Spatial Active Noise Control Based on Individual Kernel Interpolation

of Primary and Secondary Sound Fields

Kazuyuki Arikawa, Shoichi Koyama, and Hiroshi Saruwatari (The University of Tokyo) (CASSP 2022

S I NGAPUORE

Abstract Kernel function with directional weighting [2] Comparison of block diagrams

Spatial ANC - Kernel function to estimate sound field is defined as: Previous method . Proposed method .
- ApprOaC.h tO rEduce.nOlse IN Spa.Ce | | | | F\)(T, r/) — ]O \/(j/B,’,’ L k(r/ L r))T(j/Bn L k(,r,/ L ,r,)) (onlrolFllter }» Y ISLCL\ndﬂr}Pth >El§e £ . (:on%r%;ilter 1?{ N Secondczg'l’ath —’é;e
- Conventional ANC aims at reducing noise at discrete points, while Wave number -\ L ........................................................ O N A

Spatial ANC aims at reducing noise in continuous target region Sharpness parameter Arrival direction of noice " 4_ — G %
Spatial ANC based on kernel interpOlatiOn [1 _3] | | | | | | e ! - Ayy [ é
- Interpolate sound field from error mic signals using kernel ridge |~ B using this kernel function, interpolated sound field u(r) is e

regreSSiOn, and define cost function as regional square integral of guaranteed to Sat|sfy Helmholtz equat|on .....................................................................

- - i rce direction is known in advan ropriatel : -

sound field f ;‘t" >c SO0 Cef e[; 0 t > |Ot' ad chcec’a:ybaeme?OI:o ae‘; Y Numerical experiments
_ - - i it setting parameter [, interpolation accuracy | Vv : : . .

Apply a single kernel function tg interpolate superposition of | STPe LUl B 3D free field simulation setting Target region:

orimary and secondary sound fields compared to using no directional weighting (5 = 0)

e Secondary source 06 m X 06 m X 02 m
This paper Spatial ANC based on Individual kernel interpolation o fermenre . # of error mics: 48

. 9 9 d field . Iated individuall . . o ) ) ) # of loudspeakers: 16
- Primary and secondary sound tields are interpolated inaividually |f|ssue of directional weighting on noise source direction # of noise sources: 1
- Interpolation accuracy can be improved by using kernel functions | - sound field in target region u.(r) is superposition of

weighted on directions of primary noise and each loudspeaker orimary noise field u,(r) and secondary source field us(7)
- NLMS algorithm based on individual kernel interpolation is A -

Performance measure:

Zj ugn) (r5)]°

A

d=e— Gy

derived, and numerical experiments verified that better noise Ue(T) = Ze (r)e/ Weighted on primary noise direction Prea(n) = 10log, > 1w (r)|2
reduction is achieved than previous methods — (r)Td + 2. (r)TGy Results ’
. . . . Uy (7 s (7) Casel: Noise direction is exactly same as prior information
Problem Formulation of Spatial ANC in freq domain o o . P after 12000 iterations at
- Secondary source field is interpolated with directional weighting P_.q for each iteration at 200Hz red |
o . . . . T . different frequencies
Error mic signals: on primary noise direction, which limits interpolation accuracy J
Reference microphone ~ Error microphone ' — :;zﬁim %5 I i;:gﬁiii;ﬁ C=(/312'0c;)
/ > - e — d —I— Gy =) = ;o'fgl-Kl-ANC (3=2.0) — Total-KI-ANC (8=2.0)
> 4 o / . Individual kernel interpolation T s
? Noise signals Transfer func matrix || (Step 1) Estimate primary noise component from error mic signals "i; 3

(2 : Target region

Loudspeaker signals:

Secondary source 6.9 dB
Y = W a (Step 2) Interpolate primary noise and secondary source fields O Wi e e s e a0l _ — = =
Daotive fil | \ U individually using directionally weighted kernel func Number of iterations regreney. el
Acaptive THter matrx Relmic signals uy (1) = 24( )Td‘ Apply kernel functions weighted on Case2: Noise direction is perturbed from prior information
o . . ; p — — . ] . . ST .
Update adaptive filter using gradient method (LMS algorithm) — /p!mma.ry noise/each loudspeaker Perturbatlg)n |os fjrawn from G§u55|an distribution of standard deviations
directions (0.05 m, 6°, 3°) in polar coordinates

Wh+1)=Wr) —u o ym) W us(r) = 2 Zua(r) Gy = G(r) 'y [ e
oW ( ) " Cost function for ANC (=1

—— Total-KI-ANC (B8=2.0)

Iteration step

NLMS algorithm based on individual kernel interpolation _ > 1 method achieves bect
o g o = - Froposed metnoad acnieves pes
Kernel interpolation of sound field - Define cost function and derive the gradient w.r.t. filter matrix S P
o performance on average
- Estimate sound field by kernel ridge regression: / U (T \2 dr - Robustness to source perturbation
- AT 17 - = z4(7) Td + ¢y (r Aya: —/C )z (r ' is almost same as other methods
Ue(T) = ((K + A ;) ) K(r)| e=z.(r) e / wi= [ G Mo me o mmw e
] ] 8 H 1] Ito et.al., Proc. IEEE ICASSP, pp.511-515, 2019
{(K Vot = Bl P Pt ), () )y = Bl rm)J oW ( J (n) = AyaG)y(n)z(n) 2] Ito et. al,IEEE ICASSP, pp.8399-8403, 2020.
3] Koyama et.al., IEEE/ACM Trans. ASLP, vol.29, pp.3052-3063, 2021




