
Nara Hahn, Sascha Spors
Institute of Communications Engineering

{nara.hahn,sascha.spors}@uni-rostock.de

Synthesis of a Sound Field Scattered by a Virtual Object Using
Near-field Compensated Higher-order Ambisonics (NFC-HOA)

Motivation
• synthesis of virtual sound fields with scattering objects [1, 2, 3, 4]
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Sound Field Synthesis
• goal: reconstruction of the desired sound field within a target region by using a loudspeaker array
• solve the synthesis equation with respect to the driving functionD(x0, ω)

S(x, ω) =

∫
Ω0

D(x0, ω)G(x−x0, ω)dΩ0

• S(x, ω) desired sound field
• G(x−x0, ω) acoustic transfer function
• D(x0, ω) driving function

G(x−x0, ω)

D(x0, ω)

S(x, ω)

Ω0

• e.g. wave field synthesis (WFS) and near-field compensated higher-order Ambisonics (NFC-HOA)

NFC-HOA
• based on spherical/circular harmonics representation of the sound field

S(x, ω) =

∞∑
n=0

n∑
m=−n

S̆mn (ω)jn(ωc r)Y mn (θ, φ), S(x, ω) =

∞∑
m=−∞

S̊m(ω)Jm(ωc r sin θ)e imφ

• 2.5D NFC-HOA (circular distribution of secondary sources) [5, 6]

D2.5D(φ, ω) =

∞∑
m=−∞

D̊m(ω)e imφ, D̊m(ω) =
1

2πr0

S̆m|m|(ω)

Ğm|m|(ω)

Sound Field Scattered by a Cylinder
• superposition of the incident field and the scattered field

S(x, ω) Sinc(x, ω) Ssca(x, ω)= +

• incident plane wave e−i〈k,x〉 scattered by a cylindrical scatterer at xc with radius a

S̆mn (ω) = S̆minc,n(ω) + S̆minc,n(ω)Fm(xc, a, ω)︸ ︷︷ ︸
S̆msca,n(ω)

• Fm(xc, a, ω) = e−i〈k,xc〉
∑∞

µ=−∞ i
−(µ−m)e−i(µ−m)φPWBµ(ωc a)H(2)

m−µ(ωc rc)e−i(m−µ)φc

• Bµ(ωc a) =


− J ′µ(

ω
c a)

H
(2)′
µ (

ω
c a)

sound-hard

− Jµ(
ω
c a)

H
(2)
µ (
ω
c a)

sound-soft

• 2.5D NFC-HOA driving function

D̊m(ω) =
1

2πr0

S̆minc,|m|(ω)
(

1 + Fm(xc, a, ω)
)

Ğm|m|(ω)

• incident plane wave S̆minc,n(ω) = 4πi−nY mn (π2 , φPW)∗

• secondary point sources Ğmps,n(ω) = −i ωc h
(2)
n (ωc r0)Y mn (θ0, φ0)∗

Evaluation
• numerical simulation using the Sound Field Synthesis (SFS) Toolbox (MATLAB)
• incident plane wave (φpw = −π2 )
• cylindrical scatterer (xc = (0, 2), a = 0.4 m)
• 2.5D NFC-HOA (r0 = 1.5 m,Nloudspeaker = 60, falias. ≈ 1 kHz, order: 29)
• : scatterer, : secondary sources
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Figure: Monochromatic sound fields. Sound-hard scatterer.

x / m

y
 /
 m

 

 

−2 −1 0 1 2

−2

−1

0

1

2

A
m

p
lit

u
d
e
 (

d
B

)

0

5

10

15

20

25

sound-hard

x / m

y
 /
 m

 

 

−2 −1 0 1 2

−2

−1

0

1

2

A
m

p
lit

u
d
e
 (

d
B

)

0

5

10

15

20

25

sound-soft

Figure: Monochromatic sound fields (dB). f = 1 kHz.
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Figure: Wide-band sound fields

Listening Examples

• ear signals simulated for a virtual NFC-HOA system
(r0 = 1.5 m,Nloudspeaker = 60)

• incident plane wave (φPW = −π2 )
• moving cylindrical scatterer (y = 2 m, a = 0.4 m)
• driving signals filtered with HRTFs
• computed for every 5 cm and cross-faded
• http://spatialaudio.net/sfs_scattering_object

∆x = 5 cm

GL,R(φ, ω)

D2.5D(φ, ω)
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