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A METHOD FOR GENERATING A CUSTOMIZED/PERSONALIZED HEAD RELATED TRANSFER
FUNCTION

Field Of Invention

The present disclosure generally relates a method for generating a customized/personalized Head

Related Transfer Function (HRTF) based on a captured image.

Background
Accurate interactive 3D spatial audio rendering requires personalized head-related transfer

functions (HRTFs).

Traditionally to obtain such personalized HRTFs, a user is required to sit, without moving, for about
half an hour in an anechoic chamber with audio signals being emitted from different locations within
the chamber. A microphone is placed in the user’s ear for capturing audio signals as audibly
perceived by the user. There is also need to consider factors such as chamber, audio signal source(s)
and microphone responses. Such responses may be considered spurious responses and there may
be a need to eliminate such spurious responses in order to obtain a Head Related Impulse Response

(HRIR) which can subsequently be converted to a HRTF.

Prior art techniques have emerged to simplify the above approach. Specifically, it is desired to
eliminate the need for an anechoic chamber and address issues such as the aforementioned

spurious responses.

One such prior art technique is “P-HRTF: Efficient Personalized HRTF Computation for High-Fidelity

Spatial Sound, Meshram et al. Proc. of IMAR 2014 (hitp:/fsamma.cs.uncedu/HRETE! ). This prior

art technique reconstructs a detailed ear model from multiple photos and perform acoustic
simulation to get HRTF. A densely captured set of photos (20+ photos at recommended 15 degrees

interval, using SLR Canon60D 8MP) and significant computing power would be required.

Another such prior art technique is “Selection of Head-Related Transfer Function through Ear
Contour Matching for Personalized Binaural Rendering. POLITECNICO DI MILANQ. Master of Science
in Computer Engineering. Dalena Marco. Academic Year 2012/2013”. This prior art technique

contemplates that instead of physically modeling the ear and the acoustics, it may be possible to

1
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perform image based matching using an existing database. The existing database can include a
collection of images (e.g., photos) associated with corresponding HRTF(s). Given an image,
generalized Hough transform can be used to find the best match (relative to the collection of images

in the existing database) for the given image so as to obtain a corresponding HRTF.

However, it is appreciable that the above discussed approaches/techniques would require much
resource in terms of computing power. Moreover, the above discussed approaches/techniques may

not facilitate the creation of personalized HRTF(s) is a user friendly and/or efficient manner.

It is therefore desirable to provide a solution to address the foregoing problems.

Summary of the Invention

In accordance with an aspect of the disclosure, there is provided a method for generating a
personalized Head Related Transfer Function (HRTF). The method can include :

(1) capturing an image of an ear using a portable device;

(2) auto-scaling the captured image to determine physical geometries of the ear; and

(3) obtaining a personalized HRTF based on the determined physical geometries of the ear.

Brief Description of the Drawings

Embodiments of the disclosure are described hereinafter with reference to the following drawings,

in which:

Fig. 1 shows a method for creating/generating a personalized/customized Head Related Transfer
Function (HRTF) from an image captured using a portable device such as a Smartphone having an a

camera, according to an embodiment of the disclosure;

Fig. 2a shows an Active Shape Model having a plurality of control points which can be trained using a

plurality of samples, according to an embodiment of the disclosure;

Fig. 2b shows that the plurality of samples of Fig. 2a can include a first sample and a second sample,

according to an embodiment of the disclosure; and
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Fig. 2c shows the control points of Fig. 2a being conformed to the shape of a user’s ear, according to

an embodiment of the disclosure.

Detailed Description

The present disclosure relates to a method 100 (as will be shown in further detail with reference to
Fig. 1) for creating/generating a personalized/customized Head Related Transfer Function (HRTF)
from an image captured using a portable device such as a Smartphone having a camera. The present
disclosure contemplates that the prior art technique concerning Hough transform is the simplest as
compared the prior art technique which relates to the reconstruction of a detailed ear model from
multiple photos and the traditional approach involving the use of an anechoic chamber. The present
disclosure further contemplates the need to further simplify the prior art technique concerning
Hough transform so as to at least facilitate the creating/generating personalized HRTF(s) in a user

friendly and/or efficient manner.

Referring to Fig. 1 a method 100 for creating/generating a personalized/customized HRTF is shown
in accordance with an embodiment of the disclosure. Specifically, a personalized/customized HRTF

can be created/generated from an image captured using a portable device.

The method 100 can include an image capturing step 102, a reference determination step 104, an

analyzing step 106 and a personalizing step 108.

At the image capturing step 102, at least one image of an ear can be captured using a portable
device having an image capturing device. For example, the portable device can correspond to a

Smartphone having a camera.

At the reference determination step 104, a scale factor in relation to the captured image can be
determined. Preferably, the scale factor is determined without having to rely on manual
measurement. The scale factor can be used as a basis for auto-scaling as will be discussed later in

further detail.

In one embodiment, the scale factor can be determined based on eye separation (i.e., Interpupillary
Distance). In another embodiment, the scale factor can be determined based on average tragus

length. In yet another embodiment, the scale factor can be determined based on focus point of the
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image capturing device. In yet a further embodiment, the scale factor can be determined based on a

reference object (e.g., a business card or a can) and/or a depth camera with a known focal length.

In regard to determination of scale factor based on eye separation, a user can capture two images.
One image can be a photograph the user took of himself/herself (e.g. a selfie taken with the portable
device at approximately half an arm’s length away) where the eyes of the user can be detected.
Another image can be a photograph of one ear of the user taken, for example, by having the user
rotate his/her head after the first image is captured. Specifically, after the user has taken a selfie
(i.e., the first image) of himself/herself where the eyes of the user can be detected, the user can
rotate his/her head to capture an image of his/her ear (i.e., the second image which can correspond
to the aforementioned image of an ear captured at the image capturing step 102) with the portable
device is held in place for both images (i.e., position of the portable device when the selfie was taken
is retained for capturing the second image). Alternatively, it is also possible to sweep the portable
device in an arc (i.e., from the eyes to the ear or from the ear to the eyes), while keeping the
distance between the portable device and the user’s head substantially constant during the sweep,
to capture both images of the eyes and the ear. For example, the portable device can be held, by a
user, at arm’s length while taking a selfie (i.e., the first image) of himself/herself where the eyes of
the user can be detected and after the selfie is taken, the user can sweep, while keeping the
portable device at the same arm’s length (per when the first image was captured), to the side of
his/her head to capture an image of his/her ear (i.e., the second image). It is contemplated that
physical eye separation is typically approximately 6.5cm for adults (appreciably, eye separation for
children can differ). Therefore, a scale factor can be derived. For example, for the first image, the
separation, image wise, between two eyes can be 50 pixels. Hence, 50 pixels, image wise, can
correspond to 6.5cm in physical separation (i.e., 50 pixels can, for example, correspond to 6.5 cm in
terms of physical dimension/measurement). Using an image dimension to physical dimension ratio
of 50 pixels: 6.5cm (i.e., based on the first image), it can be possible to translate the image of the ear

(i.e., the second image) to physical dimensions.

In regard to determination of scale factor based on average tragus length, it is contemplated that
the tragus length is relatively consistent across different ears. Therefore, the tragus length can be
used as a reference in analogous manner per earlier discussion in relation to eye separation (i.e.,

translation of the image of an ear to physical dimensions based on known/standard tragus length).
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In regard to determination of scale factor based on focus point of the image capturing device, it is
contemplated that the image capturing device (e.g., a camera) can have an autofocus feature.
Accordingly, the image capturing device can autofocus on the user’s ear when the user uses the
image capturing device to capture an image of his/her ear. The autofocus is based on distance of
lens to object (i.e., user’s ear). The present disclosure contemplates that knowing the distance of
the lens to the ear and the focal length (i.e., Lens’s Field Of View) is sufficient to determine the scale

factor.

At the analyzing step 106, ear features and geometrical properties, based on the image of the ear,
can be detected using an Active Shape Model (ASM). ASM (developed by Tim Cootes and Chris
Taylor in 1995) is commonly known to correspond to a distribution model of the shape of an object
(e.g., shape of a ear) which iteratively deforms to fit to an example of the object in a new image (e.g.,
captured image of a user’s ear) and the shape is constrained by a point distribution model (PDM). In
this regard, image based geometrical properties (e.g., in terms of pixels) such as length of Concha,
length of Tragus, width and/or height of the ear can be extracted/determined from control points
which can be deformed in accordance with the PDM. Accordingly, the control points can conform to
the shape of the ear based on the image captured (i.e., image of the ear) at the image capturing step

102. The control points will be discussed later in further detail with reference to Fig. 2.

At the personalizing step 108, a personalized HRTF can be derived/determined based on image
based geometrical properties (e.g., in terms of pixels) of the user’s ear as determined at the
analyzing step 106 and the scaling factor as determined at the reference determination step 104.

This will be discussed later in further detail with reference to an exemplary scenario).

The present disclosure contemplates that the physical dimensions of a user’s ear can be derived
based on image based geometrical properties (e.g., in terms of pixels) and the scaling factor. Such

physical dimensions can be basis for deriving/determining a personalized HRTF.

Moreover, the present disclosure contemplates that physical geometries of the user’s ear can be

determined at either the analyzing step 106 or the personalizing step 108.

Fig. 2a shows an Active Shape Model 200 having a plurality of control points discussed earlier with
reference to Fig. 1. For example, the Active Shape Model 200 can include a first control point 200a,

a second control point 200b, a third control point 200c, a fourth control point 200d and a fifth
5
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control point 200e. As shown, the Active Shape Model 200 can correspond to the shape of an ear.
Specifically, the plurality of control points can be arranged to correspond to the shape of an ear. The
Active Shape Model 200 can be derived based on training using a plurality of samples. The samples
can correspond to a plurality of ear images (i.e., more than one image of an ear). Preferably, the
samples are obtained from different subjects (i.e., from different people). For example, the Active
Shape Model 200 can be trained from 20 different subjects (i.e., 20 different ears). In an exemplary
scenario, the Active Shape Model 200 can be derived by positioning the control points, in a

consistent manner, in each of the samples.

Specifically, referring to Fig. 2b, the plurality of samples as mentioned in Fig. 2a can include a first
sample 201a and a second sample 201b. Each of the control points can consistently be positioned at
respective different locations of an ear. For example, one of the control points (e.g., label 16) can be
consistently positioned at one location (e.g., the earlobe) of an ear shown in each of the samples
201a/201b. Appreciably, by doing so for each control point, an average, based on the same control
point (e.g., label 16) being positioned at substantially identical location (e.g., earlobe) of an ear
across the samples, can be obtained. Therefore, from the training using a plurality of samples, an
average shape of an ear can be derived. In this regard, the Active Shape Model 200 can be akin to a
generic template which represents an average ear (i.e., based on training using the plurality of
samples) and its underlying PDM. Such a generic template can be a base for iterative deformation
for a new image (i.e.,, a new image of an ear as captured at the image capturing step 102).
Additionally, the underlying PDM is, at the same time, derived when training the Active Shape Model
200. Specifically, limits of iterative deformation of the distribution of the control points (i.e,,
deviation of position of the control points per the Active Shape Model 200) based on a new image
(i.e., a new image of an ear as captured during the image capturing step 102), as will be discussed in
further detail with reference to Fig. 2¢, can be constrained by the PDM as trained using the plurality

of samples.

In accordance with an embodiment of the disclosure, the portable device can include a screen (not
shown) and the control points of the Active Shape Model 200 can be presented via a graphics user
interface (GUI) displayed on the screen. As shown, the Active Shape Model 200 can include a

plurality of control points 200a/200b/200¢/200d/200e.
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Fig. 2c shows the Active Shape Model 200 of Fig. 2a conformed to the shape of a user’s ear (i.e., the
aforementioned image of an ear as captured during the image capturing step 102) in accordance

with an embodiment of the disclosure.

The control points can correspond to the aforementioned new image earlier discussed in Fig. 2a. In
one exemplary application, the Active Shape Model 200 derived (i.e., based on training using a
plurality of samples as discussed earlier) can be displayed on the screen of a portable device and as a
user using the portable device positions the portable device so as to capture an image of his/her ear
(i.e., new image), at least a portion of the screen can display a real-time image 202 of the user’s ear.
Appreciably, the real-time image 202 can change according to how the user positions the portable
device. As such, the Active Shape Model 200 can iteratively deform accordingly. That is, the control
points (e.g., the first to fifth control points 200a/200b/200c/200d/200e) can iteratively change to
match the image of the user’s ear as displayed on the screen. As such, the control points can, for
example, to be visually perceivable to deviate in position so that the control points substantially
overlay the image of the user’s ear. Specifically, as shown in Fig. 2b, the Active Shape Model 200
should substantially overlay the image of the user’s ear. More specifically, the control points of the
Active Shape Model 200 as shown in Fig. 2a can conform to the shape of the user’s ear. Therefore,
the positions of the control points 200a/200b/200¢/200d/200e of the Active Shape Model 200 can
be iteratively changed in a manner so as to outline the shape of the user’s ear (i.e., as shown by the

real-time image 202 of the user’s ear).

Preferably, an indication of stability (e.g., in the form of an audio feedback such as a “beep”) can be
provided to indicate whether an image currently displayed on the screen is suitable for capture. For
example, an indication of stability can be provided when the control points of the Active Shape
Model 200 cease to change in position (i.e., stop moving). That is, the Active Shape Model 200 can
be considered to be substantially conformed to the shape of the user’s ear (i.e., per real-time image
202 of the user’s ear). Appreciably, in this manner, some form of “goodness” measure can be
provided. Additionally, in this manner, it is also possible to perform a real-time detection of the
user’s ear as the user positions the portable device in preparation for image capture at the image

capturing step 102.

Moreover, the present disclosure contemplates that it is desirable to improve ear detection
performance so as to avoid any “spurious” image captures in which an image which looks like the

user’s ear (i.e., which is not actually an image of the user’s ear) is captured.

7
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Therefore, in accordance with an embodiment of the disclosure, further feedback signals (i.e., in
addition to the aforementioned indication of stability) can be provided to indicate whether the
portable device has been positioned appropriately. In one example, feedback signals from motion
sensors such as a gyroscope/accelerometer and/or magneto sensors carried by the portable device

can be provided to indicate whether the portable device is positioned appropriately.

Alternatively, focus distance associated with the image capturing device carried by the portable
device can be used as a parameter in connection with improving ear detection performance.
Specifically, focus distance associated with the image capturing device carried by the portable device
can be used to determine the distance of an object of interest to the capturing device. The present
disclosure contemplates that, In practice, the distance between the ear (i.e., an object of interest)
and the capturing can be quite close (e.g. about 10 cm apart), so there is need only to consider the
presence of an ear in the captured image(s) (e.g., camera video stream) when the focus distance is
around 10 cm (e.g. only focus distance from 2 to 20 cm needs to be considered). Therefore, when
the focus of the image capturing device is, for example, 1.2 meter in one instance, it can be safely
assumed the object of interest in camera video stream as captured by the image capturing device in

that instance does not correspond to an appropriate ear image.

The foregoing will be put in context based on an exemplary scenario in accordance with an

embodiment of the disclosure hereinafter.

In one exemplary scenario, a portable device such as a Smartphone with a camera which can be used
to a user to capture an image of his/her ear and a screen which is capable of displaying a GUI
presenting an ASM related to an ear. The user can use the portable device to capture a selfie per
earlier discussion so as to obtain a scaling factor. The scaling factor can be used as a basis for auto-

scaling the captured image of an ear.

In accordance with an embodiment of the disclosure, the portable device can include software
capable of presenting the GUI on the screen and conforming control points of the Active Shape
Model 200 to the image of the user’'s ear to be captured. Specifically, the portable device can
include a processor which can be configured to deform the Active Shape Model 200 so that the
control points conform to the shape of the user’s ear per the image of the user’s ear to be captured.

Upon receiving an indication of stability, preferably, the user can proceed to capture an image of
8
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his/her ear (i.e., at the image capturing step 102). Alternatively, an image of the user’s ear can be
captured automatically upon receipt of an indication of stability (e.g., operatively alike Quick
Response Code scanning or Barcode scanner). Therefore, an image of the user’s ear (preferably with
the Active Shape Model 200 overlaying the image of the user’s ear as shown in Fig. 2b) can be
captured. Based on the captured image of the user’s ear, image based geometrical properties
and/or features of the user’s ear can be extracted/determined (e.g., in terms of pixels) at the
analyzing step 106. Moreover, based on the scaling factor, which can be determined during the
reference determination step 104, auto-scaling of the captured image of the user’s ear can be
performed so as to determine physical geometries and/or features of the user’s ear (e.g.,
geometrical properties and/or features in terms of pixels can be converted/translated to physical

dimensions in terms of centimeters).

Based on the determined physical geometries and/or features of the user’s ear (which can, for
example, be performed by the processor at, for example, the analyzing step 106), a search, which
can be performed at the personalizing step 108, can be conducted in a HRTF database (e.g., an
online database having a collection/library of HRTFs) to find a HRTF which matches/most closely
matches such physical geometries and/or features. In this manner, a personalized HRTF can be
created/generated. Appreciably, if it is desired to find a HRTF for each ear of a user (e.g., both the
user’s left and right ears), the earlier discussed method 100 of Fig. 1 can be applied accordingly. Itis
contemplated that the HRTF found (e.g., based on the earlier discussed search conducted in a HRTF

database) for each ear can either be the same or different.

Alternatively, personalized HRTF can be created/generated, at the personalizing step 108, by
perturbing an existing HRTF (e.g., a HRTF available in a HRTF database). Perturbation of an existing
HRTF can be by manner of interpolating one than one Head Related Impulse Response (HRIR).
Specifically, based on the determined physical geometries and/or features of the user’s ear, a search
can be conducted in a database (e.g., an online database having a collection/library of HRIRs) to find
more than one HRIR (i.e., HRIR-A and HRIR-B) which most closely match such physical geometries
and/or features. A process of cross-fading of the found HRIRs can be performed to generate an
interpolated HRIR (i.e., “HRIR-Interpolated”). A further process of Fourier transformation can be
performed to derive the HRTF. Appreciably, personalized HRTF can be created/generated based the
interpolated HRIR. In relation to cross-fading, fading coefficient for each found HRIR can be inversely
proportional to distance (e.g., Euclidean or Mahalanobis distance). For example:

HRIR-A =[al, a2, a3, ... a25];
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HRIR-B = [ b1, b2, b3, ... b25];
HRIR-Interpolated = [ al*c + b1*(1-c), ... ], where “c” represents the aforementioned

distance and ranges from 0 to 1.

In another alternative, based on the determined physical geometries and/or features of the user’s
ear, a three-Dimensional (3D) model of the user’s ear can be constructed. With 3D geometry based
on the constructed 3D model, wave propagation simulation methods (e.g., “Efficient and Accurate
Sound Propagation Using Adaptive Rectangular Decomposition” by Raghuvanshi N., Narain R., and
Lin M.C. - IEEE Transactions on Visualization and Computer Graphics 2009) can be used to

create/generate a personalized HRTF.

Therefore, given that it is possible to obtain a personalized/customized HRTF simply by manner of a
user capturing an image of his/her ear using, for example, a Smartphone. It is appreciable that the
present disclosure facilitates creating/generating personalized HRTF(s) in a user friendly and/or
efficient manner. Moreover, a personalized/customized HRTF can also be created/generated in real-

time.

In the foregoing manner, various embodiments of the disclosure are described for addressing at
least one of the foregoing disadvantages. Such embodiments are intended to be encompassed by
the following claims, and are not to be limited to specific forms or arrangements of parts so
described and it will be apparent to one skilled in the art in view of this disclosure that numerous
changes and/or modification can be made, which are also intended to be encompassed by the

following claims.

For example, other than interpolating HRIR, the present disclosure contemplates that it is possible to
also interpolate ear models to match user ear features/geometries using 3D morphing methods (e.g.
“Cross-Parameterization and Compatible Remeshing of 3D Models” by Kraevoy V., Sheffer A.,, ACM
Transactions on Graphics (TOG) - Proceedings of ACM SIGGRAPH 2004) and performing acoustic

simulation to derive a new HRIR. The new HRIR can be Fourier transformed to derive the HRTF).

In another example, the present disclosure contemplates the possibility of capturing the dimension
of the user’s head to further improve on the HRTF quality. Specifically, the present disclosure
contemplates that the dimension of the head (head width and depth) may be important for HRTF

computation, Capturing the head dimension can be possible since, in accordance with an

10
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embodiment of the disclosure, both the frontal and side images (i.e., in relation to the earlier
discussed “selfie(s)”). Alternatively, a head detector (even one based on ASM but with head -model

instead ) can be used for capturing head dimension.

11
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Claims
1. A method for generating a personalized Head Related Transfer Function (HRTF), the method
comprising:

capturing an image of an ear using a portable device;
auto-scaling the captured image to determine physical geometries of the ear; and

obtaining a personalized HRTF based on the determined physical geometries of the ear.

12
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