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ABSTRACT

Face recognition is one of the highly focused area for the researchers due to its persistent and reliable features.
In this paper, we propose a reliable and computational efficient model for face recognition. Principal component
analysis (PCA) is used to collect statistical based features from sub region of the face images. Different nature
classification learners such as Probabilistic Neural Networks (PNN), support Vector Machine (SVM) and
Random forest (RF) are utilized to measure the performance of the proposed system. 10-folds cross validation
test is employed to assess the prediction rate. After empirical investigation, it is observed that PNN has
considerably enhanced the success rates of the proposed model. Our proposed model might be useful and

helpful in security related applications.
Keywords:- PCA, PNN, Preprocessing, RF, SVM.

l. INTRODUCTION

Face recognition systemidentify psychological and
demographic characteristics such as age, height and
gender are enormously used in the area of pattern
recognition and machine learning (Jain et al.,
1999). Automatic facial recognition plays a vital
role in surveillance development, security issues,
and many other social responsibilities [2]. Various
number of approaches has been utilized by the
researchers to develop a face recognition system
such as Local binary pattern (Huang et al., 2011);
(Shan et al., 2009), discrete wavelet transform
(Wadkar and Wankhade, 2012)], gabor filters [6],
independent component analysis [7], genetic
algorithm [8] and linear discriminant Analysis [9]
are widely been used to extract unique and reliable
features. Lin et al., detected the face components
through probabilistic decision based neural network
(PDBNN) approach. The proposed techniques are
tested on FERET and Oral face Databases [10].
Similarly, Meng et al., used principal component
analysis to extract features. Fisher’s linear
discriminant is utilized to minimize extracted
feature set. Furthermore, RBF neural classifier is
In this work, we proposed a robust and intelligent
computational model for face recognition. Features

utilized to calculate the recognition rate [11].
Jesorsky et al., localized the face features using
edge-based and hausdorff distance method [12].
Likely, Anila et al., implemented a facial detection
system by divided the preprocessed images are into
blocks to extract features. Back propagation neural
network is applied to classify the blocks of the
image [13] [53-55]. Kim et al, proposed face
recognition model, local directional pattern and two
dimensional principal component analysis (2D-
PCA) are utilized to obtain features. The proposed
approach was computationally efficient and
achieved robust against illumination variation [14].
Similarly, Yi et al., used a novel approach to
recognize faces with different poses. 3D
deformable model is developed to calculate pose
information. Features are extracted using Gabor
filters and in order to remove redundant features
PCA is applied [15].Furthermore, Cao et al,
proposed a new learning based descriptor model
and pose adaptive matching for face recognition.
The proposed method is tested using LFW face
dataset [16].

are exracted using PCA based feature
representation scheme. Various classification
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algorithms are utilized to evaluate the performance
of proposed model.

The rest of the paper is organized as follows:
Materials and Methods are represented in Section
2. Section 3 represents Results and discussion and
finally conclusions are drawn in the last Section.

1. MATERIALS AND METHODS

A. Datasets Description:

In order to develop an efficient and robust
recognition system a benchmark dataset is always
essential to train the model. In this work, we have
used two benchmark face datasets. SUMS dataset
contains 400 images having equal number of
instances of the both classes male and female [17].
All the images are stored in JPEG format. On the
other hand, Dataset 2 contains 100 images of
438*539 pixel .The dataset 2 is equally divide into
both male and female classes.

Figure 2. Samples face from Dataset 2

B. Principle Component Analysis (PCA):

In this work, we have utilized Principle Component
Analysis (PCA) to extract features from face
images in the form of Eigen vector and Eigen
value [18].

1) Eigen Vector and Eigen values:

Using PCA, we have extracted the features of
Eigen vector and Eigen values of each image. Let
us suppose, initially we have the set of face images

[A+A....A].

First, we have calculated the mean of the whole
face distribution

A= (A+A,....A)/n

@)
Then we subtracted the mean from each image
vector

A =A-A
i =1 2,...,n
(@)

Eigenvectors [X1, Xz... Xn] are calculated from
the new image vector [A1', Az2,...., An'].
The calculated Eigen vectors are orthonormal to
each other. Each of the Eigen vector has an Eigen
Value. High Eigen value gives more information
than those of low Eigen value. Then, we calculated
the covariance matrix of the calculated Eigen value
and Eigen vector. After that the Eigen faces are
extracted from the covariance matrix Each face is
then projected onto the eigenface space and
represented by a linear combination of the
eigenfaces. In this paper, we have extracted 165
features using PCA.

C. Random Forest (RF)

Random forest is a prominent classification learner
that was introduced by Breiman [19]. RF is rule
based classifier that construct decision tree and
split the features randomly in subgroups iteratively
and each of the tree have equal number of chance
to be sampled [20]. At each node the most
discriminative variable with a cut off value is found
and divide database into two parts [21; 30].RF is
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mostly suitable for executing lager datasets.
Random forest is less sensitive to the used
parameter as comparing other classification
learners [22].

D. Support Vector Machine (SVM)

SWM is extensively used classification algorithm
that classifies objects based on statistical theory.
SWM is computationally efficient as compared to
other classification algorithms [23]. SVM is the
fast hypothesis learner that can efficiently classify
linear as well as non-linear problems [24]. SVM is
a supervised learning algorithm that draws a
parallel line to hyperplane that has largest margin
and minimum classification error to separate data
of different classes [18; 25], [56-66]. SVM uses
different kernels such as linear, polynomial and
radial basis kernel function [26] [29-40] [67-74].

E. Probabilistic Neural Network (PNN)

PNN is a feed forward neural network based
classification algorithm that was developed by D.F.
Specht [27]. PNN is not only reflects neural
network paradigm, but also adapt statistical
Bayesian decision rule [28] [41-52]. PNN is a
supervised learner that provides optimal solution
than other neural networks. PNN structure consist
of four layers such as input layer, pattern layer,
summation layer and output layer [28].Input layer
provides the data to the structure. Pattern layer
calculates the probability by adjusting threshold
value. Summation layer add the calculated
probability. At last output layer performs voting by
selecting the largest value to categorize the data of
different classes.

F. Proposed Method

In this work, we proposed an efficient and reliable
computational model for face recognition. Features
are obtained from both face datasets by employing
PCA based feature extraction technique. The
performance of the proposed model is measured by
using different nature of classification algorithms
such as SVM, PNN and Random Forest. 10-fold
cross validation test is used to enhance the
performance of classification algorithm. Various
performance measures are used to evaluate the
performance of the classification. Block diagram of
the proposed system is depicted in figure 3.
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Different performance measures are used for
assessing the performance of classification
algorithm, which are mention below.

TFiQ

Accuracy = E‘=1?
©)
Sensitivity = (T—’+Fﬂ.r] * 100

@
Specificity = (,% + FN) =100

©)

Wssi-ff?

Figure 3. Block diagram of the proposed system

I1l. RESULTS AND DISCUSSION

Different cross validation tests such as self-
consistency, jackknife, and independent tests are
used by the researchers to enhance the performance
of the classification algorithms. In this work we
have utilized 10-fold cross validation test to
minimize computational cost and to reduce
classification errors. In 10-fold cross validation
test, one fold is used for testing and remaining
folds are used for training. The whole process is
repeated ten times and finally the prediction results
are combined.

In this work we have used PCA based feature
extraction technique to extract valuable information

from two different nature face datasets.
Tablel. Success rates of classifiers using
PCA feature space

The prediction performance of classification
algorithms using PCA based feature space are
reported in Tablel and Table 2. In case of RF
obtained an accuracy of 80%, sensitivity of 79%
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and specificity of 79%. Likely, SVM achieved the
prediction performance of 76% with sensitivity,
specificity of 74% and 78% respectively. Finally
PNN achieved the highest accuracy of 92%, having
96% sensitivity and 98% specificity. On other hand
Dataset 2, yielded an accuracy of 81%, sensitivity
of 85% and specificity of 78% using RF. In case of
SVM, Our proposed model obtained an accuracy of
68%, sensitivity of 69% and specificity of 92%.
Still, PNN has achieved remarkable prediction rate
as compared to other classification learners by
achieving 94% accuracy, 97% sensitivity and 92%
specificity.

(Acc= Accuracy, Sen: Sensitivity, Sp: Specificity)

V. CONCLUSION

In this paper, we proposed a reliable and
computationally  efficient  model for face
recognition. Numerical features are obtained from
face images using PCA. Features vector are
preprocessed in order to remove noisy and
irrelevant features. The performance of the
extracted feature vector is evaluated using three
different nature of classification learners such as
SWM, PNN and RF. The proposed model is tested
on two different face datasets. Among used
classifiers, PNN reported the highest prediction
accuracy of 92% and 94% on dataset 1and dataset
2, respectively

REFERENCES

[1] Jan, A. Bolle. R, & pankanti. S,
(1999). Biometrics: Personal

Identification in a Networked Society.
Eds. Kluwer, 276-284.

[2] Arora, K. (2012). Real Time
Application of Face Recognition
Concept. Int’l Journal of Soft
Computing and Engineering, 2(5),
Issue-5, 191-196.

[3] Huang, D., Shan, C., Ardebilian, M., &
Chen, L., (2011). Facial Image Analysis
Based on Local Binary Patterns: A
Survey, IEEE Transactions on Systems,
Man, and Cybernetics, 41(6), 1-14.

[4] Khan. F., Bashir, F. (2012). Dual Head
Clustering Scheme in Wireless Sensor
Networks. in the IEEE International

(5]

(6]

[7]

(8]

(0]

International Journal of Computer Science Trends and Technology (1JCST) — Volume 4 Issue 2, Mar - Apr 2016

Conference on Emerging Technologies
(pp. 1-8). Islamabad: IEEE Islamabad.

M. A. Jan, P. Nanda and X. He,
“Energy Evaluation Model for an
Improved  Centralized  Clustering
Hierarchical Algorithm in WSN,” in
Wired/Wireless Internet
Communication, Lecture Notes in
Computer  Science, pp. 154-167,
Springer, Berlin, Germany, 2013.

Khan. F., Nakagawa. K. (2012).
Cooperative Spectrum Sensing
Techniques in  Cognitive  Radio
Networks. in the Institute of Electronics,
Information and Communication
Engineers (IEICE), Japan, Vol -1, 2.

M. A. Jan, P. Nanda, X. He, Z. Tan and
R. P. Liu, “A robust authentication
scheme for observing resources in the
internet of things environment” in 13th
International Conference on Trust,
Security and Privacy in Computing and
Communications (TrustCom), pp. 205-
211, 2014, IEEE.

Khan. F., Nakagawa, K. (2012).
Performance Improvement in Cognitive
Radio Sensor Networks. in the Institute
of  Electronics, Information  and
Communication Engineers (IEICE) , 8.

Shan, C., Gong, S., & Mcowan, P,
(2009). Facial expression recognition
based on local binary patterns: a
comprehensive study. Image and Vision
Computing, 27 (6), 803-816.

[10] Wadkar, D. P.,, & Wankhade, M,

(2012). Face Recognition Using
Discrete Wavelet Transforms. Int’l
Journal of Advanced Engineering
Technology, 3(1), 239-242.

[11] M. A. Jan, P. Nanda, X. He and R. P.

Liu, “Enhancing lifetime and quality of
data in cluster-based hierarchical
routing protocol for wireless sensor
network”, 2013 IEEE International
Conference on High Performance
Computing and Communications &
2013 IEEE International Conference on

ISSN: 2347-8578

wWWwW.ijcstjournal.org

Page 279



http://www.ijcstjournal.org/
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5976948
http://www.sciencedirect.com/science/journal/02628856/27/6

ISSN: 2347-8578

Embedded and Ubiquitous Computing
(HPCC & EUC), pp. 1400-1407, 2013.
[12] Khan. F., Kamal, S. A. (2013). Fairness

Improvement in long-chain Multi-hop
Wireless Adhoc Networks. International
Conference on Connected Vehicles &
Bxpo (pp. 1-8). Las \egas: IEEE Las

Vegas, USA.

[13] M. A. Jan, P. Nanda, X. He and R. P.
Liu, “PASCCC: Priority-based
application-specific congestion control
clustering protocol” Computer
Networks, Vol. 74, PP-92-102, 2014.

[14] Khan. F., Nakagawa, K. (2013).
Comparative Study of Spectrum Sensing
Techniques in  Cognitive Radio
Networks. in IEEE World Congress on

Communication and Information
Technologies (p. 8). Tunisia: IEEE
Tunisia.

[15] Khan. F., (2014). Secure
Communication and Routing

Architecture in  Wireless  Sensor
Networks. the 3 Global Conference on
Consumer Electronics (GCCE) (p. 4).
Tokyo, Japan: IEEE Tokyo.

[16] Rahman, T, M., & Bhuiyan, A.
M.,(2008). Face Recognition using
Gabor Filters”, 11" Int’l Conference on
Computer and Information Technology.

[17] Kim, J., Choi, J., Yi, J., & Turk, M,
(2005). Effective Representation Using
ICA for Face Recognition Robust to
Local Distortion and Partial Occlusion.
IEEE Trans. Pattern. Anal and Mach.
Intl., 27 (12), 1977-1981.

[18] Yokoo, Y. & Hagiwara, M., (1996).
Human faces detection method using
genetic algorithm, Proceedings of IEEE
Int’l Conference on Evolutionary
Computation, 113-118.

[19] Lu, J., Plataniotis, N. K., &
Venetsanopoulos, N. A., (2003). Face
Recognition Using LDA-Based
Algorithms.  IEEE  Trans.  Neural
Networks, 14 (1), 195-200.

[20] Lin, H. S., Kung, Y. S., & Lin, J. L,
(1997). Face recognition/detection by

International Journal of Computer Science Trends and Technology (1JCST) — Volume 4 Issue 2, Mar - Apr 2016

probabilistic decision-based neural
network. IEEE Trans. Neural Networks,
8(1), 114-132.

[21] Mian Ahmad Jan and Muhammad
Khan, “Denial of Service Attacks and
Their Countermeasures in WSN”, in
IRACST-International Journal  of
Computer Networks and Wireless
Communications  (ICNWC), Vol.3,
April. 2013.

[22] Er. J. M., Wu, S,, Lu, J., & Toh, L. H,,
(2002). Face recognition with radial
basis function (RBF) neural networks.
IEEE Trans. Neural Networks, 13(3),
697-710.

[23] Jesorsky,O.,  Kirchberg, JK, &
Frischholz, W. R., (2001). Robust face
detection using the hausdorff distance.
34 Int’l. Conference on Audio- and
Video-based Biometric Person
Authentication, Springer, Lecture Notes
in Computer Science, LNCS-2091, 90-
95.

[24] Khan. F., (2014). Fairness and
throughput improvement in mobile ad
hoc networks. the 27t" Annual Canadian
Conference on Electrical and Computer
Engineering (p. 6). Toronto, Canada:
IEEE Toronto.

[25] Mian  Ahmad Jan and Muhammad
Khan, “A Survey of Cluster-based
Hierarchical Routing Protocols”, in
IRACST-International Journal of
Computer Networks and Wireless
Communications  (ICNWC), Vol.3,
April. 2013, pp.138-143.

[26] Khan. S., Khan. F., (2015). Delay and
Throughput Improvement in Wireless
Sensor and Actor Networks. 5th
National Symposium on Information
Technology: Towards New Smart
World (NSITNSW) (pp. 1-8). Riyadh:
IEEE Riyad Chapter.

[27] Khan. Shahzad, Khan. F., Jabeen. Q.,
Arif F, Jan. M. A, (2016).
Performance Improvement in Wireless
Sensor and Actor Networks. in the
Journal Applied, Environmental, and
Biological Sciences Print ISSN: 2090-

www.ijcstjournal.org Page 280



http://www.ijcstjournal.org/
https://scholar.google.com/scholar?oi=bibs&cluster=5779524721848057200&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=5779524721848057200&btnI=1&hl=en
http://link.springer.com/search?facet-author=%22Oliver+Jesorsky%22
http://link.springer.com/search?facet-author=%22Klaus+J.+Kirchberg%22
http://link.springer.com/search?facet-author=%22Robert+W.+Frischholz%22

ISSN: 2347-8578

4274 Online ISSN: 2090-4215

[28] Anila, S., & Devarajan, N., (2010).
Simple and Fast Face Detection System
Based on Edges. Int’l Journal of
Universal Computer Sciences, 1(2), 54-
58.

[29] Kim, J. D., Lee. H. S., & Sohn, K. M.,
(2013). Face Recognition via Local
Directional Pattern. Int’l Journal of
Security and Its Applications, 7(2), 191-
200, 2013.

[30]Yi, D., Lei, Z, & Li, Z. S, (2013).
Towards Pose Robust Face
Recognition. IEEE Conf. on Computer
Vision and Pattern Recognition, 3537 -
3545.

[31] Cao, Z., Yin, Q., Tang, X., & Sun, J,,
(2010).  Face  Recognition  with
Learning-based Descriptor. IEEE Conf.
on Computer Vision and Pattern
Recognition

[32] Syed Roohullah Jan, Faheem Dad,
Nouman Amin, Abdul Hameed, Syed
Saad Ali Shah, ™ Issues In Global

Software Development
(Communication, Coordination and
Trust) - A Critical Review",

International Journal of Scientific
Research in Science, Engineering and
Technology(IJSRSET), Print ISSN
2395-1990, Online ISSN : 2394-4099,
Volume 2 Issue 2, pp.660-663, March-
April 2016. URL
- http://ijsrset.com/IJSRSET1622207.ph

p

[33] http://white.stanford.edu/dilaro/ee3684/
code/male.zip.

[34] Hayat, M., & Khan, A. (2011).
Predicting Membrane Protein Types by
Fusing Composite Protein Sequence
Features into Pseudo Amino Acid
Composition. Journal of Theoretical
Biology, 271, 10 -17.

[35] Breiman, L., (2001). Random Forests.
Machine learning, 45(1), 5-32.

[36] Rodriguez, J., Kuncheva, I. L, &
Alonso, J. C., (2006). Rotation forest: A

International Journal of Computer Science Trends and Technology (1JCST) — Volume 4 Issue 2, Mar - Apr 2016

new classifier ensemble method. IEEE
Trans. on Pattern Analysis and Machine
Intel, 28(10), 1619-1630.

[37] Edelenyi, F., Goumidi, L., Bertrais, S.,
Phillips, C., Macmanus, R., Roche, H.,
Planells, R., & Lairon, D. (2008).
Prediction of the metabolic syndrome
status based on dietary and genetic
parameters using Random Forest.
Genes Nutr, 3, 173-176.

[38] Akbar, S., Ahmad, A., & Hayat, M,
(2014). Iris Detection by Discrete Sine
Transform Based Feature Vector Using
Random Forest, Journal of Applied
Environ. Biological Sciences, Vol
4(8S), 19-23.

[39] Guyon, 1., Weston, J., Barnhill, S. &
Vapnik, V., (2002). Gene Selection for
Cancer Classification using Support
Vector Machines, Machine Learning,
46(1),389-422.

[40] Akbar, S., Ahmad, A., & Hayat, M,
(2014). Identification of Fingerprint
Using Discrete Wavelet Transform in
Conjunction with Support Vector
Machine. Int’l Journal of Computer
Science Issues, 11(5), 189-199.

[41] Hayat, M., & Igbal, N., (2014).
Discriminating protein structure classes
by incorporating Pseudo Average
Chemical Shift to Chou’s general
PseAAC and Support Vector Machine.
Computer Methods and Programs in
Biomedicine, 116(3), 184-192.

[42] Khan, ZU., Hayat, M., and M. A.
Khan,(2015). Discrimination of acidic
and alkaline enzyme using Chou's
pseudo amino acid composition in
conjunction with probabilistic neural
network model. Journal of Theoretical
Biology, 365, 197-203.

[43] Specht, F. D.,(1990). Probabilistic
neural networks. Neural Networks,
3,109-118, 1990.

[44] Hayat, M., Khan. A., & Yeasin, M,
(2012) Prediction of membrane proteins
using split amino acid composition and

www.ijcstjournal.org Page 281



http://www.ijcstjournal.org/
http://link.springer.com/search?facet-author=%22Isabelle+Guyon%22
http://link.springer.com/search?facet-author=%22Jason+Weston%22
http://link.springer.com/search?facet-author=%22Stephen+Barnhill%22
http://link.springer.com/search?facet-author=%22Vladimir+Vapnik%22
http://link.springer.com/journal/10994
http://www.sciencedirect.com/science/journal/00225193
http://www.sciencedirect.com/science/journal/00225193

International Journal of Computer Science Trends and Technology (1JCST) — Volume 4 Issue 2, Mar - Apr 2016

ensemble classification. Journal .Amino Roohullah  Jan, Khan. S., (2016)
Acids, 42, 2447-2460. Applications, Limitations, and
[45] Jabeen. Q., Khan. F., Khan, Shahzad, Improvements in  Visible  Light
Jan. M. A. (2016). Performance Communication  Systems in  the
Improvement in  Multihop Wireless VAWKUM Transaction on Computer
Science \ol. 9, Iss.2,

Mobile Adhoc Networks. in the Journal

Applied, Environmental, and Biological DOI: http://dxdoi.org/10.21015/vtcs.v9i

Sciences (JAEBS), Print ISSN: 2090- 2.398
4274 Online ISSN: 2090-4215 [52] Rao, N., Devi, U. T., Sridhar. R. G, &

[46] Syed Roohullah Jan, Khan. F., Zaman. Rao, A., (2005). A Probabilisti_c Neural
A., (2015) The Perception of students Network Approach for Protein Super
about Mobile Learning at University family ~ Classification.  Joumnal  of
Level. in the khgresearch.org  NO. Theoretical and Applied Information
CONTENTS PAGE NOTurkey, pp.97 Technology, 6(1), 101-105.

[471M. A. Jan, “Energy-efficient routing [53]Khan, ZU. & Hayat, M-_' (20_14)'
and secure communication in wireless Hourly based weather forecasting using
sensor networks,” Ph.D. dissertation, data mining techniques of comprising of
2016. Demean algorithm. Middle east journal

[48] Jabeen. Q. Khan. F. Hayat, MN of scientific research, 21(8), 1295-1300.
. “ . Py yat, N,

Khan, H., Syed Roohullah Jan, Ullah, [541M. A. Jan, P. Nanda, X. He and R. P.
E. (2016) A Survey : Embedded Liu, “A SybiIAttack Detection Scheme
Systems  Supporting By Different for a Centralized Clustering-based

Hierarchical Network” in

Operating Systems in the International

Journal of Scientific Research in Trustcon/BigDataSE/ISPA,  Vol.1, PP-

Science, Engineering and 318-325, 2015, IEEE.

Technology(IJSRSET), Print ISSN [55] M. Hayat, M. Tahir, PSOFuzzySVM-
2395-1990, Online ISSN : 2394-4099, TMH: identification of transmembrane
Volume 2 Issue 2, pp.664-673. helix segments using ensemble feature

space by incorporated fuzzy support
vector machine, Molecular BioSystems,
(2015)

[56] Syed Roohullah Jan, Syed Tauhid Ullah
Shah, Zia Ullah Johar, Yasin Shah,
Khan. F., "An Innovative Approach to
Investigate Various Software Testing

[49] Qamar Jabeen, Khan. F., Muhammad
Nouman Hayat, Haroon Khan, Syed
Roohullah Jan, Farman Ullah, " A
Survey : Embedded Systems Supporting
By Different Operating Systems",
International Journal of Scientific
Research in Science, Engineering and

ISSN: 2347-8578

Technology(IJSRSET), Print ISSN
2395-1990, Online ISSN : 2394-4099,
Volume 2 Issue 2, pp.664-673, March-
April 2016. URL
- http://ijsrset.com/IJSRSET1622208.ph

p

[50] Puthal, D., Sahoo, B., & Sahoo, B. P. S.

(2012). Effective Machine to Machine
Communications  in Smart  Grid
Networks. ARPN J.  Syst. Softw.©
2009-2011 AJSS Journal, 2(1), 18-22.

[51] Khan. F., Khan. F., Jabeen. Q., Syed

Techniques and Strategies”,
International  Journal of Scientific
Research in Science, Engineering and
Technology(IJSRSET), Print  ISSN
2395-1990, Online ISSN : 2394-4099,
Volume 2 Issue 2, pp.682-689, March-
April 2016. URL
- http://ijsrset.com/IJSRSET1622210.ph
p

[57] Azim. N., Majid. A., Khan. F., Tahir.
M., Safdar. M., Jabeen. Q., (2016)
Routing of Mobile Hosts in Adhoc
Networks. in the International Journal of

www.ijcstjournal.org Page 282



http://www.ijcstjournal.org/
http://dx.doi.org/10.21015/vtcs.v9i2.398
http://dx.doi.org/10.21015/vtcs.v9i2.398

International Journal of Computer Science Trends and Technology (1JCST) — Volume 4 Issue 2, Mar - Apr 2016

Emerging Technology in Computer
Science and Electronics (in press)

[58] Azim. N., Qureshi. Y., Khan. F., Tahir.
M., Syed Roohullah Jan, Majid. A,
(2016) Offsite One Way Data
Replication towards Improving Data
Refresh Performance. in the
International Journal of Computer
Science and Telecommunications (in
press)

[59] Azim. N., Majid. A., Khan. F., Tahir.
M., Syed Roohullah Jan, (2016) People
Factors in Agile Software Development
and Project Management. in the
International Journal of Emerging
Technology in Computer Science and
Electronics (in press)

[60] Azim. N., Khan. A., Khan. F., Syed
Roohullah Jan., Tahir. M., Majid. A.
(2016) Offsite 2-way Data Replication
towards Improving Data Refresh
Performance. in the International
Journal of Engineering Technology and
Applications (in press)

[61] Puthal, D., Nepal, S., Ranjan, R, &
Chen, J. (2016). A dynamic prime
number based efficient  security
mechanism for big sensing data
streams.Journal of Computer and
System Sciences.

[62] Azim. N., Ahmad. I, Khan. F., Syed
Roohullah Jan., Tahir. M., Majid. A.
(2016) A  New  Robust Video
Watermarking Technique Using
H.264/AAC Codec Luma Components
Based On DCT. in the International
Journal of Advance Research and
Innovative Ideas in Education (in press)

[63] Syed Roohullah Jan,Ullah. F., Khan. F.,
Azim. N, Tahir. M. (2016) Using CoAP
protocol for Resource Observation in
loT. in the International Journal of
Engineering Technology and
Applications (in press)

[64] Syed Roohullah Jan,Ullah. F., Khan. F.,
Azim. N, Tahir. M,Safdar, Shahzad.
(2016) Applications and Challenges

Faced by Internet of Things- A Survey.
in the International Journal of Emerging
Technology in Computer Science and
Electronics (in press)

[65] Tahir. M., Syed Roohullah Jan, Khan.

F., Jabeen. Q. Azim. N. Ullah. F,
(2016) EEC: Evaluation of Energy
Consumption in  Wireless Sensor
Networks. in the International Journal of
Engineering Technology and
Applications (in press)

[66] Tahir. M., Syed Roohullah Jan, Azim.

N., Khan. F., Khan. I. A. (2016)
Recommender System on Structured
Data. in the International Journal of
Advance Research and Innovative Ideas
in Education (in press)

[67] Puthal, D., Nepal, S., Ranjan, R, &

Chen, J. (2015, August). DPBSV--An
Efficient and Secure Scheme for Big
Sensing Data Stream.
InTrustcom/BigDataSE/ISPA, 2015
IEEE (Vol. 1, pp. 246-253). IEEE.

[68] Tahir. M., Khan. F., Syed Roohullah

Jan, Khan. I. A., Azim, N.(2016) Inter-
Relationship between Energy Efficient
Routing and Secure Communication in
WSN. in the International Journal of
Emerging Technology in Computer
Science and Electronics (in press)

[69] Safdar. M., Khan. I. A., Khan. F., Syed

Roohullah  Jan, Ullah. F., (2016)
Comparative study of routing protocols
in Mobile adhoc networks. in the
International Journal of Computer
Science and Telecommunications (in
press)

[70] M. A. Jan, P. Nanda, X. He and R. P.

Liu. 2016. A Lightweight Mutual
Authentication Scheme for IoT Objects,
IEEE Transactions on Dependable and
Secure Computing (TDSC),
“Submitted”.

[71] M. A. Jan, P. Nanda, X. He and R. P.

Liu. 2016. A Sybil Attack Detection
Scheme for a Forest Wildfire
Monitoring Application, Elsevier Future

ISSN: 2347-8578 wWWwW.ijcstjournal.org Page 283



http://www.ijcstjournal.org/

International Journal of Computer Science Trends and Technology (1JCST) — Volume 4 Issue 2, Mar - Apr 2016

Generation Computer Systems (FGCS),
“Submitted”.

[72] Puthal, D., Nepal, S., Ranjan, R, &
Chen, J. (2015). A Dynamic Key Length
Based Approach for Real-Time Security
Verification of Big Sensing Data
Stream. In Web Information Systems
Engineering—WISE 2015 (pp. 93-108).
Springer International Publishing.

[73] M. A. Jan, P. Nanda, M. Usman and X.
He. 2016. PAWN: A Payload-based
mutual Authentication scheme for
Wireless Sensor Networks, in 15th IEEE
International Conference on Trust,
Security and Privacy in Computing and
Communications (IEEE TrustCom-16),
“accepted”.

[74] M. Usman, M. A. Jan and X. He. 2016.
Cryptography-based  Secure Data
Storage and Sharing Using HEVC and
Public Clouds, Elsevier Information
sciences, “accepted”.

ISSN: 2347-8578 wWWwW.ijcstjournal.org Page 284



http://www.ijcstjournal.org/

