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Received 28 July 2009, accepted for publication 27 August 2009 Published 21 September 2009 Online at stacks.iop.org/JOptA/11/125402 Abstract This paper proposes a polynomial Wigner–Ville distribution-based method to directly estimate phase derivative from a single fringe pattern. In the proposed method, we evaluate the polynomial Wigner–Ville distribution along each row/column of the given fringe pattern. The peak of the polynomial Wigner–Ville distribution is used as the phase derivative estimator. To improve the robustness of the distribution against the artifacts or interference terms, a windowed form of the polynomial Wigner–Ville distribution is used. Simulation and experimental results are presented which validate the method’s applicability for direct phase derivative estimation. Keywords: digital holographic interferometry, phase derivative estimation, polynomial
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images to be captured. Recently, the discrete chirp Fourier transform (DCFT)-based method was proposed to estimate the phase derivative [4]. The method works by dividing the rows/columns of a fringe pattern into small segments called windows and then approximating the phase of the signal within each window as a second-order polynomial and subsequently determining the coefficients of the polynomial using DCFT. The method’s accuracy depends on how well the phase within a window is approximated as a polynomial and hence the method could be prone to errors for rapidly varying or strongly nonlinear phase signals. In [5], the Wigner–Ville distribution (WVD)-based method was shown for phase derivative extraction. The WVD is a bilinear space frequency distribution and is optimum for phase derivative estimation of signals having a linear phase derivative or equivalently a quadratic (i.e. second-order polynomial) phase [6]. For such signals, the WVD provides a series of delta functions along the phase derivative and hence the peak of the WVD tracks the phase derivative. For signals having cubic or higher-order phase, the presence of artifacts or interference terms leads to suboptimal performance of the WVD for phase derivative estimation. The need



1. Introduction Optical metrological techniques like profilometry, digital holographic interferometry (DHI), etc, are popular tools in the field of non-destructive testing and evaluation. In most of these techniques, the information about the measurand is usually encoded as the phase information of a fringe pattern. Hence extraction of phase-related information from optical fringes is vital in most of the optical metrological techniques. In fields involving strain measurement such as experimental mechanics, measurement of the phase derivative is desired since it gives direct information about the strain distribution. Various methods have been developed for phase derivative estimation. In [1], phase differentiation was performed by multiplying the complex signal with its pixel-shifted complex conjugate. The phase differentiation approach is susceptible to noise and a filtering-based method was shown in [2]. The above methods provide wrapped phase derivative and hence an unwrapping algorithm is further required to get the unwrapped phase derivative. In [3], a windowed Fourier ridges’-based method was presented for phase derivative estimation in the context of the phase shifting technique which requires multiple 1464-4258/09/125402+07$30.00
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polynomial. In other words, the phase φ(x) and phase derivative ωz (x) can be expressed as



of an efficient phase derivative estimator for higher-order polynomial phase signals led to the higher-order generalization of the WVD called the polynomial Wigner–Ville distribution (PWVD) [7, 8]. It is shown in [7] that, for a nonlinear phase derivative signal, the PWVD gives better spatial localization of spectral content and improved immunity against artifacts than the conventional WVD. Note that both WVD-and PWVDbased methods directly give the unwrapped phase derivative estimate, thereby eliminating the need for an unwrapping operation. In this paper, we apply a PWVD-based technique for phase derivative estimation from an optical fringe pattern. To the best of our knowledge, a PWVD-based method has not been previously applied for phase derivative estimation from optical fringes. A DHI fringe pattern is taken to demonstrate the method’s applicability but its extension to other optical metrological techniques is also discussed. The theory of the proposed method is outlined in the next section. Simulation and experimental results are shown in section 3. Extension of the proposed method to other interferometric techniques is presented in section 4 followed by conclusions and acknowledgments.



Wz (x, ω) =



W I (x, ω) =



z(x + τ/2)z ∗ (x − τ/2) exp(−jωτ )



(8)



(9)



or



Wz (x, ω) = Fτ {exp[j(φ(x + τ/2) − φ(x − τ/2))]}



(10)



where Fτ denotes the Fourier transform with respect to τ . Now using equations (6) and (7), we have φ(x +τ/2)−φ(x −τ/2) = (a1 + 2a2 x)τ = ωz (x)τ . Hence equation (10) becomes



Wz (x, ω) = Fτ {exp[j(ωz (x)τ )]}



(11)



which is the Fourier transform of a pure exponential (corresponding to a pure sinusoid), effectively yielding a Dirac delta function. In other words



(1)



Wz (x, ω) = 2πδ(ω − ωz (x)).



(12)



So for a given x , the peak of the WVD corresponds to the phase derivative ωz (x) due to the presence of the delta function and thus equation (5) becomes valid. But the above analysis is only true for complex signals with second-order polynomial phase where the delta function can be obtained as in equation (12). For any other higher-order polynomial phase signal, equations (11) and (12) are not valid and hence the WVD cannot be optimally used for phase derivative estimation of such signals. The above analysis can be generalized for higher-order polynomial phase signals by using the PWVD as shown in [7]. The PWVD of order q for I (x) and the estimated phase derivative ωPWVD from the PWVD are given as [8]   q/2 ∞   (q) ∗ W I (x, ω) = I (x + dk τ )I (x + d−k τ )



(2)



(3)



The WVD of I (x) is given as [6] ∞ 



∞ 



Wz (x, ω) = Fτ {z(x + τ/2)z ∗ (x − τ/2)}



The phase derivative ω(x) along x can be given as



∂φ(x) . ∂x



(7)



or equivalently as



where a(x, y) is the amplitude term, φ(x, y) is the interference phase and η(x, y) represents the noise assumed to be zero mean additive white Gaussian noise (AWGN). Note that the real part of I (x, y) constitutes the fringe pattern. Here x and y refer to the pixel values along the N × N fringe pattern, i.e. x, y ∈ [1, N]. So y and x can be assumed to denote the rows and columns of an N × N matrix with elements I (x, y). For a given row y , equation (1) can be written as



ω(x) =



ωz (x) = a1 + 2a2 x.



τ =−∞



The reconstructed interference field in DHI can be written as



I (x) = A(x) exp[jφ(x)] + η(x).



(6)



The WVD for z can be written as



2. Theory



I (x, y) = a(x, y) exp[jφ(x, y)] + η(x, y)



φ(x) = a0 + a1 x + a2 x 2



τ =−∞



k=1



× exp(−jωτ )



I (x + τ/2)I ∗ (x − τ/2) exp(−jωτ ) (4)



ωPWVD (x) =



τ =−∞



(q) arg max W I (x, ω). ω



(13) (14)



Here q denotes the order of nonlinearity of the PWVD and is an even integer. Note that the PWVD is real with dk = −d−k . The procedure of obtaining coefficients dk is outlined in [8]. From equations (4) and (13), it is clear that the WVD is a special case of the PWVD with q = 2 and d1 = −d−1 = 0.5. For illustration purposes, the PWVD of sixth order is used in the rest of the paper. Also we found the sixth-order PWVD to be sufficient for analysis of fringe patterns where the phase varies smoothly and strong nonlinearities like discontinuities are not present. For sixth-order PWVD with q = 6, we have



where ‘∗’ denotes the complex conjugate. The phase derivative estimate is obtained by tracking the peak of the WVD. In other words, the estimated phase derivative ωWVD from WVD is given as ωWVD (x) = arg max W I (x, ω). (5) ω



In order to understand the limitation of the WVD for nonlinear phase derivative estimation, it is imperative to consider the functioning of the WVD. Consider a complex signal z(x) = exp[jφ(x)] where the phase φ(x) is a second-order 2
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Figure 1. (a) Original phase derivative ω and WVD-based phase derivative estimate ωWVD in radians/pixel, (b) original phase derivative ω and PWVD-based phase derivative estimate ωPWVD in radians/pixel, (c) absolute errors between the original and estimated phase derivative for the WVD and PWVD in radians/pixel.



d1 = 0.62, d2 = 0.75 and d3 = −0.87 [8]. The PWVD of sixth order is given as W I(6) (x, ω) =



∞  τ =−∞



U I(6) (x, τ ) exp(−jωτ )



Figure 1 shows the comparison of WVD-and PWVDbased methods for phase derivative estimation in the case of a cubic phase signal at a signal-to-noise ratio (SNR) of 30 dB. The original phase derivative ω has a quadratic nature. In figure 1(a), ω and WVD-based phase derivative estimate ωWVD are shown. Figure 1(b) shows the ω and PWVD-based phase derivative estimate ωPWVD . All values are indicated in units of radians/pixel. The absolute errors between the original and estimated phase derivative for the WVD and PWVD are shown in figure 1(c). It is clear from figure 1(c) that the PWVD performs better than the WVD for phase derivative estimation of a cubic phase signal. The PWVD-based method can be made more suitable for practical applications by using a windowed version of the signal since the observed signal has a finite spatial extent. Windowing usually provides filtering against the artifacts or interference terms [7]. The windowed polynomial Wigner– Ville distribution (WPWVD) and the corresponding phase



(15)



where



U I(6) (x, τ ) = [I (x + 0.62τ )I ∗ (x − 0.62τ )] × [I (x + 0.75τ )I ∗ (x − 0.75τ )] × [I (x − 0.87τ )I ∗ (x + 0.87τ )].



(16)



From equations (15) and (16), it is clear that, for practical implementation of the PWVD, an interpolation scheme is required to determine I at non-integer pixel values since the coefficients dk are usually non-integers. Linear interpolation was used in our analysis. The implementation of equation (15) can be efficiently realized through an FFT routine. 3



J. Opt. A: Pure Appl. Opt. 11 (2009) 125402



G Rajshekhar et al



Figure 2. Original phase derivative ω and WPWVD-based phase derivative estimate ωWPWVD in radians/pixel for (a) σ = 4, (b) σ = 256 and (c) σ = 32. (d) Absolute errors between the original and estimated phase derivative in radians/pixel for different values of σ .



derivative estimate ωWPWVD can be given as   q/2 ∞   (q) Wwin (x, ω) = w(τ ) I (x + dk τ )I ∗ (x + d−k τ ) τ =−∞



k=1



× exp(−jωτ ) ωWPWVD (x) =



a slowly varying phase derivative. On the other hand, a small window captures sharp phase derivative changes properly but is highly susceptible to noise due to the lower number of samples captured. The effect of window length on phase derivative estimation is shown in figure 2. The original phase derivative ω and estimated phase derivative ωWPWVD using the WPWVD of sixth order for a signal simulated at an SNR of 30 dB are shown for different values of σ in figure 2. The original phase derivative shown in the above figure varies rapidly in the middle region (along x ) and slowly near the ends. In figure 2(a), a small window length is used whereas in figure 2(b) a large window length is used for the WPWVD. Figure 2(c) uses a medium window length for the WPWVD. The absolute errors between the original and the estimated phase derivative for different window lengths are shown in figure 2(d). From figure 2(d), it is clear that a small window tracks the sharp phase derivative changes in the middle region effectively whereas a large window is suitable for slowly varying regions. A medium-sized window gives the intermediate performance between the two extremes of small and large windows. Note that proper selection of window length depends on the signal in hand and a



(q) arg max Wwin (x, ω) ω



(17) (18)



where w denotes a fixed length window. For our analysis, we used a Gaussian window of the form  2 −x 1 ∀ x ∈ [−σ/2, σ/2] w(x) = exp (2πσ 2 )1/2 2σ 2 (19) where the length of the window is σ + 1. Now the choice of window length is an important consideration. There is a tradeoff between spatial and frequency resolution depending on the length of the window. A large window captures more samples of given data and consequently provides more data smoothing, effectively improving the noise susceptibility. But excessive data smoothing can drift the phase derivative estimate from the true value, especially for signals with sharp phase derivative changes. Hence it is suitable for signals with 4
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Figure 3. (a) Simulated fringe pattern (256 × 256) at SNR of 30 dB. (b) Phase derivative ω of original fringe pattern along x direction in radians/pixel. (c) Original phase derivative ω and estimated phase derivative ωWPWVD in radians/pixel along row y = 128. (d) Estimated phase derivative ωWPWVD in radians/pixel for entire fringe pattern. (e) Cosine fringes of estimated phase derivative.



that the PWVD is a special case of the WPWVD with a unit rectangular window that spans the entire length of the signal, so its performance as a phase derivative estimator is similar to that of a WPWVD with a large window as shown in figure 2(b).



particular choice of window length for a given signal need not perform optimally for a different signal. For analysis in the rest of the paper, we stick to a Gaussian window with σ = 32, i.e. a medium-sized window, though any other reasonable window length choice would also suffice. Note 5
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Figure 4. (a) Experimentally recorded fringe pattern in DHI (256 × 256). (b) Estimated phase derivative in radians/pixel. (c) Cosine fringes of estimated phase derivative using the proposed method. (d) Cosine fringes of phase derivative obtained by pixel-shifting approach and shown for the purposes of illustration.



derivative ωWPWVD for a particular row y = 128 are shown. Figure 3(d) shows the estimated phase derivative ωWPWVD of the entire fringe pattern using the proposed WPWVD method and subsequent median filtering. Figure 3(e) shows the cosine fringes of the estimated phase derivative. In all figures, the phase derivative is indicated in radians/pixel and the first and last 5 pixels along the borders are not considered to ignore the errors near the borders. The root mean square error (rmse) for phase derivative estimation was found to be 0.0025 radians/pixel. The practical application of the proposed method to estimate the phase derivative from a reconstructed interference field in a DHI experiment is shown in figure 4. The recorded fringe pattern is shown in figure 4(a). The estimated phase derivative using the proposed method after applying 2D median filtering is shown in figure 4(b). The derivative cosine fringes obtained by the proposed method are shown in figure 4(c). For the sake of comparison, the phase derivative estimate was also calculated by approximating the phase differentiation operation by multiplying the complex amplitude with its pixel-shifted (20 pixels) conjugate. The derivative



Once a proper window is chosen, the WPWVD can be calculated using equation (17) and the corresponding phase derivative estimate can be obtained using equation (18). This procedure gives the phase derivative estimate along x for a particular row y of the N × N fringe pattern. The same procedure can be repeated for different rows, i.e. for all y ∈ [1, N], and the overall phase derivative estimate along x for the entire fringe pattern can be calculated. To get the phase derivative estimate along y , we can start the aforesaid procedure for a particular column x and subsequently proceed for all columns.



3. Simulation and experimental results Figure 3(a) shows the simulated fringe pattern (corresponding to a simulated reconstructed interference field) with an SNR of 30 dB. For our analysis, we used a Gaussian window with σ = 32 (for equation (19)) for calculation of the sixth-order WPWVD. Figure 3(b) shows the original phase derivative ω of the fringe pattern along the x direction. In figure 3(c), the original phase derivative ω and estimated phase 6



J. Opt. A: Pure Appl. Opt. 11 (2009) 125402



G Rajshekhar et al



the conventional Wigner–Ville distribution-based methods. The applicability of the proposed method for direct phasederivative estimation is demonstrated using simulation and experimental results.



cosine fringes obtained by the pixel-shifting approach are shown in figure 4(d). The phase derivative estimation accuracy obtained by the WPWVD-based method is superior to that obtained by the pixel-shifting approach as is clear from figures 4(c) and (d).
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In optical metrological techniques such as profilometry and classical holographic interferometry, a recorded fringe pattern is given as



I (x, y) = a(x, y) + b(x, y) cos[φ(x, y)] + η(x, y)
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where I (x, y) is the recorded intensity, a(x, y) is the background intensity, b(x, y) is the fringe amplitude, φ(x, y) is the phase whose derivative is to be determined and η(x, y) is the noise term. If we apply a normalization technique [9] to equation (20), we get



I  (x, y) = cos[φ(x, y)] + η(x, y).



(21)



If a carrier is present, we can apply a real to analytic signal conversion [10] to equation (21) and get



z(x, y) = exp[jφ(x, y)] + η(x, y).



(22)



Since the form of signal in equation (22) is similar to the one in equation (1), the proposed method can be applied in the same manner as discussed in previous sections. In the absence of a carrier, phase-shifting can be used to generate a signal identical to the one in equation (1) [3].



5. Conclusions This paper introduces a polynomial Wigner–Ville distributionbased method for direct phase derivative estimation from optical fringes. The proposed method’s strength lies in better representation of higher-order polynomial phase signals than



7



























[image: A CONTINUATION METHOD TO SOLVE POLYNOMIAL SYSTEMS ...]
A CONTINUATION METHOD TO SOLVE POLYNOMIAL SYSTEMS ...












[image: A polynomial time supertree construction method]
A polynomial time supertree construction method












[image: Polynomial algorithm for graphs isomorphism's]
Polynomial algorithm for graphs isomorphism's












[image: A new method to obtain lower bounds for polynomial ...]
A new method to obtain lower bounds for polynomial ...












[image: Polynomial algorithm for graphs isomorphism's]
Polynomial algorithm for graphs isomorphism's












[image: Polynomial-mal.pdf]
Polynomial-mal.pdf












[image: Method for processing dross]
Method for processing dross












[image: Method for processing dross]
Method for processing dross












[image: Method for processing dross]
Method for processing dross












[image: Polynomial Division.pdf]
Polynomial Division.pdf












[image: Automatic Polynomial Expansions - GitHub]
Automatic Polynomial Expansions - GitHub












[image: CONSTRAINED POLYNOMIAL OPTIMIZATION ...]
CONSTRAINED POLYNOMIAL OPTIMIZATION ...












[image: 2.3 Polynomial Division.pdf]
2.3 Polynomial Division.pdf












[image: Polynomial-Time Isomorphism Test for Groups with no ...]
Polynomial-Time Isomorphism Test for Groups with no ...












[image: Polynomial-complexity, Low-delay Scheduling for ...]
Polynomial-complexity, Low-delay Scheduling for ...












[image: Polynomial Time Algorithm for Learning Globally ...]
Polynomial Time Algorithm for Learning Globally ...












[image: Polynomial-time Optimal Distributed Algorithm for ...]
Polynomial-time Optimal Distributed Algorithm for ...












[image: Extractors and Rank Extractors for Polynomial Sources]
Extractors and Rank Extractors for Polynomial Sources












[image: Extractors and Rank Extractors for Polynomial Sources]
Extractors and Rank Extractors for Polynomial Sources












[image: Polynomial-time Isomorphism Test for Groups with ...]
Polynomial-time Isomorphism Test for Groups with ...












[image: Adaptive-sparse polynomial chaos expansion for ...]
Adaptive-sparse polynomial chaos expansion for ...












[image: Polynomial-time Optimal Distributed Algorithm for ...]
Polynomial-time Optimal Distributed Algorithm for ...












[image: Hybrid Polynomial Filters for Gaussian and Non ...]
Hybrid Polynomial Filters for Gaussian and Non ...












[image: Spherical Random Features for Polynomial ... - Research at Google]
Spherical Random Features for Polynomial ... - Research at Google















Polynomial Wigner--Ville distribution-based method for ...






In [1], phase differentiation was performed by multiplying the complex signal with its pixel-shifted complex conjugate. The phase differentiation approach is susceptible to noise and a filtering-based method was shown in [2]. The above methods provide wrapped phase derivative and hence an unwrapping algorithm is further ... 






 Download PDF 



















 846KB Sizes
 0 Downloads
 153 Views








 Report























Recommend Documents







[image: alt]





A CONTINUATION METHOD TO SOLVE POLYNOMIAL SYSTEMS ... 

the path of pairs (/t,7t), where /t,t âˆˆ [0,T] is a polynomial system and /t(7t) = 0. He proved ... namely H(d) is the vector space of systems of n homogeneous polyno-.














[image: alt]





A polynomial time supertree construction method 

and the supertree is constructed from the resulting data matrix using a parsimony tree building method. ... The algorithm starts by generating all the data pair .... 4.1 MC and MMC. In this section we compare our supertree with Min Cut and Modified m














[image: alt]





Polynomial algorithm for graphs isomorphism's 

Polynomial algorithm for graphs isomorphism's i. Author: Mohamed MIMOUNI. 20 Street kadissia Oujda 60000 Morocco. Email1 : mimouni.mohamed@gmail.














[image: alt]





A new method to obtain lower bounds for polynomial ... 

Dec 10, 1999 - Symposium on Applied Algebra, Algebraic Algorithms and Error Correcting. Codes, AAECC-5, Lecture Notes in Computer Science vol.














[image: alt]





Polynomial algorithm for graphs isomorphism's 

20 Street kadissia Oujda 60000 Morocco. Email1 : [email protected]. Email2 : [email protected]. Comments : 4 pages. Subj â€“ Class : Graph isomorphism. Abstract: isomorphism is in P. Graph isomorphism. Abstract. When two graphs are isomorp














[image: alt]





Polynomial-mal.pdf 

+cx+d FÂ¶ _lp]Z Ì„nsÃ¢ Hcq LSIw (x+1) BbmÃ‚ a+c=b+d FÂ¶v. sXfnbnÂ¡qI? 16. P(x)= x. 3. +6x2. +11x-6+k bpsS LSIÂ§fmW" (x+1), (x+2) Ch FÂ¦nÃ‚ k bpsS hne F Ì�v ? 17. P(x)=x15. -1 sÃ¢ LSIamtWm (x-2) FÂ¶v ]cntim[nÂ¡qI. 18. P(x)=x2. +1 sÃ¢ LSIamtWm (x-2) FÂ














[image: alt]





Method for processing dross 

Nov 20, 1980 - dross than is recovered using prior art cleaning and recovery processes. ..... 7 is an illustration of the cutting edge ofa knife associated with the ...














[image: alt]





Method for processing dross 

Nov 20, 1980 - able Products from Aluminum Dross", Bur. of Mines. Report of .... the salt bath must be heated at a temperature substan tially above its melting ...














[image: alt]





Method for processing dross 

Nov 20, 1980 - the free metal entrained in dross or skimmings obtained from the production of aluminum or aluminum based alloys. In the course of conventional aluminum melting op ..... 7 is an illustration of the cutting edge ofa knife.














[image: alt]





Polynomial Division.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Polynomial ...














[image: alt]





Automatic Polynomial Expansions - GitHub 

âˆ’0.2. 0.0. 0.2. 0.4. 0.6. 0.8. 1.0 relative error. Relative error vs time tradeoff linear quadratic cubic apple(0.125) apple(0.25) apple(0.5) apple(0.75) apple(1.0) ...














[image: alt]





CONSTRAINED POLYNOMIAL OPTIMIZATION ... 

The implementation of these procedures in our computer algebra system .... plemented our algorithms in our open source Matlab toolbox NCSOStools freely ...














[image: alt]





2.3 Polynomial Division.pdf 

Page 1 of 6. 2.3 POLYNOMIAL DIVISION. Objectives. Use long division to divide polynomials by other polynomials. Use the Remainder Theorem and the Factor Theorem. Long Division of Polynomials. *In the previous section, zeros of a function were discuss














[image: alt]





Polynomial-Time Isomorphism Test for Groups with no ... 

Keywords: Group Isomorphism, Permutational Isomorphism, Code Equiva- lence. .... lence, in [3] we gave an algorithm to test equivalence of codes of length l over an ... by x â†¦â†’ xg := gâˆ’1xg. For S âŠ† G and g âˆˆ G we set Sg = {sg | s âˆˆ S}. Pe














[image: alt]





Polynomial-complexity, Low-delay Scheduling for ... 

(SCFDMA) technology as the uplink multiple access tech- nology [1]. ... II. RELATED WORK. Scheduling and resource allocation for the wireless uplink network ...














[image: alt]





Polynomial Time Algorithm for Learning Globally ... 

Gippsland School of Information Technology, Monash University, Australia .... parents, penalized by a term which quantifies the degree of statistical significance.














[image: alt]





Polynomial-time Optimal Distributed Algorithm for ... 

Reassignment of nodes in a wireless LAN amongst access points using cell breathing ... monitor quantities, surveillance etc.) [8]. Authors in [9] have proposed ...














[image: alt]





Extractors and Rank Extractors for Polynomial Sources 

Let us define the rank of x âˆˆ M(Fk â†¦â†’ Fn,d) to be the rank of the matrix âˆ‚x. âˆ‚t .... for full rank polynomial sources over sufficiently large prime fields. The output ...














[image: alt]





Extractors and Rank Extractors for Polynomial Sources 

tractâ€� the algebraic rank from any system of low degree polynomials. ... âˆ—Department of Computer Science, Weizmann institute of science, Rehovot, Israel.














[image: alt]





Polynomial-time Isomorphism Test for Groups with ... 

algorithm to test isomorphism for the largest class of solvable groups yet, namely groups with abelian Sylow towers, defined as ...... qi , qi = pmi . Then we need to use Wedderburn's theory on the structure of semisimple algebras.2. â–· Lemma 5.4 (L














[image: alt]





Adaptive-sparse polynomial chaos expansion for ... 

Received: 30 October 2009 / Revised: 8 August 2010 / Accepted: 14 August 2010 / Published online: 23 September 2010 .... degree, more efforts are still needed to fully resolve this difficulty. .... In this study, the reliability analysis for the perf














[image: alt]





Polynomial-time Optimal Distributed Algorithm for ... 

a reallocation problem is independent of the network size. Remark 2: The ... We now begin the proof of convergence of the proposed algorithm. Proof: Let gi. =.














[image: alt]





Hybrid Polynomial Filters for Gaussian and Non ... 

also known that many optical transformations are described by the quadratic term of ...... A block diagram of the overall LMM and MMMy hybrid fil- ters in a optimization ... [24], [45], including data equalization and echo cancellation in satellite .














[image: alt]





Spherical Random Features for Polynomial ... - Research at Google 

Their training complexity ... procedure can utilize the fast training and testing of linear methods while still preserving much of ...... Mathematical Programming, 127(1):3â€“30, 2011. ... In Computer Vision and Pattern Recognition (CVPR), pages.


























×
Report Polynomial Wigner--Ville distribution-based method for ...





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.
















