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Introduction

The quiet (dark) zone
for the audio content 1

. The listening (bright) zone
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Fig. 1: An illustration of sound zones.

» Sound zones enable multiple people to enjoy
different audio contents in the same acoustic
space without disturbing each other.

» We propose a general framework to create
sound zones. It trades-off between acoustic
contrast and signal distortion.

Generation of sound zones
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Fig. 2: An illustration of sound zones system.

The reproduced sound pressure on the mth
mic. position by the L loudspeakers is

L
Pmln] = hpln] = qln] = x[n] = hyX[nlq, (1)
|=1

where hq[n] Is the room Impulse response,

Ao = [hwlOL - hmlK — 11", hy =
‘hT.. - hL]", {qIn]}L, is the control filters,

T : T
d, = [Q/[O], !q/[‘-]_ 1]J(J, q = q‘ITS !qz-] :
X(n] = {x{n—k—j+2]}, " . X[n] = I, @ X[n]

and I, =diag(1,---,1) € RtxL

The reproduced sound field in the bright zone
T .
pslnl = [pilnl, -, pmg[n]] " is then

psln] = Hglnlq, (2)
where Hg[n] = X'[n][hy,--- , hy,|, and simi-
larly pp[n], Hp[n] for the dark zone.

For the total zone, pg[n] = |pLln], pSln]]
Hcln] = |Hg[n], Hp[n]].

T
)

The desired sound field: d¢[n] = [d£[n],0;, ]
The reproduction error : e¢[n] = d¢[n]— p[N]

The acoustic potential energy:

N—1
_ 1 T _L T
% = 1IN gps[n]PB[”] = 7.9 Req, (3)

where N is the number of time samples, Rg Is
a spatial correlation matrix, and similarly ep,
Rp for the dark zone.

The acoustic contrast : v = eg/ep

The average reproduction error energy:

N—1
1 2
Sc = 5 ; lecln]||* = Sg + Sp, (4)

where ||-|| is the /> norm, Sg, Sp are the distor-
tion and residual energies, respectively.

The unified framework approach is inspired by
the VSLF framework [1].
» Joint diagonalization
The solution to Rgq = ARpq Is a diagonal
matrix A,y of the LJ eigenvalues in Ay >
. > ALJ, and the square matrix U;, =
uy, -, ULy of the LJ eigenvectors.

These jointly diagonalize R, Rp
UZ-JRBULJ = /\LJ, UZJRDULJ = ILJ- (5)

» Low-rank approximation
g can be written as a linear combination, i.e.,

q=Uyay, (6)

where U/, ay are the basis function and the
weights, respectively. The first 1 < V < LJ
eigenvectors in U, , are used as the basis
function; hence, the optimization is carried
out with respect to ay. The rank V is a
user parameter which controls the trade-off
between Sg and ~.

» Variable Span Trade-off (VAST)
minimize Sg subjectto Sp <e¢,  (7)

for1 < V < LJ, the solution Is referred to as
a variable span trade-off (VAST) filter,

T

u,u
Y VI’B, (8)
[+ Ay

%
Quast(V, 1) = Uvay(p) = Z

v=1

where u Is the Lagrange multiplier, and rg =
N-1 SN " Hgln]ldg[n]. The solution can
vary with respect to v and L.

Special cases
» For V =1:

uiul
[+ A

QuasT(1, 1) = rg o< Uy, (9)

which is the ACC [2] solution since u; is
the eigenvector corresponding to the largest
eigenvalue.

» ForV=LJ, nu=1:
=
Guast(LJ, 1) = Uy (Ay +puly)” Uyrg

S —
ay(p)
= (RB+RD)_1I’B, (10)

which is the PM [3] solution.

Table 1: Various solutions for sound zone control

Analytic form

V _
AVAST = 2 _v-1 [(M + Ay) 1UvU\ZI‘B]

Qacc = (1 + A1) Turufrg

- qup = Z\\//=1 A 'uyugrg)

LJ  Quvor = Rz 'rs

- Qysw = Z\\//=1 [(1 + )] Uv”Z”B}
LJ Gpy=(Rs+Rp) 'rs

» Acoustic contrast ~:

>ay () (©)
al,(p)ay(p)

leads to vy (u) > vy (u) if V< V.

(11)

yvip) = K

» Signal distortion Sg:
Sc(V) = Sg(V) + Sp(V) as a function of V

A+ 20

)\V+/L)2HU‘Z"BH2’ (12)

(13)

Proof-of-concept simulation

» 1 m radius circular array with three loud-
speakers, three microphone positions In
each zone, free field, ideal loudspeaker and
microphone.

> The length of {q,}7, is 50 ms, f; = 12.8 kHz.

dsln] = HE[Ni'Y, where i'Y) =1, @iy, 1, =
[1,---,1]" € R, i, is the first column of
l,, =1, and x[n] = ¢[n].

> ~ w.r.t. frequency, V, and Sg w.r.t. V.

I

40 |- | | -
5305 4
O, 20
<10 §

%
0

40 b*;} ] 18
Q' 26 |\ 1192 @
O, \ U 112 a

5 TNy P A Y . |_O

1 640 1,280 1,920

vV
Fig. 3: ~(f) when V = 1 which corresponds to
ACC(—), V =800 (—), and V = 1920 which corre-
sponds to PM(==), ~(V) before filtering(-), v(V) after
filtering(=), Sg(—), Sp(--), and Sc(--). Note that Sp
Is multiplied by 150 for better visualization.

Conclusion

» A new framework to create sound zones.

» ACC and PM as special cases.

» Performance evaluation based on ~ and Sg.

» All solutions will have v and Sg with upper
and lower bounded by ACC and PM.
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