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Abstract of the Disclosure
A mobile, hand-held communication device with a digital touch screen
display and a camera for acquiring an image of the human body Is programmed
to function as a digital anthropometer. The user digitizes anatomical landmarks
on the displayed image to quickly obtain linear measurements which are used
with a known morphological relationship to make an anatomical prediction for
clothing measurement, body composition and postural displacement with

accuracy and without external eguipment.
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METHOD AND SYSTEM FOR MEASURING ANATOMICAL DIMENSIONS
FROM A DIGITAL PHOTOGRAPH ON A MOBILE DEVICE

Technical Field

The present invention relates to a method and system for measuring
anatomical dimensions from a digital photograph on a mobile device or
computer. Disclosed embodiments relate particularly to postural screening,
measurements for clothing, and estimating body composition.
Background and Summary

Currently, using a tape measure or caliper anthropometer, an examiner
has to manually record measurements of human body part dimensions in length
as well as in circumference. The measurements are needed In the clothing
industry for fitting cloths, in postural screening and in many other aspects of
today's health care system and in the fithess industry where the measured body
dimensions are used In calculation of body ratios to derive estimation of boay
composition. There is a need for an improved method and system that allow
more efficient measurements of the dimensions of the human body.

A known postural screening method involves a person/patient standing in
a framework between a vertical plumb line and a vertically oriented, planar
backdrop having a grid-work of vertical and horizontal lines. The medical
practitioner performing the screening then observes and measures postural
deviations (mal-alignments) of the patient in the frontal plane, sagittal plane and

transverse plane relative to the vertical and horizontal hines on the backdrop and



the plumb line. The postural deviations observed and measured are then recorded
on a postural evaluation chart. The data from the postural evaluation can be input
to a computer to aid in analysis in selection of a corrective exercise program, for
example. U.S. Patent No. 7,077,813 discloses such a system and method. A

5 similar method is employed in U.S. Published Patent Application No. US
2007/0083384 A1 where overlays of a vertical line, an orthogonal grid, horizontal
reference lines, and indicators are placed on a computer-displayed image of the
body to aid posture analysis where external equipment is used initially in obtaining
the image.

10 Drawbacks of the known methods and systems include that taking all the
postural deviation measurements can be time consuming and imprecise. [n
addition, the need for external equipment in the analysis or obtaining the patient
image can dictate that the screening must be conducted in a facility having the
required framework of vertical backdrop and plumb line or other equipment. There

15 is a need for an improved method and system for measuring anatomical
dimensions which overcome these drawbacks and limitations. The present
invention addresses this need.

In accordance with one aspect of the present invention, there is provided a
method of deriving an anatomical circumferential measurement prediction using a

20  known morphological relationship and a programmed apparatus that includes a
digital touch screen display and means for acquiring a plurality of images of a
person for display on the digital touch screen display, the method comprising:
acquiring a plurality of images of the person; displaying the plurality of images of
the person on the digital touch screen display, digitizing points on a plurality of

25 anatomical landmarks on each of the images; determining linear anatomical
dimensions of at least a portion of a body of the person using the points and a
scale factor for the plurality of images ; and making the anatomical circumferéntial
measurement prediction of the person based on the linear anatomical dimensions
and the known morphological relationship.

30 In accordance with another aspect of the present invention, there is
provided a method for measuring a plurality of dimensions of a body of a person,
the method, comprising: providing a digital anthropometer on a mobile device;
digitizing anatomical landmarks provided on a plurality of images of at least a
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portion of the body displayed on the device with established calibration methods;

and measuring the plurality of dimensions of at least the portion of the body based

on the digitized anatomical landmarks across the plurality of images; and making

an anatomical circumferential measurement prediction of the person based on the
5 plurality of dimensions and a known morphological relationship.

In accordance with another aspect of the present invention, there is
provided a system for measuring a plurality of dimensions of at least a portion of a
body of a person, the system comprising: a procgrammed device comprising: i) a
digital touch screen display having an array of pixels; and ii) a camera configured

10 to acquire a plurality of images of at least the portion of the body for display on the
digital touch screen display, a digital anthropometer configured to digitize a
plurality of anatomical landmarks on each of the images displayed on the digital
touch screen display in order to measure the plurality of dimensions; and a
controller configured to make an anatomical circumferential measurement

15 prediction of the person using the plurality of dimensions and a known
morphological relationship.

In accordance with another aspect of the present invention, there is
provided a method of deriving an anatomical prediction using a programmed
apparatus that includes a digital touch screen display and a camera configured to

20 acquire a plurality of images of a person for display on the digital touch screen
display, the method comprising: acquiring a first image of a frontal view of the
person; acquiring a second image of a side view of the person; determining a
linear anatomical width dimension of the person from the first image and a linear
anatomical depth dimensiaon of the person from the second image; and making an

25 anatomical circumferential measurement prediction based on the determined
linear anatomical width dimension and the linear anatomical depth dimension,

wherein the anatomical circumferential measurement prediction is based on
Equations (1) and (2):

Cran [S(ca +8 - (3t Blat 3&); =x [3@ +B) ~ 100+ X + P)]
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where C is a circumference, and a and b are half elliptical axes half of the distance

C'szr(m-l—b)(l%-——ig‘%i) “)
(2)

from each of the determined linear anatomical width dimension and the linear
anatomical depth dimension.

5 In accordance with another aspect of the present invention, there is
provided a method of deriving an anatomical prediction using a programmed
apparatus including a digital touch screen display and a camera configured to
acquire a plurality of images of a person for display on the digital touch screen
display, the method comprising: acquiring a first image of a frontal view of the

10 person for display on the digital touch screen display; acquiring a second image of
a side view of the person for display on the digital touch screen display;
determining a linear anatomical width dimension of the person from the first image
and a linear anatomical depth dimension of the person from the second image;
and making an anatomical circumferential measurement prediction of the person

15 based on the linear anatomical width dimension and the linear anatomical depth
dimension.

The improved method for measuring the dimensions of the human body of
the present invention comprises providing a digital anthropometer on a mobile
device, and digitizing anatomical landmarks on a photograph of the human body

20 displayed with established calibration methods for measuring dimensions of the
human body. A disclosed embodiment of the system of the invention for practicing
the method comprises a programmed device including a digital touch

2b
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screen display having an array of pixels and a camera for acquiring an image of
a person on the digital touch screen display, and means for digitizing anatomical
landmarks on an image of a person displayed on the digital touch screen display
for measuring dimensions of the human body.

The programmed device in the embodiment is a mobile, hand-held
communication device having at least one positional device selected from the
group consisting of a gyroscope, an accelerometer, and a level to level the
camera. With the device, the method for measuring includes activating the at
least one positional device and using an output thereof for leveling the camera
before capturing the image.

The display screen is a touch screen for the purpose to quickly identify
coordinates of the selected anatomical landmarks of the body image displayed
on the screen, e.g. to digitize the anatomical landmarks for calculation of linear
distances by the programmed computer of the device. These features
advantageously reduce the time for measuring the dimensions and the accuracy,
without the need for external equipment or special facilities.

The disclosed system further includes means for making an anatomical-
prediction using the measured dimensions and a known morphological
relationship. Known mathematical formulae expressed in the computer program
of the device relate the measured dimensions to the anatomical prediction.
According to an aspect of the invention, the anatomical prediction includes at
least one of circumference and volume of a body part which may be displayed on

the display screen. In one disclosed embodiment the anatomical prediction is a
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clothing measurement selected from the group consisting of neck, overarm,
chest, waist, hips, sleeve and outseam. According to another embodiment the
anatomical prediction is a body composition. In a further embodiment a postural
displacement s predicted from the measured dimensions and known
morphological relationship.

Thus, in use of the system the present invention includes a method of
deriving an anatomical prediction using a known morphological relationship and a
programmed apparatus including a digital touch screen display and means for
acquiring an image of a person on the digital touch screen display, the method
comprising acquiring an image of a person on the digital touch screen display,
digitizing points on a plurality of anatomical landmarks on the displayed image,
determining linear anatomical dimensions of the person’s body using the digitized
points and a scale factor for the displayed image, and making an anatomical
prediction using the determined linear anatomical dimensions and a known
morphological relationship. In one embodiment the anatomical prediction Is a
clothing measurement. In another embodiment the anatomical prediction is body
composition. In a further embodiment the anatomical prediction includes at least
one of circumference and volume of a body part. In a still further embodiment
the anatomical prediction is a postural displacement.

In the disclosed embodiments, the method further comprises acquiring at
least two different views of the person as images on the digital touch screen
display, digitizing points on anatomical landmarks on each displayed image and

determining linear anatomical dimensions of the person’s body using the digitized
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points and a scale factor for each displayed image for making the anatomical
prediction. In the disclosed embodiments the views acquired include at least a
front view and a side view of the person.

An embodiment of the invention particularly relating to measuring
dimensions for postural screening Is disclosed but is understood as instructure
with respect to the other embodiments disclosed herein taken with the additional
disclosure relating to each of the other embodiments.

The improved postural screening method according to the example
embodiments of the present invention comprises acquiring an image of a patient
on a display screen having an array of pixels, determining a pixel to distance
ratio for the displayed image, and calculating a postural displacement of the
patient in the displayed image using the determined ratio. The standing
framework of vertical backdrop and plumb line or overlaid grid-work of lines of the
prior art are not necessary. According to the disclosed method, a known linear
distance In the displayed image and the number of display screen pixels
spanning the distance are used in determining pixel to distance ratio. The known
inear distance In an example embodiment is the height of the patient.
Alternately, or in addition as a secondary calibration, a marked distance can be
provided In the acquired image of the patient, as by the use of a meter stick In
the image or other markings of a known distance apart, to provide a known linear
distance.

The postural screening method in example embodiments further includes

scaling the size of the image relative to the display screen to normalize the
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known linear distance in the image to a display screen reference distance
corresponding to a known number of pixels for determining the pixel to distance
ratio. According to a disclosed method, at least one reference line Is provided
over the displayed image to demark the display screen reference distance.

The method as disclosed herein further includes displaying a reference
line overlaid on the screen providing vertical, horizontal and center references,
providing a corresponding reference line anchored to the displayed patient’s
image, and adjusting the image in the display so that the two reference lines are
aligned before determining the pixel to distance ratio.

The patient's image can be acquired by accessing a database.
Alternatively, the person performing the screening can operate an image capture
device of a camera for acquiring the image of the patient. The method preferably
includes leveling the image capture device before capturing the image from
which the pixel to distance ratio i1s to be determined for eliminating distortion.
According to the example embodiments, the image capture device and display
screen are part of a mobile, hand-held communication device having at least one

positional device selected from the group consisting of a gyroscope, an

accelerometer, and a level. The method includes activating the at least one
positional device and using an output thereof to provide a reference for leveling
the image capturing device.

In disclosed embodiments, the method further includes displaying a

reference line on the display screen over the acquired image, performing panning

to center the image on the screen, and performing zooming to fit the image in the
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reference line before determining the pixel to distance ratio. Still further, the
method comprises providing anatomical landmarks on the acquired image of the
patient to facilitate calculating a postural displacement. The display screen is a
touch screen for this purpose to identify coordinates for calculation of postural
displacements by the programmed computer of the mobile, hand-held
communication device.

A system for performing postural screening according to the invention
comprises means for acquiring an image of a patient on a display screen having
an array of pixels, means for determining a pixel to distance ratio for the
displayed image and means for calculating a postural displacement of the patient
In the displayed image using the determined ratio. The means for acquiring an
image of a patient according to an example embodiment includes an image
capture device of the mobile, programmed, hand-held communication device.
Preferably, the device includes at least one positional device selected from the
group consisting of a gyroscope, an accelerometer, and a level which provides a
reference for leveling the image capturing device. The system further includes
means for panning a displayed image on the screen to center the image on the
screen, and means for zooming to fit a displayed image in a reference line on the
display screen. Means are provided for displaying at least one reference line
over the displayed image to demark a display screen reference distance
corresponding to a known number of pixels for determining the pixel to distance

ratio.
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The system of the disclosed embodiments further includes means for
displaying a reference line overlaid on the screen providing vertical, horizontal
and center references, means for displaying a corresponding reference line
anchored to the displayed patient's image, and means for aligning image and
display screen reference lines before determining the pixel to distance ratio. The
system further includes means for providing anatomical landmarks on the
acquired image of the patient to facilitate calculating a postural displacement.

The present invention further includes a machine-readable medium
containing at least one sequence of instructions that, when executed, causes a
machine to: calculate at least one postural displacement of a patient from a
displayed image of the patient on a display screen having an array of pixels,
using a determined pixel to distance ratio for the displayed image.

These and other objects, features and advantages of the invention will
become more apparent from the following detailed description of example
embodiments taken with the accompanying drawings.

Brief Description of Drawings

Fig. 11s a front perspective view of a mobile communication device with
an image capturing device in the form of a camera, not shown, on the back side
of the device for acquiring an image of a patient and, as shown, a display screen
on the front opposite side having a two-dimensional array of pixels on which the
Image as seen on the camera is displayed.

Fig. 2 1s a front perspective view of the screen of the device of Fig. 1

showing a step of the postural screening method wherein a reference line is
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overlaid the image providing vertical, horizontal and center references on the
display screen and wherein a corresponding reference line is anchored to the
displayed patient's image.

Fig. 3 is a front perspective view of the screen of the device of Fig. 1
showing another step of the postural screening method wherein the two
reference lines in Fig. 2 have been aligned in the vertical or sagittal plane by
rotation of the device relative to the patient being viewed by the camera.

Fig. 4 is a front perspective view of the screen of the device of Fig. 1
showing a further step of the postural screening method wherein the two
reference lines in Fig. 3 have been aligned in the vertical plane by tilting the
device at the top toward the patient to level the image capturing device.

Fig. 5 is a front perspective view of the screen of the device of Fig. 1
showing another step of the postural screening method wherein two spaced
horizontal lines are displayed on the screen at the top and bottom and the image
has been centered by panning and scaled by zooming with the camera to fit the
image precisely in the reference distance defined between the two lines to
normalize the height of the image to a screen distance corresponding to a known
number of pixels spanning the distance in the vertical direction.

F1g. 6 is a front perspective view of the screen of the device of Fig. 1
showing an image of the patient hke that of Fig. 5 but in the direction of the
frontal plane of the patient.

Fig. 7 is a front perspective view of the screen of the device of Fig. 1

wherein the image acquired in Fig. 5 optionally is displayed behind a grid overlay
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of vertical and horizontal lines against which a qualitative view of postural
displacement can be observed.

Fig.8 Is a front perspective view of the screen of the device of Fig. 1
wherein the image acquired in Fig. 6 optionally 1s displayed behind a grid overlay
of vertical and horizontal lines against which a qualitative view of postural
displacement is observed.

Fig. 9 is a process flow diagram of a method of postural screening
according to an example embodiment of the present invention.

Fig. 10 is a process flow diagram of acquiring an image of a patient with
the device of Fig. 1.

Fig. 11 1s a front view of a subject for which an exemplary embodiment of
the invention may make measurements either for postural screening as
explained with reference to Figs. 1-10 or for measuring the dimensions of the
human body in the other embodiments as disclosed herein.

Fig. 12 is a front elevation view of an exemplary embodiment of the
invention, illustrating a front view of the subject depicted on the digital touch
screen display of the mobile device of the invention.

Fig. 13 is an alternate view of an exemplary embodiment of the invention
similar to Fig. 12, but illustrating a side view of the subject.

Fig. 14 i1s an alternate view of an exemplary embodiment of the invention,
lllustrating a side view of the subject on the display of the device of the invention

with the measurements being made.

10
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Fig. 15 is a flow chart of operations possible with the mobile device of an
embodiment of the invention affording measurements for body composition or
clothing measurements.

Fig. 16 1s a flow chart of steps for obtaining measurements for clothing,

5  particularly tuxedo/suit fitting, in accordance with the invention.

Fig. 17 illustrates and lists two dimensional linear measurements made
with the mobile device of the invention during the steps in the flow-chart of Fig.
16 and listing the clothing measurements calculated for fitting a tuxedo using the
measurements and known mathematical formulae.

10 Fig. 18 1s a flow chart of steps for obtaining measurements for estimating
body composition using the mobile device of the invention for making

measurements in accordance with the invention.

Fig. 19 1s a front view and a side view of a subject depicting digitized
anatomical landmarks on the image and Iillustrating linear measurements made in
15  the views of the subject in accordance with the steps of the flow chart of Fig. 18,
the views being shown as part of a report on the results of calculation of an

estimate of average body fat using the measurements.

Detailed Description
The following detailed description taken with the accompanying drawings

20 1s of the best currently contemplated modes of carrying out exemplary

embodiments of the invention. The description is not to be taken in a limiting

sense, but 1Is made merely for the purpose of illustrating the general principles of

11
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the invention, since the scope of the invention is best defined by the appended
claims.

Various inventive features are described below that can each be used
iIndependently of one another or in combination with other features.

Broadly, embodiments of the present invention generally provide a method
for measuring the dimensions of the human body comprising providing a digital
anthropometer on a mobile device, and digitizing anatomical landmarks on a
photograph of the human body displayed on the device with established
calibration methods for measuring dimensions of the human body. And broadly,
the embodiments of the prevention provide a digital anthropometer device or
system using digitization of anatomical landmarks on a photograph with
established calibration methods. The device/system is designed for measuring
the dimensions of the human body and comprises a programmed device
Including a digital touch screen display having an array of pixels and a camera
for acquiring an image of a person on the digital touch screen display, and
means for digitizing anatomical landmarks on an image of a person displayed on

the touch screen display for measuring dimensions of the human body.

An embodiment of the invention also enables the ability to derive the linear
measurements from the antenor, posterior and lateral aspects of a body part, and

then caiculate an estimate of circumference and volume of that body part using
mathematical equations.
The invention also enables recording a linear distance and subsequent

circumferential and volume caiculations utilizing mathematical formulae which

12
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can also be tracked by software. The measurements can also be superimposed
on the digital photograph.

Another embodiment of the invention can produce reports for education on
body posture, measurements for clothing, or for example body composition as
explained and shown with reference to Figs. 11-19 below. This could be used by
fitness professionals, health care professionals, or clothing industry professionals
or where an anatomical measurements need to be calculated by using prediction
from digitizing anatomical points on/from a digital picture.

Once the images are obtained and digitized following protocols of the
disclosed methods, digitization points on anatomical landmarks for purposes of
posture, linear and circumferential anthropometric measurements can be
performed. After these measurements are obtained, body ratios can be
calculated to predict a person’s body composition using well known
anthropometric morphological relationships.

An exemplary embodiment of the invention may be utilized in health care,
fitness or the clothing industry, to measure posture, and calculate body
dimensions, shape, posture, and body composition based on anatomical ratio
relationship, track progress of linear ahd circumferential measurements. [n other
Industries such as clothing, one can obtain images, and find measurements
needed to for example fit a person for a suit or tuxedo instead of using manual
tape measuring.

A first embodiment Is a postural screening method comprising acquiring

patient iInformation, acquiring an image of a patient, displaying a reference line
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overlaid on the acquired image for scaling the acquired image, providing panning
to center the acquired image, providing zooming to fit the image within the
displayed reference lines, for normalizing the patient’s height, determining a pixel
to distance ratio using the acquired patient information and the normalized
patient height, calculating postural displacements, and presenting a postural
analysis. Aspects of the present invention provide a postural screening method
that may be implemented on a mobile, hand-held communication device that
iIncorporates the device’s gyroscope, accelerometer, and camera.

Referring now to Fig. 1, a front perspective view of a mobile, hand-held
communication device 12 is shown, which on one side has a screen 13 capable
of displaying a frontal image 14 of a patient being viewed with a camera or image
capture device on an opposite side. The device in the embodiment is an Apple
iIPhone 4 the computer of which is programmed in accordance with the invention
as described hereinafter to perform the disclosed postural screening method.
Other mobile, hand-held communication devices capable of running a program in

accordance with the invention could also be used, such as iPhone®, iPod

Touch®, IPad® and Android® devices including tablets and Windows® based

tablets. Figs. 2-8 show front perspective views of screen 13 showing steps of a
posture screening method according to an embodiment of the present invention.
Reference will be made to Figs. 1-8 in the following description of the postural
screening method.

Referring now to Fig. 9, a postural screening method 50 is shown

according to an embodiment of the present invention. Method 50 in the example

14
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embodiment includes a step 52 of acquiring patient information, which may
include, for example, accessing a database or prompting a user to enter
information. Acquired information in may include, for example, height, weight,
sex and age of a patient.

Method 50 may include a process 54 of acquiring an image of the patient.
Referring now to Fig. 10, a process flow diagram of process 54 of acquiring a
frontal image 14 of the patient i1s shown. Process 54 as disclosed includes a step
72 of activating an image capture device, in this case the camera of the iPad 4.
Process 54 in the embodiment includes a step 74 of activating a positional
device, namely one or more of a gyroscope, an accelerometer, and a level in the
device. The positional device(s) is used in accordance with the present invention
to provide feedback to a user as to whether the image capture device is level.

Process 54 includes a step 76 of displaying a reference line overly 18 on
screen 13. The reference line overlay 18 may aid a user in aligning the patient in
the field of view of the Image capture device by providing, for example, a vertical
reference 18a, a horizontal reference 18b, and a center reference 18c. Process
54 includes a step 78 if indicating a level patient. According to the embodiment
of the present invention, in step 78 a visual indication including, for example,
corresponding references 16a, 16b, and 16¢, are provided anchored to frontal
image 14. An aligned frontal image 14 may have a reference line 20, which may
have vertical, horizontal, and center reference lines 20a, 20b, and 20c¢, which
may, for example, change colors indicating alignment. Process 54 may also

include a step 80 of capturing an image, for example, once alignment is

15
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achieved. In an exemplary embodiment of the present invention, a plurality of
Images may be acquired including, for example, frontal image 14, lateral image
26, and a rear perspective image.

According to a variation of the embodiment of the present invention,
process 54 may include accessing a data storage device. The data storage
device may include, for example, a picture roll or album, which may contain a
previously captured image of the patient.

Referring again to Fig. 9 method 50 may include a step 56 of displaying an
upper reference line 24a and a lower reference line 24b over a display 22 of
frontal image 14 and a lateral image 26 of the patient. The two spaced parallel
lines are spaced apart a reference distance corresponding to a known number of
pixels of screen 13. The displayed reference lines 24a and 24b may be used as
a reference for aligning or normalizing the images 14 and 26, which may require
positioning or scaling. Hence, method 50 may include a step 58 of providing
panning capability of the acquired image to a user, and a step 60 of providing
zoom capability of the acquired image to a user. The provided panning capability
may allow a user to properly center or rotate images 14 and 26 to fit in reference

lines 24a and 24b. The provided zoom capability may allow a user to properly

size an acquired image to fit it within reference lines 24a and 24b for normalizing

the height of the patient in the acquired image and establishing a pixel height of
the patient. Method 50 may Include a step 62 of determining a pixel-to-distance
ratio, which may be a quotient calculated by dividing a pixel height of images 14

and 26 divided by a patient’s height.

16



A

10

15

20

CA 02829409 2013-10-03

Method 50 may include a step 64 of providing for identification of the
patient’s anatomical landmarks, wherein a user may be prompted to identify
locations of a plurality of anatomical landmarks on the acquired image of the
patient by touching the touchscreen of the device to identify an anatomical
landmark. The plurality of the landmarks may correspond, for example, to
skeletal landmarks, bone markings, or joints. The identified plurality of
landmarks may be used with the known pixel to distance ratio for the displayed
iImage to calculate absolute distances and relative spatial positioning thereof, and
may be used in an analysis of the patient’s posture. In an exemplary
embodiment of the present invention, the selection of anatomical landmarks may
be on a plurality of images 14 and 26. The images of Figs. 12-14 depict the
digitized anatomical landmarks placed on the image for the purpose of making
linear measurements in the front and side views of the subject.

Method 50 in the embodiment includes a step 66 of calculating postural
displacements using the determined pixel to distance ratio. The displacements
may include, for example, linear displacements and angular displacements.

Method 50 may include a step 68 of presenting a postural analysis 27. Postural

analysis 27 may display, for example, the calculated linear or angular

displacements 30, 34 and any deviation thereof from a normal or proper posture

taking into account, for example, the patient’s age, sex, height, and weight. The
normal or proper posture itself can be displayed over the displayed patient’s

Image to provide a visual comparison.

17
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Requirements of the mobile, hand-held communication device, the
software, and the interaction therebetween, and specific operations or steps of
the program for achieving the described functions of the method for an example

embodiment are set forth below.

Leveling

AN

Orientation Tracking

Requires an environment that can provide real-time or near real-time horizontal
and vertical orientation readings. These readings may be provided by an
‘accelerometer’.
10 1. Begin reading the orientation data from the accelerometer.
2. Track each reading in a historical array of readings; do not discard old
readings.
3. When more than one reading has been tracked, apply a low-pass filter
against the newest and the historical readings. This will provide
15 accelerometer readings that more accurately reflect the constant effects of

gravity and reduce the influence of sudden motion to the accelerometer.

Head-up Display (HUD) Overlay

Requires a camera and a display screen that renders the camera's current view.

Requires an application programming interface that allows drawing and
20  displaying images over the camera view on the display screen, partially
obscuring portions of the camera view. Finally, requires a pre-drawn graphic

image files. The graphic image file may be partially transparent with one or more

18
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simple horizontal and vertical lines drawn on the image. The image file may also

be more complex with circles, swirls, targets, multiple horizontal and vertical
lines, etc. The image file will be used twice: once as stationary reference, once
as dynamically moving indicator. While only one image is required the visual
design may be more appealing using two image files, one for each usage.
1. Initialize the camera and viewpoint through normal methods of those
devices.
2. Using the programming interface and apply the image to the display
screen.
3. Using the programming interface, adjust the image location so the image
IS viewable on the display screen. The camera display screen should
render both the camera's current view and the image file. This image
application will not be modified further and serves the purpose of a
stationary reference.
4. Using the programming interface and apply the image to the display

screen, again.

5. Using the programming interface, adjust the image location In the exact

same manner as the stationary image.

6. Using the programming interface, instruct the display to draw the second
image over the first stationary image.

/. The camera display screen should render the camera's current view with
both the image files drawn over the camera view, partially obstructing the

camera Vview.
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8. The second image's location will be modified ater and serves the purpose

of a movement indicator.

User Feedback — Leveling the Camera

Requires both the Orientation Tracking and the HUD Overlay methods described
above. Orientation readings may be assignhed x, y, and z planes which are

N

discussed here as “roll”, “pitch”, and “yaw".

1. Using the “roll” reading from the accelerometer, apply a rotation to the
movement indicator image of the HUD. The programming interface of the
display screen overlay will dictate the angle units (1.e. radians, degrees)
required to rotate the movement indicator image. Use common angle

mathematics to convert the reading to radians or degrees as required.

2. Use the programming interface to apply a standard mathematic rotation

matrix to the movement indicator image’'s coordinate system.

3. The movement indicator image should render partially rotated on the

camera display screen.

4. Using the programming interface or the operating system documentation,
determine the screen coordinates for the camera display (for example, the
iPhone 4S device boasts 960 x 640 pixel display, however the i10S
operating system assigns the size of 320 x 460; interest here Is In the
operating system size of 320 x 460; the operating system will handle

conversion between the device display ‘space' and the operating system
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'space’).

5. Using the programming interface or the accelerometer documentation,
determine the minimum and maximum values of the accelerometer “pitch”
readings (for example, the 10S operating system provides “pitch” readings

as fractional decimal in the range of -1.00 through +1.00).

6. Using the programming interface, read the current iocation coordinate of

the center of the movement indicator image.

7. Add or subtract the pitch reading to the vertical location coordinate,

restricting the value to the maximum and minimum boundaries of the

screen coordinates.

8. Using the programming interface, apply the result of the addition

(subtraction) to the movement indicator image.

9. The movement indicator image should be rendered on the camera display
screen in a different location. The image's center point should remain

within the viewable area of the display screen.

10. The software should continuously monitor the readings of the
accelerometer. With each new reading, update the rotation and location

coordinates of the movement indicator image as shown above.

11. With one image stationary and a complimentary image moving, the user
will be able to visually notice when the image perfectly overlap one
another in both location and rotation. This registration is their feedback

that the device 1s oriented correctly.
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Display and physical measurements

Cropping

Requires a software environment that provides visual display elements (views)
that can be nested inside of one another; aliowing one element to surround or
envelope another. For example, the iOS operating system provides the UlView
element (including UlView derivatives). For real-time cropping, requires a display
screen that renders the views and any changes to the views (including size,

scale, rotation, color, brightness, etc)
1. Create two views, nested inside one another.

2. Load an image into the software (from a camera, disk drive, computer

memory, etc)
3. Using the programming interface to assign the image to the inner view.

4. Optionally, use the programming interface to scale the inner view to be

larger than the outer view.

5. Optionally, use the programming interface to adjust the location of the

views so the inner view's boundaries extend past the outer view equally In

all directions.

6. Regardless of completing step 4 and 5, aliow the user to manipulate the
inner view's size, scale, and location while keeping the outer view fixed In
both size, scale, and location. Manipulation may occur by tracking the

user input through any computer input device. For example, on the 105
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operating system manipulation could be tracked by custom touch-screen

readings or standard pinch-and-zoom features.

7. After user manipulation has completed (indicated by an arbitrary user
action or input; for example pressing a “Done” button) use the

programming interface to read the current size and position of both the

inner and outer views.

8. Use the programming interface to capture the portion of the inner view
Image that is currently within the outer view's boundaries. Any portion of
the inner view that extends past the outer view's boundaries will be

cropped and discarded.

9. The programming interface may require the cropping boundary to be pre-
calculated. The cropping boundary is used by the programming interface
and applied to the original image to produce a new image from a portion of

the original. The cropping boundary can be calculated with simple

arithmetic:

- calculate (or read from the programming interface) the final offset

distance between the inner view and outer view's center points,

- calculate (or read from the programming interface) the final resizing

scale applied to the inner view,

use the offset divided by the scale to determine the origin of the

cropping boundary
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- use the fixed size of the outer view divided by the scale to

determine the dimensions of the cropping boundary

- For example, the X coordinate of a cropping boundary calculated In
the 10S operating system would be: x = outerview.contentOffset.x /

5 outerview.zoomScale:
and the width of the cropping boundary woulid be:

width = outerview.frame.width / outerview.zoomScale;
As an example of calculating the cropping boundary, assume the following:
A An image of size 460 x 460
10 A An outer view of size 300 x 400

A The user has manipulated the inner image view to move it an arbitrary
direction and scaled to be twice as large. The result of the manipulation is
an image with effective size of 920 x 920 (x2 scale) with an offset of 195 In

the X coordinate direction and 289 in the Y coordinate.

15 A The X coordinate of the cropping box would be 195 /2 = 97.5 and the

width of the cropping box would be 300 /2 = 150.

A For reference, the Y coordinate in this example would be 144.5 and the

height 200.

A The programming interface should produce a new image from the region
20 of the original image with top left corner at 97.5, 144.5, width of 150 and

height of 200.
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Pixel distance

Requires an image of an object cropped in a manner that the top and bottom of

the object are at the edges of the top and bottom of the image, and the physical

height of the object must be known. Requires a software environment that can

interpret image data and provide pixel dimensions of the image.

1. Load the image into the software (from a camera, disk drive, computer

memory, etc)
2. Use the programming interface to read the pixel height of the image

3. Divide the known height of the object by the pixel height reading to

determine the ratio of pixels to physical distance

4. The ratio can be used to calculate and convert any distance of pixels to

physical distances by multiplying the ratio and the pixel distance

For example, given an image that is 1000 pixels in height and an object that Is

known to be 60 inches in height we can calculate:

A Each pixel represents 0.06 physical inches: 60/ 1000 = 0.06
A Adistance of 250 pixels represents 15 physical inches: 0.06 x 250 = 15

Referring to Fig. 11, a subject 111 is illustrated whose measurements may
be taken by an exemplary embodiment of the invention.

Referring to Fig. 12 and Fig. 13 an exemplary embodiment of the invention
is illustrated where the subject of Fig. 11 is displayed on the display screen 13 of
a mobile digital device 12. Anatomical landmarks 116 digitized by the user’s

touching the screen at the anatomical landmarks thereon are highlighted on the
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side view of the subject in Fig. 13. As pertains to Fig. 12, the anatomical
landmarks 116 are illustrated on a front view of the subject.

Referring to Fig. 14, anatomical landmarks 116 are illustrated on the
subject in an exemplary embodiment of the invention. Fig. 14 also illustrates the
measured distance from shoulder to elbow 118; the measured distance from
elbow to hand 200; the measured distance from front to back of chest 220 and
the measured distance from front to back of waist 240. The flow charts of the
steps for the methods are shown In Figs. 15, 16 and 18. Images with digitized
anatomical landmarks used In the methods are shown on the displayed images
in Figs. 17 and 19.

In the clothing measurement of Figs. 16 and 17, the embodiment is a
clothing fitting. In this case, the measurements are those needed for a suit or
tuxedo. The measurements shown in the drawings are made or calculated from
linear measurements as shown. The circumferential calculations for neck, waist,
hip and chest are made as described below for circumferential calculations from
linear measurements. Additionally, the shirt sleeve length and outseam
measurements are made as shown in Fig. 17.

In the body composition example of Figs. 18 and 19, the application
embodiment can be applied to measurements needed for body composition
analysis which includes circumferential measurements (traditionally performed
with a tape measure) for assessment of percentage body fat. Additionally one

can calculate waist to hip ratio which is also a circumferential measurement.

26



10

15

CA 02829409 2013-10-03

These are important health related diagnostic assessments with regards to body
morphology and type.

Examples of known mathematical formulae useful in the several
embodiments include a body circumference formula employed in the example
embodiments which utilizes measured body width (measured distance from left
to right edges of body) and measured body depth (distance from back to front
edges of body) made in front view and side view images of the body,
respectively.

The circumferential estimation is taken as the average of the results of
both the equations (1) and (2) below. These are known formulas by a
mathematician and his formulae, referred to as the “Ramanujan’s formula”.

The circumference of the ellipse with half axes a and b half of the distance from
each of the body width and body depth measurements is given below where the

approximation is from Ramanujan's formuila:
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Equation (1)

C =t [-3((1 b} — ’V/ (3a + b)a 43?)) = [3((1 + b} — ;’{lﬁ}ab 3(_{2.24" )

and Equation (2)

C

If a = b then the ellipse is a circle with radius r = a = b and these formulas give
you C=2"pi*r.

Body composition in terms of body fat Is calculated using the steps and
measurements indentified in Figs. 17-19 then calculating circumference for neck,
waist, abdomen and hip and obtaining the height and then through data entry in
one of the known formulae as set forth below where all circumference and height

measurements are in iInches.

Males.
% body fat = 86.010 x log10(abdomen - neck) - 70.041 x log10(height) + 36.76

Females.
% body fat = 163.205 x log10(waist + hip - neck) - 97.684 x log10(height) -

78.387
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Other known formulae describing known morphological relationships for body fat

could be employed as will be understood by the skilled artisan. For example, the

results from several known formulae could be averaged.
Examples of known formulae are presented in the publications listed below:

Hodgdon, J A. and M.B. Beckett (1984) Prediction of percent body fat for U.S.
Navy men from body circumferences and height. Report no. 84-11, Naval Health
Research Center, San Diego, CA;

Hodgdon, J.A. Body (1990) Composition in the Military Services: Standards &
Methods. Report No. 90-21 Naval Health Research Center, San Diego, CA;

It should be understood, of course, that the foregoing relates to exemplary
embodiments of the invention and that modifications may be made without
departing from the scope of the invention as set forth in the following claims. For
example, clothing measurements are not limited to tuxedo or suit measurements
but could be made for other clothing items, e.g. dresses, shirts, blouses, etc. Body
composition is also not limited to body fat but can include other estimations such
as for body mass index, waist-to-hip ratio, lean body mass, etc, using known
morphological relationships. Likewise, the anatomical predictions can include
other predictions than those in the specific embodiments described herein without

departing from the scope of the invention as recited in the appended claims.
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CLAIMS

1. A method of deriving an anatomical circumferential measurement prediction
using a known morphological relationship and a programmed apparatus that
includes a digital touch screen display and means for acquiring a plurality of
images of a person for display on the digital touch screen display, the method

comprising:
acquiring a plurality of images of the person;

displaying the plurality of images of the person on the digital touch screen

display;

digitizing points on a plurality of anatomical landmarks on each of the

images;

determining linear anatomical dimensions of at least a portion of a body of

the person using the points and a scale factor for the plurality of images ; and

making the anatomical circumferential measurement prediction of the
person based on the linear anatomical dimensions and the known maorphological

relationship.

2. The method of claim 1, wherein the points are digitized by touching the digital

touch screen display at respective anatomical landmarks of each image.

3. The method of claim 1, wherein the plurality of images includes at least two

different images corresponding to different views of the person.

30

CA 2829409 2018-02-05



4. The method of claim 3, wherein the different views include a front view and a

side view of the person.
5. The method of claim 1, wherein the scale factor is a pixel to distance ratio.
6. A method for measuring a plurality of dimensions of a body of a person, the
method, comprising:
providing a digital anthropometer on a mobile device;

digitizing anatomical landmarks provided on a plurality of images of at
least a portion of the body displayed on the device with established calibration

methods; and

measuring the plurality of dimensions of at least the portion of the body

based on the digitized anatomical landmarks across the plurality of images; and

making an anatomical circumferential measurement prediction of the

person based on the plurality of dimensions and a known morphological

relationship.
7. A system for measuring a plurality of dimensions of at least a portion of a body of
a person, the system comprising:
a programmed device comprising:

1) a digital touch screen display having an array of pixels; and
i) a camera configured to acquire a plurality of images of at least
the portion of the body for display on the digital touch screen

display;
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10.

11.

12.

a digital anthropometer configured to digitize a plurality of anatomical
landmarks on each of the images displayed on the digital touch screen display in

order to measure the plurality of dimensions; and

a controller configured to make an anatomical circumferential

measurement prediction of the person using the plurality of dimensions and a

known morphological relationship.

The system according to claim 7, wherein the anatomical circumferential

measurement prediction s a clothing measurement.

The system according to claim 7, wherein the anatomical circumferential

measurement prediction is a body measurement.

The system according to claim 7, wherein the anatomical circumferential

measurement prediction is a postural measurement.

The system according to claim 7, wherein the programmed device is a mobile,
handheld communication device having at least one positional device selected

from the group consisting of a gyroscope, an accelerometer, and a level

configured to level the camera.

A method of deriving an anatomical prediction using a programmed apparatus
that includes a digital touch screen display and a camera configured to acquire a
plurality of images of a person for display on the digital touch screen display, the

method comprising:

acquiring a first image of a frontal view of the person;
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acquiring a second image of a side view of the person;

determining a linear anatomical width dimension of the person from the
first image and a linear anatomical depth dimension of the person from the

second image; and

making an anatomical circumferential measurement prediction based on
the determined linear anatomical width dimension and the linear anatomical
depth dimension,

wherein the anatomical circumferential measurement prediction is based

on Equations (1) and (2):

=wkw+m-'mw+aﬁ+9)

(1)

C~ a'[a(ea-l-b} ~ o/{3a + b){a + 3b)

where C is a circumference, and a and b are half elliptical axes half of the

distance from each of the determined linear anatomical width dimension and the

linear anatomical depth dimension.

13. A method of deriving an anatomical prediction using a programmed apparatus
including a digital touch screen display and a camera configured to acquire a
plurality of images of a person for display on the digital touch screen display, the

method comprising:

acquiring a first image of a frontal view of the person for display on the

digital touch screen display;

33

CA 2829409 2018-02-05



acquiring a second image of a side view of the person for display on the

digital touch screen display;

determining a linear anatomical width dimension of the person from the
first image and a linear anatomical depth dimension of the person from the

second image; and

making an anatomical circumferential measurement prediction of the
person based on the linear anatomical width dimension and the linear anatomical

depth dimension.

14. The method of claim 13, wherein the anatomical circumferential measurement

prediction is a postural measurement.

15. The method of claim 13, wherein the anatomical circumferential measurement

prediction is a clothing measurement.

16. The method of claim 15, wherein the clothing measurement is selected from the

group consisting of neck, overarm, chest, waist, hips, sleeve and outseem.

17. The method of claim 13, wherein the anatomical circumferential measurement

prediction is a body measurement.

18. The method of claim 13, further comprising activating at least one positional

device and using an output thereof for leveling the camera,

wherein the programmed apparatus is a mobile, hand-held communication

device having the camera, and
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the at least one positional device is seilected from the group consisting of a

gyroscope, an accelerometer and a level.

19. The method of claim 13, wherein the anatomical circumferential measurement

prediction is a circumference of a body part.

20. The method of claim 13, wherein at least one of the first image and second

image is a digital photograph.

21. The method of claim 13, wherein the anatomical circumferential measurement

prediction is based on an average result of a plurality of mathematical

determinations.

22. The method of claim 13, further comprising displaying the anatomical

circumferential measurement prediction on the digital touch screen display.
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W N

AR S

Sleeve: 31.65" (spine to shoulder to wrist

Qutseam: 43.58"

Spine to Shoulder: 7.40" linear
ront Neck: 4.23" linear, 13.30" circ
ront Overarm: 18.03" linear, 56.63" circ
ront Chest: 12.22" linear, 38.40" circ
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Outseam: 43.58" linear

FIG. ]

Ty OO

N WnNW




CA 02829409 2015-12-09

orjel drg-0j-1siem
pue ‘ssewl Apog ‘1eJ WSSBIA Apoq
ues| ‘o41e] Apoq) uonsoduwos
ApOQ 93BIdA®R UI S)NSIY

AJUAUTWOIA SYO0NN] Yo UM UIAI ALY JO 3P JUOI] NIBIA

X3ae JUSUITIOIA JSOUI JB $Y001INq JO 293P Joeq JIBIN

[QABU [IIM [9AJ] USWOPE JO 93P JUOI] IR

[9ABU UM [9AI] YOBq JO 33P3 Norq NIBN

[BIBUAIR] MO[d( JO3U JO 93P JUOI] IR

JooUu JO 338pa Moeq JIBA a— SJUQUIAINSBIIN
: .. i MITA

IPIS Y3 [rIdIR ]

[9ABU OU) UDIMIq [9AJ] JOoBq JO 93P2 [.Id] SHEIN -

—

uoneldrjdde
uornjsodwon

Apog ® JO

31 DId

JUIOA JSIPIM JB AT JO 93pa | HOTY BN

JU10a )SIPIM JB dIY JO 93P LI BN

‘ UM [9AJ] 0SI01 JO 93P LHON BN
— [9ABU UJIM [9AJ] 0S10) JO 93P . BN

_ [QABN U29M13q 0510} JO 93pa THO BN

— [QABN U9M19q 0510} JO a3p2 [T YN

MU JO 3a3P2 9] JIBN

| YO9U JO 93pa I BN

SIUAUIDINSBIA]
MITA JUOI] JV

ordwexa yuaWIpoquis




CA 02829409 2015-12-09

0
.
.

N

-
L e
.~

T

4

and Basal

health

1"0)

RN

96.41p

fyo

.~
0
0

22

9

tors o

&
-~

.
-7

Pl

-~

ind

L

Al

-~
~

f body fat (PBI
dy mass (LBM:
ica

), lean bo

tant

v
v

2

2
4

%

impo

dre

oo

WHR:

(

..
.

10

Prof

rat

s

, waist to nip ratio (WHR: U.
1312.60). All of these values

e gts
R AN
.n\ 4
v

L

st to h

(d. -

A el

-

, wai

des details about you

.

-

v

po

b

AR Tk TR
a

4

.~

prow
)

o
v".&_'\.*
- {* .
<y

2%

21.6

- .
.- )
e A e e
LA MW .

g t’epo rt
(BM:

Rate

‘Metabolic

.

i
Mass Index

D, . . .9
Son R LNy 3

. . L4
R .;..>ﬂ D v
Al C«/ . o %

AT pN e
(N am? S0, U gl i .
- ..N ‘o.. ... ” (59 "4 l.”. N e
A ) .n.‘v.n... N,
s TSR e

.-.\l-

Tran .

-

le

Your Side FatScreen Prof

.~

Al

News o9 cvus

e T e ot o_o" FRCEL L S

.

A e PR AN

s A da v s a oy a . .\?
4

.

>

.~

4 X ‘!-"Mwuvbhlv

-

General Body Fat Percentage Categories | Average Body

The
the actual percentage

t of your

iIon

L)

21%

IS @ measuremen

Fat

Body fat percentage .
individual calculated body composi

A
{0
{
o
=
=
1)
3
Ay
L)

}

ICa

IS

IS not bone, muscle, or body

(PBF)
tely 21% calculated by your anatom

measurements. Health body fat percentages vary on

your age, gender and body type, however there are
some general guidelines as observed in this table.

4

h 122 Ib and your body fat percentage (PBF)
is approxima

Your PBF has been calculated with LeanScreen.

19

percentage of body fat
of your toal weight that

You weig

fluid.

FG.

Acceptable






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - abstract drawing

