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Abstract—Multi-carrier modulation and especially CP-OFDM is widely used nowadays in several radio communications. However, FBMC is a potential alternative to CP-OFDM since it does not require cyclic prefix, and thus, it has a higher spectral efficiency. One of the characteristics of FBMC is that the received data are accompanied by a two dimensional intersymbol interference term (2D ISI), which complicates MIMO techniques when combined with optimum detection. In this paper we consider the association of FBMC with the multiple-input multiple-output (MIMO) technique focusing on the spatial data multiplexing (SDM), and we investigate the use of Maximum Likelihood (ML) detection. We propose modified FBMC schemes based on inserting null data among QAM symbols to reduce, in this way, the overlapping of the symbols.1 Index Terms—Filter bank, FBMC, MIMO, Spatial multiplexing, SDM, Maximum likelihood, ML detection.



I.



INTRODUCTION



Orthogonal frequency division multiplexing with the cyclic prefix insertion (CP-OFDM) is the most widespread modulation among all the multi-carrier modulations, and this thanks to its simplicity and its robustness against multi-path fading using the cyclic prefix (CP). Nevertheless, this technique causes a loss of spectral efficiency due to the cyclic prefix. Furthermore, CP-OFDM spectrum is not compact due to the large sidelobe levels resulting from the rectangular pulse. This leads us to insert null sub-carriers at frequency boundaries in order to avoid overlappings with neighboring systems. So it means a loss of spectral efficiency too. To avoid these drawbacks, filter bank multi-carrier (FBMC) was proposed as an alternative approach to multi-carrier OFDM [1]. In FBMC, there is no need to insert any guard interval. Furthermore, it uses a frequency well-localized pulse shaping, hence, it provides a higher spectral efficiency [2] [3]. Each sub-carrier is modulated with an Offset Quadrature Amplitude Modulation (OQAM) which consists in transmitting real and imaginary samples with a shift of half the symbol period between them. Because FBMC orthogonality conditions are considered in the real field, the data at the receiver side is carried only by the real (or imaginary) component of the signal. The imaginary (or real) part appears as an intrinsic interference term. Although the data is always orthogonal to the interference term. But, this term of interference becomes a 1 This work has been carried out within the FP7 research project N211887, PHYDYAS.
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source of problems when combining FBMC with some MIMO techniques. In this paper, we consider the space division multiplexing (SDM) case, where the information is transmitted and received simultaneously over Nt transmit antennas and Nr receive antennas in order to increase the data rate. In this context, the equalization based on the minimum mean square error (MMSE) criterion can be applied to filter bank multicarrier (FBMC) transmission systems as well as shown in [6]. It is proven that in the conventional OFDM case, maximum likelihood detection obtains a diversity order equal to the number of receive antennas [4]. In FBMC modulation, the presence of the interference terms is the main issue for the implementation of the maximum likelihood technique. In this work, we propose to insert null data among QAM symbols (instead of OQAM) in order to transform the two-dimensional inter-symbol interference (2D ISI) into a one-dimensional inter-symbol interference (1D ISI). Then, we will perform the data detection using a Viterbi algorithm. The organization of the paper is as follows. A description of FBMC modulation is presented in section II, where we give a short overview of FBMC transmission over multipath and MIMO channels. Then, in section III, we present our schemes introducing null data between QAM symbols, and thus, only one-dimensional inter-symbol interference remains, which can be treated using a Viterbi algorithm. Simulation results are provided in section IV, where the performance comparisons between the proposed receivers and detection algorithms are carried out. Finally, discussion and concluding remarks are given in section V. II. T HE OQAM-FBMC M ODULATION We can write at the transmitter side the baseband equivalent of a discrete time FBMC signal as follows [2]: s[m] =



M −1 X X



2π



D



ak,n g[m − nM/2]ej M k(m− 2 ) ejφk,n



(1)



k=0 n∈Z



with M is an even number of sub-carriers, D is the delay term which depends on the length of the prototype filter g[m] and φk,n is an additional phase term. The transmitted symbols ak,n are real-valued symbols. Equation (1) can be written in
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written:



a simpler manner: s[m] =



M −1 X X



ak,n gk,n [m],



Ik,n =



(2)



where gk,n [m] are the shifted versions of g[m] in time and frequency. When the transmitter and the receiver are connected back to back, the signal at the receiver output over the k th sub-carrier and the nth time instant is determined using the inner product of s[m] and gk,n [m]: +∞ X



∗ s[m]gk,n [m]



m=−∞



=



+∞ X



M −1 X



X



(3)



∗ ak′ ,n′ gk′ ,n′ [m]gk,n [m].



+∞ X



∗ gk′ ,n′ [m]gk,n [m]. (6)



m=−∞



According to the tables I and II, we note that most part of the energy is localized in a restricted set (shown in bold) around the considered symbol. Consequently, we will assume that the intrinsic interference term depends only on this restricted set except the central position (corresponding to the unity coefficient), and is denoted by Ωk,n . Moreover, assuming that the channel is constant at least over this summation zone, we can write as in [9] the equation given by (7). According to (4), and as ak′ ,n′ is real-valued, the intrinsic interference Iˆk,n is pure imaginary. Thus, the demodulated signal can be given by: rk,n ≈ hk,n (ak,n + juk,n ) + nk,n ,



m=−∞ k′ =0 n′ ∈Z



Several pulse shaping prototype filters g[m] can be used according to their properties. In this paper, we are interested in both pulse shape PHYDYAS and IOTA prototype filters, which are described, respectively, in [3] and [7]. The coefficients of their impulse responses in the time-frequency domain are illustrated in the table I and II:



(8)



where uk,n is a real-valued. In the case of multiple antennas (Nr ×Nt ), we transmit real (i) symbols ak,n at a given time-frequency position (k, n) and at the ith transmit antenna. So, after passing through the radio channel, we demodulate at the j th receive antenna: (j)



rk,n =



TABLE I PHYDYAS



hk′ ,n′ ak′ ,n′



(k′ ,n′ )6=(k,n)



k=0 n∈Z



rk,n = hs, gk,n i =



X



Nt X



(ji)



(i)



(i)



(j)



hk,n (ak,n + juk,n ) + nk,n ,



(9)



i=1



REFERENCE COEFFICIENTS TABLE



(ji)



k0 − 2 k0 − 1 k0 k0 + 1 k0 + 2



n0 − 3 n0 − 2 n0 − 1 n0 n0 + 1 n0 + 2 0 0 0 0 0 0 0.043j −0.125 −0.206j 0.239 0.206j −0.125 −0.067 0 0.564 1 0.564 0 −0.043j −0.125 0.206j 0.239 −0.206j −0.125 0 0 0 0 0 0



n0 + 3 0 −0.043j −0.067 0.043j 0



where hk,n is the channel coefficient between transmit antenna ”i” and receive antenna ”j”. Finally, The matrix formulation of the system can be expressed as shown in equation (10), which yields: rk,n = Hk,n (ak,n + juk,n ) + nk,n



(11)



III. P ROPOSED MIMO SCHEMES USING QAM MODULATION (i)



TABLE II IOTA COEFFICIENTS TABLE n0 − 3 n0 − 2 n0 − 1 n0 n0 + 1 n0 + 2 n0 + 3 k0 − 2 0.0016 0 −0.0381 0 −0.0381 0 0.0016 k0 − 1 −0.0103j −0.0381 0.228j 0.4411 0.228j −0.0381 −0.0103j k0 −0.0182 0 0.4411 1 0.4411 0 -0.0182 k0 + 1 −0.0103j −0.0381 0.228j 0.4411 0.228j −0.0381 −0.0103j k0 + 2 0.0016 0 −0.0381 0 −0.0381 0 0.0016



The phase term φk,n in equation (1) guarantees and holds the real orthogonality condition: ½ X ¾ ∞ ∗ Re gk′ ,n′ [m]gk,n [m] = δk,k′ δn,n′ (4) m=−∞



Now, let us consider first the SISO FBMC transmission. When passing through the radio channel and adding noise contribution nk,n , equation (3) becomes: rk,n = hk,n ak,n + Ik,n + nk,n ,



(5)



where hk,n is the channel coefficient at subcarrier k and time index n, Ik,n is defined as an intrinsic interference and is



The interference term uk,n takes on values in a large discrete set in the range [−3, +3]. For maximum likelihood (ML) detection, the presence of the interference term in equation (11) is an issue, because it is a two-dimensional intersymbol interference. We have proposed in [10] a suboptimal solution for ML detection based on interference estimation and cancelation. In this section, we propose two novel FBMC schemes based on QAM modulation (instead of OQAM) in order to reduce the interference terms. Instead of transmitting realvalued symbols, we transmit complex valued symbols but alternated with null data. This leads to the same rate as OQAM-FBMC. Both proposed schemes differ in the manner of how to insert null data among the useful ones. The first scheme consists in transmitting QAM symbols only at odd (or even) time indices as described in table III. On the opposite, in the second scheme, data are transmitted only on odd (or even) subcarriers (Table IV). These two schemes are referred to, respectively, as V-QAM-FBMC and H-QAM-FBMC. First of all, we consider only the V-QAM-FBMC scheme. So now, we can assume that each symbol vector ck,n overlaps only with both its neighbors ck±1,n (other terms are
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µ rk,n ≈hk,n ak,n +



X



∞ X



ak′ ,n′



m=−∞



(k′ ,n′ )∈Ωk,n



{z



|   (11) (1) rk,n h  .   k,n  .  =  ..  .   . (N 1) (N ) hk,nr rk,nr | {z } | 



rk,n



∗ gk′ ,n′ [m]gk,n [m]



¶



+ nk,n .



}



Iˆk,n



  (1)   (1)  (1N ) (1) hk,n t ak,n + juk,n n    k,n  .. ..   +  ..  . . .    .  (N N ) (N ) (N ) (N ) · · · hk,nr t ak,nt + juk,nt nk,nr {z }| {z } | {z } ··· .. .



ak,n +juk,n



Hk,n



(7)



(10)



nk,n



TABLE III V-QAM-FBMC n−1 0 0 0 0



k k+1 k+2 k+3



SCHEME ILLUSTRATION TABLE



n ck,n



n+1 0 0 0 0



ck+1,n ck+2,n ck+3,n



n+2 ck,n+2 ck+1,n+2 ck+2,n+2 ck+3,n+2



n+3 0 0 0 0



TABLE IV H-QAM-FBMC



k k+1 k+2 k+3



SCHEME ILLUSTRATION TABLE



n−2 ck,n−2 0



n−1 ck,n−1 0



n ck,n 0



n+1 ck,n+1 0



n+2 ck,n+2 0



ck+2,n−2 0



ck+2,n−1 0



ck+2,n 0



ck+2,n+1 0



ck+2,n+2 0



neglected). The demodulated symbol vector over the k th subcarrier and the nth instant can be written as: rk,n = Hk,n



1 X



αl,0 ck+l,n + nk,n



(12)



l=−1



According to this equation, the system can be considered as a set of independent sequences (for each integer value of n, rk,n is an independent sequence), and each sequence is filtered by a non causal digital filter, which can be expressed as an equivalent tapped delay line with 3 taps, as shown in Fig. 1. Thus, we have transformed the two-dimensional inter-symbol interference into a one-dimensional inter-symbol interference. Omitting the time index, let us denote, respectively, by c[k] and r[k] the transmitted and received sequence-vector with length M equals to the number of sub-carriers, α = [α−1,0 α0,0 α1,0 ], and Hk the channel matrix at the k th subcarrier. The optimal detection is to find the transmitted sequence ˆ c[k] among all possible ones, which satisfies the following criterion: °2 ¶ µM −1 ° 1 X X ° ° ° ˆ c[k] = argmin α[l]c[k +l]° °r[k]−Hk ° . (13) c



k=0



l=−1



To find the ML sequence, we shall apply the Viterbi



Fig. 1.



Equivalent tapped delay line with 3 taps



detection algorithm. According to Fig. 1, since we have two taps, and taking into account that c[k] are Nt -elements vectors with QPSK symbols, the total number of states is K = 16Nt denoted by S0 , ..., SK−1 . At each stage k, each transition branch is labeled by its corresponding input vector c[k + 1], thus, there are 4Nt transitions out of each state to 4Nt different states. The considered metric for a branch in the k th stage, and which transits from state Si = (c[k − 1], c[k]) to Sj = (c[k], c[k + 1]) is: ° °2 1 X ° ° ° . Mij (k) = ° r[k] − H α[l]c[k + l] (14) k ° ° l=−1



Denoting by Si the set of all possible states from which we can lead to Si , the accumulated metric ci (k) associated to each node (state) Si in the k th stage is defined as: ½ Á ¾ ci (k) = min cj (k − 1) + Mij (k) Sj ∈ Si . (15) j



Each node memorizes its parent node, so at the sequence end (k = M − 1), when choosing the node with the least accumulated metric, we can reconstitute the optimal path which fulfills equation (13). Unfortunately, such a detector suffers from high complexity. Indeed at each state, it has to calculate the accumulated metric defined in (15) K × 4Nt times, regardless of the other operations such as sorting. A reduced complexity version of the Viterbi detection algorithm is the M-algorithm [11], but it is suboptimal. It
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the whole transmitted power and the noise variance in each receive antenna. The simulation parameters that we have used are given by: • (2 × 2) MIMO system. • No coding scheme. • QPSK modulation. • Flat fading Rayleigh channels. • Number of subcarriers M = 512. • Frame length L = 32. Since the IOTA filter is symmetric in the time-frequency domain, we will obtain the same performance if we use either V-QAM-FBMC or H-QAM-FBMC scheme. So, for IOTA filter, we will consider only the V-QAM-FBMC, since it has the advantage of introducing no additional delay in the transmission system. 0



10



QAM/FBMC IOTA H−QAM/FBMC PHYDYAS OFDM/ML −1



10



−2



10 BER



retains only a limited number J ≤ K of nodes per step having the smallest accumulated metric (this number is also called the number of survivors). Since not all states are kept, the path which satisfies the criterion (13) may be lost. This event leads to a long stream of errors which is called an error event [12]. The error probability in M-algorithm depends on the number of survivors. To keep the probability of an error event as low as possible, the number of survivors should be increased. However, increasing J leads to higher complexity. So, J must be chosen in such way that it ensures a good trade-off between complexity and performance. Now, regarding the H-QAM-FBMC scheme, we consider a frame with a length of L multicarrier symbols. Thus, we obtain M/2 sequences with length L, and for each sequence we proceed in the same manner as we have done with VQAM-FBMC, applying either Viterbi or M-algorithm. The drawback of this scheme is the additional delay introduced in the transmission system. Both above proposed schemes are employed with either IOTA or PHYDYAS prototype filter. Since we consider that only the symbols located in a restricted set contribute on the interference term, residual interference will induce a BER floor effect. If we denote by Γ the position set of the neglected interference terms which corresponds to each scheme, we can evaluate the power of the residual interference as: X |αp,q |2 P =



−3



10



(p,q)∈Γ



−4



10



with αp,q = hgk,n , gk+p,n+q i are the coefficients given in tables II and I. The value of the residual interference power P depends on the considered scheme and prototype filter. The following table summarizes the numerical value of P according to the considered case:
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Fig. 2. Performance comparison between ML-OFDM and Viterbi-FBMC equalizer



TABLE V RESIDUAL INTERFERENCE POWER



IOTA PHYDYAS



V-QAM/FBMC −22 dB −12 dB



H-QAM/FBMC −22 dB −20.5 dB



It is clear that V-QAM/FBMC scheme with PHYDYAS prototype filter gives worse performance. This is due to the fact that PHYDYAS prototype filter is more spread in the time domain. This relatively high-level of the residual interference (−12 dB) stems essentially from the neglected coefficients at the time-frequency positions (k0 ± 1, n0 ± 2) of the table I. However, H-QAM/FBMC scheme is more appropriate to PHYDYAS prototype filter. IV.



SIMULATION RESULTS



In this section, we provide the simulation results concerning both proposed schemes with IOTA and PHYDYAS prototype filters. We shall compare their performance to the CP-OFDM one with ML detection. The system performance is assessed in terms of bit-error rate (BER) as a function of the signalto-noise ration (SNR) which is defined as the ratio between



In Fig. 2, we give the bit-error rate performance for OFDM/ML, V-QAM-FBMC with IOTA filter and H-QAMFBMC with PHYDYAS filter. We observe a slight performance gain of V-QAM/FBMC with IOTA compared to HQAM-FBMC with PHYDYAS. For low signal-to-noise ratio (SNR) levels, we notice that both considered schemes reach practically the OFDM performance, whereas they suffer from degradation in case of high SNR levels. As expected, this BER floor is due to the interference terms neglected and not taken into account. This degradation will not be important if we insert convolutional codes. As shown in the previous section, M-algorithm is proposed as a reduced complexity detection algorithm. Here, we consider the V-QAM-FBMC scheme with IOTA filter. The curves presented in Fig. 3. are obtained for a number of survivors J = 16, 8 and 4. With J = 16, we obtain practically the same performance as the Viterbi algorithm, whereas it has less complexity (16 kept branches instead of 256). When J = 8, we note a slight degradation for SNR less than 14 dB (about 1 dB at BER = 10−2 ). However, when J = 4, it is clear that
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Performance comparison between different values of J



the performance is much worse. We should note that even if J is small, the curves tend to reach FBMC/Viterbi performance at high SNR, and all of them converge to the same BER floor. V.



CONCLUSION



In this paper, we have described the main difficulty when we use ML detection with FBMC in MIMO system due to the presence of the two-dimensional inter-symbols interference (2D ISI). We have proposed modified FBMC schemes (VQAM-FBMC and H-QAM-FBMC), where we have inserted null data between the symbols, and transmit QAM symbols instead of OQAM to keep the same bit-rate. In such a way, we have transformed the system into a set of independent sequences with one-dimensional inter-symbol interference (1D ISI). These sequences are decoded using the Viterbi algorithm and its variants to reduce complexity. We have considered two different prototype filters (IOTA and PHYDYAS). V-QAM-FBMC scheme cannot be employed with PHYDYAS prototype filter because of the high residual interference power. Whereas, with IOTA filter, we can use either V-QAM-FBMC or H-QAM-FBMC scheme. The drawback of the last one is the processing delay introduced in the transmission system. So finally, we have considered only two configuration cases, H-QAM-FBMC with PHYDYAS filter, and V-QAM-FBMC with IOTA filter. When comparing these two schemes, we noticed that V-QAM-FBMC with IOTA gives almost the same performance than H-QAM-FBMC with PHYDYAS filter. Nevertheless, with both schemes, we can practically reach OFDM/ML performance especially in case of low SNR. We could obtain the same performance as Viterbi detection algorithm using M-algorithm with J=16 reducing, in this way, the complexity.



[2] P. Siohan, C. Siclet, and N. Lacaille, ”Analysis and design of OFDM/OQAM systems based on filterbank theory”, IEEE Transactions on Signal Processing, vol. 50, no. 5, pp. 1170-1183, May 2002 [3] M. G. Bellanger, ”Specification and design of a prototype filter for filter bank based multicarrier transmission,” in Proc. IEEE Int. Conf. Acoustics, Speech, and Signal Processing, Salt Lake City, USA, May 2001, pp. 2417-2420. [4] R.V. Nee, A.V. Zelst, and G. Awater, ”Maximum Likelihood Decoding in a Space Division Multiplexing System”, Vehicular Technology Conference Proceedings, 2000. VTC 2000-Spring Tokyo. 2000 IEEE 51st, vol. 1, pp. 6-10, May 2000 [5] M. Bellanger, ”Transmit diversity in multicarrier transmission using OQAM modulation”, Wireless Pervasive Computing, 2008. ISWPC 2008. 3rd International Symposium on, pp. 727-730, May 2008 [6] M. El Tabach, J.P. Javaudin and M. Hlard, ”Spatial data multiplexing over OFDM/OQAM modulations”, Proceedings of IEEE-ICC 2007, Glasgow, 24- 28 June 2007, pp. 4201-4206. [7] J. Du, and S. Signell, ”Time Frequency Localization of Pulse Shaping filters in OFDM/OQAM Systems”, Communications, 1999. ICC ’99. 1999 IEEE International Conference on, vol. 1, pp. 559-564, 1999 [8] P. Siohan, and C. Roche, ”Cosine-Modulated Filterbanks Based on Extended Gaussian Functions”, IEEE Transactions on Signal Processing, vol. 48, no. 11, pp. 3052-3061, Nov. 2000 [9] C. L´el´e, J.-P. Javaudin, R. Legouable, A. Skrzypczak, and P. Siohan, ”Estimation Methods for Preamble-Based OFDM/OQAM Modulations”, European Wireless ’07, April 2007. [10] R. Zakaria, D. Le Ruyet, and M. Bellanger, ”Maximum Likelihood Detection in spatial multiplexing with FBMC”, European Wireless Conference (EW ’10), pp. 1038-1041, April 2010. [11] J.B. Anderson and S. Mohan, ”Sequential Coding Algorithms: A Survey and Cost Analysis”, IEEE Transactions on Communications, vol. 32, no. 2, pp. 169- 176, Feb. 1984. [12] S.A.G. Zadeh and M.R. Soleymani, ”An iterative M-algorithm based decoder for convolutional codes”, Canadian Conference on Electrical and Computer Engineering, pp. 1618-1621, May 2005.



R EFERENCES [1] B. Le Floch, M. Alard and C. Berrou, ”Coded Orthogonal Frequency Division Multiplex”, Proceeding of the IEEE, Vol. 83, No. 6, Jun. 1995



187



























des documents recommandant







[image: alt]





On Maximum Likelihood MIMO Detection in QAM-FBMC ... - CiteSeerX 

Abstractâ€”Multi-carrier modulation and especially CP-OFDM is widely used nowadays in several radio communications. However, FBMC is a potential ...










 


[image: alt]





Maximum Likelihood Programming in Stata 

and flexible programming language for maximum likelihood estimation (MLE). In this document, I describe the basic syntax elements that allow you to .... function and the fifth line ends the program. The action, of course, is in the fourth line.










 


[image: alt]





Maximum Likelihood Detection in spatial multiplexing with FBMC 

an MMSE equalizer is used, either alone or in an iterative procedure involving convolutional coding. Now, the issue is the application of ML techniques to FBMC.










 


[image: alt]





Maximum Likelihood Detection in spatial multiplexing with FBMC 

has been studied in depth for orthogonal frequency division ... project NÂ°211887, Phydyas. ..... 3 as long as the SNR at the receiver output does not exceed 20.










 


[image: alt]





MIMO Signal Processing in Offset-QAM Based Filter Bank ... - Core 

in most of the current wireless communication standards such as: Long-Term ... Regarding the computational burden, the complexity analysis reveals that the ...










 


[image: alt]





On ISI cancellation in MIMO-ML detection using ... - Rostom ZAKARIA 

FBMC/QAM system, the ISI cancellation is effective and the performance converges to ... and allows our proposed iterative scheme to converge to the optimum ..... ISI estimation and cancellation â€�Rec-MLâ€� (for Recursive maximum likelihood).










 


[image: alt]





Penalized maximum likelihood for multivariate 

Finally, we study degeneracies in the source separation problem where the characterization ... PC1Ðª can be diagonalized in the orthogonal group: PCÐª Ð® Ð. Ð¯.










 


[image: alt]





Iterative detection in MIMO channels using particle 

48, pp. 2201â€“2214,. August 2002. [2] S. BÃ¤ro, J. Hagenauer and M. Witzke, ... [4] C. P. Schnorr and M. Euchner, â€œLattice basis reduction: improved practical ...










 


[image: alt]





Maximum likelihood separation of spatially autocorrelated images 

tion has recently been exploited by other authors [7], where the source PDF ... represents the joint PDF of N samples of the source s ..... 1712-1725, July 1997. 5.










 


[image: alt]





Maximum likelihood approach for the adaptive optics 

To get the best image quality from an optical system in terms of contrast, it is required to deconvolve the image from the point spread function (PSF). For this ...










 


[image: alt]





Partial ISI Cancellation with Viterbi Detection in MIMO ... - CiteSeerX 

simultaneously over Nt transmit antennas and Nr receive antennas in order to ... offer a diversity order equal to the number of the receive antennas [5], cannot be ...










 


[image: alt]





A Flexible Distributed Maximum Log- Likelihood Scheme for UWB 

1. Imperfect Measurements, 8 AN, 20 RCN, size 20Ã—20m, Ïƒ âˆ¼ U(0.1,3). C irc u la r E rro r P ro b a b ility. (C. E. P. ) Positioning Error (m). 50%-60%. 70%-80%. 90%-100% ..... Positioning Aspects for Future Sensor Networksâ€�, IEEE SP Mag., vol.










 


[image: alt]





Article Maximum-Likelihood Inference of Population ... - Raphael Leblois 

Aug 11, 2014 - ing very recent and strong contractions may be difficult to achieve. However ..... hidden Markov models (e.g., Dutheil et al. 2009; Mailund et al.










 


[image: alt]





Image Centering with a Maximum Likelihood ... - Laurent Mugnier 

Application to Infrared Astronomical imaging. Damien Gratadour1,2, Laurent M. Mugnier1, Daniel Rouan2. 1 DOTA / ONERA, BP 72, 92322 ChÃ¢tillon cedex, ...










 


[image: alt]





Maximum likelihood inference of population size ... - Raphael Leblois 

Nov 29, 2013 - Email address: [email protected] (RaphaÃ«l Leblois) ...... the INRA MIGALE and GENOTOUL bioinformatics platforms and the ...










 


[image: alt]





Maximum likelihood-based method for angular differential ... - Mugnier 

imaging. L. M. Mugniera,c, A. Corniaa,b,c, J.-F. Sauvagea,c, N. VÃ©drennea,c, T. Fuscoa,c and G. Roussetb,c. ... The goal of SPHERE is to detect warm Jupiters, orbiting sun-like stars at 10pc from the Sun. .... âˆ†(r,k) = a.p(r,k; r0) + n(r,k),. (1).










 


[image: alt]





Degeneracy and likelihood penalization in ... - Hichem Snoussi 

cation of the form of this law does not have a significant role for the main ... an appropriate field for the application of Hidden Markov Chains [3]. In .... to hold. Concerning condition (C.1), using the following inequality, holding for .... Proof










 


[image: alt]





On Bayesian Inference, Maximum Entropy and 

the relationships between different classification formalisms based on ... SVM formalism is, based on the training set, to trace two surfaces that best ..... The work was performed within The CNES/DLR/ENST Competence Centre on Infor-.










 


[image: alt]





Degeneracy and likelihood penalization in ... - Hichem Snoussi 

T , each random variable zt belonging to a discrete set ... T , the random vectors (st)t=1. ...... T (term of the finite sum in (11)), we have the following inequalities:.










 


[image: alt]





Collision Detection on Multicore Architecture 

formable objects. Another kind of approaches use graphics hardware [Myszkowski et al. 1995] [Wong 2004]. Most of the CD queries belongs to: interference and.










 


[image: alt]





likelihood inference? 

Dec 10, 2010 - and this effect does not disappear with increasing sample sizeâ€� (page 47). (v). .... Furthermore, in the case of embedded models, M2 and M1 âŠ‚ M2, ..... 2010. On resolving the Savageâ€“Dickey paradox. Electron. J. Statist.










 


[image: alt]





AN HYBRID REFERENCE MODEL FOR ON-LINE DETECTION IN 

of the process within a given configuration. The use of this hybrid reference model is the detection of abnormal behaviour and, by the emulation principle, the.










 


[image: alt]





Cooperative MIMO Communications 

In the Information Theory community, various coding strategies ... Cooperative relaying refers to the fact that advanced coding strategies for .... above managers) because after ten years, many of you are just friends and I hope that we ...... A PDF 










 


[image: alt]





On precoding MIMO-FBMC with imperfect channel state information at 

user MIMO precoding even in the case of imperfect CSI at the transmitter. ... playing an important role in wireless communications since they enable to ..... OFDM/OQAM systems based on filterbank theoryâ€�, IEEE Transactions on Signal ... http://www.










 














×
Report On Maximum Likelihood MIMO Detection in QAM





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



