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	Autocorrelation is a mathematical tool used frequently in signal processing Signal processing is the processing, amplification and interpretation of signals. Signals may come from various sources. There are various sorts of signal processing, depending on the nature of the signal, as in the following examples. 
· Digital signal processing - for signals that have been digitized. Processing is done by digital circuits, microprocessors or computers. 

· Analog signal processing - for signals that have not been digitized 

· Audio signal processing - for electrical signals representing sound 

· Speech signal processing - for interpreting spoken words 

· Video signal processing - for interpreting moving pictures 

· Array processing 


..... Click the link for more information.  for analysing functions or series of values, such as time domain signals A signal may refer to: 

· an abstract element of information, or, more exactly, usually a flow of information (in either one or several dimensions). See Signal (information theory). 

· (in electronics) a signal is any physical phenomenon that can be modeled as a function from time or position. Signals carry information: Analog signals are continuous while digital signals are discrete (see signal processing and noise (physics)). 


..... Click the link for more information. . It is the cross-correlation In signal processing, cross correlation is a measure of similarity of two signals. It is a function of the relative time between the signals. 

Cross Correlation from Mathworld
..... Click the link for more information.  of a signal with itself. Autocorrelation is useful for finding repeating patterns in a signal, such as determining the presence of a periodic signal which has been buried under noise, or identifying the fundamental frequency of a signal which doesn't actually contain that frequency component, but implies it with many harmonic frequencies. 

Definitions 

The continuous autocorrelation Rf(τ) is the continuous cross-correlation of f(t) with itself, at lag τ, and is defined as: 
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where f* represents the complex conjugate In mathematics, the complex conjugate of a complex number is given by changing the sign of the imaginary part. Thus, the conjugate of the complex number (where a and b are real numbers) is defined to be . It is also often denoted by a bar over the number, rather than a star, which often is used also for the conjugate transpose. If a complex number is treated as a 1×1 vector, the notations are identical.
..... Click the link for more information. . For a real function, f* = f. 

Formally, the discrete autocorrelation R at lag j for signal xn is 

[image: image36.png]H(p)=2 (Zn—m)(z,_—m)




where m is the average In mathematics, there are numerous methods for calculating the average or central tendency of a list of n numbers. The most common method, and the one generally referred to simply as the average, is the arithmetic mean. Please see the table of mathematical symbols for explanations of the symbols used. 

Arithmetic Mean

The arithmetic mean is the standard "average", often simply called the "mean". It is used for many purposes and may be 
..... Click the link for more information.  value (expected value) of xn. Quite frequently, autocorrelations are calculated for zero-centered signals, that is, for signals with zero mean. The autocorrelation definition then becomes 
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which is the definition of autocovariance Autocorrelation is a mathematical tool used frequently in signal processing for analysing functions or series of values, such as time domain signals. Autocorrelation is useful for finding repeating patterns in a signal, such as determining the presence of a periodic signal which has been buried under noise, or identifying the fundamental frequency of a signal which doesn't actually contain that frequency component, but implies it with many harmonic frequencies.
..... Click the link for more information. . 

Multi-dimensional autocorrelation is defined similarly. For example, in three dimensions the autocorrelation would be defined as 
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Properties 

In the following, we will describe properties of one-dimensional autocorrelations only, since most properties are easily transferred from the one-dimensional case to the multi-dimensional cases. 

· A fundamental property of the autocorrelation is symmetry, R(i) = R(-i), which is easy to prove from the definition. In the continuous case, the autocorrelation is an even function ([image: image39.png]


) when f is a real function, and an Hermitian 
In this article we discuss the term hermitian as used in operator and matrix theory to refer to a certain kind of operator (or matrix). We warn the reader that there is a range of conflicting terminology in use in the literature generally and in Wikipedia in particular concerning these concepts. This problem is particularly acute when one compares works translated from other languages.
..... Click the link for more information.  function ([image: image40.png]Ri(—7)



) when f is a complex function. 

· The continuous autocorrelation function reaches its peak at the origin, where it takes a real value, i.e. for any delay τ, [image: image41.png]s (7)[<H7(0)



. This is a consequence of the Cauchy-Schwarz inequality In mathematics, the Cauchy-Schwarz inequality, also known as the Schwarz inequality, or the Cauchy-Bunyakovski-Schwarz inequality, is a useful inequality encountered in many different settings, such as linear algebra applied to vectors, in analysis applied to infinite series and integration of products, and in probability theory, applied to variances and covariances. The inequality states that if x and y are elements of real or complex inner product spaces then
..... Click the link for more information. . The same result holds in the discrete case. 

· Since autocorrelation is a specific type of cross-correlation, it maintains all the properties of cross-correlation, and has a few specific properties of its own: 

· The autocorrelation of a white noise signal will have a strong peak at τ=0 and will be close to 0 for all other τ. This shows that white noise has no periodicity. 

· The Wiener-Khinchin theorem relates the autocorrelation function to the power spectral density In physics, the spectral density, or more correctly the power spectral density (PSD) of a given bandwidth of electromagnetic radiation is the total power in this bandwidth divided by the specified bandwidth. 
Spectral density is usually expressed in watts per hertz (W/Hz). 

There exist both power and energy spectral densities. The energy spectral density is defined as 


..... Click the link for more information.  via the Fourier transform The Fourier transform, named for Jean Baptiste Joseph Fourier, is an integral transform that re-expresses a function in terms of sinusoidal basis functions, i.e. as a sum or integral of sinusoidal functions multiplied by some coefficients ("amplitudes"). There are many closely-related variations of this transform, summarized below, depending upon the type of function being transformed. See also: List of Fourier-related transforms.
..... Click the link for more information. : 
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Applications

· One application of autocorrelation is the measurement of optical spectra The noun spectrum (plural: spectra) has a variety of meanings. 
Ghosts

Originally a spectrum was what is now called a spectre, i.e., a phantom or apparition. Spectral evidence is testimony about what was done by spectres of persons not present physically, or hearsay evidence about what ghosts or apparitions of Satan said. It was used to convict a number of persons of witchcraft at Salem, Massachusetts in the late 17th century.
..... Click the link for more information.  and the measurement of very-short-duration light 

Light is electromagnetic radiation with a wavelength that is visible to the eye, or in a more general sense, any electromagnetic radiation in the range from infrared to ultraviolet. The three basic dimensions of light (and of all electromagnetic radiation) are: 

· intensity (or brilliance or amplitude, perceived by humans as the brightness of the light), 

· frequency (or wavelength, perceived by humans as the color of the light), and 

· polarization (or angle of vibration and not perceivable by humans under ordinary circumstances) 

Due to wave-particle duality, light simultaneously exhibits properties of both waves and particles.
..... Click the link for more information.  pulses 

Introduction 

In optics, an ultrashort pulse of light is an electromagnetic pulse whose time duration is on the order of the femtosecond ( second). Such pulses have a broadband optical spectrum, and can be created by mode-locked oscillators. They are commonly referred to as ultrafast events. 

They are characterized by a high peak power that usually leads to nonlinear interactions in various materials, including air. These processes are studied in the field of nonlinear optics.
..... Click the link for more information.  produced by lasers 

For alternative meanings see laser (disambiguation).
Operation

A laser (light amplification by stimulated emission of radiation) is a device which uses a quantum mechanical effect, stimulated emission, to generate a coherent beam of light from a lasing medium of controlled purity, size, and shape. The output of a laser may be a continuous, constant-amplitude output (known as 
..... Click the link for more information. , both using optical autocorrelators In optics, various autocorrelation functions can be experimentally realized. The field autocorrelation may be used to calculate the spectrum of a source of light, while the intensity autocorrelation and the interferometric autocorrelation are commonly used to estimate the duration of ultrashort pulses produced by modelocked lasers. These durations cannot be easily be measured by optoelectronic methods, since the response time of photodiodes and oscilloscopes are at best of the order of 200 femtoseconds.
..... Click the link for more information. . 

· In signal processing Signal processing is the processing, amplification and interpretation of signals. Signals may come from various sources. There are various sorts of signal processing, depending on the nature of the signal, as in the following examples. 
· Digital signal processing - for signals that have been digitized. Processing is done by digital circuits, microprocessors or computers. 

· Analog signal processing - for signals that have not been digitized 

· Audio signal processing - for electrical signals representing sound 

· Speech signal processing - for interpreting spoken words 

· Video signal processing - for interpreting moving pictures 

· Array processing 


..... Click the link for more information. , autocorrelation can give information about repeating events like musical Music is a word whose accepted definitions vary with time, place and culture. It is said to be an art, or form of entertainment, it is also called total social fact by Jean Molino (1975: 37), it is also often defined by contrast with noise or speech. Some definitions of music place it explicitly within a cultural context by defining music as what people accept as musical. 

Definitions


..... Click the link for more information.  beats 
· Beating is striking more than once, in violence, beating a drum, etc. This is the original meaning of the word. 

· Beating can mean to defeat someone in any sort of contest, or to get to something before someone else. 

· In physics and sound, a beat is the oscillation between zero intensity and full intensity that occurs when two frequencies (which are not harmonically related) are added together, caused by alternating constructive and destructive interference of the pressure waves. Beating is heard as a pulsation in loudness of two nearby frequencies, 


..... Click the link for more information.  or pulsar 

Pulsars are rotating neutron stars that are observable as sources of electromagnetic radiation. The radiation is observed to consist of a regular series of pulses, believed to be in synchrony with the rotation of the star. 

Astronomers classify pulsars according to the source of energy that powers the emission of radiation. There are three presently accepted classes: 

· Rotation-powered pulsars, where the loss of rotational energy of the star powers radiation 

· X-ray pulsars, where the gravitational potential energy of accreted matter is the energy source, and 

· Magnetars, where the decay of an extremely strong magnetic field powers radiation. 


..... Click the link for more information.  frequencies This article is about the basic term; Frequency is also the name of a film and the name of a video game. 



Frequency is the measurement of the number of times that a repeated event occurs per unit time. To calculate the frequency, one fixes a time interval, counts the number of occurrences of the event within that interval, and then divides this count by the length of the time interval.
..... Click the link for more information. , even though it cannot tell the position in time of the beat. 

External link

· MathWorld: Autocorrelation 

preview not available. Click the link for more information. 
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