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ABSTRACT Recently, a nonlinear transformation of autocorrelation coefficients named Phase AutoCorrelation (PAC) coefficients has been considered for feature extraction [1]. PAC based features show improved robustness to additive noise as a result of two operations, performed during the computation of PAC, namely energy normalization and inverse cosine transformation. In spite of the improved robustness achieved for noisy speech, these two operations lead to some degradation in recognition performance for clean speech. In this paper, we try to alleviate this problem, first by introducing the energy information back into the PAC based features, and second by studying alternatives to inverse cosine function. Simply appending the frame energy as an additional coefficient in the PAC features has resulted in noticeable improvement in the performance for clean speech. Study of alternatives to inverse cosine transformation leads to a conclusion that linear transformation is the best for clean speech, while nonlinear functions help to improve robustness in noise. 1. INTRODUCTION Traditional features used for speech recognition, typically derived from power spectrum, show excessive sensitivity to additive noise present in the signal and generally result in poor performance under noisy conditions. This is because the autocorrelation coefficients, that are the time domain Fourier equivalent of the power spectrum, are highly sensitive to the noise. Several techniques, such as spectral subtraction [2] for stationary noise and RASTA processing [3] for slow varying noise, have been developed to handle this sensitivity. Those techniques typically work at the spectral level, trying to get rid off the effect of noise on the spectrum. Recently, this problem has been addressed at the autocorrelation level, trying to make the correlation coefficient less sensitive to the external noise, so that the power spectrum derived from it and the features derived further would be more robust. A new measure of autocorrelation called Phase AutoCorrelation (PAC) [1] that uses angle between 
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the time delayed speech vectors as a measure of correlation instead of the dot product as used in the traditional autocorrelation, has been introduced. The motivation behind it is the fact that in the presence of external additive noise, angle gets less affected than the dot product [4]. As a result, PAC and the features derived from it are expected to be less sensitive to external noise than the traditional autocorrelation. Experimental results demonstrate that this is indeed the case [1]. The improvements in speech recognition performance while using PAC derived features in noise is achieved as a result of two operations performed during the computation of PAC namely, energy normalization followed by inverse cosine transformation. These two operations effectively convert the dot product of speech vectors into angle between the vectors. Energy normalization removes out the variation in energy that results from the presence of the noise and inverse cosine enhances a few aspects of the spectrum such as spectral peaks, that are more robust to noise. Although PAC derived features show significant performance improvement in noise, they have a major drawback that their performance in clean condition is noticeably lower when compared with state of the art features. Both the energy normalization and inverse cosine operations contributes to this degradation. In this paper, we further analyze the PAC for both clean and noisy conditions, and try to improve their recognition performance for the clean speech. We expect the performance to improve if the energy information is introduced in the PAC derived features. In fact, improvement in recognition performance has been achieved by using energy as an additional coefficient with the PAC derived features. As the inverse cosine may not be the optimal nonlinear function to transform the energy normalized autocorrelation coefficients, we have also considered a few alternatives to it. In the next section we analyze the PAC, to illustrate its robustness in noisy conditions. In section 3 we explain the experimental setup and give performance of PAC for clean as well as noisy conditions. We end that section with a discussion on drawbacks of PAC for clean speech. In section 4 we study the effects of energy normalization on clean speech and show through experimental results that introduc-



ing energy information as an additional coefficient in the PAC derived feature results in performance improvement for clean speech. Section 5 studies the effects of nonlinear transformation and discusses alternatives to inverse cosine function.
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Fig. 1. 2-D illustration of how additive noise affects the energy of the speech frame and angle between the time delayed speech vectors.



is the frame length, and
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mensional space.  $% Phase AutoCorrelation (PAC) coefficients, , are de(  $% : rived from the autocorrelation coefficients, , using equation [1],
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From the above equation it can be seen that the computation of PAC coefficients involve two operations namely, 1. energy normalization, to compute energy normalized autocorrelation, and



are expected to be less susceptible to the external noise than (  $% the . Ideally, if we go by the argument given above, even the use of energy normalized autocorrelation coefficients should result in performance in the presence ./102M3 improvement " 5 as correlation coefficients of noise. i.e., the use of should 3 result in noise robustness, since it also depends just on the " . This is indeed the case and experimental results given in the later section of this paper confirm 3this. But the inverse cosine performed to compute the angle " also turns out to be an important operation, since better performance 3 improvements are achieved in noise while using " as correlation coefficients. The nonlinear transformation of the energy normalized autocorrelation coefficients into PAC coefficients using inverse cosine function enhances the peaks in the PAC spectrum. This is visually illustrated in figures 2 and 3. Figure 2 shows the energy normalized spectrum and Figure 3 the PAC spectrum. The enhancement of PAC spectral peaks makes the PAC features more robust to noise, as spectral peaks are less sensitive to the noise. 20



2. inverse cosine, to nonlinearly transform the energy normalized autocorrelation coefficients into PAC coefficients.
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These two operations effectively convert the dot product of speech vectors, that is done during the computation of the autocorrelation coefficients, into angle between   the vectors. C In the presence of an additive noise the resultant  @  F   C , results in vectors  D speech frame, ED and  D" . Now the dot product of these (  $) two vectors constitute the autocorrelation coefficient of the noise corrupted speech,  and angle between them constitute the PAC coeffi$% cient : . As can be seen from 2-D illustration given in Figure 1, both the angle and (  $) the energy undergo change in the presence of noise. depends both on the $%frame en ergy and angle between the vectors, where as : depends  $% just on the angle between the vectors. Consequently, :
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Fig.24N 2. Logarithm of energy normalized power spectrum 5 , Fourier equivalent of energy normalized autocorre(: D lation) for a frame of phoneme ’ih’.
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x and y coordinates corresponding to spectral powers of energy normalized and PAC spectra respectively. From the figure it is clear that as the power values of the energy normalized spectrum gets larger, the relationship between energy normalized and PAC spectra becomes linear. Where as for the lower power values, the variations in regular spectrum is diminished in the corresponding PAC spectrum.
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2N 5 Fig. 3. Logarithm of PAC power spectrum (: , Fourier equivalent of PAC) for a frame of phoneme ’ih’. The explanation for the enhancement of the PAC .!/%0  2 5 tral  peak is as follows: Figure 4 shows a plot of  F' for values in the range to . The values of the function are transformed according to the equation



F' given in the y-axis of the figure to fit in range to . From this figure it can be seen that the  slope of the curve becomes This larger as the magnitude of the value  becomes F' larger.



means variations in the values of near are magnified in the y-axis. Typically, a initial few coefficients of autocorrelation are high in magnitude. Hence, any variation across these coefficients is enhanced. These initial few coefficients of autocorrelation decide the shape of the spectral envelope, as they constitute the slow varying part in the corresponding spectral domain. Since the variation across these coefficients are enhanced, the shape of the spectral envelope, and hence the spectral peaks, are better enhanced in the PAC spectrum. On the other hand, when the autocorrelation coefficients are close to zero, which is typically the case in noisy vectors, the inverse cosine do not enhance the variation across them.
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Fig. 5. Distribution of the energy normalized spectral power against the PAC spectral power for an utterance.



Noise robustness of the PAC spectrum is illustrated by Figures 6 and 7. Figure 6 shows a plot of Euclidean distance between spectra of clean speech and spectra of speech corrupted by additive noise at 6dB SNR, over an utterance. Figure 7 shows similar plot for the PAC spectra. In order to have a fair comparison, the magnitudes of both the spectra are normalized to same range of values by mean removal and variance normalization. It is clear from the figure that the PAC spectra of noisy speech is closer to the PAC spectra of the clean speech, when compared to the regular spectra.
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3. PAC - PERFORMANCE
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Fig. 4. Inverse cosine function. The above fact is further illustrated by Figure 5, showing the distribution of the PAC spectral power against the energy normalized spectral power for an utterance. Each point in the figure corresponds to a particular frequency, with their



Experimental results shown in Figure 8 confirm the noise robustness of the PAC derived features. These experiments are conducted with regular MFCC and PAC MFCC features. These features are of dimension 39, including 13 static coefficients, 13 delta coefficients, and 13 delta-delta coefficients. The Hidden Markov Model (HMM) system used for the experiment consists of 80 triphones, 3 left-toright states per triphone, and 12 mixture Gaussian Mixture Model (GMM) to estimate emission probability within each state. HMMs are trained using HTK. Database used for the experiment is OGI Numbers95 connected digits telephone database [5], described by a lexicon of 30 words, and 80 different triphone. For additive noise, factory noise from
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Fig. 6. Euclidean distance between regular spectra of clean speech and dB additive noise corrupted speech for an utterance.
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Fig. 8. Performance comparison of PAC MFCC with regular MFCC for additive Factory noise.
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Feature
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MFCC PAC MFCC



Word Recognition Rate, % acc. 93.7 88.7



Table 1. Comparison of the speech recognition performances for the clean speech.
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Fig. 7. Euclidean distance between PAC spectra of clean speech and dB additive noise corrupted speech for an utterance.



Noisex91 database [6] has been used1 . From Figure 8, it is clear that in the presence of the noise the performance of the PAC MFCC is significantly better as compared to the regular MFCC features. In [1] it is also shown that PAC MFCC was yielding performances comparable to RASTAPLP which is a well known approach for noise robust speech feature extraction. Though PAC derived features show better noise robustness, they have a major drawback that their performance in clean speech is noticeably lower than that of the state of the art features. Table 1 gives performance comparison of the PAC MFCC against the regular MFCC for clean speech. The energy normalization and the inverse cosine transformation performed during the computation of the PAC 1 All the experiments reported in this paper are conducted with similar settings.



cause performance degradation in clean speech, though they help to improve their noise robustness. In the next two sections we study the effect of energy normalization and inverse cosine transformation on the PAC spectrum, and try to alleviate the performance degradation of PAC in clean speech. 4. ENERGY NORMALIZATION Energy normalization performed during the computation of PAC is important from two aspects. First, the inverse cosine transformation the autocorrelation values to be in F  requires



the range . Second, energy normalization also contributes to the robustness of the feature vector in the presence of noise, as energy changes with addition of the noise. This is evident from Figure 9, which shows performance comparison of energy normalized MFCC against regular MFCC for various additive factory noise levels. However, energy normalization degrades the performance in clean speech as energy also constitute an important source of information for recognition of clean speech. This is illustrated by the performance comparison given in the first two rows of Table 2 for energy normalized MFCC and regular MFCC. Hence to improve the performance of PAC derived features, for clean speech, energy information should be incorporated into the feature. Row 3 of Table 2 show performance of the PAC MFCC when energy is appended as
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Fig. 9. Performance comparison of energy normalized MFCC with regular MFCC for additive Factory noise.



Fig. 10. Performance comparison of energy appended PAC MFCC with PAC MFCC for additive Factory noise.



an additional coefficient. Comparing this with the performance of PAC MFCC given in Table 1, it can be seen  that PAC MFCC gains a significant improvement of  for clean speech just by incorporating the energy information back into the feature.



MFCC features and the energy appended PAC MFCC features carry the same information except for the fact that inverse cosine operation



1  is performed additionally in the later case. This causes  drop in recognition rate for clean speech. This raises questions about optimality of the inverse cosine function for PAC computation. In this section we study alternatives to inverse cosine function. Figure 11 shows a few examples of alternate functions we consider. In the figure, functions plotted by solid lines are linear and inverse cosine. Those plotted by dotted and dashed lines are alternate functions that yet have the shape of the inverse cosine but differ in the magnitudes. The family are specified  curves F'  of dashed    by the values of variable from ,F' to . When the function is linear and when function is inverse cosine. All  the



functions F'  in between are specified by values between to .



Feature MFCC Energy normalized MFCC Energy appended PAC MFCC



Word Recognition Rate, % acc. 93.7 91.7 92.3



Table 2. Comparison of the speech recognition performances for the clean speech. Figure 10 shows performance comparison of energy appended PAC MFCC and regular PAC MFCC for various noise levels of additive factory noise. From the figure it is clear that energy appended PAC MFCC performs better than PAC MFCC even in noise. This is interesting because in case of MFCC where energy information is already present the performance degrades drastically in noise. The improvements in present case can be attributed to the fact that energy information is completely decoupled from the other coefficients of the PAC MFCC and introduced as a single coefficient in the feature. A behavior similar to this can be found in [7] where performance improvement is achieved while energy is used as an auxiliary variable.
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5. INVERSE COSINE As explained in Section 2, inverse cosine function enhances the PAC spectral peaks. This results in improved noise robustness as the spectral peaks are less sensitive to noise. However, unfortunately in the clean speech, this results in degradation of the recognition performance. This is evident from the recognition results given in Table 2. The regular



Fig. 11. Alternative nonlinear functions to the inverse cosine. The function plotted with dotted line looks interesting for our current investigation because its slope is larger than inverse cosine for larger values of . Hence, according to the argument in Section 2, this function should enhance



the spectral peaks even better. Unfortunately, this function do not yield better performance both for clean and noisy  speech. The recognition



1 performances obtained are    for 6dB noise corrupted speech. for clean speech and  This turns our attention to the set of functions shown by the dashed line, because they cause milder modifications during transformation than the inverse cosine. Figure 12 shows plots of recognition performance for the clean speech and  the 6dB noise corrupted speech, for various values of . For   speech, with highest recognition performance for  clean , which corresponds to energy normalized MFCC,  the performance drops down gradually    with increasing and reaches a low value when , which corresponds to PAC MFCC. This leads to a conclusion that all the nonlinear transformations hurt the recognition performance of clean speech. The milder the nonlinearity, lesser the degradation. But the nonlinear transformation certainly helps in  the noisy speech. Even for the lower values of , the recognition performance is reasonably better than the linear transformation. The performance curves also show that inverse cosine is not the optimal nonlinear function.
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ways degrades the performance for clean speech. However, for noisy speech, nonlinear functions help to improve the robustness. These results point to future work where PAC-like feature derived using linear, inverse cosine, and other nonlinear functions, could be used as features in multi-stream frame work [8]. As inverse cosine do not turn out to be the optimal nonlinear function, suitability of other nonlinear functions that might enhance the speech specific information present in the speech signal would be worth exploring.
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Fig. 12. Recognition performance of the alternative nonlinear functions. 6. CONCLUSION In this paper, we have analyzed the two operations performed during the computation of the PAC coefficients, namely energy normalization and inverse cosine transformation. In spite of the improved robustness in noise, these operations cause degradation of recognition performance in clean speech. As a remedial solution, we have tried introducing the energy information in the PAC based features. Introducing energy as an additional coefficient in the PAC based features has resulted in noticeable improvement in the recognition rate for clean as well as noisy speech. Questioning the optimality of inverse cosine transformation we have studied the suitability of a few other nonlinear functions, that are yet close to inverse cosine function. For clean speech best performance is still achieved with linear transformation, i.e., energy normalized MFCC, while the nonlinear function al-



[4] D. Mansour, and B. H. Juang, “A Family of Distortion Measures based upon Projection Operation for Robust Speech Recognition,” in Proc. of ICASSP-88, 1988, pp. 36–39. [5] R. Cole, M. Noel, T. Lander, and T. Durham, “New telephone speech corpora at CSLU,” in Proceedings of European Conference on Speech Communication and Technology, 1995, vol. 1, pp. 821–824. [6] A. Varga, H. Steeneken, M. Tomlinson, and D. Jones, “The NOISEX-92 study on the affect of additive noise on automatic speech recognition,” Technical report, DRA Speech Research Unit, Malvern, England, 1992. [7] T. A. Stephenson, M. Mathew, and H. Bourlard, “Speech Recognition with Auxiliary Information,” accepted for publication in IEEE Transactions on Speech and Audio Processing, [8] H. Misra, H. Bourlard, and V. Tyagi, “New Entropy base Combination Rules in HMM/ANN Multi-Stream ASR,” in Proc. of ICASSP-03, Hong Kong, Apr. 2003, II-741–II-744.



























[image: Nonlinear Spectral Transformations for Robust ... - Semantic Scholar]
Nonlinear Spectral Transformations for Robust ... - Semantic Scholar












[image: Spectral Clustering - Semantic Scholar]
Spectral Clustering - Semantic Scholar












[image: Spectral Embedded Clustering - Semantic Scholar]
Spectral Embedded Clustering - Semantic Scholar












[image: Pseudo-spectral modeling in geodynamo - Semantic Scholar]
Pseudo-spectral modeling in geodynamo - Semantic Scholar












[image: Nonlinear time-varying compensation for ... - Semantic Scholar]
Nonlinear time-varying compensation for ... - Semantic Scholar












[image: Nonlinear time-varying compensation for ... - Semantic Scholar]
Nonlinear time-varying compensation for ... - Semantic Scholar












[image: Lexicality drives audio-motor transformations in ... - Semantic Scholar]
Lexicality drives audio-motor transformations in ... - Semantic Scholar












[image: On Local Transformations in Plane Geometric ... - Semantic Scholar]
On Local Transformations in Plane Geometric ... - Semantic Scholar












[image: On Local Transformations in Plane Geometric ... - Semantic Scholar]
On Local Transformations in Plane Geometric ... - Semantic Scholar












[image: Learning to discount transformations as the ... - Semantic Scholar]
Learning to discount transformations as the ... - Semantic Scholar












[image: Learning to discount transformations as the ... - Semantic Scholar]
Learning to discount transformations as the ... - Semantic Scholar












[image: A Uniform Approach to Inter-Model Transformations - Semantic Scholar]
A Uniform Approach to Inter-Model Transformations - Semantic Scholar












[image: Efficient Spectral Neighborhood Blocking for Entity ... - Semantic Scholar]
Efficient Spectral Neighborhood Blocking for Entity ... - Semantic Scholar












[image: Metrics and Topology for Nonlinear and Hybrid ... - Semantic Scholar]
Metrics and Topology for Nonlinear and Hybrid ... - Semantic Scholar












[image: Introduction to Linear and Nonlinear Observers - Semantic Scholar]
Introduction to Linear and Nonlinear Observers - Semantic Scholar












[image: Nonlinear adventures at the zero lower bound - Semantic Scholar]
Nonlinear adventures at the zero lower bound - Semantic Scholar












[image: Realization Theory of Nonlinear Hybrid Sys- tems - Semantic Scholar]
Realization Theory of Nonlinear Hybrid Sys- tems - Semantic Scholar












[image: Metrics and Topology for Nonlinear and Hybrid ... - Semantic Scholar]
Metrics and Topology for Nonlinear and Hybrid ... - Semantic Scholar












[image: Spherical cloaking using nonlinear transformations for ...]
Spherical cloaking using nonlinear transformations for ...












[image: Physics - Semantic Scholar]
Physics - Semantic Scholar












[image: Physics - Semantic Scholar]
Physics - Semantic Scholar















NONLINEAR SPECTRAL TRANSFORMATIONS ... - Semantic Scholar






noisy speech, these two operations lead to some degrada- tion in recognition performance for clean speech. In this paper, we try to alleviate this problem, first by introducing the energy information back into the PAC based features, and second by studying alternatives to inverse cosine func- tion. Simply appending the frame ... 






 Download PDF 



















 1MB Sizes
 0 Downloads
 332 Views








 Report























Recommend Documents







[image: alt]





Nonlinear Spectral Transformations for Robust ... - Semantic Scholar 

resents the angle between the vectors xo and xk in. N di- mensional space. Phase AutoCorrelation (PAC) coefficients, P[k] , are de- rived from the autocorrelation ...














[image: alt]





Spectral Clustering - Semantic Scholar 

Jan 23, 2009 - 5. 3 Strengths and weaknesses. 6. 3.1 Spherical, well separated clusters . ..... Step into the extracted folder â€œxvdm spectralâ€� by typing.














[image: alt]





Spectral Embedded Clustering - Semantic Scholar 

A well-known solution to this prob- lem is to relax the matrix F from the discrete values to the continuous ones. Then the problem becomes: max. FT F=I tr(FT KF),.














[image: alt]





Pseudo-spectral modeling in geodynamo - Semantic Scholar 

Many stars and planets have magnetic fields. The heat flux causes 3D convection of plasma or metal, which can generate a large-scale magnetic field like that observed. The small-scale behavior, demonstrating self-similarity in a wide range of the spa














[image: alt]





Nonlinear time-varying compensation for ... - Semantic Scholar 

z := unit right shift operator on t 2 (i.e., time ... rejection of finite-energy (i.e., ~2) disturbances for .... [21] D.C. Youla, H.A. Jabr and J.J. Bongiorno, Jr., Modern.














[image: alt]





Nonlinear time-varying compensation for ... - Semantic Scholar 

plants. It is shown via counterexample that the problem of .... robustness analysis for structured uncertainty, in: Pro- ... with unstructured uncertainty, IEEE Trans.














[image: alt]





Lexicality drives audio-motor transformations in ... - Semantic Scholar 

Aug 20, 2009 - Fax: +39. 0532 455242. E-mail address: [email protected] (L. Fadiga). ..... between the slices acquired in one scan, a cubic-spline interpola- tion was ...














[image: alt]





On Local Transformations in Plane Geometric ... - Semantic Scholar 

â€¡School of Computer Science, Carleton U., Ottawa, Canada. Â§Fac. .... valid provided that after moving the vertex to a new grid point, no edge crossings ..... at least nâˆ’3 edge moves since all vertices of the path have degree at most 2 and.














[image: alt]





On Local Transformations in Plane Geometric ... - Semantic Scholar 

the local transformation with respect to a given class of graphs are studied [3â€“6,. 9â€“12 .... Figure 4: Illustration of the canonical triangulation and the initial grid.














[image: alt]





Learning to discount transformations as the ... - Semantic Scholar 

[email protected]. Massachusetts ... different in different object classes, the system that would result from ... invariant HMAX system would need to employ different C.














[image: alt]





Learning to discount transformations as the ... - Semantic Scholar 

cortex-inspired architecture such as HMAX [9, 13] as well as nonbiological convolutional neural networks [5] are in- variant to translation (and in some cases ...














[image: alt]





A Uniform Approach to Inter-Model Transformations - Semantic Scholar 

i=1(âˆ€x âˆˆ ci : |{(v1 ::: vm)|(v1 ::: vm)âˆˆ(name c1 ::: cm) Avi = x}| âˆˆ si). Here .... uates to true, then those instantiations substitute for the same free variables in ..... Transactions on Software Engineering and Methodology, 6(2):141{172, 1














[image: alt]





Efficient Spectral Neighborhood Blocking for Entity ... - Semantic Scholar 

106, no. 50, pp. 21 068â€“21 073, 2009. [23] G. Salton, A. Wong, and C. S. Yang, â€œA vector space model for automatic indexing,â€� Communications of the ACM, vol. 18, no. 11, pp. 613â€“620, 1975. [24] P. McNamee and J. Mayfield, â€œCharacter Ð¿-gram














[image: alt]





Metrics and Topology for Nonlinear and Hybrid ... - Semantic Scholar 

rational representation of a family of formal power series. .... column index is (v, j) is simply the ith row of the vector Sj(vu) âˆˆ Rp. The following result on ...














[image: alt]





Introduction to Linear and Nonlinear Observers - Semantic Scholar 

Sometimes all state space variables are not available for measurements, or it is not practical to measure all of them, or it is too expensive to measure all state space variables. In order to be able to apply the state feedback control to a system, a














[image: alt]





Nonlinear adventures at the zero lower bound - Semantic Scholar 

Jun 11, 2015 - consumption, inflation, and the one auxiliary variable. The Smolyak .... t has a recursive structure in two auxiliary variables x1;t and x2;t that satisfy Îµx1;t Â¼ Ñ€ÎµÐ�1Ð®x2;t and have laws of ...... We start at the unconditional me














[image: alt]





Realization Theory of Nonlinear Hybrid Sys- tems - Semantic Scholar 

system such that the vector fields, reset maps and readout maps are in fact ... hybrid coalgebra realization We will prove that an input-output map cannot have a.














[image: alt]





Metrics and Topology for Nonlinear and Hybrid ... - Semantic Scholar 

power series Î¨eo,ey and Seo based on the maps Ceo,ey and Peo, ... formal power series Seo âˆˆ R â‰ª Oâˆ— â‰« by defining Seo(Ç«)=1 for the empty word and.














[image: alt]





Spherical cloaking using nonlinear transformations for ... 

C. W. Qiu, L. W. Li, T. S. Yeo, and S. Zouhdi, â€œScattering by rotationally symmetric ... cal/elliptic cloaks approximated by, for example, simplified material ...














[image: alt]





Physics - Semantic Scholar 

... Z. El Achheb, H. Bakrim, A. Hourmatallah, N. Benzakour, and A. Jorio, Phys. Stat. Sol. 236, 661 (2003). [27] A. Stachow-Wojcik, W. Mac, A. Twardowski, G. Karczzzewski, E. Janik, T. Wojtowicz, J. Kossut and E. Dynowska, Phys. Stat. Sol (a) 177, 55














[image: alt]





Physics - Semantic Scholar 

The automation of measuring the IV characteristics of a diode is achieved by ... simultaneously making the programming simpler as compared to the serial or ...


























×
Report NONLINEAR SPECTRAL TRANSFORMATIONS ... - Semantic Scholar





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.
















