EURASIP Journal on Wireless Communications and Networking 2005:5, 796–800 © 2005 Justus Ch. Fricke et al.

Impact of the Gaussian Approximation on the Performance of the Probabilistic Data Association MIMO Decoder

Justus Ch. Fricke Information and Coding Theory Lab, Faculty of Engineering, University of Kiel, Kaiserstraße 2, 24143 Kiel, Germany Email:jf@tf.uni-kiel.de

Magnus Sandell Toshiba Research Europe Ltd., Telecommunications Research Laboratory, 32 Queen Square, Bristol BS1 4ND, UK Email:magnus.sandell@toshiba-trel.com

Jan Mietzner Information and Coding Theory Lab, Faculty of Engineering, University of Kiel, Kaiserstraße 2, 24143 Kiel, Germany Email:jm@tf.uni-kiel.de

Peter A. Hoeher Information and Coding Theory Lab, Faculty of Engineering, University of Kiel, Kaiserstraße 2, 24143 Kiel, Germany Email:ph@tf.uni-kiel.de

Received 1 March 2005; Revised 24 July 2005; Recommended for Publication by Michael Gastpar

The probabilistic data association (PDA) decoder is investigated for use in coded multiple-input multiple-output (MIMO) systems and its strengths and weaknesses are determined. The conventional PDA decoder includes two approximations. The received symbols are assumed to be statistically independent and a Gaussian approximation is applied for the interference and noise term. We provide an analytical formula for the exact probability density function (PDF) of the interference and noise term, which is used to discuss the impact of the Gaussian approximation in the presence of a soft-input soft-output channel decoder. The results obtained resemble those obtained for the well-known P DA multiuser detector in coded CDMA systems for which similar investigations have been done before.

Keywords and phrases: probabilistic data association, MIMO systems, stochastic approximation, iterative methods, interference.

1. INTRODUCTION AND BACKGROUND

Probabilistic data association (PDA) has originally been developed for target tracking by Yaakov Bar-Shalom in the 1970s. Since then, it has been applied in many different areas, including digital communications. In the area of digital communications, the PDA algorithm is a reduced complexity alternative to the a posteriori probability (APP) decoder/detector/equalizer. Near-optimal results were demonstrated for a PDA-based multiuser decoder (MUD) for code division multiple access (CDMA) systems [1, 2]. Recently,

This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

probabilistic data association has been shown to achieve good results in multiple-input multiple-output (MIMO) systems [3, 4]. In [5], a PDA was presented for turbo equalization of a single antenna system. It should also be noted that the Gaussian assumption made in the PDA decoder is used in several other MUD detection schemes, especially when applying iterative detection and decoding schemes, for example, [6, 7, 8]. In [9], it was shown that the performance of a coded CDMA system with PDA decoder degrades if the number of users is not large enough.

In this paper, results for a PDA MIMO decoder in combination with a soft-input soft-output channel decoder are presented, where both decoders are not forming an iterative detection and decoding scheme (see Figure 1). This is done in order to demonstrate the impact of the unreliable

Impact of the Gaussian Approximation Made in the PDA MIMO Decoder 797

Channel encoder

Rate matcher

Interleaver

Space-time encoder

Rate dematcher

Channel

PDA MIMO decoder

Deinterleaver

Channel decoder b c π (c_r) x

r π(L(c)_r) L(c) ^b

Figure 1: Communication system investigated throughout this paper.

soft outputs which is far less obvious when using an iterative decoding scheme. Because the PDA decoder inherently provides estimates of the a posteriori probabilities of the transmitted data symbols, it seems to be well suited for the use in conjunction with a soft-input channel decoder. However, the results presented in the following show that the PDA MIMO decoder does not always work as well as expected. We provide an exact formula for the probability density function (PDF) of the interference and noise term to calculate the exact symbol probabilities for the symbol-by-symbol detection done in the PDA. Simulations based on these probabilities show that the Gaussian approximation made in the PDA decoder has a large impact on the quality of the soft outputs provided to the channel decoder, and therefore on the channel decoding itself. It can be concluded that the quality of the Gaussian approximation, and therefore of the soft outputs, depends on the number of transmit antennas and on the cardinality of the symbol alphabet. To our best knowledge, such an analysis of the PDA MIMO decoder has not been presented before.

The remainder of this paper is organized as follows. We first introduce the system model under investigation in Section 2. In Section 3, a PDA decoder for use in a coded MIMO system is presented, followed by an analysis of the Gaussian approximation and its impact on the decoding process. A confirmation of the analytical results in form of simulations is given in Section 4. Conclusions are drawn in Section 5.

2. SYSTEM MODEL

Consider a MIMO system with M transmit and N receive antennas. Like in V-BLAST [10], a single data stream is multiplexed into M parallel data streams and then mapped onto complex modulation symbols. The M symbols are transmitted simultaneously by the corresponding antennas. Before the multiplexing is done, the data stream is encoded by a channel encoder and interleaved by a channel interleaver. Assuming flat fading, the equivalent discrete-time channel model can be written in complex baseband notation as

r = Hx + v, (1)

where baud-rate sampling is assumed. The channel matrix H ∈ C^{N× M} is assumed to be constant during one data block (block fading assumption) and perfectly known at the receiver. The channel matrix coeffi cients h_{n,m} represent the gain between transmit antenna m (1 ≤ m ≤ M) and receive antenna n (1 ≤ n ≤ N). The vector x ∈ Q^{M× 1} consists of the complex-valued transmitted modulation symbols taken from a symbol alphabet Q with cardinality Q, while the vector r ∈ C^{N× 1} contains the received samples. Additive noise is given by v ∈ C^{N× 1}, with complex elements that are independent and identically distributed white Gaussian noise samples with zero mean and variance σ^2_v = E{| v_n|^2}. At the receiver, the demultiplexing, or MIMO decoding, operation is performed by the PDA followed by a deinterleaver and a softinput channel decoder. An overview of the system is given in Figure 1. Please note that no turbo equalization as in [ 4, 5] or feedback from the channel decoder to the PDA as in [ 11] is used.

3. PDA DECODER

3.1. Basic algorithm The conventional PDA decoder^1 uses two approximations. Firstly, the PDA decoder looks only at one transmitted symbol at a time, treating the received symbols as statistically independent. A second approximation is the Gaussian approximation (“Gaussian forcing”) of the PDF of the interference and noise. The PDA decoder approximates a posterioriprobabilities Pr(x_m | r) for every element x_m of x. All symbols interfering with x_m and the noise are modeled as a single vector w = ∑ k≠ m

x_kh_k + v, (2)

where h_k denotes the kth column of H, and x_k the kth element of x. The interference and noise term in ( 2) is assumed to be an n-variate Gaussian distributed random variable with mean

μ_w = E { ∑ k≠ m

x_kh_k + v } = ∑ k≠ m E { x_k } h_k, (3)

1The conventional PDA decoder uses the non-decoupled system model (which means that the received signal r is not multiplied with the inverse of the channel matrix H^{− 1}). Because we are interested in a fundamental property of the PDA decoder rather than complexity reduction, no complexity reduction techniques as proposed in [ 1] are applied. Hence, the PDA decoder presented here suffers from higher complexity, but achieves nearly the same performance and gives most of the equations a more comprehensive look.

798 EURASIP Journal on Wireless Communications and Networking

and covariance

R_{ww} = E {( w − μ_w )( w − μ_w

)_H} = ∑ k≠ m Var { x_k } h_kh^H_k + σ^2_vI. (4) If no a priori information is available, the PDA decoder initializes the symbol probabilities as a uniform distribution. Assuming the Gaussian distribution of the noise and interference term, the a posteriori probabilities for the possible symbols x_m can be computed using ( 3) and ( 4): Pr ( x_m | r ) = p ( r | x_m ) Pr ( x_m ) p(r)

= cexp ( − ( r − x_mh_m − μ_w

)_H

R^{− 1}_{ww} ( r − x_mh_m − μ_w )) . (5) For an estimate of the symbol x_m, no information on symbols x_k, k ≥ m, is available. In order to provide information on these symbols, the PDA decoder may use multiple iterations, in each iteration using the symbol probabilities obtained by the previous iteration. As in [1], the mean ( 3) and the variance (4) are updated for every symbol probability estimate, incorporating the new information gained from symbol probabilities already computed in the current or previous iterations. Given the PDF in (5), log-likelihood ratios (LLRs) can be computed to serve as soft-input for the channel decoder after the last iteration of the PDA decoder: L ( c_κ ) = log ∑ x_m∈ Q^+ Pr ( x_m | r ) ∑ x_m∈ Q^− Pr ( x_m | r

), (6)

where

Q^+ := { x_m : c_κ = bit_κ(x_m) = +1}, (7)

Q^− := { x_m : c_κ = bit_κ(x_m) = − 1}. (8)

3.2. Actual PDF of interference and noise term The actual PDF of the interference and noise term is a sum of Q^{M− 1} Gaussian distributions, each of them caused by one possible interfering symbol constellation as a convolution of the discrete symbol probabilities and the PDF of the Gaussian noise vector v. Let X^s be the set of all possible symbol vector combinations causing interference for a fixed x_m. It can be easily shown that the actual PDF of the interference and noise term is

p_W ( w(v) ) = ∑ x∈ X^s

Pr(x) ( 1 πσ^2_v

)_N exp ( − ‖ v − ∑ k≠ m xkhk

‖_2

σ^2_v ) . (9) The PDF in (9) is a summation of Q^{M− 1} = | X^s| single Gaussian distributions with means depending on the channel as well as the interfering modulation symbols. It is not the PDF used for optimal (APP) detection; being the exact PDF of the interference for one of the detected symbols, it is not employing the Gaussian approximation but still treating the symbols

− 10 − 5 0 5 10 15 20 25 30 35

E_b/N_0 (dB)

10^{− 6}

10^{− 5}

10^{− 4}

10^{− 3}

10^{− 2}

10^{− 1}

10^0

Coded BER

2× 2 PDA it. 1 2× 2 PDA it. 2 2× 2 PDA it. 3 2× 2 APP 4× 4 PDA it. 1 4× 4 PDA it. 2

4 × 4 PDA it. 3 4 × 4 APP 8 × 8 PDA it. 1 8 × 8 PDA it. 2 8 × 8 PDA it. 3 8 × 8 APP

Figure 2: BER performance of a turbo-coded M× N MIMO system with PDA decoder. As a benchmark, the BER performance for an APP decoder is shown as well.

as statistically independent. A derivation for the CDMA case can be found in [ 12, Chapter 3.1] and was also published in [6].

According to the central limit theorem, the quality of the Gaussian approximation used in the PDA decoder improves by increasing the number of transmit antennas. On the other hand, the approximation becomes worse when modulation schemes with more constellation points are used. With an increasing number of constellation points, a soft bit according to (6) is calculated by a larger number of (approximated) probabilities, and is therefore more likely to be unreliable. It should also be noted that the approximation is better in the presence of strong noise. As can be seen in (9), the variance of the single Gaussian distribution is larger for a larger σ^2_v, which makes the sum more likely to be Gaussian-like.

3.3. Consequences for soft-input channel decoder Soft-input channel decoders use reliability information on the input in form of LLRs. The reliability of the LLRs is essential for channel decoding; unreliable soft inputs cause wrong estimates of the information bits. The LLRs delivered by the PDA decoder are calculated from the symbol probabilities which are based on the approximated PDF of the interference and noise term. As shown above, the Gaussian approximation, and therefore the soft inputs of the channel decoder, can be quite poor and thus inhibits the channel decoder from achieving good performance. Similar results were obtained for a coded CDMA system in [9].

4. NUMERICAL RESULTS In order to illustrate the influence of the Gaussian assumption on the performance of the PDA decoder, an M × N

Impact of the Gaussian Approximation Made in the PDA MIMO Decoder 799

0 5 10 15 20 25 30 35

E_b/N_0 (dB)

10^{− 6}

10^{− 5}

10^{− 4}

10^{− 3}

10^{− 2}

10^{− 1}

10^0

Coded BER

PDA with actual PDA it. 1 PDA with actual PDA it. 2 PDA with actual PDA it. 3 PDA it. 1

PDA it. 2 PDA it. 3 APP

Figure 3: BER performance of a turbo-coded 2 × 2 MIMO system with conventional PDA decoder and PDA decoder using the actual PDF of the interference and noise term. As a benchmark, the BER performance for an APP decoder is shown as well.

MIMO system in conjunction with a turbo code has been investigated. As a benchmark, the BER performance for an APP decoder has been simulated as well. A block length of 2304 information bits is used. The bit energy to noise ratio is defined as E_b/N_0 = σ^2_xσ^2_h/qRσ^2_v, with q being the number of bits per modulation symbol and R denoting the code rate. The average power per symbol constellation point is denoted by σ^2_x. The elements h_{n,m} of H are statistically independent random variables (each component being complex Gaussian distributed with zero mean and variance σ^2_h = E{| h_{n,m}|^2}). A rate 1/2 turbo code with polynomials (5,7) and 4 iterations in the turbo decoder is applied. The rate matcher ensures that the coded block length is a multiple of qM, and therefore can be multiplexed to the M transmit antennas.

The number of iterations given in Figures 2 and 3 are the iterations done in the PDA algorithm before the soft estimates of the bits are given to the channel decoder. While the PDA achieves good results when using no channel code [3], the results of the coded system can be far from the optimum. In Figure 2, it can be seen that the di fference between the APP and the PDA decoder is the largest for the 2 × 2 system and improves with an increasing number of antennas. Especially for the 2 × 2 system, the gap between the APP and the PDA decoder is getting larger with an increase in E_b/N_0. Furthermore, the third iteration is not, as it should be, the best one. This is explained by the quality of the soft-output generated by the PDA decoder, which degrades with every iteration as (unreliable) probabilities computed by the previous iteration are used.

To demonstrate the impact of the Gaussian approximation on the performance of the coded PDA system, in

Figure 3, the results for the 2 × 2 system are shown for the PDA decoder using the Gaussian approximation compared to the decoder using the actual PDF of the interference and noise. It is clearly seen that the problems arise from the Gaussian approximation made in the PDA, as the PDA decoder using the nonapproximated PDF achieves near-optimal results. We have found similar results for convolutional codes and different code rates.

5. CONCLUSION

The impact of the Gaussian approximation in the conventional PDA MIMO decoder on the performance of a MIMO system using a soft-input channel decoder was shown. It was shown that the Gaussian approximation is the best for a large number of transmitting antennas and a small number of constellation points in the modulation scheme. Its influence on the quality of the soft outputs, and therefore the channel decoder has been investigated. Furthermore, it has been illustrated that the main degradation of the performance of the PDA decoder is the Gaussian approximation and not the symbol-by-symbol decoding. The results of this paper hold, in principle, also for a multiuser detection scenario where the usually large number of interferers results in a good approximation. The PDA decoder was applied in iterative decoding schemes for CDMA [2] and MIMO [ 11] systems. In iterative schemes, the PDA decoder may achieve a performance close to optimum. A formula for the actual PDF of interference and noise for CDMA MUD can be found in [12]. A way to improve the performance when using the PDA MIMO decoder with a soft input channel decoder might be importance sampling as proposed in [ 11] or the combination with sphere decoding [13].

REFERENCES

[1] J. Luo, K. R. Pattipati, P. K. Willet, and F. Hasegawa, “Nearoptimal multiuser detection in synchronous CDMA using probabilistic data association,” IEEE Commun. Lett., vol. 5, no. 9, pp. 361–363, 2001.

[2] P. H. Tan, L. K. Rasmussen, and J. Luo, “Iterative multiuser decoding based on probabilistic data association,” in Proc. IEEE International Symposium on Information Theory (ISIT ’03), pp. 301–301, Yokohama, Japan, June–July 2003.

[3] D. Pham, K. R. Pattipati, P. K. Willet, and J. Luo, “A generalized probabilistic data association detector for multiple antenna systems,” IEEE Commun. Lett., vol. 8, no. 4, pp. 205– 207, 2004.

[4] S. Liu and Z. Tian, “Near-optimum soft decision equalization for frequency selective MIMO channels,”IEEE Trans. Signal Processing, vol. 52, no. 3, pp. 721–733, 2004.

[5] Y. Yin, Y. Huang, and J. Zhang, “Turbo equalization using probabilistic data association,” in Proc. IEEE Global Telecommunications Conference (GLOBECOM ’04), vol. 4, pp. 2535– 2539, Dallas, Tex, USA, November–December 2004.

[6] J. F. Rößler and J. B. Huber, “Matched filter for transmission over channels with ISI employing the distribution of interference,” in Proc. 57th IEEE Semiannual Vehicular Technology Conference (VTC ’03), vol. 4, pp. 2648–2652, Jeju, South Korea, April 2003.

800 EURASIP Journal on Wireless Communications and Networking

[7] W. K. Leung, L. Liu, and L. Ping, “Interleaving-based multiple access and iterative chip-by-chip multiuser detection,” IEICE Transactions on Communications, vol. E86-B, no. 12, pp. 3634–3637, 2003.

[8] F. Brännström, T. M. Aulin, and L. K. Rasmussen, “Iterative detectors for trellis-code multiple-access,” IEEE Trans. Commun., vol. 50, no. 9, pp. 1478–1485, 2002.

[9] P. H. Tan and L. K. Rasmussen, “Multiuser detection based on

Gaussian approximation,” in Proc. IEEE 3rd Workshop on The Internet, Telecommunications and Signal Processing (WITSP ’04), pp. 231–236, Adelaide, Australia, December 2004.

[10] G. D. Golden, C. J. Foschini, R. A. Valenzuela, and P. W.

Wolniansky, “Detection algorithm and initial laboratory results using V-BLAST space-time communication architecture,” Electronics Letters, vol. 35, no. 1, pp. 14–16, 1999.

[11] Y. Jia, C. Andrieu, R. J. Piechocki, and M. Sandell, “Improving soft output quality of MIMO demodulation algorithm via importance sampling,” in Proc. IEE 5th International Conference on 3G Mobile Communication Technologies (3G ’04), pp. 387–390, London, UK, October 2004.

[12] J. F. Rößler, Equalization for PAM- and DS-CDMA-based

transmission systems, Ph.D. dissertation, Friedrich-Alexander University of Erlangen-Nürnberg, Bayern, Germany, January 2005.

[13] Y. Jia, C. Andrieu, R. J. Piechocki, and M. Sandell, “Gaussian approximation based mixture reduction for near optimum detection in MIMO systems,” to appear in IEEE Commun. Lett..

Justus Ch. Fricke studied electrical engineering, information engineering, and business administration at the Christian- Albrechts-University of Kiel, Germany, with a focus on digital communications. During his studies, he spent six months with the Toshiba Telecommunications Research Laboratory in Bristol, UK. He received the Dipl.-Ing. degree from the Christian-Albrechts-University, in 2004. Since September 2004, he is working towards his Ph.D. degree as a Research and Teaching Assistant at the Information and Coding Theory Lab (ICT) at the University of Kiel. His research interests concern multiple-access techniques for next-generation wireless systems, especially interleave-division multiple-access (IDMA), and cross-layer design.

Magnus Sandell received an M.S. degree in electrical engineering and a Ph.D. degree in signal processing from Luleå University of Technology, Sweden, in 1990 and 1996, respectively. He spent six months as a Research Assistant with the Division of Signal Processing at the same university before joining Bell Labs, Lucent Technologies, Swindon, UK, in 1997. In 2002, he joined Toshiba Research Europe Ltd., Bristol, UK, where he is working as a Chief Research Fellow. His research interests include signal processing and digital communications theory. Currently, his focus is on multiple-antenna systems and space-time decoding.

Jan Mietzner studied electrical engineering at the Faculty of Engineering, University of Kiel, Germany, with focus on digital communications. During his studies, he spent six months in 2000 with the Global Wireless Systems Research Group, Bell Labs, Lucent Technologies, Swindon, England, UK. He received the Dipl.-Ing. degree from the University of Kiel in 2001. For his Diploma thesis on space-time codes, he received the Prof. Dr. Werner Petersen-Award. Since August 2001, he is working toward his Ph.D. degree as a Research Assistant at the Information and Coding Theory Lab (ICT), University of Kiel. His research interests are concerned with physical layer aspects of future wireless communications systems, especially multiple-antenna techniques and space-time coding.

Peter A. Hoeher received the Dipl.-Ing. and Dr.-Ing. (Ph.D.) degrees in electrical engineering from the Technical University of Aachen, Germany, and the University of Kaiserslautern, Germany, in 1986 and 1990, respectively. From October 1986 to September 1998, he was with the German Aerospace Center (DLR), Oberpfaffenhofen, Germany. From December 1991 to November 1992, he was on leave at AT&T Bell Labs, Murray Hill, New Jersey. In October 1998, he joined the University of Kiel, Germany, where he is currently a Professor of electrical engineering. His research interests are in the general area of communication theory with applications in wireless communications and underwater communications, including digital modulation techniques, channel coding, iterative processing, equalization, multiuser detection, interference cancellation, and channel estimation—subjects on which he has published more than 100 papers and filed 12 patents. He received the Hugo-Denkmeier-Award ’90. Between 1999 and 2004, he served as an Associate Editor for the IEEE Transactions on Communications. He is a frequent consultant for the telecommunications industry.

EURASIP JOURNAL ON WIRELESS COMMUNICATIONS AND NETWORKING

Special Issue on

Wireless Mobile Ad Hoc Networks

Call for Papers

Wireless mobile ad hoc networks (MANETs), due to their dynamic nature, pose many unique challenges compared to traditional wired or cellular wireless networks. MANETs must be self-organized without any requirement for base stations. Their topologies are unpredictable due to mobility and change with the number and distribution of active nodes in the network. Fading and channel variations also induce changes in the network topology and introduce additional complexities in these networks. Given power and energy constraints, as well as the shared nature of the wireless medium, communications may be expected to be multihop. In such a harsh environment, robustness and quality of service (QoS) are essential factors to be considered. MANETs may consist of a heterogeneous mixture of nodes with variety of tra ffi c types and different QoS requirements. Scaling laws for these networks are not fully understood. Many tradeo ff studies related to capacity, delay, bandwidth, and energy consumption are currently under intense investigations.

The goal of this special issue is to collect cutting-edge research results in the field of wireless MANETs. We solicit papers that deal with pressing problems unique to wireless MANETs. The scope of this issue includes all aspects of MANETs, including scaling laws, tradeoff studies, coding, interference management, protocol design, cross-layer design, and, more importantly, fundamental limits of MANETs under different conditions. We seek original and unpublished work. The potential list of topics is not necessarily exhaustive and other appropriate subjects will be considered.

Topics of interest include (but are not limited to):

• Analytical framework and appropriate metrics for evaluation of MANETs • Fundamental limits of multihop MANETs • Capacity, delay, bandwidth, and energy tradeoffs • Scalable energy-effi cient protocols, and framework for analysis of protocols • Error control schemes • Network coding • Interference management • Cross-layer design • Cooperation among nodes

• Hybrid networks containing static and mobile nodes • QoS support for different traffi c types

Authors should follow the EURASIP JWCN manuscript format described at http://www.hindawi.com/journals/wcn/. Prospective authors should submit an electronic copy of their complete manuscript through the EURASIP JWCN manuscript tracking system at http://www.mstracking.com/wcn/, according to the following timetable:

Manuscript Due February 1, 2006

Acceptance Notification June 1, 2006

Final Manuscript Due September 1, 2006

Publication Date 4rd Quarter, 2006

GUEST EDITORS:

Hamid R. Sadjadpour , Baskin School of Engineering, University of California, Santa Cruz, CA 95064, USA; hamid@soe.ucsc.edu Robert Ulman , Army Research Offi ce, Research Triangle Park, NC 27709, USA; robert.ulman@us.army.mil Anthony Ephremides , Department of Electrical Engineering, University of Maryland at College Park, MD 20742, USA; etony@mintaka.isr.umd.edu Ananthram Swami , Army Research Lab, Adelphi, MD 20783-1197, USA; aswami@arl.army.mil

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON WIRELESS COMMUNICATIONS AND NETWORKING

Special Issue on

Space-Time Channel Modeling for Wireless Communications

Call for Papers

Multiple-input multiple-output (MIMO) wireless communication systems exploit the spatial channel created by transmit and receive antenna arrays to increase quality, capacity, and coverage in wireless communication systems. A wide variety of techniques, including space-time coding, spatial multiplexing schemes, transmitter-receiver architecture, precoding methods together with established physical layer algorithms have been proposed or adopted for MIMO communication systems. Channel modeling plays an important part in validating and proving these systems. Despite rapid progress in MIMO communication systems, lack of understanding and modeling of spatial aspects of wireless channels is a critical obstacle to the further development of this technology.

Topics of interest include (but are not limited to):

• Space-time channel models based on physical propagation mechanisms • MIMO channel simulators • Channel models based on measurements • Spatial correlation • Fast fading and/or frequency-selective channels • MIMO channel measurements • Statistical MIMO channel models • Modeling and measurement of angular power distributions • Broadband MIMO channel models • Spatial aspects of UWB and 60 GHz channels • Multiuser MIMO channel models

Authors should follow the EURASIP JWCN manuscript format described at http://www.hindawi.com/journals/wcn/. Prospective authors should submit an electronic copy of their complete manuscript through the EURASIP JWCN’s manuscript tracking system at http://www.mstracking.com/wcn/, according to the following timetable:

Manuscript Due April 1, 2006

Acceptance Notification August 1, 2006

Final Manuscript Due November 1, 2006

Publication Date 1st Quarter, 2007

GUEST EDITORS:

Thushara Abhayapala , Research School of Information Sciences and Engineering, The Australian National University, Canberra, Australia; thushara.abhayapala@anu.edu.au Mérouane Debbah , Eurécom Institute, Sophia Antipolis, France; merouane.debbah@eurecom.fr Rodney Kennedy , Wireless Signal Processing Program, National ICT Australia (NICTA), Australia; rodney.kennedy@anu.edu.au

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON WIRELESS COMMUNICATIONS AND NETWORKING

Special Issue on

Millimeter-Wave Wireless Communication Systems: Theory and Application

Call for Papers

In 2001, the United States Federal Communications Commission (FCC) reserved 7 GHz of unlicensed spectrum between 57 to 64 GHz for the purpose of wireless communications. As a results, the millimeter-wave- (mmWave-) based technology has received increased attention in both academia and industry for very high-data-rate wireless personal area network (WPAN) applications such as high-speed internet access, streaming content download (e.g., HDTV, home theater, etc.), real-time streaming, and wireless data bus for cable replacement. In addition to the high-data-rate applications, energy propagation in the 60 GHz band has unique characteristics that give many other benefits such as excellent immunity to interference, high security, and frequency reuse. This has been proven when an industrial standard such as IEEE 802.15.3c has been introduced to develop alternative PHY for the existing 802.15.3 WPAN Standard based on mmWave technology.

The aim of this special issue is to present research in mmWave communication systems with emphasis on future applications in wireless communications.

Topics of interest include (but are not limited to):

• Radio propagation measurement and modeling • Antenna design • Transmission technologies (e.g., modulation and detection) • Algorithm and signal processing • Synchronization and channel estimation • Multiple access • Standardization and regulation issue (e.g., IEEE 802.15.43c) • RF transceiver frontend and subsystems design • System design, implementation, and performance • Circuit/RFIC design (e.g., SiGe, BiCMOS, CMOS, etc.)

• Multiple-antenna system (e.g., mmWave-MIMO) • Wireless network and related issues • Applications

Authors should follow the EURASIP JWCN manuscript format described at http://www.hindawi.com/journals/wcn/. Prospective authors should submit an electronic copy of their complete manuscript through the EURASIP JWCN’s manuscript tracking system at http://www.mstracking.com/wcn/, according to the following timetable:

Manuscript Due May 1, 2006

Acceptance Notification September 1, 2006

Final Manuscript Due December 1, 2006

Publication Date 1st Quarter, 2007

GUEST EDITORS:

Chia-Chin Chong , DoCoMo USA Labs, 181 Metro Drive, Suite 300, San Jose, CA 95110, USA; cchong@docomolabsusa.com Hiroyo Ogawa , Yokosuka Radio Communications Research Center, National Institute of Information and Communications Technology (NICT Yokosuka), 3-4, Hikarinooka, Yokosuka-shi, Kanagawa 239-0847, Japan; hogawa@nict.go.jp Peter F. M. Smulders , Eindhoven University of Technology, P.O. Box 513, 5600 MB Eindhoven, The Netherlands; p.f.m.smulders@tue.nl Su-Khiong Yong , Communication Lab, Samsung Advanced Institute of Technology, P.O. Box 111, Suwon 440-600, Korea; su.khiong.yong@samsung.com

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON EMBEDDED SYSTEMS

Special Issue on

Signal Processing with High Complexity: Prototyping and Industrial Design

Call for Papers

Some modern applications require an extraordinary large amount of complexity in signal processing algorithms. For example, the 3rd generation of wireless cellular systems is expected to require 1000 times more complexity when compared to its 2nd generation predecessors, and future 3GPP standards will aim for even more number-crunching applications. Video and multimedia applications do not only drive the complexity to new peaks in wired and wireless systems but also in personal and home devices. Also in acoustics, modern hearing aids or algorithms for de-reverberation of rooms, blind source separation, and multichannel echo cancelation are complexity hungry. At the same time, the anticipated products also put on additional constraints like size and power consumption when mobile and thus battery powered. Furthermore, due to new developments in electroacoustic transducer design, it is possible to design very small and effective loudspeakers. Unfortunately, the linearity assumption does not hold any more for this kind of loudspeakers, leading to computationally demanding nonlinear cancelation and equalization algorithms.

Since standard design techniques would either consume too much time or do not result in solutions satisfying all constraints, more e ffi cient development techniques are required to speed up this crucial phase. In general, such developments are rather expensive due to the required extraordinary high complexity. Thus, de-risking of a future product based on rapid prototyping is often an alternative approach. However, since prototyping would delay the development, it often makes only sense when it is well embedded in the product design process. Rapid prototyping has thus evolved by applying new design techniques more suitable to support a quick time to market requirement.

This special issue focuses on new development methods for applications with high complexity in signal processing and on showing the improved design obtained by such methods. Examples of such methods are virtual prototyping, HW/SW partitioning, automatic design flows, float to fix conversions, automatic testing and verification, and power aware designs.

Authors should follow the EURASIP JES manuscript format described at http://www.hindawi.com/journals/es/. Prospective authors should submit an electronic copy of their complete manuscripts through the EURASIP JES’s manuscript tracking system at http://www.mstracking.com/es/, according to the following timetable:

Manuscript Due December 1, 2005

Acceptance Notification March 1, 2006

Final Manuscript Due June 1, 2006

Publication Date 3rd Quarter, 2006

GUEST EDITORS:

Markus Rupp , TU Wien, Gusshausstr. 25/389, A-1040 Wien, Austria; mrupp@nt.tuwien.ac.at Thomas Kaiser , University of Duisburg-Essen, 47057 Duisburg, Germany; thomas.kaiser@uni-duisburg.de Gerhard Schmidt , Harman Becker / Temic-SDS, Germany; gerhard.schmidt@temic-sds.com Jean-Francois Nezan , IETR/Image group Lab, France; jean-francois.nezan@insa-rennes.fr

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON EMBEDDED SYSTEMS

Special Issue on

Field-Programmable Gate Arrays in Embedded Systems

Call for Papers

Field-Programmable Gate Arrays (FPGAs) are increasingly used in embedded systems to achieve high performance in a compact area. FPGAs are particularly well suited to processing data straight from sensors in embedded systems. More importantly, the reconfigurable aspects of FPGAs give the circuits the versatility to change their functionality based on processing requirements for different phases of an application, and for deploying new functionality.

Modern FPGAs integrate many different resources on a single chip. Embedded processors (both hard and soft cores), multipliers, RAM blocks, and DSP units are all available along with reconfigurable logic. Applications can use these heterogeneous resources to integrate several different functions on a single piece of silicon. This makes FPGAs particularly well suited to embedded applications.

This special issue focuses on applications that clearly show the benefit of using FPGAs in embedded applications, as well as on design tools that enable such applications. Specific topics of interest include the use of reconfiguration in embedded applications, hardware/software codesign targeting FPGAs, power-aware FPGA design, design environments for FPGAs, system signalling and protocols used by FPGAs in embedded environments, and system-level design targeting modern FPGA’s heterogeneous resources.

Papers on other applicable topics will also be considered. All papers should address FPGA-based systems that are appropriate for embedded applications. Papers on subjects outside of this scope (i.e., not suitable for embedded applications) will not be considered.

Authors should follow the EURASIP JES manuscript format described at http://www.hindawi.com/journals/es/. Prospective authors should submit an electronic copy of their complete manuscript through the EURASIP JES manuscript tracking system at http://www.mstracking.com/es/, according to the following timetable:

Manuscript Due December 15, 2005

Acceptance Notification May 1, 2006

Final Manuscript Due August 1, 2006

Publication Date 4th Quarter, 2006

GUEST EDITORS:

Miriam Leeser , Northeastern University, USA; mel@coe.neu.edu Scott Hauck , University of Washington, USA; hauck@ee.washington.edu Russell Tessier , University of Massachusetts, Amherst, USA; tessier@ecs.umass.edu

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON EMBEDDED SYSTEMS

Special Issue on

Formal Methods for GALS Design

Call for Papers

As chips grow in speed and complexity, global control of an entire chip using a single clock is becoming increasingly challenging. In the future, multicore and large-scale systems-on-chip (SoC) designs are therefore likely to be composed of several timing domains.

Global Asynchrony and Local Synchrony (GALS) is emerging as the paradigm of choice for SoC design with multiple timing domains. In GALS systems, each timing domain is locally clocked, and asynchronous communication schemes are used to glue all of the domains together. Thus, unlike purely asynchronous design, GALS design is able to make use of the significant industrial investment in synchronous design tools.

There is an urgent need for the development of sound models and formal methods for GALS systems. In synchronous designs, formal methods and design automation have played an enabling role in the continuing quest for chips with ever greater complexity. Due to the inherent subtleties of the asynchronous circuit design, formal methods are likely to be vital to the success of the GALS paradigm.

We invite original articles for a special issue of the journal to be published in 2006. Articles may cover every aspect related to formal modeling and formal methods for GALS systems and/or target any type of embedded applications and/or architectures combining synchronous and asynchronous notions of timing:

• Formal design and synthesis techniques for GALS systems • Design and architectural transformations and equivalences • Formal verification of GALS systems • Formal methods for analysis of GALS systems • Hardware compilation of GALS system • Latency-insensitive synchronous systems • Mixed synchronous-asynchronous systems • Synchronous/asynchronous interaction at di fferent levels • Clocking, interconnect, and interface issues in deepsubmicron design

• Modeling of interfaces between multiple timing domains • System decomposition into GALS systems • Formal aspects of system-on-chip (SoC) and network-on-chip (NoC) designs • Motivating case studies, comparisons, and applications

Authors should follow the EURASIP JES manuscript format described at http://www.hindawi.com/journals/es/. Prospective authors should submit an electronic copy of their complete manuscript through the EURASIP JES manuscript tracking system at http://www.mstracking.com/es/, according to the following timetable:

Manuscript Due December 15, 2005

Acceptance Notification April 15, 2006

Final Manuscript Due July 15, 2006

Publication Date 4th Quarter, 2006

GUEST EDITORS:

Alain Girault , Pop Art Project, INRIA Rhône-Alpes, 38334 Saint-Ismier Cedex, France; alain.girault@inrialpes.fr S. Ramesh , Department of Computer Science and Engineering, Indian Institute of Technology, Bombay, Mumbai-400 076, India; ramesh@cse.iitb.ac.in Sandeep Kumar Shukla , Electrical and Computer Engineering Department, Virginia Tech, Blacksburg, VA 24061, USA; sandeep@cs.albany.edu Jean-Pierre Talpin , ESPRESSO, IRISA/INRIA Rennes, 35042 Rennes Cedex, France; jean-pierre.talpin@irisa.fr

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON EMBEDDED SYSTEMS

Special Issue on

Embedded Vision System

Call for Papers

Vision systems allow computers to understand images, and to take appropriate actions, often under hard real-time constraints.

Most vision systems need high computer performance. The decisive constraint to develop pattern recognition or monitoring systems was therefore to consider computer hardware with excellent key features to fulfill the high requirements. This causality has several disadvantages. The costs of the final products are high, the size of the hardware becomes voluminous, the electromagnetic capability is reduced, and the energy consumption is often a problem. Therefore, the pressure to realize vision systems on the base of Embedded Systems was and is still increasing dramatically. Meanwhile, the number of possible applications has exploded since several disadvantages of classic systems can be avoided. The history of mobile phones evolution is one of the best examples. It would not have been possible without Embedded Systems, and especially not in such an affordable way. However, it is not necessary to consider only the mass market where Embedded Vision Systems can improve the current situation dramatically. If many cameras are installed to watch a scene, one is able to define a virtual camera, which always shows the most important angle of a view. If a bank note should be checked under the conditions of high accuracy, high probability of error recognition, and high throughput, the realization is only feasible, if the computer is assisted by a network of special parallelized chips. Usually, the algorithms can be divided into three areas, the prestage, where data is compressed, the specialized computational phase, and the interpretation stage. With this setup, the bandwidth and the data throughput may be improved in an amazing way.

Many other ideas could be presented. The main issues are the parallelization of processes, as well as the communications between them, which are based on networked chip sets. The challenge for the research work is to find optimal structures concerning real-time problems, energy consumption, low-price solutions, and so forth. However, not all algorithms for vision systems are suitable to be implemented in Embedded Systems; better solutions have to be discovered. In this sense many tasks and problems in the research field have to be solved, and many application areas are concerned.

This special issue focuses on new results of research work in the field of Embedded Vision Systems. Several main keywords are:

• Innovative architectures for embedded vision systems • Innovative sensor systems for embedded vision applications • Architectural considerations in complex image-proc-essing programs in an embedded environment • FPGA designs for image processing applications • DSP and FPGA: alternative and/or complement • Networking for distributed embedded vision systems • Performance bottlenecks/solutions for high-perform-ance vision systems • Smart camera systems • Virtual camera systems • Object tracking • Automotive applications • Traffi c flow measurement systems • Robot and machine vision • Bioinspired vision systems • Verification methods for mission-critical embedded computer vision systems

Authors should follow the EURASIP JES manuscript format described at http://www.hindawi.com/journals/es/. Prospective authors should submit an electronic copy of their complete manuscript through the EURASIP JES manuscript tracking system at http://www.mstracking.com/es/, according to the following timetable:

Manuscript Due May 1, 2006

Acceptance Notification September 1, 2006

Final Manuscript Due December 1, 2006

Publication Date 1st Quarter, 2007

GUEST EDITORS:

Dietmar Dietrich , Vienna University of Technology, Gusshausstrasse 25-27/E384, 1040 Vienna, Austria; dietrich@ict.tuwien.ac.at Heinrich Garn , ARC Seibersdorf research GmbH, 2444 Seibersdorf, Austria; heinrich.garn@arcs.ac.at Udo Kebschull , Universität Heidelberg, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany; kebschul@kip.uni-heidelberg.de Christoph Grimm , Institute of Microelectronic Systems, University of Hannover, Appelstrasse 4, 30167 Hannover, Germany; grimm@ims.uni-hannover.de Moshe Ben-Ezra , Real-Time Vision and Modeling Department, Siemens Corporate Research, 755 College Road East, 08540 Princeton NJ, USA; moshe.ben-ezra@siemens.com

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON EMBEDDED SYSTEMS

Special Issue on

Synchronous Paradigm in Embedded Systems

Call for Papers

Synchronous languages were introduced in the 1980s for programming reactive systems. Such systems are characterized by their continuous reaction to their environment, at a speed determined by the latter. Reactive systems include embedded control software and hardware. Synchronous languages have recently seen a tremendous interest from leading companies developing automatic control software and hardware for critical applications. Industrial success stories have been achieved by Schneider Electric, Airbus, Dassault Aviation, Snecma, MBDA, Arm, ST Microelectronics, Texas Instruments, Freescale, Intel .... The key advantage outlined by these companies resides in the rigorous mathematical semantics provided by the synchronous approach that allows system designers to develop critical software and hardware in a faster and safer way.

Indeed, an important feature of synchronous paradigm is that the tools and environments supporting development of synchronous programs are based upon a formal mathematical model defined by the semantics of the languages. The compilation involves the construction of these formal models, and their analysis for static properties, their optimization, the synthesis of executable sequential implementations, and the automated distribution of programs. It can also build a model of the dynamical behaviors, in the form of a transition system, upon which is based the analysis of dynamical properties, for example, through model-checking-based verification, or discrete controller synthesis. Hence, synchronous programming is at the crossroads of many approaches in compilation, formal analysis and verification techniques, and software or hardware implementations generation.

We invite original papers for a special issue of the journal to be published in the first quarter of 2007. Papers may be submitted on all aspects of the synchronous paradigm for embedded systems, including theory and applications. Some sample topics are:

• Synchronous languages design and compiling • Novel application and implementation of synchronous languages • Applications of synchronous design methods to embedded systems (hardware or software)

• Formal modeling, formal verification, controller synthesis, and abstract interpretation with synchronousbased tools • Combining synchrony and asynchrony for embedded system design and, in particular, globally asynchronous and locally synchronous systems • The role of synchronous models of computations in heterogeneous modeling • The use of synchronous modeling techniques in model-driven design environment • Design of distributed control systems using the synchronous paradigm

Authors should follow the EURASIP JES manuscript format described at http://www.hindawi.com/journals/es/. Prospective authors should submit an electronic copy of their complete manuscripts through the EURASIP JES’s manuscript tracking system at http://www.mstracking.com/es/, according to the following timetable:

Manuscript Due June 1, 2006

Acceptance Notification October 1, 2006

Final Manuscript Due December 1, 2006

Publication Date 1st Quarter, 2007

GUEST EDITORS:

Alain Girault , INRIA, France; alain.girault@inrialpes.fr S. Ramesh , IIT Bombay, India; ramesh@cse.iitb.ac.in Jean-Pierre Talpin , IRISA, France; jean-pierre.talpin@irisa.fr

Hindawi Publishing Corporation http://www.hindawi.com

EURASIP JOURNAL ON EMBEDDED SYSTEMS

Special Issue on

Embedded Systems for Portable and Mobile Video Platforms

Call for Papers

Video coding systems have been assuming an increasingly important role in application areas other than the traditional video broadcast and storage scenarios. Several new applications have emerged focusing on personal communications (such as video-conferencing), wireless multimedia, remote video-surveillance, and emergency systems. As a result, a number of new video compression standards have emerged addressing the requirements of these kinds of applications in terms of image quality and bandwidth. For example, the ISO/MPEG and ITU standardization bodies have recently jointly established the new AVC/H.264 video coding standard.

In such a wide range of applications scenarios, there is the need to adapt the video processing in general, and in particular video coding/decoding, to the restrictions imposed by both the applications themselves and the terminal devices. This problem is even more important for portable and battery-supplied devices, in which low-power considerations are important limiting constraints. Examples of such application requirements are currently found in 3G mobile phones, CMOS cameras and tele-assistance technologies for elderly/disabled people.

Therefore, the development of new power-effi cient encoding algorithms and architectures suitable for mobile and battery-supplied devices is fundamental to enabling the widespread deployment of multimedia applications on portable and mobile video platforms. This special issue is focused on the design and development of embedded systems for portable and mobile video platforms. Topics of interest cover all aspects of this type of embedded system, including, not only algorithms, architectures, and specific SoC design methods, but also more technological aspects related to wireless-channels, power-effi cient optimizations and implementations, such as encoding strategies, data flow optimizations, special coprocessors, arithmetic units, and electronic circuits.

Papers suitable for publication in this special issue must describe high-quality, original, unpublished research.

Prospective authors are invited to submit manuscripts on topics including but not limited to:

• Power-effi cient algorithms and architectures for motion estimation, discrete transforms (e.g., SA-DCT, WT), integer transforms, and entropy coding • Architectural paradigms for portable multimedia systems • Low-power techniques and circuits, memory, and data flow optimizations for video coding • Adaptive algorithms and generic configurable architectures for exploiting intrinsic characteristics of image sequences and video devices • Aspects specifically important for portable and mobile video platforms, such as video transcoding, video processing in the compressed domain, and error resilience (e.g., MDC) • Ultra-low-power embedded systems for video processing and coding • Heterogeneous architectures, multithreading, MP- SoC, NoC implementations • Design space exploration tools, performance evaluation tools, coding effi ciency and complexity analysis tools for video coding in embedded systems

Authors should follow the EURASIP JES manuscript format described at http://www.hindawi.com/journals/es/. Prospective authors should submit an electronic copy of their complete manuscript through the EURASIP JES manuscript tracking system at http://www.mstracking.com/es/, according to the following timetable:

Manuscript Due June 1, 2006

Acceptance Notification October 1, 2006

Final Manuscript Due January 1, 2007

Publication Date 2nd Quarter, 2007

GUEST EDITORS:

Leonel Sousa , INESC-ID, IST, Universidade Técnica de Lisboa, 1000-029 Lisboa, Portugal; las@inesc-id.pt Noel O’Connor , School of Electronic Engineering, Dublin City University, Glasnevin, Dublin 9, Ireland; noel.oconnor@eeng.dcu.ie Marco Mattavelli , Signal Processing Laboratory, Ecole Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne, Switzerland; marco.mattavelli@epfl.ch Antonio Nunez , IUMA, Universidad de Las Palmas de Gran Canaria, 35017 Las Palmas de Gran Canaria, Spain; nunez@iuma.ulpgc.es

Hindawi Publishing Corporation http://www.hindawi.com