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Concerned with large-scale non-linear cir

Their behaviour is described by:

X(2) = f (x(z)) +b(z)

X(t) arethestates

b(z) aretheinputsto thecircuit




Concerned with envel ope modul ated signals
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Weset  x(#) =x(¢,---¢))

p Isthe number of different time scales

We rewrite the governing equation in multi-time scale format
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Compl ete time-domain methods

. Mixed time-domain frequency-domain methods

. Mixed time-domain wavelet methods




We will consider WalVel et approach

Why? —
Suitable for highly nonlinear circuits
*Enables us to move from one level of accuracy to
another in an incremental manner

To simplify matters, consider two time scales.




x(t) s represented by: P
*a series of waveletsin onetime scale ——
ecoefficientswhich vary in the other timescalle

N
X(t.t)= Xx(t)¥.(t,)
k=1

vritten for all collocation pointsin,

X, (t)=Ex(t)

. square matrix.



The governing eguation now becomes:

E% =—Dx+ f.(x)+b

1

Thisisan ODE — but it concerns ONE time scale —

-s0 can be solved numerically in an efficient manner




At this point we employ MODEL REDUCTION techniques

Weexpand x(z,) inaTaylor'sseries tfistheinitialtim

X(t)= Ya( —1)
1=0

The coefficients a, may be computed recursively






We perform a QR decomposition of the Krylov space

K =OR

Q0=1,

Then Q is employed to perform a congruent transformation:




or

E==-D5+Q'f,(0%)+b,

where

Fa

E=Q'EQ D=0'DQ b,=0'b,

stemis of size g<<N — where N isthe origina size



-----

For oscillators or systems subject to Frequency Modulated sig
we use the Warped Multi-time scale model

w(rz)g—z + g—f = fiR(t,1,)) + bit,)

It _bends the path along which x(¢) is evaluated to account for frequency variation

x(0) = 2(p(0).0
o(t) = [ (t)di




Again we apply wavelet analysis

X (t,t)=
£ (1,t.)

N
2x,(t)¥ ()
k=1




Warped Equation now becomes:

o(t,)DX +E g—f = f(Ex)+b.(t,)

2

We apply the same reduction procedure




Reduced equation is of size g<<N

~ 0X

w(t,)DX + Ea—t = Q" f{O%)+b (1)




Example:

Input signd:  bH(t) = sin 2T—7tt sin 2—7[t
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Nonlinear circuit




— Full wawelet scheme

0.35- — — Reduced wawelet scheme
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CONCLUSIONS

*Multi-timescale analysis suitable for nonlinear circuits
with modulated signals

*Multi-timescale model can be reduced using Krylov
space techniques




MORE RESEARCH WORK REQUIRED
FOR NONLINEAR MODEL REDUCTION
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