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Abstract This paper describes FaSTAPTM, a scalable architecture for suppression of GPS interference. FaSTAP is a novel, reduced complexity implementation of fully-adaptive space-time adaptive processing (STAP). The architecture is well-suited to low-power operation with most of the processing in a single ASIC or FPGA. A variety of methods for adaptive weight computation can be supported, including sample matrix inversion (SMI). A four-channel ASIC has been created that performs STAP beamforming or nulling with up to seven time taps. The design is scalable to other systems with parameter changes in VHDL (3 and 7 channel FPGAs have been produced). The design supports between one and seven STAP time taps, which is selectable by software, but larger tap lengths can be accommodated with minor changes. Test results are provided that demonstrate the performance against a variety of wideband and narrowband jamming types. Additional simulations are shown that demonstrate the performance improvement in multipath of FaSTAP compared with space-frequency adaptive processing (SFAP). Keywords STAP, SFAP, GPS Anti-Jam, FaSTAP, Multipath. INTRODUCTION Satellite-based navigation systems such as GPS are susceptible to intentional and unintentional interference because the received power of the signals is often very low. Jammers can exploit this vulnerability by transmitting signals whose power can be much greater than the desired navigation signal. There are several ways of improving the receiver’s tolerance to interference, including temporal filtering or frequency excision (for narrowband interference), long integration times, inertial aiding, and Deep Integration (DI) of an Inertial Measurement Unit (IMU) with a GPS receiver [1,2]. One of the most effective ways to combat interference uses multi-element antenna arrays with antenna electronics [35]. The antenna array can be used to null interfering signals by producing a null in the direction of the interference. If the antenna system consists of N antenna elements each with its own RF down-converter (RFDC) and analog-todigital converter (ADC), an unconstrained nuller can theo-



retically cancel N-1 interfering signals. To avoid a trivial solution there is always a constraint that ensures the weight vector is not the zero vector. “Unconstrained” is used here to mean that there are no other specific constraints. The nuller is said to have N-1 degrees-of-freedom. With calibrated arrays and knowledge of the general location of the desired Space Vehicle, it is also possible to use the antenna array to increase the gain on signals arriving from specified locations. This beamsteering operation can also be used to prevent the appearance of sympathetic nulls that might otherwise occur for an unconstrained nuller. An antenna array steered to one space vehicle therefore has N-2 degrees of freedom for cancellation of interference. A particularly powerful form of antenna electronics uses space-time adaptive processing (STAP), which adapts the temporal response of each antenna element as well as the spatial response [3-6]. The temporal adaptivity enables compensation of RF, IF, and antenna mismatches to increase the depth of nulls that can be produced to combat wideband interference. STAP also enables the cancellation of narrowband interference and correlated multipath without consuming spatial degrees of freedom. STAP is a generic term that often includes various methods of including both spatial and temporal adaptivity. In a time-domain implementation the adaptive combining consists of an FIR filter for each antenna element. Spacefrequency adaptive filtering (SFAP) (in radar signal processing, this is sometimes referred to as element-space postDoppler) is an implementation in which the received signal is filtered into a set of subbands (usually using FFTs) [7]. To reduce the computational complexity, SFAP implementations typically adapt weights independently in each subband, rather than jointly in space and time as for STAP. To differentiate between the temporal and subband approach in this paper, we will use the term STAP to refer to the temporal implementation and SFAP to refer the subband implementation. There are several ways in which adaptive weights can be computed in STAP, including sample matrix inversion (SMI) and iterative techniques. SMI includes both sample covariance matrix estimation and weight computation, and has the advantage of converging instantaneously to an optimal adaptive weight solution, once the covariance matrix



has been formed. There is a latency associated with forming the matrix and computing the adaptive weights. L-3 Communications/Interstate Electronics Corporation (IEC) has developed FaSTAPTM, which is an implementation of STAP developed for military/government GPS antijam applications. A novel method of implementing STAP is used to enable lower-power and smaller size then is typically needed. The implementation can be more efficient than a similarly-performing version of SFAP or STAP. The FaSTAP architecture enables the use of either SMI or iterative weight computations approaches. This paper provides an overview of the FaSTAP architecture, showing how it can be scaled to various applications. Next, results of testing that was performed by US Army AAMCOM with a FaSTAP implementation are provided. Also provided is a comparison of the performance of FaSTAP and SFAP in the presence of jammer multipath. FaSTAP ARCHITECTURE The FaSTAP architecture is flexible and scalable, supporting several different types of weight computation, scalable to different numbers of antennas and number of temporal taps, and applicable to current GPS signals, the M-code, and L-band civilian signals including Galileo. The support for various weight computation methods enables a FaSTAP implementation to meet the specific requirements for a GPS AJ system. One of the supported methods is sample matrix inversion (SMI), which is a particularly effective method. A block diagram showing the basic operation of SMI is shown in Figure 1.
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Figure 1. The Generic STAP Process Using SMI.



The GPS signals and interference are received through a set of antennas. The antennas are distributed in space so that signals arriving from different directions will arrive with different phases at the various antennas. It is also possible to use polarization diverse antenna elements to add additional discrimination between signals. Figure 1 shows a system with two antennas. For each antenna there is a corresponding RF downconverter (RFDC) and analog-to-



digital converter (ADC). A common oscillator is used for the RFDC and to derive the ADC sampling clock. In the generic STAP SMI implementation, the sampled data for each antenna channel is then put through a tapped delay line, producing multiple delayed versions of the sampled data. This data is then used to form a sample space-time covariance matrix. For GPS typically a subset of the received data is used to reduce computational complexity. If the number of antenna channels is N and the number of time taps is L, often 3-5 times NL samples are used to form the matrix [8]. The next step in SMI is to compute adaptive weights from the sample space-time correlation matrix. Although there are several optimality criteria for beamforming/nulling, most of them can be expressed as the solution to the set of linear equations Rw=αs, where R is the NL x NL spacetime correlation matrix, w is the desired adaptive NL x 1 weight vector, α is a complex constant, and s is a known NL x 1 steering or constraint vector. For GPS before code correlation, the desired signals are much weaker than the noise and interference, so the space-time correlation matrix R is strongly dominated by interference and noise. The solution of the set of linear equations is often expressed as w=αR-1s, so the process of computing the weights is often referred to a “matrix inversion” followed by a matrix-vector multiplication (hence giving the process the name sample matrix inversion). However, matrix inversion is computationally costly and has poor numerical stability. Instead the solution is typically found by using a matrix factorization followed by forward and back substitution. Common factorizations used include Cholesky and QR. There are also SMI approaches that operate directly on the received data without requiring the explicit formation of a correlation matrix [9]. The weight vector computed in this process is then applied to the multiple sets of time delayed data. This operation is generically referred to as beamforming, even if the weights were computed according to a nulling criterion. For each set of adaptive weights the beamformer produces a single output data stream from the N spatial channels. The operation of the beamformer is independent of the method used to compute the adaptive weights (SMI, in this example). The output of the beamformer can then be sent to a GPS receiver. There are several benefits of using STAP. With this approach, wideband, partial band, and narrowband jammers are all defeated in a combined process using both temporal (time domain) filtering, spatial filtering, and polarization. When a diverse assortment of jamming threats are presented to this process, even with multipath components of the threats, the covariance matrix contains all of the combined spatial, polarization, and temporal correlations of the threat and multipath signals. The solution of the linear set of equations by SMI produces an optimal set of weights to cancel the threat and multipath signals.



One of the challenges in applying the approach of Figure 1 is that it is extremely computation-intensive. Just the computation of the sample covariance matrix alone is formidable at P(Y) code sample rates of over 20 MHz and at over 25 MHz to 30 MHz as required for M-code. For this reason, various suboptimal and reduced-rank approaches have been developed to ease the application of the STAP approach to jammer suppression. These sub-optimal approaches lead to lower performance, such as less AJ protection against large numbers of jammers. In the FASTAP approach, however, the full STAP process is supported while significantly minimizing computation load. FaSTAP is mathematically equivalent to STAP, but takes advantage of redundancies, uses reduced-complexity algorithms, and has a unique architecture with an efficient hardware implementation to perform the operation. The reducedcomplexity STAP SMI implementation is a key feature of the FaSTAP™ architecture. FaSTAP™ can perform the entire STAP process of Figure 1 by SMI. Although the FaSTAP architecture is particularly wellsuited to SMI, it can also be used to support other weight computation methods as well. These methods include iterative weight computation approaches such as the conjugate gradient method. These methods create an initial weight vector (often the desired steering or constraint vector) and then update the weight based on received data or new covariance matrices. An advantage of iterative approaches is that there is less latency in the solution. An initial weight vector can often be computed faster than for SMI, particularly when there are a large number of antenna elements and/or time taps. Unlike SMI which converges to an optimal solution in a single weight computation, iterative approaches require several weight computation operations to converge to an optimal solution. In some situations they may never converge to the optimal solution. The computational complexity of iterative approaches is usually much less than for SMI, so effective solutions can often be obtained. In general, however, iterative methods do not produce adaptive weights that are as effective as SMI in nulling interference. There are several tradeoffs that a system designer must consider in deciding to use SMI or an iterative approach, including power, latency, weight update rate, susceptibility to pulsed jammers, and steady-state performance. Some GPS AJ requirements are better met with iterative approaches, and others are better met with SMI. The FaSTAP architecture enables the use of either approach, allowing the system designer to tailor a solution to meet the system requirements.
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Figure 2. Functional Block Diagram of the FaSTAP Architecture.



A block diagram showing the FaSTAP architecture is given in Figure 2. The FaSTAP architecture consists of RF downconversion, analog-to-digital conversion, weight computation, weight application, and RF upconversion. RF upconversion is only required for applications in which FaSTAP is used as an appliqué. In an appliqué the GPS receiver does not need to be integrated with the FaSTAP AJ module and the AJ module will produce an L-band output. Weight computation is performed using an ASIC or FPGA and a DSP or general-purpose processor. The FaSTAP architecture uses a combination of hardware and software for weight computation. The architecture is ideal for SMI weight computation, and uses novel techniques that exploit the best features of hardware and software. This results in a weight computation approach with lower power and size than is typically required for SMI. Since weight application (beamforming) is particularly well-suited to a hardware implementation, this is implemented in digital hardware. SCALABILITY FaSTAP is implemented using both hardware and software components, both of which are scalable to different numbers of antennas and temporal taps. The architecture of the digital hardware is inherently scalable and it is designed in VHDL. Therefore, the hardware may be implemented with either an FPGA or ASIC. Also if an implementation is designed to operate for N antenna elements and L time taps, it can also work for any number of antennas less than N and time taps less than L. These considerations enable quick turnaround to create implementations designed for specific applications. The scalability of the hardware applies to both weight application and the aspects of weight computation performed in hardware. The software used for weight computation is inherently scalable, requiring only changes in variables to support different numbers of antennas and time taps. As with the hardware, a software implementation for a specific application supports smaller problems. The software can run on either a DSP or general-purpose processor.



Figure 3. Four Antenna Implementation of FaSTAP Contained on Two Circuit boards. Figure 5. Test Setup for Live Jamming Testing of FaSTAP.



Figure 4. Integrated AJ and GPS Receiver for Four Antennas.



Implementations of FaSTAP have been developed for systems with 3, 4, and 7 antenna elements. An implementation of FaSTAP for four antennas is shown in Figure 3. An integrated AJ and GPS receiver system for four antennas is found in Figure 4. This version uses an ASIC for the STAP hardware and a DSP to enable a small size and allow lower power operation. The ASIC used is quite small by today’s standards and the DSP is far from the fastest currently available, demonstrating the low-complexity of this fullSTAP architecture. The hardware can easily be subsumed into a larger ASIC that also contains GPS receiver functionality plus an embedded DSP or GP processor for running the FaSTAP software. TEST RESULTS Field testing with live jammers has been performed to verify that the implementation of FaSTAP enables GPS navigation in the presence of strong jamming. This testing was sponsored and performed by the US Army. The testing was performed at Redstone Arsenal, Alabama, on 27-29 January 2004. The unit tested was the four-antenna implementation of FaSTAP and used null steering to cancel interference.



The test setup is depicted in Figure 5. A four-element Lband antenna array is mounted on the roof of a mobile test van. The van contains the FaSTAP unit under test, which is used as a nuller for a GPS P(Y) receiver. Inside the van test equipment is used to generate jamming signals. These signals are then wired to directional antennas mounted on 30-foot poles. The antennas are pointed down toward the receiving GPS antenna. A wide variety of jamming waveforms may be produced by the test equipment. This test setup is challenging for several reasons. One of these is that the jammers are located above the horizon. Nulls on jammers can end up reducing gain on satellites arriving from similar directions. Also, the test van roof is metal and has a rack on top. This may increase the amount of multipath for the jammers and satellites. Despite these challenges, the FaSTAP unit was able to perform well in several tests. We now summarize the results of tests with narrowband and wideband jamming. The first test described here is with a single wideband (22 MHz) jammer transmitted by an antenna to the West of the test van. The results for one of these tests are shown in Figure 6. The stairstep line in this plot indicates the jammer strength. The first step in this (at 97 seconds) represents a significant amount of jamming that would lead to a GPS received losing lock on all satellites in the absence of antenna-based AJ. As can be seen from the graph, as time goes on the jammer power is increased, leading to an increase in J/S. The yellow line toward the bottom of the plot indicates the number of space vehicles being tracked. For the majority of this test, four or more satellites are tracked even with high jamming power. It is only when the jammer power is very strong that the number tracked falls below this for a significant amount of time. The lines beginning at the upper left indicate the carrier-to-noise ratio (C/N0) for the tracked space vehicles. Although there is some degradation in this average level, it is sufficiently large for the majority of the run to enable accurate code tracking even with strong jamming.
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Figure 6. Live Jamming Test Results for One Wideband Jammer. 50 48 46 44 42 40 38 36 34
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Figure 7. Live Jamming Test Results with a Partial-Band Jammer.



The results of a test using a partial-band jammer (2 MHz) centered at the L1 carrier frequency are shown in Figure 7. This graph includes the same information as the previous one for wideband jamming. As with the wideband jamming FaSTAP enables the GPS receiver to track SVs in the presence of high-power narrowband jamming. This test was allowed to continue for a longer period of time with higher power jamming. Other data was collected during the field test, including tone jamming, pulsed jamming, and multiple jammers. MULTIPATH One of the benefits of Space-Time Adaptive Processing is its improved ability to cancel multipath propagation. Multipath propagation occurs when there are objects or terrain features that reflect radio waves. The jammers and desired space vehicle signals, for example, may reflect off of an aircrafts wing. The antennas receive both the direct path and the reflected path components of the signals. The multipath components will be offset in time, carrier phase, and angle. In a spatial-only adaptive array the multipath increases the rank of the interference plus noise covariance matrix, limiting the performance of jammer cancellation.



STAP methods can mitigate the impact of jammer multipath. The STAP method used by FaSTAP is more effective than are some non-optimal methods of STAP, such as SFAP. In this section we consider an implementation of SFAP in which adaptive weights are independently computed for each subband. This is the most common form of SFAP that is implemented in systems, because it has relatively low computational complexity. Simulations were performed to demonstrate that the process used by FaSTAP is much more effective at combating jammer multipath than SFAP is. The metric used here for comparing the performance is the coverage improvement factor (CIF) [10]. This metric provides a single number that demonstrates how effective AJ is for a particular jammer scenario, given that space vehicles can occur over a wide variety of elevation and azimuth angles. The CIF is defined as the 75-th percentile value over the hemisphere of



 ( J + N ) q / Gq (φ ,θ )  C (φ ,θ ) = 10 Log10  ,  ( J + N ) n / Gn (φ , θ )  where φ is the azimuth angle, θ is the elevation angle, (J+N)q is the jammer-plus-noise power without STAP or SFAP, Gq (φ , θ ) is the gain to a particular angle without STAP or SFAP, (J+N)n is the -plus-noise power with STAP or SFAP, and Gn (φ , θ ) is the gain to a particular angle with STAP or SFAP. The function C (φ , θ ) measures the J/S improvement produced by STAP or SFAP for a space vehicle located at a specific angle. The scenario used is one in which a four-element array is used and there are two wideband and two narrowband (CW) jammers. The FaSTAP implementation uses 7 time taps. The SFAP implementation uses a Hamming windowed, 50% overlapped, 64-point FFT filter bank to perform the subbanding. Normalization is used in each subband to ensure that the response to the desired signal is the same. In both cases a single beam is steered toward the zenith. A beampattern for the FaSTAP implementation without jammer multipath is shown in Figure 8. This beampattern shows the response to a noise signal with a bandwidth equivalent to a GPS P(Y) signal. The plot is normalized so that the maximum response is at 0 dB. Also shown are the locations of space vehicles, the two narrowband jammers, and the two wideband jammers. In this case the CIF attained is 58.5 dB. The same case using SFAP is shown in Figure 9, where a CIF of 51.0 dB is attained. The difference in CIF between FaSTAP and SFAP is due to the ability of STAP to jointly optimize spatial and temporal degrees of freedom. The difference becomes less significant with larger numbers of subbands in SFAP.



Figure 8. FaSTAP Beampattern with No Multipath.



Figure 11. SFAP Beampattern with Multipath.



We now add jammer multipath. The jammer mulipath is implemented as a single reflection for each jammer, with amplitude relative to the direct-path between 0.5 and 0.9, random carrier phase offset, offset azimuth and elevation angles of arrival, and time offsets between 200 and 400 ns. The beampatterns that result when jammer multipath is included are shown in Figure 10 and Figure 11, where CIFs of 43.7 dB and 15.1 dB are obtained. In the plot for FaSTAP it is seen that there is no apparent spatial null for wideband jammer number 2 and its multipath component. As explained below, however, this jammer has been nulled. The results are summarized in the following table.



Figure 9. SFAP Beampattern with No Multipath.



Figure 10. FaSTAP Beampattern with Multipath
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In multipath the results for FaSTAP are much better than they are for SFAP. The primary reason for this is that FaSTAP permits joint optimization of all temporal and spatial degrees of freedom. This enables the use of temporal degrees of freedom to null multipath signals. This explains why there is no apparent spatial null for the second wideband jammer in Figure 12, even though the jammer has been nulled. SFAP, however, only has spatial degrees of freedom in each subband. Although multipath signals often arrive at angles close to the direct-path signals, multiple degrees of freedom are needed to null them. In subbands that include both wideband and narrowband jammers, there are not sufficient degrees of freedom to null the wideband jammers and their multipath. CONCLUSIONS This paper introduced FaSTAP, an architecture that provides high-performance navigation signal anti-jam capability with relatively low power and small size. We have described the architecture and shown how it can be scaled to various applications. The paper summarized the results of live jamming testing that was performed by US Army AAMCOM with FaSTAP. Finally a comparison of the



performance of FaSTAP and SFAP in the presence of jammer multipath, indicates that the approach used by FaSTAP is much more effective in this environment. IEC is continuing to develop new versions of FaSTAP to meet the specific requirements for a variety of applications. REFERENCES [1] Rounds, S., “Jamming Protection of GPS Receivers: Part 1,” GPS World, January 2004. [2] Rounds, S., “Jamming Protection of GPS Receivers: Part 2,” GPS World, February 2004. [3] Monzingo, R.A. and T.W. Miller. Introduction to Adaptive Arrays. Wiley, New York, 1980. [4] Compton, R.T., Jr. Adaptive Antennas. Prentice Hall, Englewood Cliffs, NJ, 1988. [5] Van Trees, H.L. Optimum Array Processing. Wiley, New York, 2002.



[6] Ward, J. Space-Time Adaptive Processing for Airborne Radar. Technical Report 1015, MIT Lincoln Laboratory, 1994. [7] Reed, C.W. Source Localization and Subband Adaptive Beamforming for Sensor Arrays. Ph.D. Thesis, UCLA, 1999. [8] Reed, I.S., J.D. Mallet, and L.E. Brennan, “Rapid Convergence Rate in Adaptive Arrays,” IEEE Transactions on Aerospace and Electronic Systems, p. 853, November 1974. [9] Golub, G.H. and C.F. Van Loan. Matrix Computations (Third Edition). Johns Hopkins, Baltimore, 1996. [10] Technical Requirements Document for the Digital Antenna Electronics (Revision 4), May 2002.



























[image: A scalable service-oriented architecture for multimedia ... - Uni Marburg]
A scalable service-oriented architecture for multimedia ... - Uni Marburg












[image: Microvisor: A Scalable Hypervisor Architecture for ...]
Microvisor: A Scalable Hypervisor Architecture for ...












[image: A Scalable FPGA Architecture for Nonnegative Least ...]
A Scalable FPGA Architecture for Nonnegative Least ...












[image: A scalable service-oriented architecture for multimedia ... - Uni Marburg]
A scalable service-oriented architecture for multimedia ... - Uni Marburg












[image: A Wire-Delay Scalable Microprocessor Architecture for ...]
A Wire-Delay Scalable Microprocessor Architecture for ...












[image: A Scalable Hierarchical Power Control Architecture for ...]
A Scalable Hierarchical Power Control Architecture for ...












[image: Jiminy: A scalable incentive-based architecture for ...]
Jiminy: A scalable incentive-based architecture for ...












[image: Optimal Scalable Software Architecture for Symmetric Multi-Core ...]
Optimal Scalable Software Architecture for Symmetric Multi-Core ...












[image: Scalable VLSI Architecture for Variable Block Size ...]
Scalable VLSI Architecture for Variable Block Size ...












[image: A Scalable Security Architecture Enabling Coalition ...]
A Scalable Security Architecture Enabling Coalition ...












[image: A Scalable Security Architecture Enabling Coalition ...]
A Scalable Security Architecture Enabling Coalition ...












[image: Developing a Scalable Predictive-Maintenance Architecture White Paper]
Developing a Scalable Predictive-Maintenance Architecture White Paper












[image: Scalable VLSI Architecture for Variable Block Size ...]
Scalable VLSI Architecture for Variable Block Size ...












[image: A Scalable Security Architecture Enabling Coalition ...]
A Scalable Security Architecture Enabling Coalition ...












[image: Developing a Scalable Predictive-Maintenance Architecture White Paper]
Developing a Scalable Predictive-Maintenance Architecture White Paper












[image: Developing a Scalable Predictive-Maintenance Architecture White Paper]
Developing a Scalable Predictive-Maintenance Architecture White Paper












[image: Scalable Elastic Systems Architecture]
Scalable Elastic Systems Architecture












[image: A scalable architecture for use in an over-HDTV real ...]
A scalable architecture for use in an over-HDTV real ...












[image: A GPS Alternative]
A GPS Alternative















FaSTAPTM: A Scalable Anti-Jam Architecture for GPS






selectable by software, but larger tap lengths can be ac- commodated with minor .... receiver does not need to be integrated with the FaSTAP. AJ module and the ... 






 Download PDF 



















 361KB Sizes
 2 Downloads
 407 Views








 Report























Recommend Documents







[image: alt]





A scalable service-oriented architecture for multimedia ... - Uni Marburg 

development and use of web services for a broad scope of multimedia .... computational cloud, such as the Amazon Elastic Compute Cloud (EC2) (Amazon Web ... The service provider is interested in efficient services in that the response time.














[image: alt]





Microvisor: A Scalable Hypervisor Architecture for ... 

of CPU cores, while maintaining a high performance-to- power ratio, which is the key metric if hardware is to con- tinue to scale to meet the expected demand of ExaScale computing and Cloud growth. In contrast to the KVM Hypervisor platform, the Xen.














[image: alt]





A Scalable FPGA Architecture for Nonnegative Least ... 

Each of these areas can benefit from high performance imple- mentations .... several disadvantages are immediately apparentâ€”for each iter- ation there are two ...














[image: alt]





A scalable service-oriented architecture for multimedia ... - Uni Marburg 

BPEL for data-intensive applications and (b) provides tools that further ease the ... management and cluster/grid computing, including multidisciplinary analysis ..... Step 3 After processing the whole input video in this manner, a final list is give














[image: alt]





A Wire-Delay Scalable Microprocessor Architecture for ... 

technology challenges of the coming decade. The Grid Processor architecture (GPA) is designed to address these technology challenges [2]. As shown in Figure. 9.6.3, each GPA implementation consists of a 2-D array (4x4 in this example but scalable to 














[image: alt]





A Scalable Hierarchical Power Control Architecture for ... 

1. SHIP: A Scalable Hierarchical Power Control. Architecture for Large-Scale Data Centers. Xiaorui Wang ... Power consumed by computer servers has become a serious concern in the ... years as more data centers reach their power limits. Therefore, ...














[image: alt]





Jiminy: A scalable incentive-based architecture for ... 

teracts with a MySQL backend database for storage and retrieval of system/user data. ..... This is part of the reason why files in file-sharing peer-to-peer systems.














[image: alt]





Optimal Scalable Software Architecture for Symmetric Multi-Core ... 

Optimal Scalable Software Architecture for Symmetric Multi-Core Embedded System.pdf. Optimal Scalable Software Architecture for Symmetric Multi-Core ...














[image: alt]





Scalable VLSI Architecture for Variable Block Size ... 

ment of Industry Science and Technology, Kitakyushu-shi, 808-. 0135 Japan. a) E-mail: ...... China in 2001 and M.E. degree in Computer. Science from Tsinghua ...














[image: alt]





A Scalable Security Architecture Enabling Coalition ... 

Abstract- Coalitions between autonomous domains are often formed in real life scenarios in order to enable access permissions to shared objects on grounds of ...














[image: alt]





A Scalable Security Architecture Enabling Coalition ... 

The dynamic nature of coalitions poses new challenges relative to security ... this paper we introduce a robust and scalable solution that enables the realization of coalition .... Multi-domain coalitions are prominent in a big number of emerging ...














[image: alt]





Developing a Scalable Predictive-Maintenance Architecture White Paper 

downtime due to tool failure, decrease overall maintenance costs, and improve productivity. ... data volumes across the network, defining baselines for FFUs, alerting ... our unscheduled downtime due to FFU failure by 300 percent over manual .... eac














[image: alt]





Scalable VLSI Architecture for Variable Block Size ... 

adopts many new features, which include variable block sizes motion .... For block size of 16 X 8, the MVPs of the upper block ... because the overlapped area of two adjacent search windows ...... phone Corporation (NTT) in 1990, where he.














[image: alt]





A Scalable Security Architecture Enabling Coalition ... 

relative to security management and joint administration of resources; therefore ... between interconnected medical information systems; e-. Government is also ...














[image: alt]





Developing a Scalable Predictive-Maintenance Architecture White Paper 

Executive Overview. To gain and maintain a competitive advantage in today's world, manufacturers from all industries are turning to Industrial Internet of Things ...














[image: alt]





Developing a Scalable Predictive-Maintenance Architecture White Paper 

are exceptional for demonstrating the ROI potential of an edge-computing ... upcoming FFU failure, the FFU is now ordered days ahead and we can plan for ... We installed sensors on each fan filter unit (FFU) to measure vibration and transmit ...














[image: alt]





Scalable Elastic Systems Architecture 

Feb 24, 2011 - vice and the cloud does not provide good primitives for the degree of elasticity you require, ... Free or idle resources become hid- den. If however, each .... of a principal. The top layer is the Elastic Service and Runtime. Layer.














[image: alt]





A scalable architecture for use in an over-HDTV real ... 

address this problem, a codec architecture using multiple encoders and decoders is an effective approach for ..... Using this system, we were able to transmit the semi nal game of the 2002 FIFA World Cup Soccer ... T.Yoshitome,K.Nakamura,K.Nitta,M.Ik














[image: alt]





A GPS Alternative 

Nov 16, 2007 - be thought of as a very long range WiFi. ... technology could allow a user to access the internet wirelessly, miles from the nearest access point, or even ... mile wireless broadband access as an alternative to cable and DSL"[3]. .... 


























×
Report FaSTAPTM: A Scalable Anti-Jam Architecture for GPS





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.
















