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(Test Condition : As part no. table)

Specification

Schematic Circuit

Typical Frequency Response

Sensitivity :
Directivity:
Impedance :
Current consumption :
Standard operation voltage :
Sensitivity reduction :
S/N ratio :

1)
2)
3)
4)
5)
6)
7)

As part no. table

Low impedance
Max.500uA
1.5V
Within-3dB at 1V
More than 58dB
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6-ø1.0

CZ034GU

PART NO. TABLE

-47
-51

Sensitivity
(0dB=1V/pa, 1KHz)

CZ034GU474
CZ034GU514

(Vs=1.5V, RL=680Ω)

CZ034GU
4dB
4dB

CZ034U474
CZ034U514

CZ034U

Term1Term2

CZ034U

6-ø1.0
9.7

6.5

unit : mm

Unidirectional
CZ034GU(ø9.7X5.2)
CZ034U(ø9.7X6.5)

ADC�

ADC�

ADC�

ADC�

CZ034GU 
x4� Dual WM8737G�

TAS*
1020B*

*
*
�

I2S�

Audio Stream 
Controller�

µPD720114*
*
*
�

USB 
1.1�

I2S�

http://www.ifixit.com/Teardown/Microsoft-Kinect-Teardown/4066/2�

USB2.0�
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Ąìđÿā�ìïŚ (Windows ĂĈ)�
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" ğĬĬņĈ Port audio, libsndfile, fftw3, python ąĄ 
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!  Construct the 25ch linear loudspeaker array system 
!  Evaluate the wavefront of conventional (MCWS) and our proposed method 

in actual environment 
!  Primary source is located at (x,y,z)=(0.0,-1.0,1.22) m 
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!  Observation area become restricted by array microphone interval 
and number 
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Wavefront measurement system�
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(a) (b)
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Figure 6 Wavefronts in 2 kHz by simulation: Position of
generated source at display position in (a), y = 0.50 m in

(b), y = 1.00 m in (c) and y = 1.50 m in (d).
(a) (b)

(c) (d)

Figure 7 Wavefronts in 2 kHz by measurements: Position
of generated source at display position in (a), y = 0.50 m

in (b), y = 1.00 m in (c) and y = 1.50 m in (d).

are 3.0 m on each axis (see in Fig. 5). The measurements
resolution is 0.02 m on each axis. The measured wavefront
is derived from the impulse response measurement results
using the time stretched pulse (TSP) signal. The number
of total samples of the TSP signal is 32768. The display
is located on y=-0.16 m and we call the position display
position. The sound source is generated to (x,y,z) = (0.00,
-0.16, 1.22), (0.00, 0.50, 1.22), (0.00, 1.00, 1.22), (0.00,
1.50, 1.22). The sampling frequency is 48 kHz. The back
ground noise is under 30 dB(A). The measurement con-
ducted in soundproof room.

3.2 Experimental results

The measured and simulated wavefronts are shown in
Figs. 6 to 9. Figures 6 and 7 show the wavefronts in 2 kHz
by simulations and the measurements, respectively.

The outside area of broken line in figures shows the
area of the truncation effect. In Figures 6(a) and 7(a), the
primary source is located to back of the loudspeaker array.
The broken lines indicate the boundary lines of the primary
source toward the edges of the secondary loudspeaker ar-

(a) (b)

(c) (d)

Figure 8 Wavefronts in 6 kHz by simulation: Position of
generated source at display position in (a), y = 0.50 m in

(b), y = 1.00 m in (c) and y = 1.50 m in (d).
(a) (b)

(c) (d)

Figure 9 Wavefronts in 6 kHz by measurements: Position
of generated source at display position in (a), y = 0.50 m

in (b), y = 1.00 m in (c) and y = 1.50 m in (d).

ray. We remove the wave reflected from the entire wall
surface in room using Hanning window.

In Figs. 6 to 9, the crossing point of the broken lines
shows the presented position of the primary source. The
measured and simulated wavefronts are almost accord in-
side of the sweet-spot. Figures 6 and 7 show the synthe-
sized wavefronts in 2 kHz. From the comparison between
Figs. 6 and 7, the measured wavefront is similar to each
of the calculated wavefront. Therefore, synthesized wave-
front is obtained under the spatial aliasing frequency limit
in actual environment.

Figures 8 and 9 show synthesized wavefronts in 6 kHz.
In Figs. 8(a) and 9(a), primary source is located back to the
loudspeaker array. Hence, spatial aliasing causes a wave-
front disturbance. In contrast, the focusing source is well
performed above the spatial aliasing frequency inside of the
sweet-spot near the primary source in other figures of Figs.
8(a) and 9(a). This type of phenomenon is mentioned by
Spors [6]. According to the above-mentioned results, we
can confirm that WFS can generate focusing source in the
actual environment.
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Kinect ė��øüŃōıŇœİō �ć���
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Kinect ĆĒĕŌĚōįĜŅÒÕX7�
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CPU� Intel core i7 1.87 [GHz] 
(4core, 8thread)�

ņŇŌœ� DDR3 8 [GB]�
OS� Windows7 64 bit�

��ņŇŌœ� 35 [MB]�
CPU 
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!  ĺŐĵ 
" port audio 
"  libsndfile 
" python (numpy, scipy, matplotlib, pyside) 
" ASIO4ALL (Windows Ŋœĩœ) 
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