutional Networks architectures make the clear suppositions that the
inputs are images. CNNs take advantage over ordinary neural network as the input comprises
of images and the architecture is restricted in a more sensible way. Specially, unlike a regular
Neural Network, the layers of a neural network which is convolutional in nature have
neurons patterned in 3 dimensions: height, width, depth. Here depth can be taken as the
augmented number of layers in a given network. Proposed convolutional neural network
architecture comprises five layers and they work repeatedly for training of a neural network.

I. INPUT raw pixels of images.
II. CONV output that is coming from the neurons which are connected to local regions

of the input.
III. RELU element wise activation function e.g. thresholding at zero.
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IV. POOL perform down sampling along spatial dimensions.
V. FC (Fully Connected) computes class scores from the number of classes.

Our system of face recognition based on convolutional neural networks performs the
following steps.

1. The face image are taken as input for face detection and validation as discussed

earlier.

2. They are resized to 256 x 256.

3. They are passed over by a window of 5 x 5 with a shift of 4 to get 64 x 64 a total of

4096, 5 x 5 matrices.

4. These 5x5 matrices are then flattened to pass through SOM, so finally three-

dimensional array of 64 x 64 x 25 is generated for every image.

5. Each row of 25 samples is assigned a label by SOM. Therefore, the image are

reduced from 256 x 256 to 64 x 64.

6. Then they are passed to Convolutional Neural Networks for training.

7. As a comparison of dimensionality reduction, CNN is trained on images directly

i.e. without dimensionality reduction.

For implementation, an online attendance system is created using the LBPH as
described below: graphical user Interfaces include two windows forms: Admin and Client

 Admin module provides an interface for initial configuration, capture image from any of
the two IP cameras i.e front and rear camera to get the samples of any person. The
interface of admin module is shown in Figure 4. These samples will then be used for
training the system for face recognition. Name and designation of a person is also
required for entering samples to database. Another part of admin module is reporting.
This application is also capable of generating reports of attendance record. Customized
report is also supported based on name, date and designation

 Client Interface provides the visual information of front and rear cameras. Every 6th

frame of live video is processed for face detection. The interface of client module is
shown in Figure 5. If face is detected, then face recognition API is called for results based
on image. Image captured is re sized and gray scaled before sending for recognition to get
better results. For accuracy improvement, if same person is recognized in a 5-6 of frames
only then attendance is marked. This system generates different type of reports.
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Figure 4: Admin Interface

Figure 5: Client Interface



PJCIS (2018), Vol. 3, No. 1: 51-64 Real Time Face Recognition

60

Attendance Report: Attendance report is generated using crystal reports as shown in Figure
6. Crystal reports uses different formulas to display the results based on a query. Crystal
reports relates two database tables and displays the person name across the login and logout
details. Multiple filters can be applied to the reports which are provided in the admin
interface. You can get the report of all persons from start date till today (all entries in the
database). Filters based on name of the person, designation of the person and date are also
available. Reports are available for printing as well as saving for future reference.

Figure 6: Attendance Report

Database: Amazon SQL Server database is currently being used by the software to
maintain the attendance record, person's data and images path as well as the initial
configurations of software. The architecture of database is shown in Figure 7. The database is
located at cloud storage, so internet connection is needed to use this software. Twenty GB of
space is allocated for this database by Amazon server.

Figure 7: Data schema
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Working: For initial configurations, admin module has to be run. Selection of path
for storage of images and training is made. After the initial configuration, admin module's
interface appears. <Capture> button can be clicked to start the live view from the camera.
When the person's face is detected, a red rectangle is drawn on the person's face. <Take
Picture> button is clicked to capture the image of that person. After entering Name and
Designation of person, <Submit> button is clicked to submit the record. On same pattern, 5
samples may be taken. After that <Train> button is clicked to train the system with captured
images. Then client module is run. Two views of cameras: one front and one rear appear over
the interface for recognition. The source path of these cameras is stored into the database
which can be edited later on based upon the requirements.

RESULTS AND DISCUSSIONS

SOM and CNN are computationally expensive algorithms because they require
training recursively. Hidden layers, convolution and many other computations take more
resources in case of hardware as well as time. The training time of CNN with 55 image as
samples and 11 images per subject of 256x256 resolution, was around 30 minutes on the Intel
core i5 processor. This CNN is restricted to 20 epochs only. The accuracy of CNN is 91
percent with 44 images for training and 11 images for testing. After increasing the number of
samples to 200 samples per subject for 14 subjects, resulted in a total of 2800 images with
same resolution of 256x256 and thus training time of CNN with these inputs increased from
30 minutes to 30 hours (Table 1). Although CNN is using more resources as compared to
Eigen, Fisher and LBPH but results are outstanding as compared to these algorithms. The
GPU therefore uses dedicated memory and are made for heavy computation; there will be
huge difference in the training time of the system. Table 2 shows that CNN is giving the best
precision, accuracy and F Score while the recall is dependent upon the false positive sample,
but due to the limited data, at the moment we are not able to get the recall value improved.
We make the confusion matrix for evaluating system as shown in Table 3.

Table 1: Details of methodologies

No of
Images Resolution Methodology

Training
Time
(min)

Images /
Subject Accuracy (%)

1400 256 x 256 Eigen 10 200 85 (119 out of 140 correct)

1400 256 x 256 Fisher 15 200 77 (108 out of 140 correct)

1400 256 x 256 LBPH 10 200 85 (119 out of 140 correct)

55 256 x 256 CNN 30 11 91 (10 out of 11 correct)

55 256 x 256 SOM+CNN
3600

(60hrs)
11 54 (6 out of 11 correct)

2800 256 x 256 CNN
1800

(30hrs)
200 99 (555 out of 560 correct)

2800 256 x 256 SOM+CNN In Progress 200 In Progress
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Table 2: Measure of Relevance

Methodology Precision Recall Accuracy F Score

CNN 99.10 100 99 99.55

Eigen Faces 85 100 85 91.89

Fisher Faces 77.14 100 77.14 87.09

LBPH Faces 85 100 85 91.89

Table 3: Confusion Matrix

N=560
Predict

No
Predict

Yes
Actual
No 3 2

Actual
Yes 1 555

CONCLUSION

Eigen faces in live environment are not so successful because variation of angle of
face images produces a lot of change in accuracy of Eigen faces, Fisher accuracy is not much
for it to implement in live environment. As per observation, LBPH performs better in live
environment as compared to Fisher and Eigen, because it is working on the basis of the
locality of the sample and then calculating its probability. CNN uses more hardware
resources for training, since it works in deep learning so it takes the data into layers, because
of epochs. But its accuracy is far better than Eigen, BPH and Fisher. CNN is a better
approach as compared to accuracy and prediction. Prediction time as per results of 560
images is 360 seconds almost half a second for CNN.

FUTURE WORK

The current module is working on the LBPH, as we are getting better and more
accurate results we will move our interface to CNN as deep learning seems to be a positive
field to dig out better and fast results. Moreover we have some flaws in our dataset too like
we are unable to generate false positives and, ground trothing for enhancement in our data.
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