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θ

Spherical Head Model

θ w.r.t. ±π
2 azimuth (left/right ear)

input
Delayline:

τh

Head Shadow:

ω0 = 3920 Hz

θmin = 5
6π rad

αmin = 0.1

Front-Back Confusion

θfr w.r.t. 0 azimuth,
0 elevation

Pinna Shadow:

ω0 = 12000 Hz

θst =
3
4π rad

αmin = 0.5

Up-Down Confusion

θup w.r.t. π
2 elevation

Torso Shadow:

ω0 = 2125 Hz

θst =
3
4π rad

αmin = 0.1

Concha Notch:
θst,n = π

2 rad

ωst,n = 2000 Hz

ωend,n = 3000 Hz

Qn = 2.0

gain = −7.0 dB

output

τh

τh(θ) =

{
−a

c (θ) 0 ≤ |θ| < π
2

a
c (|θ| − π

2 )
π
2 ≤ |θ| < π

θ −π
2

π
2

H (z) =
(ω0 + αfs) + (ω0 − αfs)z

−1

(ω0 + fs) + (ω0 − fs)z−1

338



ω0 a c ω0 = c a−1

α θ α(θ)

α(θ) =
(
1 +

α

2

)
+
(
1− α

2

) (
θ

θ
· π

)

α = 0.1 θ = 5
6π a = 8.75

w xp = 0.5 w = 0.5

θ =
θ

3

(
2−

(√
πθ

))
θ θ

θ > θ

α(θ) =

(
1 + α

2

)
+

(
1− α

2

) (
θ − θ

π − θ
· π

)

d = 1 θ
α(θ )

α = 0.5 θ = 3
4π ω0 = 12

θ α(θ )
θ > θ θ = 3

4π
ω0 = 2125 α = 0.1

θ = π
2

θ = 0
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π

50

S0Nϕ
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P
N

ω0

θ 5
6π

8
9π

α

ω0

θ 3
4π

α

θ π
2 0.56π

ω

ω

Q

θ
ω0
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θ

ϕ

ϕ = 0

±π
2
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−π −π
2

0 π
2

π

−25

−20

−15

−10

ϕ / rad

S
R
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/
d
B

measured HRTFs
original model
optimized model

S0Nϕ

ϕ π
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P:1024

omni
hrtf
vbap2d
vbap2dconv
vbap3d
vbap3dconv

N P

P

N
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