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Welcome Message from the General Chairman 
The 8th International Conference on Signal Processing and Communication Systems ICSPCS 2014 is held in the resort town 
of Gold Coast, Queensland, Australia. On behalf of the Organizing Committee, it is my pleasure to welcome you to the 
ICSPCS’2014. Similar to its predecessor editions, ICSPCS’2014 provides a friendly technical and professional environment 
for ultimate networking among researchers in the field of signal processing and wireless communications. The roots of 
ICSPCS go back to a series of successful symposia and workshops, namely, the International Symposia on DSP and 
Communication Systems (DSPCS), and Workshops on the Internet, Telecommunications and Signal Processing (WITSP). 
Accordingly, the topics covered by ICSPCS stretch over the entire protocol stack of modern telecommunication systems 
from the physical and data link layers to networking and application layers along with the related processing, applications, 
and services. I am happy to announce that the Organizing Committee has been successful in achieving an official technical 
co-sponsorship of the IEEE Communications Society for the conference and we are happy that ICSPCS’2014 has been listed 
in the IEEE database of conferences and the proceedings will be published in IEEE Xplore. 
  
This year, a total of 282 papers were submitted from 26 countries from Asia, Australia, Europe, Middle East, Africa, and 
Americas. After a rigorous and peer review process based on full-paper submission with at least three peer reviews per 
paper, the program committee finally accepted 49 papers for oral presentation and 39 papers for poster presentation at 
the conference. The mode of presentation of the accepted papers have been decided based on the suitability of the 
contents to be presented in that mode and it does not reflect the quality of papers. The technical program for this year 
covers a range of topics such as wireless communications, communications theory, communication systems, networks and 
protocols, information and network security, localization and tracking, signal processing for multimedia and 
communications, and medical applications. The program will be complemented by a keynote lecture “Modeling Molecular 
Communications at NANO-SCALE with Applications in Medicine and Microbiology” that will be delivered by Prof. Tadeusz 
A Wysocki of the University of Nebraska - Lincoln. 
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Welcome Message from the General Chairman 

Putting together and organizing an international conference is always a team effort. Therefore, we wish to thank the authors 
for preparing and submitting their contributions to ICSPCS’2014. We would like to offer our sincere thank to the technical 
program committee and reviewers for their hard work to ensure a high quality program on a timely manner. We express our 
sincere gratitude to our sponsors for their great support: IEEE, IEEE Communications Society, and The Peter Kiewit Institute. 
  
We hope that like previous years, ICSPCS’2014 brings together researchers and scientists from academia and industry in areas 
of signal processing and communication systems to present their latest research results, exchange new ideas, and create new 
collaborations. We wish you all a pleasant and enjoyable stay at the beautiful Gold Coast, Australia! 
  
Abbas Jamalipour 
General Chair, ICSPCS’2014 
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Session 1: Wireless Communications – 1 
Monday - 9:16 AM - 10:40 AM 

• An Efficient Channel Selection and Power Allocation Scheme in Smart Metering Infrastructure Chuyen 
Khoa Huynh (Soongsil University, Korea) and Won Cheol Lee (Soongsil University, Korea) 

• A Virtual Channel Detector for Iterative Receiver in Overloaded MIMO OFDM Systems Satoshi Denno 
(Okayama University, Japan), Akihito Taya (Kyoto University, Japan) and Masahiro Morikura (Kyoto 
University, Japan) 

• Downlink LTE Synchronization: A Software Defined Radio Approach Adrian Donarski (Defence Science and 
Technology Organisation, Australia), Tharaka Anuradha Lamahewa (DSTO, Australia) and Julian Sorensen 
(Defence Science Technology Organisation, Australia) 

• Wireless Information and Power Transfer in an Underlay Cognitive Radio Network Louis Sibomana 
(Blekinge Institute of Technology, Sweden), Hans-Juergen Zepernick (Blekinge Institute of Technology, 
Sweden) and Hung Tran (National Institute of Education Management, Vietnam) 

• Cooperative Blind Localization of Primary User in a Cognitive Radio Environment Kagiso Magowe (RMIT 
University, Australia), Sithamparanathan Kandeepan (RMIT University, Australia) 
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Session 2: Signal Processing for Multimedia 
Monday - 11:00 AM - 12:40 PM 

• Adaptive and Robust Feature Selection for Low Bitrate Mobile Augmented Reality Applications Yi Cao (University of 
Wollongong, Australia), Christian H Ritz (University of Wollongong, Australia) and Raad Raad (University of Wollongong, 
Australia) 

• Quality of Experience-Based Image Feature Selection for Mobile Augmented Reality Applications Yi Cao (University of 
Wollongong, Australia), Christian H Ritz (University of Wollongong, Australia) and Raad Raad (University of Wollongong, 
Australia) 

• Comparison of Transmission Quality Dimensions of Narrowband, Wideband, and Super-Wideband Speech Channels 
Sebastian Möller (Quality and Usability Lab, Telekom Innovation Labs, TU Berlin, Germany), Friedemann Köster (Quality and 
Usability Lab, Telekom Innovation Labs, TU Berlin, Germany), Laura Fernández Gallardo (University of Canberra and Telekom 
Innovation Laboratories, TU Berlin & Telekom Innovation Laboratories, Australia) and Michael Wagner (University of 
Canberra, Australia) 

• Optimized Multi-Channel Deep Neural Network with 2D Graphical Representation of Acoustic Speech Features for 
Emotion Recognition Melissa Stolar (RMIT University, Australia), Margaret Lech (RMIT University, Australia) and Ian Burnett 
(RMIT University, Australia) 

• Using the Influence Model Coefficients and the Random Walk to Predict Emotional Interactions in Parent-Child 
Conversations Melissa Stolar (RMIT University, Australia), Margaret Lech (RMIT University, Australia) and Ian Burnett (RMIT 
University, Australia) 

• Segmentation and grading of eczema skin lesions Yau Kwang Ch'ng (UTAR, Malaysia), Humaira Nisar (University Tunku 
Abdul Rahman, Malaysia), Vooi Voon Yap (University Tunku Abdul Rahman, Malaysia), Kim Ho Yeap, CEng (UTAR, Malaysia) 
and Jyh Jong Tang (Ipoh General Hospital, Malaysia) 
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Session 3: Signal Processing for Communications - 1 
Monday - 1:30 PM - 3:10 PM 

• Modified Viterbi Algorithm for Efficient Optimal Decoding of Pragmatic-Punctured Trellis-Coded Modulation Fabian Schuh 
(Friedrich-Alexander-Univertsität Erlangen-Nürnberg, Germany), Andreas Schenk (Qualcomm CDMA Technologies GmbH, 
Germany) and Johannes Huber (University of Erlangen-Nuremberg, Germany) 

• Performance of Cognitive Radio Networks with Finite Buffer Using Multiple Vacations and Exhaustive Service Hoc Phan 
(University of Reading, United Kingdom), Thi My Chinh Chu (Blekinge Institute of Technology, Sweden), Hans-Juergen 
Zepernick (Blekinge Institute of Technology, Sweden) and Hien Quoc Ngo (Linkoping University, Sweden) 

• A k-Generation Approach to Wireless Fingerprinting for Position Estimation John Roth (United States Naval Academy, 
USA), Murali Tummala (Naval Postgraduate School, USA), John C. McEachen (Naval Postgraduate School, USA) and James 
Scrofani (Naval Postgraduate School, USA) 

• Applications of SDR Exact-ML Criterion to Tree-Searching Detection for MIMO Systems Minjoon Kim (Yonsei University, 
Korea) and Jaeseok Kim (Yonsei University, Korea) 

• Kalman-based attitude estimation for an UAV via an antenna array Thiago Felippe Kurudez Cordeiro (University of Brasília, 
Brazil), Joao Paulo Carvalho Lustosa da Costa (University of Brasília, Brazil), Kefei Liu (Arizona State University, USA) and 
Geovany A. Borges (University of Brasília, Brazil) 
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Session 4: Networks 
Monday - 3:30 PM - 5:10 PM 

• Efficient Topology Discovery in Software Defined Networks Farzaneh Pakzad (The University of Queensland, Australia), 
Marius Portmann (University of Queensland, Australia), Wee Lum Tan (The University of Queensland, Australia) and Jadwiga 
Indulska (The University of Queensland, Australia) 

• Dynamic State Determination of a Software-Defined Network via Dual Basis Representation Thomas Parker (Naval 
Postgraduate School, USA), Jamie Johnson (Naval Postgraduate School, USA), Murali Tummala (Naval Postgraduate School, 
USA), John C. McEachen (Naval Postgraduate School, USA) and James Scrofani (Naval Postgraduate School, USA) 

• Random Access Issues for Smart Grid Communication in LTE Networks Chalakorn Karupongsiri (The University of Sydney, 
Australia), Kumudu S Munasinghe (University of Canberra, Australia) and Abbas Jamalipour (University of Sydney, Australia) 

• A Study on Dynamic Spectrum Assignment for Fairness in Elastic Optical Path Networks Naoya Hara (Kyoto University, 
Japan) and Tatsuro Takahashi (Kyoto University, Japan) 

• Permission Based Implementation of Dynamic Separation of Duty (DSD) in Role Based Access Control (RBAC) Muhammad 
Asif Habib (National Textile University, Pakistan), Nasir Mahmood (NTU, Pakistan), Muhammad Shahid (National Textile 
University, Pakistan), Umar Aftab (NTU, Pakistan) and Muhammad Nadeem Faisal (National Textile University, Pakistan) 
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Session 5: Signal Processing - Case Studies 
Tuesday - 9:15 AM - 10:40 AM 

• Classification of Fetal Movement Accelerometry Through Time-Frequency Features Siamak Layeghy (The University of 
Queensland, Australia), Ghasem Azemi (UQ, Brisbane, Australia), Paul B Colditz (University of Queensland, Australia) and 
Boualem Boashash (Qatar University, Doha & University of Queensland, Brisbane, Australia) 

• Enhanced Forensic Multiple Speaker Recognition in the Presence of Coloured Noise Florian Denk (University of Oldenburg, 
Germany), João Paulo Carvalho Lustosa da Costa (Universidade de Brasília (UnB), Brazil) and Matheus Almeida Silveira 
(Universidade de Brasília (UnB), Brazil) 

• An Online Learning Approach to QoE-Fair Distributed Rate Allocation in Multi-User Video Streaming Mahdi Hemmati 
(University of Ottawa, Canada), Yassine Abdulsalam (University of Ottawa, Canada) and Shervin Shirmohammadi (University 
of Ottawa, Canada) 

• 2×2 Panoramic Camera Array Stitching using Edge Matching Xiaodong Huang (Magor Communications Corp, Canada), 
Shervin Shirmohammadi (University of Ottawa, Canada) and Yassine Abdulsalam (University of Ottawa, Canada) 

Monday 

Tuesday 

Wednesday 

Main Menu 

Sessions 

Authors 



8th International Conference on Signal Processing 
and Communication Systems 
 

15 - 17 December 2014, Gold Coast, Australia 
 

Session 6: Signal Processing Theory 
Tuesday - 11:00 AM - 12:40 PM 

• The Application of Frequency-Weighting to Improve Filtering and Smoothing Performance Garry A. 
Einicke (CSIRO, Australia) 

• On the Placement of Latitudes in Iso-Latitude Optimal-Dimensionality Sampling Schemes on the Sphere 
Zubair Khalid (The Australian National University, Australia) and Rodney Andrew Kennedy (The Australian 
National University, Australia) 

• Iterative Method to Compute the Maximal Concentration Slepian Band-limited Eigenfunction on the 
Sphere Zubair Khalid (The Australian National University, Australia) and Rodney Andrew Kennedy (The 
Australian National University, Australia) 

• Capacity of Band Limited Wavefields Observed Over Finite Spatial and Temporal Windows Farhana 
Bashar (Australian National University, Australia), Thushara D. Abhayapala (Australian National University, 
Australia) and S. M. Akramus Salehin (Australian National University, Australia) 
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Poster Session 1 – page 1 
Tuesday - 1:30 PM - 2:30 PM 

• Online Handwritten Devanagari Stroke Recognition Using Extended Directional Features Lajish Lajish V L (University of 
Calicut, India) and Sunil Kumar Kopparapu (Tata Consultancy Services, India) 

• Video Transmission and Presentation Methods for Multi-View Video and Audio IP Transmission Toshiro Nunome (Nagoya 
Institute of Technology, Japan) and Takuya Ishida (Nagoya Institute of Technology, Japan) 

• Reusing Automatic Speech Recognition Platform for Resource Deficient Languages Chirag Patel (TCS, India) and Sunil 
Kumar Kopparapu (Tata Consultancy Services, India) 

• A Novel Feature Extraction Technique to Retrieve Vegetation Class for Fire Risk Assessment Sujan Chowdhury (Central 
Queensland University, Australia) and Brijesh Verma (Central Queensland University, Australia) 

• Fuzzy analysis of side channel information Ehsan Saeedi (Macquarie University, Australia) and Yinan Kong (Macquarie 
University, Australia) 

• Side Channel Information Analysis Based on Machine Learning Ehsan Saeedi (Macquarie University, Australia) and Yinan 
Kong (Macquarie University, Australia) 
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Poster Session 1 – page 2 
Tuesday - 1:30 PM - 2:30 PM 

• Comparative Analysis of Steganographic Algorithms Within Compressed Video Domain Tarik Idbeaa (Universiti 
Kebangsaan Malaysia, Malaysia), Salina Abdul Samad (Universiti Kebangsaan Malaysia, Malaysia), and Hafizah Husain 
(Universiti Kebangsaan Malaysia, Malaysia) 

• Compressed Sensing based Speech Enhancement Fereshteh Fakhar Firouzeh (Sharif University of Technology-International 
Campus, Iran), Seyed Ghorshi (Sharif University of Technology, Iran) and Sina Salsabili (Sharif University of Technology-
International Campus, Iran) 

• Depth-Guided Patch-Based Disocclusion Filling for View Synthesis via Markov Random Field Modelling Tijana Ružic (Ghent 
University, Belgium), Ljubomir Jovanov (TELIN-IPI-iMinds, Belgium), Hiep Q Luong (Ghent University, Belgium), Aleksandra 
Pižurica (Ghent University, Belgium) and Wilfried Philips (Ghent University, Belgium) 

• Detection of Neonatal EEG Burst-Suppression Using A Time-Frequency Approach Md Awal (The University of Queensland, 
UQ Centre for Clinical Research, Australia), Ghasem Azemi (The University of Queensland, UQ Centre for Clinical Research, 
Australia), Paul B Colditz (The University of Queensland, UQ Centre for Clinical Research, Australia) and Boualem Boashash 
(Qatar University, Doha & University of Queensland, Brisbane, Australia) 
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Poster Session 1 – page 3 
Tuesday - 1:30 PM - 2:30 PM 

• A DASH-Based 3D Multi-view Video Rate Control System Tianyu Su (University of Ottawa, Canada), Abbas Javadtalab 
(University of Ottawa, Canada), Yassine Abdulsalam (University of Ottawa, Canada) and Shervin Shirmohammadi (University 
of Ottawa, Canada) 

• Distributed Authorization in Complex Multi-Entity driven API Ecosystems Dirk Thatmann (Technical University of Berlin, 
Germany) 
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Poster Session 2 – page 1 
Tuesday - 2:45 PM - 3:45 PM 

• Sparse Recovery-Based DOA Estimator with Signal-Dependent Dictionary Hui Chen (University of Electronic Science and 
Technology of China, P.R. China) and Huai-zong Shao (University of Electronic Science and Technology of China, P.R. China) 

• Distributed Resource Allocation for Multi-User Multi-Relay AF Cooperative Communication Hanan Al-Tous (United Arab 
Emirates University, UAE) and Imad Barhumi (United Arab Emirates University, UAE) 

• Hardware Implementation Issues of Carrier Synchronization for Pilot-Symbol Assisted Bursts: A Case Study for DVB-RCS2 
Imran Ali (University of Kaiserslautern, Germany), Uwe Wasenmueller (University of Kaiserslautern, Germany) and Norbert 
Wehn (University of Kaiserslautern, Germany) 

• A Channel Matching Design of LDPC based Secrecy coding for the Fast Fading Channel Zhong Zhou (Zhengzhou Institute of 
Information Science and Technology, P.R. China), Jin Liang (Zhengzhou Institute of Information Science and Technology, P.R. 
China), Huang Kaizhi (Zhengzhou Institute of Information Science and Technology, P.R. China) and Yi Ming (Zhengzhou 
Institute of Information Science and Technology, P.R. China) 
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Poster Session 2 – page 2 
Tuesday - 2:45 PM - 3:45 PM 

• On the Location of Plug-In Relay Devices for Indoor Power Line Communication Environment Xiaolin Wu (Curtin University 
of Technology, Australia) and Yue Rong (Curtin University of Technology, Australia) 

• Performance Analysis of Beamspace MUSIC with Beamforming Angle Dong-Jin Yeom (Agency for Defense Development, 
Korea), Sang-Hyun Park (Agency for Defense Development, Korea), Jeong-Ryul Kim (Agency for Defense Development, Korea) 
and Min-Joon Lee (Agency for Defense Development, Korea) 

• Cross-Layer Performance Evaluation of Random AIFSN Scheme in Densely Deployed WLANs Ryuichi Hirata (Kyoto 
University, Japan), Takayuki Nishio (Kyoto University, Japan), Masahiro Morikura (Kyoto University, Japan), Koji Yamamoto 
(Kyoto University, Japan) and Tomoyuki Sugihara (Allied Telesis Holdings, Japan) 

• Traffic Separation Using Dual Wi-Fi Interface to Enhance WLAN System Throughput Takayuki Nishio (Kyoto University, 
Japan), Ryo Nishioka (Kyoto University, Japan), Masahiro Morikura (Kyoto University, Japan) and Koji Yamamoto (Kyoto 
University, Japan) 

• Joint Sub-Carrier Pairing, Relay Selection and Load Balancing in Two-Way Relay Networks Muhammad Abrar (Massey 
University, New Zealand), Xiang Gui (Massey University, New Zealand) and Amal Punchihewa (Asia-Pacific Broadcasting 
Union & Massey University, Honorary Research Fellow, Malaysia) 
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Poster Session 2 – page 3 
Tuesday - 2:45 PM - 3:45 PM 

• Considerations on Downlink Non-Orthogonal Multiple Access (NOMA) Combined with Closed-loop SU-MIMO Yang Lan 
(DOCOMO Beijing Communications Laboratories Co., Ltd, P.R. China), Anass Benjebbour (NTT DOCOMO, INC., Japan), Anxin 
Li (DOCOMO Beijing Communications Laboratories Co., Ltd, P.R. China), Xiaohang Chen (DOCOMO Beijing Communications 
Laboratories Co., Ltd, P.R. China) and Huiling Jiang (DOCOMO Beijing Communications Laboratories Co., Ltd., P.R. China) 

• Mathematical Analysis on Effectiveness of SS Code Having Negative Autocorrelation Yoshimasa Narumiya (Tokyo 
University of Science, Japan) and Mikio Hasegawa (Tokyo University of Science, Japan) 

• Radio Environment Simulation Using RF Switch Matrix for MANET tests Michal Kryk (Military University of Technology, 
Poland) and Jerzy Lopatka (Military University of Technology, Poland) 

• Convergence in Synchronous Measurements John Leis (University of Southern Queensland, Australia) and David Buttsworth 
(University of Southern Queensland, Australia) 
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Poster Session 3 – page 1 
Tuesday - 4:00 PM – 5:00 PM 

• Multi-Objective Evolutionary Algorithm Based Optimization of Neural Network Ensemble Classifier Chien-Yuan Chiu (CQU 
University, Australia) and Brijesh Verma (Central Queensland University, Australia) 
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Abstract— Multicast is a more efficient method of supporting 
group communication than unicast, as it allows transmission to 
multiple destinations using fewer network resources. The 
demands for video multicast have been increasing rapidly with 
the improvements in multimedia technologies.  Therefore, the 
reliable delivery of video frames is an important task. Recently, 
IEEE 802.11aa standard defined new features for the reliable 
multicast. However, there are still a few limitations. Therefore, in 
this paper, we propose a modified block acknowledgment scheme 
for video streaming to overcome the scalability limitation of the 
block acknowledgment scheme in IEEE 802.11aa standard. 
Simulation results show that our modified block 
acknowledgement scheme performs well in terms of reliability 
and peak signal to noise ratio. 
 

Keywords—reliability; 802.11aa; Block ACK; MPEG-4;  

I. INTRODUCTION 
Video streaming service via multicast is a promising 

technology for multimedia services over wireless local area 
networks (WLANs) [1]. The video multicast frames need to be 
reliably delivered to all stations in the multicast group. The 
legacy system based on IEEE 802.11 standard [2] is known to 
support only unreliable multicast service due to lack of 
retransmission of lost packets. In IEEE 802.11e standard [3], 
enhanced distributed coordination access (EDCA) offers 
differentiation and prioritization among four different types of 
traffics classes. IEEE 802.11aa standard [4] extended the 
existing EDCA prioritized mechanism of IEEE 802.11e 
standard. In 802.11aa, two additional queues are added within 
the existing EDCA access categories in order to provide 
prioritization within both audio and video streams [5]. The 
main features of medium access control (MAC) in IEEE 
802.11aa standard are stream classification service (SCS) and 
groupcast with retries (GCR) service. In this paper, we focus 
on GCR service. The detailed overview of GCR scheme is 
provided in section II. 

In a carrier sense multiple access with collision 
avoidance (CSMA/CA)-based scheme, overheads in MAC and 
physical (PHY) layer are the main reason for system 
inefficiency [6]. To lessen the overhead, a block 
acknowledgement (BA) scheme has been proposed in IEEE 
802.11e [7] standard. In GCR-BA scheme, a group of packets 
destined to the same receivers are allowed to be transmitted 
without being acknowledged individually. After the 
transmission of block, the sender initiates a block 

acknowledgement request (BAR) packet to ensure the number 
of packets that have been received successfully. Receivers 
then respond with a BA packet. The efficiency of the BA 
scheme comes from the fact that the overhead is greatly 
reduced, because distributed inter-frame space (DIFS) and 
backoff times only occur before the first packet of the block 
and only one acknowledgement (ACK) packet is used for all 
the packets in a block. 

Most research efforts on multicasting in IEEE 802.11 
standard-based WLANs have focused on improving 
transmission reliability by incorporating automatic repeat 
request (ARQ) into protocol architecture. Kuri et al. [8] 
proposed a leader-based protocol (LBP) for WLANs. This 
protocol chooses one of the multicast receivers for the 
exchange of ready-to-send (RTS), clear-to-send (CTS), and 
ACK packets. However, LBP does not consider the numerous 
parameters associated with video compression techniques, 
such as frame types and frame size. Choi et al [9] extend their 
leader-based multicast service (LBMS) using the new network 
management messages in the IEEE 802.11v standard. 
However, they focus on the usage of the management 
message, not directed multicast service (DMS). Santos et al. 
[10] evaluate DMS and GCR in the heterogeneous traffic 
environment where video multicast and unicast data traffic 
coexist. However, the video quality achieved by these 
schemes is indirectly evaluated. They measure only the 
multicast throughput, the multicast delay, and the coexisting 
unicast throughput.  

Tang and McKinley [11] showed that packet loss is 
exacerbated when more receivers start sending feedback 
packets. Moreover, multicast feedback causes more data 
packet loss than unicast. Their results indicate that the loss 
density, which directly affects the amount of feedback from 
receivers, has a significant impact on the performance of 
reliable multicast protocol in WLANs [14]. Y. shin et al. [1] 
present various reliable multicast schemes, including 
application layer forward error correction (FEC), reliable 
multicast protocol in the emerging IEEE 802.11v [12], and 
802.11aa [4] standards, and evaluate those via simulations. 
Simulation results confirm that GCR with BA achieves high 
reliability when there are a small number of multicast 
receivers. However, as the number of receivers increase, the 
feedback increases because of ACK packet from each 
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receiver, and eventually the average peak signal-to-noise ratio ( P S N R )

 
(a) 

 
(b) 

Fig. 1. Operation example of (a) GCR Unsolicited Retry, (b) Block ACK. 

 

decreases. Therefore, in this paper, we propose a modified 
GCR-BA scheme of 802.11aa standard for multimedia traffic 
to overcome the scalability limitation of GCR-BA scheme and 
to limit the control overhead. Considering the significance of 
different frames as shown in [13], there is no control packet 
for P- and B-frames in our proposed BA scheme.  

The rest of the paper is structured as follows. Section II 
discusses the GCR mechanism in detail. Section III presents 
the proposed protocol in detail. Section IV discusses the 
performance analysis, and finally, Section V concludes the 
paper.  

 

II. GROUPCAST WITH RETRIES SERVICES (GCR) 
Multicast transmissions over 802.11 standard-based 

WLANs still have inefficiencies such as the unreliability 
caused by the lack of ACK packets. In order to provide a 
robust and reliable multicast audio/video streaming, 802.11aa 
standard specifies different schemes for reliable multicast 
transmission, namely: GCR unsolicited retry (GCR-UR), and 
GCR block ACK (GCR-BA) [5]. However, the standard does 
not give any insight into the performance of each mechanism.  

A. GCR Unsolicited Retry 
In GCR-UR mechanism, multicast frames are transmitted 

several times without waiting for any ACK packet after each 
transmission. The number of retry should be limited to a 
threshold fixed by the transmitter. Retry threshold depends on 
the applications requirements. Although this mechanism 
improves the reliability by increasing the delivery probability, 
it leads to increasing the overhead when the number of retry is 
large, and becomes meaningless when the channel quality 
between transmitter and receivers is good. Fig. 1a represents 
an operational example of GCR-UR scheme. 

B. GCR Block ACK 
This mechanism is considered as extension of the BA scheme 
defined in IEEE 802.11v and IEEE 802.11n standards. In this 

 scheme, sender transmits a BAR packet to all multicast 
members. The receiver station sends an ACK packet only 
when it is requested by a BAR packet. Therefore, this 
mechanism offers the best reliability than other ACK policies. 
Fig. 1b shows an example scenario of the GCR-BA operation. 

 

III. PROPOSED PROTOCOL 
Moving Picture Expert Group 2 (MPEG-4) and H.264 

are widely used standards for video compression and contain 
intra-coded (I-frames), predicted (P-frames) and bidirectional 
frames (B-frames) [14]. I-frames are the most important for 
reconstructing video as they contain the most visual data. 
They are particularly significant because they prevent the 
propagation of errors from previously damaged or incorrectly 
predicted frames in subsequent frames. An MPEG-4 file 
constructed of I-frames alone would have excellent video 
quality, but would also have poor compression. The loss of a 
P- and B-frames do not have as great an effect on the final 
video quality compared to the loss of an I-frame during 
transmission. The I-frame is used as a reference frame to start 
the new group of picture (GOP). The transmission timeline of 
packets belonging to I-frame of GCR-BA scheme and our 
proposed protocol is shown in Fig. 2. In Fig. 2, packet 1, 
packet 2, and packet 3 belong to one I-frame. Since the loss of 
an I-frame has the worst impact on the performance of video 
quality compared to the loss of P- and B-frames. Therefore, 
each receiver transmits the BA if the packet belongs to I-
frame.  

In Fig. 2, the I-packet 2 is corrupted because of channel 
error. In case of collision a whole block will be retransmitted. 
The transmission time line of packets belonging to P- and B-
frames of BA and proposed protocol is shown in Fig. 3(a), and 
3(b), respectively. If the packet belongs to the P-and B-frame, 
there is no BAR and no BA. This will help to minimize the 
control overhead and hence increase the scalability of GCR-
BA scheme.  



 
Fig. 2. Transmission timeline of packets belonging to I-frame of GCR Block ACK and proposed protocol. 

 

 
(a) 

 

 
(b) 

 
Fig. 3. (a) Transmission timeline of packets belonging to P- and B-frame of GCR Block ACK scheme, (b) Transmission timeline of packets 

belonging to P- and B-frame of proposed protocol. 

 

IV.  PERFORMANCE EVALUATION 
We comparatively evaluate the reliable multicast 

schemes using a network simulator (NS-2) version 2.35 [15], 
and video framework Evalvid [16]. Evalvid is a complete 
framework and tool-set for evaluating the quality of video 
transmitted over real or simulated communication networks. 
We assess the performance of the following schemes: legacy 
802.11 multicast, GCR-UR, GCR-BA and our modified GCR-
BA scheme. We consider different number of retries (1, 2, and 
3) for GCR-UR. We assume that stations experience identical 
channel conditions, and they suffer from the same channel 
error probability. In simulation, the source reads the 
compressed video file from the video encoder, then fragments 
the large video frames into smaller segments, and transmits 
over simulated wireless networks. The maximum transmitting 
packet size is 1000 bytes. Simulation parameters are described 
in Table. 1. We measure the reliability and PSNR. The 
reliability is defined as the number of successfully received 
frames divided by the number of frames transmitted. To 
measure the video quality on multicast receivers, the PSNR is 
calculated. PSNR is one of the most widespread objective 
metrics used to assess application-level QoS of video 
transmissions. This objective method is described by the 
International Telecommunication Union in the following 
equation [16] 

ܴܲܵܰሺ݊ሻௗ௕ ൌ ଵ଴݃݋݈ 20 ൜ ௏೛೐ೌೖඥெௌாሺ௡ሻൠ,         (1) 

where ௣ܸ௘௔௞ ൌ 2௞ െ 1 is the maximum possible pixel value of 
the image where k is the number of bits per pixel. For example, 
when a pixel is represented by 8 bits per sample, ௣ܸ௘௔௞ is 255.  

Mean square error (MSE) is an estimate of error variance, and 
the value of MSE is given as  

ሺ݊ሻܧܵܯ ൌ ∑ ∑ ሾ௒ೞሺ௡,௜,௝ሻି௒ವሺ௡,௜,௝ሻሿమಿೝ೚ೢೕసభಿ೎೚೗೔సభ ே೎೚೗ேೝ೚ೢ ,         (2) 

where Nୡ୭୪ and N୰୭୵  are the total number of columns and 
rows in the input images, i and j are the current column and 
row positions, n is the current frame number, Yୱ and YD are the 
luminous component of the source and destination image, 
respectively, as defined by Ke et al. [16]. 

 

 

 



TABLE I.  SIMULATION PARAMETERS 

Parameter Value 
CWmin 16 
Cwmax 1024 

GOP Pattern IBBPBBPBB 
Frame rate 30 fps 

Transmission rate (Mbps) 6 Mbps 
Video sequence Carphone 

Traffic Type MPEG-4 
 

Fig. 4 shows the reliability versus the channel error 
probability when the number of nodes is 20. As shown in the 
figure, the reliability of all schemes decreases as the channel 
error probability increases. When the channel error probability 
is less, GCR-BA scheme performs well because there is 
retransmission of all types of frames in GCR-BA scheme. 
However, our proposed protocol only retransmits packets 
belonging to I-frames which decrease the reliability when 
there is low probability of packet loss because of channel 
conditions. With higher channel error probability the packet 
loss rate is high. As a consequence, retransmissions occur 
frequently. These retransmission themselves increase network 
traffic, and hence packet collisions. Our proposed protocol 
tries to minimize the retransmission and ACK to stop sender 
from transmitting lost packet, BAR, and BA of P- and B-
frames. Legacy 802.11 multicast protocol performs worse 
because there is no ACK and no retransmission of lost packet. 
However, the reliability improves in GCR-UR when we 
increase the number of retries as shown in Fig. 4.  

Fig. 5 presents the performance with the different 
number of multicast members with fixed channel error 
probability of 0.1. For all protocols, the average PSNR 
decreases as we increase the number of multicast members. 
Legacy 802.11 multicast protocol shows the worse 
performance because there is no retransmission of lost packets. 
The average PSNR of the proposed protocol is higher than BA, 
GCR-UR and legacy 802.11 multicast protocols because of 
the lower drop probability of the proposed protocol. When the 
number of nodes is less than 25, the average PSNR of the 
proposed method is less than GCR-BA scheme because there 
is no retransmission of packet belonging to P and B-frames in 
our proposed protocol, which causes the higher drop. However, 
when the number of nodes is higher than 25, the average 
PSNR of the proposed method is higher. Fig. 5 also shows the 
average PSNR of GCR-UR scheme with retries of 1, 2, and 3, 
respectively. It can be observed that average PSNR increases 
when we increase the retry limit. Fig. 6 shows the PSNR of 
the different protocols when the number of nodes is 30.  

       From the results, we can confirm that legacy 802.11 
multicast protocol is less reliable than others. The reliability in 
GCR-UR scheme depends on the number of retries. GCR-BA 
scheme achieves high reliability when the number of multicast 
members is less, but has the scalability problem. The similar 
behavior is also shown in [1]. Our proposed protocol is less 
reliable than GCR-BA scheme when the number of nodes is 
less. However, it performs well, when there are a higher 

number of nodes in multicast networks and hence helps to 
eliminate the scalability problem of GCR-BA scheme. 

 
Fig. 4. Reliability vs. channel error probability (when number of nodes is 20). 

 

Fig. 5. Average PSNR as a function of number of nodes (when channel error 
probability is 0.1). 

 

Fig. 6. PSNR of the video sequence (when number of nodes is 30). 



V. CONCLUSION 

Reliable delivery of video multicast is an important problem. 
Therefore, 802.11aa specifies a different scheme i.e., GCR-
BA for reliable multicast transmission. In this paper, we 
propose a modified GCR-BA scheme for multimedia 
applications to address the scalability problem of GCR-BA 
scheme. Proposed protocol performs well in terms of 
reliability and peak signal-to-noise ratio compared to GCR-
BA scheme when number of nodes is large. This is a positive 
step towards handling scalability problem in wireless 
networks, which is of greater importance. The legacy 802.11 
multicast shows the worse performance. Whereas, the 
performance of GCR-UR depends on retry limits. In the future, 
we plan to extend our work toward adaptive retransmission 
according to channel characteristic, importance of video 
frames, and number of member’s nodes in multicast networks.   
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