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A new spectral analysis tool which generates a non-stationary frequency domain.
Each spectral component presents a continuously-varying amplitude over the transformation time.
The underlying math is based on the generalization of Euler’s formula*,
e" = cos(t) + isin(t)

(The foundation formula of the telecommunications industry)

*J. Prothero, “Euler’s Formula for Fractional Powers of i”, 2007 [Online].

Available: http://astrapi-corp.com/wp-content/uploads/2014/01/Eulers_Formula_for_ Fractional Powers_of i.pdf



For fractional powers of i: tiQ(g_m)

Expanding as a Taylor series:
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Any sequence X = [z, =1, ..., Tx_1]' With x € CK*! can be represented by a Taylor polynomial.

Fit a Taylor polynomial that represents the sequence

h = (B"B) " B'x
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The approximation of the Cairns series function is given by
¥ = BC
The sequence can also be represented by the linear combination
L e |EjEjE e e e
Pe=x ' 20 | 30 |4 |5 |6 | T
. . . . : Yo,0(t) = €' 1|1 |1 |1 1 |1 |1
Project the polynomial into the Cairns series functions. . ,
Piol(t) =€ 1 -1 1 -1 {1 -1 |1 —1
BCc = Bh tao(t)=cos(t) 1 |0 | 1|0 |1 |0 | —=1]0
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At this point any Taylor polynomial can be synthesized as P3,2(t) 0 |0 |1 JO |0 [0 |-1]0
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Cosine and sine functions produced by sums of complex exponentials
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This characteristic also holds for the generalized exponential description
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Convert from the Cairns series functions to the Cairns exponential functions.

Em,n (f) — ?'i’."{riﬂ.,ﬂ- (,r)
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Considering fiﬁ'( — Etcns[wﬂl "")Eitﬁin(wﬁl ™)

The Taylor polynomial can be described as
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Obtain continuously time-varying amplitudes for each spectral component.
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Constant
Real-valued exponential

Complex sinusoid
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Input signal
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Instantancous Non-stationary Spectrum @ t=0.00 [ps]
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Non-stationarity
Fourier modulating
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Graphical interpretation

Fourier modulating Fourier complex sinusoids Fourier modulated

:
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Number of spectral components
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Number of spectral components Spectral components spacing
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Basis functions Bandwidth Compression: 8 independent amplitude values within 1 us.
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Basis functions Bandwidth Compression: 16 independent amplitude values within 1 us.
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Hermitian Symmetry

Imaginary

Frequency domain trajectories for

Real-valued time domain sequence

Imaginary

Complex-valued — f=-
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Motivation:
e Applications for ISA: to build a modulation scheme based on ISA for higher spectral efficiency.

e Patented technology*: Spiral Polynomial Division Multiplexing. (under analysis)
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