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ABSTRACT

Head Related Transfer Function (HRTF) describes how a given sound wave input is
filtered by the diffraction and reflection properties of the body, before the sound reaches the
eardrum. HRTF measurements of a population of US - American troops in the 1960s provided
the data and knowledge of the measurement technology for various acoustic application
including artificial head. The use of Acoustic camera allows to perform very complex
functions in room acoustic evaluation in real timeand examine the room acoustic
characteristics under different sound sources and room acoustic conditions. The real time data
provides the designers and audio engineer to fine tune or calibrate their sound system for a
given standard associated to architectural design. The data obtain through this system also
provides the fundamentals to validate the latest software in acoustic design and or audio
engineering. The process establishes new room acoustic indexes for pre and post design
evaluations.

This paper describes the process in obtaining the HRTF and its conversion to Spatial
Frequency Response Surfaces through the format used by MATLAB data files of
compensated Head-Related Impulse Response (HRIR) measurements. The measurements
were made using Acoustic Camera with its' various settings and capabilities under real room
acoustic conditions. Hearing with both ears is defined as binaural hearing. It provides the
ability in hearing the sound naturally and accurately. The sound that is received from both
ears allows to locate the direction and true spatial perception of sounds. The geometrical
parameters of the human body have a major impact on binaural hearing. The application and
the analysis of the latest room acoustic measurements by Acoustic Camera allows to examine
this concept and new development in the creation of a possible new room acoustic index. This
approach will include an improved representation of the current indexes used in architectural
design. and contributes to the upgrading of the current standards for room acoustics.
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Abstract: Application of the Head Related Transfer Functions
In Room Acoustics Design Using Beamforming

Head Related Transfer Function (HRTF) describes how a given sound wave input is filtered by the
diffraction and reflection properties of the body, before the sound reaches the eardrum. HRTF
measurements of a population of US - American troops in the 1960s provided the data and knowledge of
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P . . 4 i camera allows to perform very complex functions in room acoustic evaluation in real time and examine the
|4 - = j it room acoustic characteristics under different sound sources and room acoustic conditions. The real time
data provides the designers and audio engineer to fine tune or calibrate their sound system for a given
standard associated to architectural design. The data obtain through this system also provides the
fundamentals to validate the latest software in acoustic design and or audio engineering. The process
establishes new room acoustic indexes for pre and post design evaluations.
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Fourier Transform from
Time to Frequency Domain
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® Boundary Element Method
® Obtain a mesh
® Using Green's function G s
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Measurement 2] L
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Tiead widih 439 095 1
5 head height 2146 124 1 1 .
p - head depth 1996 129 1 Scaphﬂld fossa Tnangular
. panna offset diown 303 066 43
(@ pinna offser back 046 059 254
[\ e | neck widih nes L1 Cymba concha
neck height 6.26 1.69 54
— - neck depth 1052 122 23
o - torso top width 3150 119 2
4 . ™ 10650 top height 1342 185 2 Cavum concha Crus
| \ torso top depth 2384 295 2]
I 1 |l shoulder widih 500 3781 helias
J LI | head offset forward 303 229 15
= =z heigh 172431161 1 External
ayy boigh Ry bond cirummimce 10 xys  seated height 8883 553 13 H
s e b e e Zie  head circumference 5733 247 ¢ auditory T
xyr  shoulder circumference 10943 1030 14 ragus
Figure 2: Head and torso maasuremans mEatU 5 g
Antitragus
g Intertragal
Lobule incisure

- Head related transfer functions of a six - months -old infant,
. median kindergarten, and adult head at a frequency of 3000
% B G-months-old  median kindergarten adult
- uw w w 000Hz
-l
.m
- i~
dy cavum concha height 1.91 0.18 19 IT‘;
ds  cymba concha height 068 012 35 b
dy  cavum concha width 1.58 028 35 i
ds  fossa height 151 033 M 3
ds pinna height 641 0.51 16 -
dg pinna width 292 0.27 I8
dy  intertragal incisure width 053 014 51
da cavum concha depth 1.02 0.16 32
[0 pinna rotation angle 24.01 6.39 35
#,  pinna flare angle 28.53 670 47




Head related transfer functions of a six - months - old infant,
median kindergarten, and adult head at a frequency of 6000
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Spatial Frequency Response Surface Graph derived from Head Related Transfer
Functions of an adult head at a frequency of 57 to 58 KHz
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1 ! : Spatial Frequency Response Surface Graph derived from Head Related
Transfer Functions of an adult head at a frequency of 57 to 58 KHz
Spatial Frequency Response Surface Graph derived from Head Related
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Application of the Head
Related Transfer Functions

. Auto Industry

. Classrooms / Lecture Hall

. Indoor sport arena (Basketball)
Outdoor sport (American Football)
. Recording studio
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Application of the Head
Related Transfer Functions

Within
Virtual Reality laboratory

Recording studio
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