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urable sound field. The 3DSPA dynamically processes the
sound tracks using the user selections to generate a config-
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sound. The 3DSPA measures head related transfer functions
(HRTFs) in communication with a simulator apparatus that
simulates a human’s upper body. The 3DSPA generates the
binaural sound by processing the sound tracks with the
HRTFs based on the user selections.
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101
PROVIDE A SIMULATOR APPARATUS CONFIGURED TO SIMULATE AN UPPER /

BODY OF A HUMAN

A

PROVIDE A THREE-DIMENSIONAL (3D) SOUND PROCESSING APPLICATION ON 102
A COMPUTING DEVICE

A4

ADJUSTABLY MOUNT A LOUDSPEAKER AT PREDETERMINED ELEVATIONS
AND AT A PREDETERMINED DISTANCE FROM A CENTER OF THE HEAD OF /
THE SIMULATOR APPARATUS TO EMIT A SWEPT SINE SOUND SIGNAL

l

RECORD RESPONSES OF EACH EAR TO THE SWEPT SINE SOUND SIGNAL
REFLECTED FROM THE HEAD, THE NECK, THE SHOULDERS, AND THE 104
ANATOMICAL TORSO OF THE SIMULATOR APPARATUS BY EACH /
MICROPHONE FOR MULTIPLE VARYING AZIMUTHS AND MULTIPLE
POSITIONS OF THE SIMULATOR APPARATUS MOUNTED AND
AUTOMATICALLY ROTATED ON A TURNTABLE

A

RECEIVE THE RECORDED RESPONSES FROM EACH MICROPHONE BY THE 3D 105
SQUND PROCESSING APPLICATION /

Y

COMPUTE HEAD RELATED IMPULSE RESPONSES FROM THE RECORDED
RESPONSES BY THE 3D SOUND PROCESSING APPLICATION

A 4

107

TRANSFORM THE COMPUTED HEAD RELATED IMPULSE RESPONSES TO HEAD /

RELATED TRANSFER FUNCTIONS BY THE 3D SOUND PROCESSING
APPLICATION

FIG. 1
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201
SWEPT SINE SOUND X(t) FROM A LOUDSPEAKER
\ 202
SOUND y(t) RECORDED BY THE MICROPHONE IN THE EAR OF THE /
SIMULATOR APPARATUS
v
203
COMPUTE THE HEAD RELATED TRANSFER FUNCTION (HRTF), H' = FFT(y(t)) /
FFT(x(1))
v 204
COMPUTE THE HEAD RELATED IMPULSE RESPONSE (HRIR); h'(‘[) =IFFTH) =
IFFT{FFT(y(t)) / FFT(X(1))]
y 205
TRUNCATE h'(t) TO OBTAIN HRIR, h(l), FOR APPLICATIONS
A 206
COMPUTE HRTF, H = FFT(h(t)), FOR APPLICATIONS

FIG.2
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FIG. 3A
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FIG. 3B
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PROVIDE A THREE-DIMENSIONAL (3D) SOUND PROCESSING APPLICATION ON | 192
A COMPUTING DEVICE

701

PROVIDE A MICROPHONE ARRAY SYSTEM EMBEDDED IN THE COMPUTING
DEVICE, IN OPERATIVE COMMUNICATION WITH THE 3D SOUND /
PROCESSING APPLICATION

Y

RECORD SOUND TRACKS FROM THE ACOUSTIC BEAM PATTERNS BY THE /702

MICROPHONE ARRAY SYSTEM

b 4
GENERATE A CONFIGURABLE SOUND FIELD ON A GRAPHICAL USER 703
INTERFACE (GUI) USING THE RECORDED SOUND TRACKS BY THE 3D /
SOUND PROCESSING APPLICATION

ACQUIRE USER SELECTIONS OF ONE OR MORE OF MULTIPLE CONFIGURABLE 704
PARAMETERS ASSOCIATED WITH THE SOUND SOURCES FROM THE
GENERATED CONFIGURABLE SOUND FIELD BY THE 3D SOUND
PROCESSING APPLICATION VIA THE GUI
Y
DYNAMICALLY PROCESS THE RECORDED SOUND TRACKS USING THE 705
ACQUIRED USER SELECTIONS BY THE 3D SOUND PROCESSING /

APPLICATION TO GENERATE A CONFIGURABLE 3D BINAURAL SOUND, A
CONFIGURABLE 3D SURROUND SOUND, AND/OR A CONFIGURABLE 3D
STEREQO SOUND

FIG.7



U.S. Patent Sep. 8, 2015 Sheet 10 of 39 US 9,131,305 B2

PROVIDE A THREE-DIMENSIONAL (3D) SOUND PROCESSING APPLICATION ON

102
A COMPUTING DEVICE

4

ACQUIRE SOUND TRACKS FROM MULTIPLE SOUND SOURCES POSITIONED IN A 801
3D SPACE /

y

GENERATE A CONFIGURABLE SOUND FIELD ON A GRAPHICAL USER
INTERFACE (GUI) USING THE ACQUIRED SOUND TRACKS

703

ACQUIRE USER SELECTIONS OF ONE OR MORE OF MULTIPLE CONFIGURABLE 704
PARAMETERS ASSOCIATED WITH THE SOUND SOURCES FROM THE
GENERATED CONFIGURABLE SOUND FIELD VIA THE GUI

A4

DYNAMICALLY PROCESS THE ACQUIRED SOUND TRACKS USING THE 705
ACQUIRED USER SELECTIONS TO GENERATE A CONFIGURABLE 3D /

BINAURAL SOUND, A CONFIGURABLE 3D SURROUND SOUND, AND/OR A
CONFIGURABLE 3D STEREO SOUND

FIG. 8
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FIG. 10
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FIG. 11B



US 9,131,305 B2

Sheet 14 of 39

Sep. 8, 2015

U.S. Patent

150

Q
e @]
—

210

FI1G. 11C

F1G. 11D



U.S. Patent Sep. 8, 2015 Sheet 15 of 39 US 9,131,305 B2

270

FIG. 11E

150

180

270

FI1G. 11F



U.S. Patent Sep. 8, 2015 Sheet 16 of 39 US 9,131,305 B2

150

180

210

FIG. 11H
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FIG. 14B

FIG. 14D

































































































































