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Design, Simulation and Implementation of a MIMO MC-CDMA based trans-receiver system Sayan Dey, Supratim Dutta and Souradipa Das Abstract—The advent of modern communication techniques have been providing users efficient, highly secure and extremely fast techniques of communication. Digital communication started with techniques like Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK), GMSK (Gaussian Mean Shift Keying).Techniques like FDM (Frequency Division Multiplexing) and TDM (Time Division Multiplexing) were highly used in commercial communication systems. Modern techniques like OFDM (Orthogonal Frequency Division Multiplexing) and MCCDMA (Multi Carrier Code Division Multiple Access) provided appreciable faster, reliable and secure data transfer. This paper puts forward an innovative, highly precise and successful technology for data transfer implementing the MIMO (Multiple input multiple output) based MCCDMA modulation technique. MC-CDMA modulation is efficient, secure and cheaper compared to FDM and TDM.A design and implementation of a low cost low power MIMO based MC-CDMA transmitter-receiver system has been put forward in this paper which uses an advanced and less complex algorithm which reduces the computational complexity and VLSI design and implementation complexity. Results obtained implementing this design in a FPGA kit confirm the highly efficient data transfer rate, the considerably negligible error rates and considerably low power consumption by the system. Index Terms— FPGA, MC-CDMA, MIMO, OFDM
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1 INTRODUCTION



T



HE extensive research in the field of communication has lead to the advent of ultra modern and efficient, secure and cheap methods of communication. Cable based communication systems captured the communication world premerely but later wireless communication systems were started to be used on a larger scale. The reasons for the triumph of wireless communicating systems were simple, the eradication of complex wiring systems, and ease of accessibility on the move and low cost of services. Some frequently used wireless communication techniques are radio communication, microwave communication and satellite communication. The primitive protocol suggested by IEEE for wireless communication is 802.11.The data transfer rate is 1 -2 Mbps and the radio frequency is 2.4 GHz [2]. These systems are not capable of providing sufficient security and message integrity due to large distortion in the channel. Interceptions of such signals are easier as the lack in efficient cryptographic applications. Appreciable inchannel and cochannel interference effects



also degrade the quality of communication of these technologies. The incapability’s of these techniques led to the advent of newer and efficient technological solutions like W CDMA, DS CDMA, MC CDMA, and OFDM etc.



MC-CDMA is a combination of the OFDM and CDMA[1]. To enhance the data transfer rates and to reduce bit error rate, MIMO (Multiple Input Multiple Output) systems were started to be designed and implemented. MIMO systems provide a number of advantages over singleantenna-to-single-antenna communication. Sensitivity to fading is reduced by the spatial diversity provided by multiple spatial paths. Under certain environmental conditions, the power requirements associated with high spectral-efficiency communication can be significantly reduced by avoiding the compressive region of the information-theoretic capacity bound. Here, spectral efficiency is defined as the total number of information bits per second per Hertz transmitted from one array to the other. MC-CDMA is implemented by applying unique codes based on precise cryptographic calculations to each part of the given signal. Among the ———————————————— transmitting signal, only those signals are mapped where • Sayan Dey is with the Techno India College of Technology, Depatrment of the code matches thus securing the data integrity. EffiElectronics and Communication, Kolkata-700156, West Bengal, India. cient transmission is feasible by modulating it with a PN • Supratim Dutta is with the Techno India College of Technology, Depatr(Pseudo Noise) sequence[5] .Modulating with a PN sement of Electronics and Communication, Kolkata-700156, West Bengal, India. quence leads to immunity from noise. The spread spec• Souradipa Das is with the Techno India College of Technology, Depatrment trum modulation technique is applied to enhance the of Electronics and Communication, Kolkata-700156, West Bengal, India. bandwidth. This is done by spreading the signal in its frequency domain and thus the maximum bandwidth is obtained during transmission. The signal received at the © 2011 JOT http://sites.google.com/site/journaloftelecommunications/
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receiver end is decoded using extensively designed algorithms and the data is recovered. To optimize the data transfer rate and reduce the bit error rate, MIMO system is used. Comparative study shows that MIMO (12x12) system triumphs the MC-CDMA trans-receiver system providing bit error rates as low as 0.00000001 at SNR 80 db and data rate 1.025 Gbps. Implementation in FPGA kit SPARTAN 3E revealed the low power consumed by this system. This system had a static power consumption of 0.0345 Watt and Quiescent power consumption of 0.0090 Watt.
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METHODS AND MATERIALS



The design and implementation of MIMO based MCCDMA trans-receiver system has two major modules. The simulation part and the hardware implementation part. The simulation is carried out in Matrix Laboratory Simulink (MATLABTM R2011a version 7.12) and then the simulated GUI model is downloaded in a FPGA asic design kit SPARTAN 3E using Xylinx System Generator to obtain the SOC (system on chip design).



2.1 TRANSMITTER A speech signal is taken using the 3.5 mm audio port of the computer and is multiplied with the PN sequence. This leads in spreading of the spectrum and thus immunizes the signal to noise. Then the signal is vectorised using IFFT (Inverse Fast Fourier Transform).A cyclic prefix is added in accordance to cryptography and coding theory to ensure data security. This ensures the even if data is lost or tampered in the channel, it can be recovered using error detection and correction algorithims. Five different configurations for transmission, SISO and MIMO (MIMO 2X2, MIMO 4X4, MIMO 8X8, MIMO 12X12) are applied...In case of MIMO systems, the same data is fed to the different transmitters. The block diagram of the MC-CDMA transmitter is shown in figure 1.



INPUT DATASTREAM FROM MICROPHONE
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Fig 1: Block diagram of the MC-CDMA transmitter



2.2



CHANNEL



After this signal is the modulated signal is sent through different types of noisy channels. Each channel has different transfer functions that vary according to time and weather change. In our design, after MC-CDMA modulation, we pass the modulated signal through various type of noisy channel. Such as AWGN channel, Rician fading channel, Rayleigh fading channel etc. These are generally fading channels which are of great importance in the modern wireless communication. Different transfer functions were designed using a combination of different types of channels. Series and parallel combination of these channels define newer transfer functions which can be used to represent the actual channel (the environment in case of wireless communication channel).The channel characteristics were varied along with varying the signal strength to get the least distortion and maximum distortion scenario. The transmitter and receiver can be designed according to the channel transfer function because the communication engineers have the design of the transmitter and the receiver under their control but they do not have the channel under their control. Thus, to simulate the communication systems close to the actual and get the approximate results.



2.3 RECEIVER The last part of the system is the receiving part. After transmitted through the various type of noisy channel, the modulated signal needs to demodulate to retrieve the original data. In our design we have used an algorithm called LMS algorithm for adaptive equalization of the received signal. At the receiver, the received signal is again multiplied with the PN sequence for effective decoding purposes.The second important part of the receiving system is Signal recovery system where Least Mean Square (LMS) technique is actually implemented. Least mean squares (LMS) algorithms are a class of adaptive filter used to mimic a desired filter by finding the filter coefficients that relate to producing the least mean squares of the error signal (difference between the desired and the actual signal). It is a stochastic gradient descent method in that the filter is only adapted based on the error at the current time. The receiver module is designed to demodulate the faded and distorted signal received from the channel. Thus, it has some logic hardwares in the likes of LMS equalizer and Correlation algorithm to recover the distorted MIMO based MC-CDMA signal. The complexity of the system is analyzed and was compared with the standard systems in existence and was found to give a successful and better result in terms of the Bit Error Rate, data rate and efficiency of demodulation
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and prediction of the received signal. The block diagram of the MC-CDMA receiver is shown in figure 2.
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shold is considered as 0, maximum is +1 and minimum is -1.Expressing signals in their polar NRZ representation reduces the effective power consumption. Sdemodulated= Sreceived (t)x SPNsequence receiving end (t) = ( M(t)+ Imedium(t))x SPNsequence receiving end (t) = [(Sbaseband(t)x SPNsequence transmitting end (t)) + Imedium(t)]x SPNsequence receiving end (t) Considering, SPNsequence transmitting end (t)= SPNsequence receiving end (t)



REMOVAL



They are replaced by SPN(t) So, Sdemodulated= Sbaseband(t)xS2PN(t)+ SPN(t)x Imedium(t) PN SEQUENCE



The PN sequence is expressed in polar NRZ, therefore S2PN(t)=1 for both values -1 and 1.



Fig 2: Block diagram of MC-CDMA receiver Thus, Sdemodulated= Sbaseband(t) + SPN(t)x Imedium(t)



2.4



EQUATIONS OF MODULATION AND DEMODULATION



MC-CDMA uses the Direct Sequence Spread Spectrum Technology (DSSS). The baseband signal [ Bbaseband(t)] is multiplied with PN sequence [SPNsequence transmitting end (t)] and thus we get the modulated signal[M(t)]. M(t)= Sbaseband(t)x SPNsequence transmitting end (t) The modulated signal has now an enhanced bandwidth as the PN sequence is a randomly generated sequence ranging from -∞ to +∞.Thus the modulated signal is now spread in the frequency domain. The modulated signal when transmitted in the channel suffers interference in the medium [Imedium(t) ].The receiver receives the transmitted signal[M(t)] added with the interference of the medium[Imedium(t) ].Thus the signal at the receiver [Sreceived (t)]



An additive interference term[SPN(t)x Imedium(t)] is present this is successively removed by using a digital filter.
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BIT ERROR RATE CALCULATION



BIT ERROR RATE(BIR)= Number of altered bits/Number of bits transmitted For example if we transmit a data stream of ten bits 1010101010. Due to noise and interference in the channel the signal gets distorted and the received signals is 1110101000. Thus we see that two bits 1110101000 the underlined 1 and 0 are the altered bits. Thus, BER=2/10=0.2 =20% Lesser the BER higher is the efficiency to transmit data[9].



Sreceived (t)=M(t)+ Imedium(t) To obtain the multi carrier property of the design, we vectorize the modulated signal[M(t)] that is transmitted from the transmitter. We use a coherent detection algorithm for demodulation of the received signal. The received signal [Sreceived (t)] is again multiplied with the locally generated PNsequence [SPNsequence receiving end (t)]. Sdemodulated= Sreceived (t)x SPNsequence receiving end (t) The baseband signal[Sbaseband(t)] and the PN sequence, both at transmitting end[SPNsequence transmitting end (t)] and receiving end[SPNsequence receiving end ] are expressed in their polar non return-to-zero representation where the thre-



3 SOC IMPLEMENTATION The simulated GUI (Simulink) file is downloaded to the SPARTAN 3E and FPGA kit using the Xylinx System generator. A SPARTAN 3E Kit is programmed to be a transmitter and another SPARTAN 3E kit is programmed to be the receiver. The channel is programmed to be an AWGN channel, Rician fading channel, Rayleigh fading channel and is interfaced using a RS 232 cable. The relevant output is seen in a digital Cathode Ray oscilloscope (CRO). This output is a bit distorted than the output obtained after simulation. It happens because of the noise present in the communication channel. The system generator is used for analyzing different design issues re-
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quired for the design of the chip
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RESULTS



Comparative study of Data transfer, Bit Error Rate and VLSI chip design parameters for SISO and MIMO systems have been tabulated



4.1



0.001477 0.000689 0.000175 0.00002590



0.000324 0.0001012 0.0000623 0.00002591



DATA TRANSFER RATE



Table 1: Data rates for different systems (SISO and MIMO) Order of the System Data rate SISO (1 X 1) 63.9995 Mbps MIMO (2 X 2) 127.997 Mbps MIMO (4 X 4) 256.014 Mbps MIMO (8 X 8) 512.039 Mbps MIMO (12 X 12) 1.025 Gbps .The comparative study of SISO and MIMO systems reveal that as the order of the system increases the rate of data transfer increases. The data rate achieved is maximum in MIMO 12x12 system. Design and implementation of higher order systems are not considered as there is no considerable change in the data rates of the system. Moreover as the order increases the hardware becomes bulky and consumes more power .Thus a 12X12 MIMO system provides optimum data transfer rate and power consumption.



4.2



0.5566 0.4880 0.4322 0.3817



BIT ERROR RATE



Table 2: Bit error rate(BER) calculation for SISO, MIMO 2X2 and MIMO 4X4 systems for different values of SNR SISO 0.7440 0.7530 0.6829 0.6021



MIMO 2X2 0.0386 0.0248 0.0097 0.0059



SNR(dB) 10 20 30 40 50 60 70 80



4.3



MIMO 8X8 0.000553 0.000433 0.0001034 0.000058 0.00000933 0.0000051 0.000000485 0.000000033



MIMO 4X4 0.00925 0.00550 0.00248 0.00080



MIMO12X12 0.00001153 0.0000093 0.00000726 0.00000314 0.000001017 0.00000061 0.000000084 0.000000011



VLSI CHIP DESIGN PARAMETERS



The MC-CDMA trans-receiver system shows appreciably low power consumtions that are tabulated below.



Name of the Constraints



Table 2 and 3 represent the comparative study of Bit Error Rates(BER) of SISO and MIMO systems. The fact that can be concluded of these experimental results depict that as the order of the system increases the Bit error rate shows a substantial decrease. Also, as the SNR increases for every system the BER decreases. MIMO system of the twelfth order (MIMO 12X12) offers a miraculous BER of 0.000000011 for SNR =80 dB. This proves the fact that MIMO 12X12 systems are highly effective in data communication where error reduction is a key concern for the system designers.



SNR(dB) 10 20 30 40



Table 3: Bit error rate(BER) calculation for MIMO 8X8 and MIMO 12X12 systems for different values of SNR



Static power consumption Quiescent power consumption Time delay Operating temperature Operating frequency



4



Value obtained 0.0345 W 0.0090W 0.349 µsec 27.2º C 206.0516 MHz



CONCLUSION



The study conducted above deals with the simulation, analysis and implementation of the MC-CDMA technology in the FPGA kit SPARTAN 3E.Though several works have been performed to increase the performance of wireless systems data speed could not be considerably increased. In this work the 1 Gbps barriers has been broken. Moreover a secured data transfer is obtained due to the modulation of the baseband signal with a PN sequence and assigning codes to each user using cryptographic
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considerations. The effective utilization of bandwidth has been possible by employing the spread spectrum modulation technique. The MIMO 12X12 system achieved the milestone of 1.025 Gbps with a minimal BER of 0.000000011 at SNR value of 80 dB. The VLSI design parameters also show considerable low power consumption by the system. Thus commercialization of this system will serve fruitful to provide fast, efficient, secure and error free communication



IEEE Xplore digital library 2006 [9] Y. Mehdaoui, M. Mrabti, “Improvement of MC CDMA receiver using a DSP implementation of the CORDIC on fixed point”, International journal of research and reviews in mechatronic design and simulation, Vol. 1 No. 1, March, 2011 [10] S Le Nours et al, “Design and implementation of MC CDMA systems for future wireless networks”, EURASIP journal on applied signal processing, 2004, pp no. 16041615



ACKNOWLEDGMENT The authors wish to thank A, B, C. This work was supported in part by a grant from XYZ.



REFERENCES



[1] LaRoche, I. Roy, S. Fortier, P. Beaumont “Base band MIMO receiver architecture for MC CDMA and its FPGA th implementation”, IEEE 6 Inter national Conference on Wireless and mobile Computing, Networks and th Communications. 11-13 October ,2010, pp no. 749-752 [2] Jiancun Zhou Tao Wang Ming Wu Ke Wang, “Modeling of IEEE 802.11 Wireless communication nd protocol “, 2 Computer Engineering and Technology th International Conference (ICCET), 16-18 April,2010, Volume 7. [3] D. Zhou-Zhi et al, “The FPGA implementation of high speed DS-CDMA receiver”, 2010 First international conference on pervasive computing, signal processing and applications, 2010, pp np. 751-754. [4] A. Dahmane, L. Mejri, R. Beguenane“FPGA Implementation of BP-DF-MPIC Detectors for DS-CDMA Systems in Frequency Selective Channels”, Circuits and Systems and TAISA Conference, 2009. NEWCAS-TAISA '09. Joint IEEE North-East Workshop on Digital Object Identifier, 2009, pp no. 1-4.



[4] Rui Fa, Bayan S. Sharif and Charalampos C. Tsimenidis, “Performance Assessment of MC CDMA Systems in Implusove Noise”. [5] Po-Rong Chang, Chin-Feng Lin,” Design of Spread Spectrum Multicode CDMA Transport Architecture for Multimedia Services.”, pp no. 99-111, January 1, 2000 [6] Demosthenes Ikonomou, Luc Vandendorpe, “Performance Comparison of receivers for the Up-link of cyclic prefixed and non prefixed MC-CDMA systems”, pmrc 2002, pp no. 829 -833



th [7] Communication Systems, Simon Haykin 4 Edition, pg no.488 [8] Muhammad Ahsan Ullah, Kyesan Lee, “BER Performance Comparison between FHPB/MC-CDMA and MC-CDMA under Multipath Rayleigh Fading Channels”,



Sayan Dey is with Sayan Dey is with the Techno India College of Technology, Depatrment of Electronics and Communication, Kolkata700156, West Bengal, India.He is the co-author of Determination and study of a dominant Genetic Network responsible for the growth of a fungus using the concepts of Bayesian Algorithm ,Published in Systems in Medicine and Biology (ICSMB), 2010 International Conference on Issue Date: 16-18 Dec. 2010 Print ISBN: 978-1-612840390.URl:http://ieeexplore.ieee.org/Xplore/login.jsp?url=http%3A%2F%2 Fieeexplore.ieee.org%2Fiel5%2F5724994%2F5735330%2F05735348.pdf %3Farnumber%3D5735348&authDecision=-203 His key research areas include Genetic Networks, 4G Mobile communications Website: http://advscience.blogspot.com/ Supratim Dutta is with the Techno India College of Technology, Depatrment of Electronics and Communication, Kolkata-700156, West Bengal, India.His research areas are FPGA, MC-CDMA and OFDM Souradipa Das is with the Techno India College of Technology, Depatrment of Electronics and Communication, Kolkata-700156, West Bengal, India.Her research areas are biomedical applicalion of Electronic Instruments and 4G mobile telecommunications.



























[image: Implementation of FEC and MIMO on Wireless Open ...]
Implementation of FEC and MIMO on Wireless Open ...












[image: Design and Implementation of e-AODV: A Comparative Study ... - IJRIT]
Design and Implementation of e-AODV: A Comparative Study ... - IJRIT












[image: design and implementation of a high spatial resolution remote sensing ...]
design and implementation of a high spatial resolution remote sensing ...












[image: Design and implementation of a new tinnitus ... -]
Design and implementation of a new tinnitus ... -












[image: Design and Implementation of a Fast Inter Domain ...]
Design and Implementation of a Fast Inter Domain ...












[image: design and implementation of a high spatial resolution remote sensing ...]
design and implementation of a high spatial resolution remote sensing ...












[image: design and implementation of a high spatial resolution remote sensing ...]
design and implementation of a high spatial resolution remote sensing ...












[image: The Design and Implementation of a Large-Scale ...]
The Design and Implementation of a Large-Scale ...












[image: Design and Implementation of e-AODV: A Comparative Study ... - IJRIT]
Design and Implementation of e-AODV: A Comparative Study ... - IJRIT












[image: Design and Implementation of a Ubiquitous Robotic ...]
Design and Implementation of a Ubiquitous Robotic ...












[image: design and implementation of a voronoi diagrams ...]
design and implementation of a voronoi diagrams ...












[image: Design and Implementation of a Log-Structured File ... - IEEE Xplore]
Design and Implementation of a Log-Structured File ... - IEEE Xplore












[image: Design and implementation of Interactive ...]
Design and implementation of Interactive ...












[image: design and implementation of a computer systems ...]
design and implementation of a computer systems ...












[image: The Design and Implementation of a Large-Scale ...]
The Design and Implementation of a Large-Scale ...












[image: Design and Implementation of a Combinatorial Test Suite Strategy ...]
Design and Implementation of a Combinatorial Test Suite Strategy ...












[image: Energy-efficiency of MIMO and Cooperative MIMO Techniques in ...]
Energy-efficiency of MIMO and Cooperative MIMO Techniques in ...












[image: Design and Implementation of High Performance and Availability Java ...]
Design and Implementation of High Performance and Availability Java ...












[image: Design and Implementation of High Performance and Availability Java ...]
Design and Implementation of High Performance and Availability Java ...












[image: Design and implementation of Interactive visualization of GHSOM ...]
Design and implementation of Interactive visualization of GHSOM ...












[image: Design & Implementation of a DS-CDMA RAKE ...]
Design & Implementation of a DS-CDMA RAKE ...












[image: design & implementation of a ds-cdma based ...]
design & implementation of a ds-cdma based ...















Design, Simulation and Implementation of a MIMO ...






2011 JOT http://sites.google.com/site/journaloftelecommunications/. Design, Simulation and Implementation of a. MIMO MC-CDMA based trans-receiver system. 






 Download PDF 



















 175KB Sizes
 2 Downloads
 237 Views








 Report























Recommend Documents







[image: alt]





Implementation of FEC and MIMO on Wireless Open ... 

6.1 Physical Layer Design Flows . .... The WARP OFDM Reference Design implements a real-time network stack on a WARP node. The design includes a MIMO ...














[image: alt]





Design and Implementation of e-AODV: A Comparative Study ... - IJRIT 

IJRIT International Journal of Research in Information Technology, Volume 2, Issue 6, ... In order to maximize the network life time, the cost function defined in [9] ...














[image: alt]





design and implementation of a high spatial resolution remote sensing ... 

Aug 4, 2007 - 3College of Resources Science and Technology, Beijing Normal University, Xinjiekou Outer St. 19th, Haidian ..... 02JJBY005), and the Research Foundation of the Education ... Photogrammetric Record 20(110): 162-171.














[image: alt]





Design and implementation of a new tinnitus ... - 

School of Electronics and Information Engineering, Sichuan University, ... Xavier Etchevers; Thierry Coupaye; Fabienne Boyer; Noël de Palma; Gwen ...














[image: alt]





Design and Implementation of a Fast Inter Domain ... 

Jul 6, 2006 - proximity of virtual machines sharing data and events can .... that share file systems is already being investigated [14] [15]. [16]. It is not ...














[image: alt]





design and implementation of a high spatial resolution remote sensing ... 

Aug 4, 2007 - 3College of Resources Science and Technology, Beijing Normal University, ..... 02JJBY005), and the Research Foundation of the Education.














[image: alt]





design and implementation of a high spatial resolution remote sensing ... 

Therefore, the object-oriented image analysis for extraction of information from remote sensing ... Data Science Journal, Volume 6, Supplement, 4 August 2007.














[image: alt]





The Design and Implementation of a Large-Scale ... 

a quadratic analytical initial step serving to create a quick coarse placement ..... GORDIAN [35] is another tool that uses a classical quadratic objective function ...... porting environment of software components with higher levels of functionality














[image: alt]





Design and Implementation of e-AODV: A Comparative Study ... - IJRIT 

IJRIT International Journal of Research in Information Technology, Volume 2, Issue 6, ... Keywords: Wireless mobile ad hoc networks, AODV routing protocol, energy ... In order to maximize the network life time, the cost function defined in [9] ...














[image: alt]





Design and Implementation of a Ubiquitous Robotic ... 

three proposed spaces are similar to the work conducted by Saffiotti and colleagues [8]. .... tential parent nodes around the mobile node by calling NLME-NET- .... to investigate and interact with the physical space in an intuitive way. Fusion of ...














[image: alt]





design and implementation of a voronoi diagrams ... 

There are various legal systems in place to protect consumers. Electronic fraud related to ... at lower prices. Online companies are trying their best to attract and ...














[image: alt]





Design and Implementation of a Log-Structured File ... - IEEE Xplore 

We introduce the design principles for SSD-based file systems. They should exploit the performance character- istics of SSD and directly utilize file block level statistics. In fact, the architectural differences between SSD and. HDD result in differ














[image: alt]





Design and implementation of Interactive ... 

Processing can be deployed within the development environment, in Java projects, as well as in HTML/JSP pages in tags. For web pages integration, processing.js extension is needed. Its main purpose is to translate the whole sketch into the Javascrip














[image: alt]





design and implementation of a computer systems ... 

for a specialised diagnosis service arose which would give the management system the ability to predict failure causes ...... taccesspolicy.xml and crossdomain.xml files at the root of the domain where the service is hosted. ...... Algorithm types Li














[image: alt]





The Design and Implementation of a Large-Scale ... 

Figure 2.3: GORDIAN: Center of Gravity Constraints: The average location of ..... as via a distributable solution framework for both global and detailed placement phases. ...... BonnPlace calls this step repartitioning, we call it re-warping.














[image: alt]





Design and Implementation of a Combinatorial Test Suite Strategy ... 

Design and Implementation of a Combinatorial Test Su ... rategy Using Adaptive Cuckoo Search Algorithm_ p.pdf. Design and Implementation of a ...














[image: alt]





Energy-efficiency of MIMO and Cooperative MIMO Techniques in ... 

An alternative view is that .... 3. Transmission energy consumption per bit over d (bound v.s. numeric ...... Technologies from 1986-1990, where she worked on.














[image: alt]





Design and Implementation of High Performance and Availability Java ... 

compute engine object that is exported by one JAVA RMI (JRMI) server, it will take ... addition, to build such a system, reliable multicast communication, grid ...














[image: alt]





Design and Implementation of High Performance and Availability Java ... 

compute engine object that is exported by one JAVA RMI (JRMI) server, it will take .... Test an application, such as a huge computation on this system. 2. Test the ...














[image: alt]





Design and implementation of Interactive visualization of GHSOM ... 

presented the GHSOM (Growing Hierarchical Self Organizing Map) algorithm, which is an extension of the standard ... frequently labeled as text mining) is in comparison with classic methods of knowledge discovery in .... Portal provides a coherent sys














[image: alt]





Design & Implementation of a DS-CDMA RAKE ... 

recovery process. 2. System ... the forward link (Base station to Mobile Station) of a ... Data bits generated by user, either from a text or from a vocoder. Direct.














[image: alt]





design & implementation of a ds-cdma based ... 

The communication engineers have recently developed a multiple access technique, CDMA, for the ... Telecommunication from the College of Signals, NUST. ...... designed and built at the Naval Post Graduate School in Monterey, California.


























×
Report Design, Simulation and Implementation of a MIMO ...





Your name




Email




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





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















