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Introduction: System ldentification

Y
L‘/ System Example: Fast measurements of HRTFs
Z |dentification . .
h(n) K — Different approaches exist
h(n)

For static acoustic measurements: [nverse Cyclic
Convolution (ICC) with Exponential Sweeps

For dynamic tracking of systems: Normalized Least () :{ Ey for Amod N=0
Mean Square (NLMS)-type algorithms with so- ’ Jtherw'se &
called Periodic Perfect Sequences (PPSEQ) NLMS
Equivalence of ICC and NLMS for PPSEQ input [1],

based on efficient NLMS implementation [2] 0

This work is a generalization of [1] showing the equivalence also for arbitrary
periodic input signals for the NLMS implementation in [3]

Efficient NLMS Algorithm (eNLMS)[3]

Novel description of [3]

y——— see B
hovivs(n) = F~'diag{Fw, }Fé(n)

NLMS

Use NLMS algorithm for transformed coefficients:

. }/- unit vector e, = |1},
¢(n+1)==¢(n)+ ,u(y(n) —€(n) - €umod N|€nmod N '
step-size parameter y 0] v
S ldea: Transform hi(n) (basis ;) to ¢(n) (basis w;) with respect to x(n)
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A (@%\\\‘ —> + >F - s: zero-phase component
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Q FX(n)< + x(n) = Fldiag{Fs}Fp(n)
U X A
v o
> o
= Q\\’a"e —> + >F - p(n): const.-magn. component
GE) \ o L> x(n) periodic in N
g Z — only N mutually orthogonal

, pi,t=0,..., N — 1 exist.
1 for i=nmodN

_ with Prnmod N = p(n) — f‘(n)po
0 otherwise

e Goal: w;x(n) :{
Energy: E, = pgpg

e To obtain basis w;:

w; = + F'diag{Fs} 'Fp,
/ p “ ~ /
normalization

to Ep

equalization with s ‘direction’ of p;

— w, form non-orthogonal basis of R

e Qutput of system can be expressed as:

N —1
d(n) = Y hi(n)e;x(n), h; coeff. to basis e;
= )change of basis

N —1
= Y ¢i(n)w;x(n), c¢; coeff. to basis w;
1 =10
— X(n) appears as unit impulse excitation in transform domain
Current output sample matches exactly one coefficient:

d(n) = cymoan(n) respectively d(n) = I'(n)c(n)
+h(n) =" ciln)w,; = - = Fdiag{Fw}FT(n)d(n)

n Conclusion

e |CC and eNLMS are mathematical identical

* Bridged gap between |CC for static acoustic measurements and the eNLMS
algorithm for dynamic system identification and tracking

» Enables transfer of knowledge from both approaches:

— from |CC to eNLMS: regularization methods

— from eNLMS to ICC: dynamic tracking properties and step-size control
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Permutation matrix I DFT matrix F =

v(n)
e System to be identified: x(n) h(n) A | i Q
. 4
h(n) — (ho(n) hl(”) T hN—l(”)) ﬁ(n) CZ(”)

 Excitation vector: T
x(n) = z(n) 2(n 1) - 2(n = N+ 1)) L. {adaptation)e-------
e Qutput of system:
d(n) =h'(n) - x(n)

correspondingly: h(n), d(n), d(n), y(n)

Notation & Auxiliary Operators

Discrete Fourier Transform via DFT matrix F P :,:.: .
DFT: X(n) —F. X(n) GO DT NN
IDFT: x(n) =F ! X(n)

. o
with w = e /N

Permutation matrix I'(n) reorders elements of vector, beginning with

n-th element going cyclically backwards through vector
Example: N =5, n =2

I'(n) =

OO OO
OO OO
OO OO
—_O OO O
OO OO
OO OO
—_O OO O
OO OO
OO OO

{ OO OO

A J

mirroring matrix I’

Inverse Cyclic Convolution (ICC)

Deconvolution in frequency domain by element-wise division:

2 [ e - e .
hico(n) = Fdiag{Fx(n)} 'Fy(n)| requw.ed to compensate
for mirroring of sequences

x(n) and y(n)

H Equivalence of eNLMS and ICC

\ o

| - By alternative system description in and n equivalence for u = 1
= can be shown:

h(n) = hiee(n) — see paper

For arbitrary step-sizes 1, eNLMS vyields:

c(n+N)=¢n)+ pu('(n+N-1yn+N—-1) —¢&n))
l = (1 —p)-€n)+p- (Pn+N-1yn+N-1))

(L arbitrary

A A

hextus(n + N) =(1 — ) - hos(n) + - hisys(n + N)
As h'5his(n) = hice(n) — recursive averaging can be applied to 1CC

Complexity is identical (see paper for detailed description)
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