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DISTANCE MEASUREMENT METHOD, DISTANCE MEASUREMENT
APPARATUS, AND COMPUTER-PROGRAM PRODUCT

TECHNICAL FIELD

[0001] The present invention relates to a distance measurement method, a distance

measurement apparatus, and a computer-program product.
BACKGROUND

[0002] Distance measurement typically requires a binocular camera. Alternatively, distance
measurement may be performed using two monocular cameras. These requirements make it

costly to manufacture the distance measurement apparatus.
SUMMARY

[0003] In one aspect, the present disclosure provides a distance measurement method,
comprising obtaining an image of a target device, the image of the target device comprising a
target object of a first color and a background object of a second color, the first color being
different from the second color; processing the image of the target device to obtain a processed
image, the processed image comprising a processed target object of a third color and a
processed background object of a fourth color; detecting a contour of the processed target
object of the third color; calculating an area encircled by the contour; and calculating a distance
between a camera and the target device upon determination of the area encircled by the

contour.

[0004] Optionally, processing the image of the target device comprises performing a

grayscale processing on the image of the target device.

[0005] Optionally, processing the image of the target device comprises obtaining color
component values in a color space of a pixel data of the image of the target device; and
converting the color component values into converted color component values based on a first

conversion algorithm.

[0006] Optionally, the color component values of the pixel data comprise a first color
component value and a second color component value; wherein the first conversion algorithm
comprises subtracting the second color component value of the pixel data from the first color
component value of the pixel data to obtain a subtracted value; and assigning an absolute value
of the subtracted value as a color component value for each color component of the pixel data,

thereby obtaining the converted color component values of the processed image.

[0007] Optionally, the color component values of the pixel data comprise a first color
component value, a second color component value, and a third color component value; wherein

the first conversion algorithm comprises assigning the first color component value of the pixel
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data as a color component value for each color component of the pixel data, thereby obtaining

the converted color component values of the processed image.

[0008] Optionally, prior to detecting the contour of the processed target object of the third
color, the distance measurement method further comprises applying a shape detection
algorithm to detect at least one object in the processed image having a target shape; and

determining an object from the at least one object as the processed target object.

[0009] Optionally, a plurality of objects having the target shape are detected upon applying
the shape detection algorithm; wherein the distance measurement method further comprises
calculating aspect ratios respectively of the plurality of objects having the target shape with
respect to a reference object in the processed image; and wherein determining an object from
the at least one object as the processed target object comprises selecting an object having an

aspect ratio with respect to the reference object in a target range as the processed target object.
[0010] Optionally, the reference object is a facial image object of a subject.

[0011] Optionally, calculating the area encircled by the contour comprises selecting one or
more pixels as seeds for region growing; growing a respective seeded region comprising a
respective seed in an iterative fashion, wherein, at each iteration, pixels adjacent to the
respective seeded region are evaluated by a threshold criteria, and one or more pixel that satisfy
the threshold criteria are appended into the respective seeded region; and generating a
segmented image when all pixels in the processed image are assigned into their respective

seeded regions.

[0012] Optionally, the distance measurement method further comprises applying a shape
detection algorithm to detect at least one object in the processed image having a target shape;
wherein selecting one or more pixels as seeds for region growing comprises selecting a
geometrical center of the target shape as a seed; and an area of a seeded region comprising the
geometrical center of the target shape as the seed in the segmented image is determined as the

area encircled by the contour.

[0013] Optionally, calculating the distance between the camera and the target device upon
determination of the area encircled by the contour comprises calculating the distance between

the camera and the target device based on a second conversion algorithm.

k )
— wherein D stands for

the distance between the camera and the target device, A stands for the area encircled by the

[0014] Optionally, the second conversion algorithm is D =

contour, k, d1, and d2 are predetermined fitted parameters, wherein the distance measurement
method further comprises calibrating the second conversion algorithm to determine k, d1, and
d2 using a reference distance between the camera and the target device and a reference area

encircled by the contour corresponding to the reference distance.
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[0015] Optionally, the distance measurement method further comprises caching the distance
between the camera and the target device as a presently cached distance; and averaging the
presently cached distance and one or more historically cached distances to obtain an averaged

distance.

[0016] Optionally, the distance measurement method further comprises obtaining a second
image of the target device; and determining whether the second image of the target device

comprises the target object.

[0017] Optionally, upon a determination that the second image of the target device comprises
the target object, the distance measurement method further comprises processing the second
image of the target device to obtain a second processed image, the second processed image
comprising a second processed target object of the third color and a processed background
object of the fourth color; detecting a second contour of the second processed target object of
the third color; determining an area encircled by the second contour; and calculating a second
distance between the camera and the target device upon determination of the area encircled by

the second contour.

[0018] Optionally, upon a determination that the target object is absent in the second image
of the target device, the distance measurement method further comprises assigning a
historically cached distance as a presently cached distance between the camera and the target
device with respect to the second image; or the distance measurement method further
comprises obtaining images of the target device and determining whether the images of the
target device comprises the target object in an iterative manner; and upon a determination that
the target object is absent in N consecutive images of the target device, clearing historically
cached distances, and providing indication that the target device is positioned incorrectly, N >

2, N being an integer.

[0019] Optionally, the distance measurement method further comprises obtaining an original
image captured by the camera; determining presence or absence of a reference object in the
original image; and upon a determination that the reference object is present in the original
image, cropping the original image around the reference object by a margin of M times of a
size of the reference object, thereby obtaining the image of the target device, M > 2; wherein
the image of the target device comprises the target object, the background object, and the

reference object.

[0020] In another aspect, the present disclosure provides a distance measurement apparatus,
comprising a memory; one or more processors; wherein the memory and the one or more
processors are connected with each other; and the memory stores computer-executable
instructions for controlling the one or more processors to obtain an image of a target device,
the image of the target device comprising a target object of a first color and a background
object of a second color; process the image of the target device to obtain a processed image, the

processed image comprising a processed target object of a third color and a processed
3
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background object of a fourth color; detect a contour of the processed target object of the third
color; calculate an area encircled by the contour; and calculate a distance between a camera

and the target device upon determination of the area encircled by the contour.

[0021] Optionally, the distance measurement apparatus further comprises the target device

having a target portion of the first color and a background portion of the second color.

[0022] In another aspect, the present disclosure provides a computer-program product
comprising a non-transitory tangible computer-readable medium having computer-readable
instructions thereon, the computer-readable instructions being executable by a processor to
cause the processor to perform obtaining an image of a target device, the image of the target
device comprising a target object of a first color and a background object of a second color;
processing the image of the target device to obtain a processed image, the processed image
comprising a processed target object of a third color and a processed background object of a
fourth color; detecting a contour of the processed target object of the third color; calculating an
area encircled by the contour; and calculating a distance between a camera and the target

device upon determination of the area encircled by the contour.
BRIEF DESCRIPTION OF THE FIGURES

[0023] The following drawings are merely examples for illustrative purposes according to

various disclosed embodiments and are not intended to limit the scope of the present invention.

[0024] FIG. 11is a flowchart of a distance measurement method in some embodiments

according to the present disclosure.

[0025] FIG. 2 is a flowchart of a distance measurement method in some embodiments

according to the present disclosure.

[0026] FIG. 3A shows an image of a target device in some embodiments according to the

present disclosure.

[0027] FIG. 3B is a zoom-in view of an image of a target device in some embodiments

according to the present disclosure.

[0028] FIG. 4A shows a processed image in some embodiments according to the present

disclosure.

[0029] FIG. 4B is a zoom-in view of a processed image in some embodiments according to

the present disclosure.

[0030] FIG. SA shows detection of a contour of a processed target object in some

embodiments according to the present disclosure.

[0031] FIG. 5B is a zoom-in view of a processed image having a contour of a processed

target object detected in some embodiments according to the present disclosure.
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[0032] FIG. 6A shows an area encircled by a contour of a processed target object in some

embodiments according to the present disclosure.

[0033] FIG. 6B is a zoom-in view of a processed image showing an area encircled by a

contour of a processed target object in some embodiments according to the present disclosure.

[0034] FIG. 71is a flowchart of a distance measurement method in some embodiments

according to the present disclosure.

[0035] FIG. 8is a block diagram of an apparatus in some embodiments according to the

present disclosure.
DETAILED DESCRIPTION

[0036] The disclosure will now be described more specifically with reference to the
following embodiments. It is to be noted that the following descriptions of some embodiments
are presented herein for purpose of illustration and description only. It is not intended to be

exhaustive or to be limited to the precise form disclosed.

[0037] The present disclosure provides, inter alia, a distance measurement method, a
distance measurement apparatus, and a computer-program product that substantially obviate
one or more of the problems due to limitations and disadvantages of the related art. In one
aspect, the present disclosure provides a distance measurement method. In some embodiments,
the method includes obtaining an image of a target device, the image of the target device
comprising a target object of a first color and a background object of a second color, the first
color being different from the second color; processing the image of the target device to obtain
a processed image, the processed image comprising a processed target object of a third color
and a processed background object of a fourth color; detecting a contour of the processed target
object of the third color; calculating an area encircled by the contour; and calculating a distance
between a camera and the target device upon determination of the area encircled by the

contour.

[0038] FIG. 1is a flowchart of a distance measurement method in some embodiments
according to the present disclosure. Referring to FIG. 1, in some embodiments the distance
measurement method includes several steps, including image processing, target object
detection, target object area determination, and distance calculation. In one example, the
distance calculation is performed based on a second conversion algorithm. In some
embodiments, the method further includes a step of second conversion algorithm calibration, in

which one or more parameters of the second conversion algorithm are calibrated.

[0039] In some embodiments, the method may be conveniently implemented by utilizing a
target object for facilitating the distance measurement. In one example, a subject may be
holding the target object facing a camera. The camera captures one or more frames of images

of the target object, for example, one or more images of the subject holding the target object.
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The method according to the present disclosure can accurately determine the distance between
the target device (the subject) and the camera. One of the several advantages of the present
method resides in that a monocular camera is sufficient for the distance measurement, e.g., the

present method does not rely on a binocular camera for measuring distance.

[0040] FIG. 2 is a flowchart of a distance measurement method in some embodiments
according to the present disclosure. FIG. 2 illustrates a more specific embodiment of the
present disclosure. As shown in FIG. 2, the distance measurement method in some
embodiments includes obtaining an image of a target device, the image of the target device
comprising a target object of a first color and a background object of a second color, the first
color being different from the second color; processing the image of the target device to obtain
a processed image, the processed image comprising a processed target object of a third color
and a processed background object of a fourth color; detecting a contour of the processed target
object of the third color; calculating an area encircled by the contour; and calculating a distance
between a camera and the target device upon determination of the area encircled by the

contour.

[0041] The target device may be any suitable device having portions that have color contrast.
For example, the target device may be a simple handheld object having a target portion and a
background portion, the target portion and the background portion being adjacent to each other
and have color contrast. In one example, the target portion may be of a gray color and the
background portion may be of a blue color. Optionally, the target portion is at least partially
surrounded by the background portion.

[0042] In some embodiments, the target device has additional functions other than providing
the target portion and the background portion having color contrast. In one example, the target
device may be a remote control configured to control the camera for capturing an image of the

target device and/or the subject holding the target device.

[0043] FIG. 3A shows an image of a target device in some embodiments according to the
present disclosure. FIG. 3B is a zoom-in view of an image of a target device in some
embodiments according to the present disclosure. Referring to FIG. 3A and FIG. 3B, the
method in some embodiments includes obtaining an image of a target device TD, the image of
the target device TD comprising a target object TO of a first color and a background object BO
of a second color. The first color and the second color are two different colors. In some
embodiments, the first color and the second color are two different colors having high color
contrast. In one example, the target object TO is of a gray color and the background object BO
is of a blue color. As shown in FIG. 3A and FIG. 3B, the image of the target device TD in
some embodiments further includes one or more non-target object NTO. In one example, the
one or more non-target object NTO are of the first color. In another example, the one or more
non-target object NTO are of a color different from the first color. In another example, the one

or more non-target object NTO are of a color different from the second color.
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[0044] In some embodiments, the method further includes processing the image of the target
device to obtain a processed image. Any suitable image processing processes may be
implemented in the present method. For example, the suitable image processing processes may
include cropping an original image. In one example, the suitable image processing processes
may include enhancing resolution and/or details of an image. In another example, the suitable
image processing processes may include denoising an image. In another example, the suitable
image processing processes may include enhancing the contrast between the target object and

the background object in order to facilitate detection of a contour of the target object.

[0045] In some embodiments, the method further includes processing the image of the target
device to obtain a processed image having a processed target object of a third color and a
processed background object of a fourth color. The third color and the fourth color are two
different colors. Optionally, the third color and the fourth color are two different colors having
high color contrast.

[0046] Optionally, the third color is the same as the first color. Optionally, the fourth color is

the same as the second color.

[0047] Optionally, the third color is different from the first color. Optionally, the fourth

color is different from the second color.

[0048] FIG. 4A shows a processed image in some embodiments according to the present
disclosure. FIG. 4B is a zoom-in view of a processed image in some embodiments according
to the present disclosure. Referring to FIG. 4A and FIG. 4B, in some embodiments, processing
the image of the target device comprises performing a grayscale processing on the image of the
target device TD. As used herein, the term “grayscale processing” refers to a process
converting a color image into a grayscale image. As used herein, the term “grayscale image”
refers to an image which the value of each pixel contains only intensity information. In FIG.
3A and FIG. 3B, pixels of the image are of true colors (non-grayscale colors), for example, the
target object TO is of a gray color and the background object BO is of a blue color. As shown
in FIG. 4A and FIG. 4B, pixels of the processed image are of grayscale colors, e.g., including
various shades of gray ranging from white or near white to black or near black, but without
chromatic variation. The third color and the fourth color are of two different grayscale colors
having two different shades of gray; whereas the first color and the second color are of two
different true colors.

[0049] In some embodiments, processing the image of the target device includes obtaining
color component values in a color space of a pixel data of the image of the target device;
converting the color component values into converted color component values based on a first
conversion algorithm. In one example, the color space is a RGB color space, and the color
components of the pixel data in the RGB color space include a red color component, a green

color component, and a blue color component.
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[0050] Various suitable conversion algorithms may be used for converting the color
component values of the pixel data into converted color component values. In some
embodiments, the first conversion algorithm enhances the contrast (e.g., color contrast)
between the target portion and the background portion. In one example, by applying the first
conversion algorithm, a first color contrast between the third color of the processed target
object PTO and the fourth color of the processed background object PBO is enhanced with
respect to a second color contrast between the first color of the target object TO (as depicted in
FIG. 3B) and the second color of the background object BO (as depicted in FIG. 3B). In
another example, by applying the first conversion algorithm, a first pixel intensity contrast
between the pixel data of the processed target object PTO and the pixel data of the processed
background object PBO is enhanced with respect to a second pixel intensity contrast between
the pixel data of the target object TO and the pixel data of the background object BO. In
another example, by applying the first conversion algorithm, a first color contrast between the
third color of the processed target object PTO and the fourth color of the processed background
object PBO is enhanced with respect to a second color contrast between the first color of the
target object TO and the second color of the background object BO; and a first pixel intensity
contrast between the pixel data of the processed target object PTO and the pixel data of the
processed background object PBO is enhanced with respect to a second pixel intensity contrast
between the pixel data of the target object TO and the pixel data of the background object BO.

[0051] In some embodiments, the color component values of the pixel data include a first
color component value and a second color component value. Optionally, the color component
values of the pixel data further include a third color component value. In some embodiments,
the first conversion algorithm includes subtracting the second color component value of the
pixel data from the first color component value of the pixel data to obtain a subtracted value;
and assigning an absolute value of the subtracted value as a color component value for each
color component of the pixel data, thereby obtaining the converted color component values of

the processed image.

[0052] In one specific example, the color space is a RGB color space, and the first color
component value is a color component value of a blue color, and the second color component
value is a color component value of a red color. The first conversion algorithm includes
subtracting the red color component value of the pixel data from the blue color component
value of the pixel data to obtain a subtracted value; and assigning an absolute value of the
subtracted value as a color component value for each color component of the pixel data,

thereby obtaining the converted color component values of the processed image.

[0053] Toillustrate, in one example, the target object TO is of a gray color and the
background object BO is of a blue color. In a pixel data of a gray color (e.g., for the target
object TO), the red color component value and the blue color component value are relatively
close to each other, as compared to a pixel data of a blue color (for the background object BO).

In one specific example, color component values of the pixel data of a gray color (e.g., for the
8
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target object TO) can be represented as (128, 128, 128). By applying the first conversion
algorithm, the converted color component values of the processed target object PTO can be
represented as (0, 0, 0), which is a black color. Color component values of the pixel data of a
blue color (for the background object PBO) can be represented as (0, 0, 175). By applying the
first conversion algorithm, the converted color component values of the processed background
object PBO can be represented as (175, 175, 175), which is a gray color. As illustrated in FIG.
3A, FIG. 3B, FIG. 4A, and FIG. 4B, by applying the first conversion algorithm, a first color
contrast between the third color (black; (0, 0, 0)) of the processed target object PTO and the
fourth color (gray; (175, 175, 175)) of the processed background object PBO is enhanced with
respect to a second color contrast between the first color (gray; (128, 128, 128)) of the target
object TO and the second color (blue; (0, 0, 175)) of the background object BO.

[0054] In another specific example, the color space is a RGB color space, and the first color
component value is a color component value of a red color, and the second color component
value is a color component value of a blue color. The first conversion algorithm includes
subtracting the blue color component value of the pixel data from the red color component
value of the pixel data to obtain a subtracted value; and assigning an absolute value of the
subtracted value as a color component value for each color component of the pixel data,

thereby obtaining the converted color component values of the processed image.

[0055] To illustrate, in one example, the target object TO is of a black color and the
background object BO is of a red color. In a pixel data of a black color (e.g., for the target
object TO), the red color component value and the blue color component value are relatively
close to each other, as compared to a pixel data of a red color (for the background object BO).
In one specific example, color component values of the pixel data of a black color (e.g., for the
target object TO) can be represented as (0, 0, 0). By applying the first conversion algorithm,
the converted color component values of the processed target object PTO can be represented as
(0, 0, 0), which is still a black color. Color component values of the pixel data of a red color
(for the background object PBO) can be represented as (255, 0, 0). By applying the first
conversion algorithm, the converted color component values of the processed background
object PBO can be represented as (255, 255, 255), which is a white color. By applying the first
conversion algorithm, a first color contrast between the third color (black; (0, 0, 0)) of the
processed target object PTO and the fourth color (white; (255, 255, 255)) of the processed
background object PBO is enhanced with respect to a second color contrast between the first
color (black; (0, 0, 0)) of the target object TO and the second color (red; (255, 0, 0)) of the
background object BO.

[0056] In some embodiments, the color component values of the pixel data include a first
color component value and a second color component value. Optionally, the color component
values of the pixel data further include a third color component value. In some embodiments,

the first conversion algorithm includes assigning the first color component value of the pixel
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data as a color component value for each color component of the pixel data, thereby obtaining

the converted color component values of the processed image.

[0057] In one specific example, the color space is a RGB color space, and the first color
component value is a color component value of a green color, the second color component
value is a color component value of a red color, and the third color component value is a color
component value of a blue color. The first conversion algorithm includes assigning the green
color component value of the pixel data as a color component value for each color component
of the pixel data, thereby obtaining the converted color component values of the processed

image.

[0058] To illustrate, in one example, the target object TO is of a blue color and the
background object BO is of a green color. In one specific example, color component values of
the pixel data of a blue color (e.g., for the target object TO) can be represented as (0, 0, 175).
By applying the first conversion algorithm, the converted color component values of the
processed target object PTO can be represented as (0, 0, 0), which is a black color. Color
component values of the pixel data of a green color (for the background object PBO) can be
represented as (0, 175, 0). By applying the first conversion algorithm, the converted color
component values of the processed background object PBO can be represented as (175, 175,
175), which is a gray color. By applying the first conversion algorithm, a first color contrast
between the third color (black; (0, 0, 0)) of the processed target object PTO and the fourth
color (gray; (175, 175, 175)) of the processed background object PBO is enhanced with respect
to a second color contrast between the first color (blue; (0, 0, 175)) of the target object TO and
the second color (green; (0, 175, 0)) of the background object BO.

[0059] In some embodiments, referring to FIG. 2, the method further includes detecting a
contour of the processed target object of the third color. Various suitable detection algorithm
may be used for detecting the contour of the processed target object of the third color. In some
embodiments, detecting the contour of the processed target object of the third color includes
first detecting a shape of the processed target object; and assigning an edge of the detected

shape as the contour of the processed target object of the third color.

[0060] In some embodiments, the method includes applying a shape detection algorithm to
detect at least one object in the processed image having a target shape. Referring to FIG. 4B,
the target shape in one example is an elliptical shape (or a circular shape), and the shape
detection algorithm is an elliptical shape detection algorithm (or a circular shape detection
algorithm). By applying the elliptical shape detection algorithm (e.g., an elliptical Hough
transform algorithm), at least one object (e.g., the processed target object PTO) in the
processed image having a target shape (e.g., an elliptical shape) may be detected. Because the
algorithm may detect multiple objects all having the target shape, it is necessary to ensure a

detected object having the target shape is the processed target object PTO.
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[0061] In this regard, the method may utilize a reference object in the processed target image
to validate a detected object having the target shape being the processed target object PTO.
Referring to FIG. 4A and FIG. 4B, the processed target image in some embodiments includes a
processed target object PTO, a processed background object PBO, one or more processed non-
target objects PNTO, and a reference object RO. In one example, the reference object RO may
be a facial image object of a subject holding the target device TD. To illustrate, in one specific
example, a plurality of objects having the target shape are detected upon applying the shape
detection algorithm. For example, referring to FIG. 4B, the processed target object PTO and at
least one of the one or more processed non-target object PNTO have an elliptical shape (the
target shape). In order to determine an object from the at least one object as the processed
target object, the method further includes calculating aspect ratios respectively of the plurality

of objects having the target shape with respect to a reference object RO in the processed image.

[0062] In one specific example, the aspect ratio may be calculated using a height h of the
reference object RO and a length of a selected dimension of the detected object. For example,
the aspect ratio may be calculated as a ratio of a long axis length la of an elliptical shape of the
detected object to a height h of the reference object RO. Optionally, determining an object
from the at least one object as the processed target object includes selecting an object having an
aspect ratio with respect to the reference object RO in a target range as the processed target
object PTO.

[0063] Various appropriate target shapes may be implemented in the present method.
Examples of suitable target shapes include an elliptical shape, a circular shape, a rectangular
shape, a square shape, a triangular shape, a pentagonal shape, a hexagonal shape, and a
polygonal shape. In one example, the target shape is a rectangular shape, and applying the
shape detection algorithm may include detection four sides of the rectangular shape using, e.g.,
line segment detection method, thereby detecting the rectangular shape. Optionally, the aspect
ratio may be calculated as a ratio of a length of a long side of the rectangular shape of the
detected object to a height h of the reference object RO.

[0064] In some embodiments, based on the shape detection algorithm, the method includes
generate an edge image of the processed target object PTO, for example, by Laplacian
transform, the Sobel method, the Canny method, and so on. Upon the generation of the edge
map, the method further includes extracting line segments and / or arcs from the generated
edge map, for example, using the line segment detection (LSD) method and / or Hough

transform method.

[0065] FIG. SA shows detection of a contour of a processed target object in some
embodiments according to the present disclosure. FIG. 5B is a zoom-in view of a processed
image having a contour of a processed target object detected in some embodiments according
to the present disclosure. As shown in FIG. SA and FIG. 5B, subsequent to applying the shape

detection algorithm to detect at least one object in the processed image having a target shape,
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and determining an object from the at least one object as the processed target object, the
method further includes assigning an edge of the detected shape as the contour CT of the
processed target object PTO.

[0066] Once the contour CT of the processed target object PTO is determined, referring to
FIG. 2, the method in some embodiments further includes calculating an area encircled by the
contour CT. Various appropriate area calculation algorithms may be implemented in the
present method. For example, the area of the target shape may be assigned as the area of
encircled by the contour.

[0067] In some embodiments, the present method utilizes a unique and more accurate
algorithm for calculating the area encircled by the contour. In some embodiment, the
algorithm includes selecting one or more pixels as seeds for region growing; growing a
respective seeded region comprising a respective seed in an iterative fashion, wherein, at each
iteration, pixels adjacent to the respective seeded region are evaluated by a threshold criteria,
and one or more pixel that satisfy the threshold criteria are appended into the respective seeded
region; and generating a segmented image when all pixels in the processed image are assigned
into their respective seeded regions. The segmented image includes a plurality of seeded
regions, one of which (“target seeded region”) corresponds to the area encircled by the contour.
The area encircled by the contour may be calculated by counting a total number of pixels in the
target seeded region. Various suitable image segmentation techniques may be implemented in
the present method. Examples of suitable image segmentation techniques include OSTU

algorithm and adaptive thresholding algorithm.

[0068] In some embodiments, selecting one or more pixels as seeds for region growing
includes selecting a geometrical center of the target shape as a seed. An area of a seeded
region including the geometrical center of the target shape as the seed in the segmented image
is determined as the area encircled by the contour. FIG. 6A shows an area encircled by a
contour of a processed target object in some embodiments according to the present disclosure.
FIG. 6B is a zoom-in view of a processed image showing an area encircled by a contour of a
processed target object in some embodiments according to the present disclosure. As shown in
FIG. 6B, a target seeded region TSR grown from a seed SD at the geometrical center of the
target shape is determined in a segmented image shown in FIG. 6B. An area of the target
seeded region TSR including the geometrical center of the target shape as the seed in the

segmented image is determined as the area encircled by the contour.

[0069] Referring to FIG. 2, the method in some embodiments further includes calculating a
distance between a camera and the target device upon determination of the area encircled by
the contour. In some embodiments, calculating the distance between the camera and the target
device upon determination of the area encircled by the contour comprises calculating the
distance between the camera and the target device based on a second conversion algorithm.

Optionally, the second conversion algorithm can be expressed as:
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k
VA+d1+d2’

[0071] wherein D stands for the distance between the camera and the target device, A stands

[0070] D =

for the area encircled by the contour, k, d1, and d2 are predetermined fitted parameters.

[0072] In some embodiments, the method further includes calibrating the second conversion
algorithm to determine k, d1, and d2 using a reference distance between the camera and the
target device and a reference area encircled by the contour corresponding to the reference
distance. In one example, the subject holding the target device may be standing at a number of
predetermined distances (e.g., 1.0m, 1.2 m, 1.4 m, ..., or 2.8 m) from the camera, and areas
encircled by contour of the processed target object respectively corresponding to the
predetermined distances are calculated, thereby obtaining a database containing distance data
and area data. In one example, a least-square method may be utilized to fit the parameters k,
d1, and d2.

[0073] In the present method, the calibration method described above needs to be performed
just once, and the predetermined fitted parameters and the second conversion algorithm are
generally applicable for all subjects. Alternatively, the calibration may be performed in real
time for each individual subject. For example, the calibration may be performed based on
inter-pupil distance of the individual subject. Because different individuals have different
inter-pupil distances, the fitted parameters determined for one individual may not be suitable
for a different individual. The calibration method described above obviates the shortcomings
of subject-specific calibration methods, making the present distance measurement method

highly convenient for the user.

[0074] In some embodiments, the image of the target device may be a pre-processed image.
In some embodiments, obtaining the image of the target device includes obtaining an original
image captured by the camera; determining presence or absence of a reference object in the
original image; upon a determination that the reference object is present in the original image,
cropping the original image around the reference object by a margin of m times of a size of the
reference object, thereby obtaining the image of the target device. Optionally, m > 2.
Optionally, m = 3. The image of the target device includes the target object, the background

object, and the reference object.

[0075] In some embodiments, the method further includes capturing an original image of the

target device using the camera.

[0076] To further enhance accuracy of the distance measurement, the present method may be
performed using several frames of images. For each frame of image, a distance may be
measured according to the method described above. Moreover, to provide a smoothing effect
on distance measurement, the method in some embodiments further includes caching the
distance calculated for each frame of image in a cache, and averaging several cached distances

respectively from several frames of images. In one example, the method includes caching the
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distance between the camera and the target device as a presently cached distance; and
averaging the presently cached distance and N number of historically cached distances to
obtain an averaged distance. Optionally, N>1,e.g,1,2,3,4,5,6,7,8,9, or 10. Optionally,
N=09.

[0077] FIG. 7 is a flowchart of a distance measurement method in some embodiments
according to the present disclosure. Referring to FIG. 7, the method in some embodiments
further includes obtaining a second image of the target device; determining whether the second
image of the target device comprises the target object. Optionally, the second image of the
target device is a next consecutively captured image. When it is determined that the second
image of the target device comprises the target object, the method further includes calculating a
second distance between the camera and the target device. Specifically, and referring to FIG.
7, upon a determination that the second image of the target device comprises the target object,
the method further includes processing the second image of the target device to obtain a second
processed image, the second processed image comprising a second processed target object of
the third color and a processed background object of the fourth color; detecting a second
contour of the second processed target object of the third color; determining an area encircled
by the second contour; and calculating a second distance between the camera and the target
device upon determination of the area encircled by the second contour. Optionally, the second
distance is cached as a presently cached distance, and it was averaged with one or more

historically cached distances to obtain an averaged distance.

[0078] When it is determined that the target object is absent in the second image of the target
device, the method further includes assigning a historically cached distance as a presently
cached distance between the camera and the target device with respect to the second image.
Optionally, an immediately adjacent historically cached distance (derived from an immediate
previously captured original image) is assigned as the presently cached distance between the
camera and the target device with respect to the second image.

[0079] In some embodiments, the method further includes obtaining images of the target
device and determining whether the images of the target device comprises the target object in
an iterative manner. Upon a determination that the target object is absent in N consecutive
images of the target device, the method further includes clearing historically cached distances,
N being a positive integer. Optionally, N>2 eg. 2 3,4,5,6,7,8,9,or 10. Optionally, N =
10. Optionally, upon a determination that the target object is absent in N consecutive images
of the target device, the method further includes providing indication that the target device is
positioned incorrectly (e.g., incorrectly held by the subject). Optionally, upon a determination
that the target object is absent in N consecutive images of the target device, the method further
includes providing instructions to the subject on how to adjust gesture of holding the target

device.
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[0080] In another aspect, the present disclosure provides an apparatus. FIG. 8 is a block
diagram of an apparatus in some embodiments according to the present disclosure. Referring
to FIG. 8, in some embodiments, the apparatus 1000 may include any appropriate type of TV,
such as a plasma TV, a liquid crystal display (LCD) TV, a touch screen TV, a projection TV, a
non-smart TV, a smart TV, etc. The apparatus 1000 may also include other computing
systems, such as a personal computer (PC), a tablet or mobile computer, or a smart phone, etc.
In addition, the apparatus 1000 may be any appropriate content-presentation device capable of
presenting any appropriate content. Users may interact with the dynamic volumetric display

apparatus 1000 to perform other activities of interest.

As shown in FIG. 8, the apparatus 1000 may include a processor 1002, a storage medium 1004,
a display 1006, a communication module 1008, a database 1010 and peripherals 1012. Certain
devices may be omitted and other devices may be included to better describe the relevant

embodiments.

The processor 1002 may include any appropriate processor or processors. Further, the
processor 1002 may include multiple cores for multi-thread or parallel processing. The
processor 1002 may execute sequences of computer program instructions to perform various
processes. The storage medium 1004 may include memory modules, such as ROM, RAM,
flash memory modules, and mass storages, such as CD-ROM and hard disk, etc. The storage
medium 1004 may store computer programs for implementing various processes when the
computer programs are executed by the processor 1002. For example, the storage medium
1004 may store computer programs for implementing various algorithms when the computer

programs are executed by the processor 1002.

Further, the communication module 1008 may include certain network interface devices for
establishing connections through communication networks, such as TV cable network, wireless
network, internet, etc. The database 1010 may include one or more databases for storing certain

data and for performing certain operations on the stored data, such as database searching.

The display 1006 may provide information to users. The display 1006 may include any
appropriate type of computer display device or electronic apparatus display such as LCD or
OLED based devices. The peripherals 112 may include various sensors and other I/O devices,

such as keyboard and mouse.

It will be understood by one of ordinary skill in the art that all or some of steps of the method,
functional modules/units in the system and the device disclosed above may be implemented as
software, firmware, hardware, or suitable combinations thereof. In a hardware implementation,
a division among functional modules/units mentioned in the above description does not
necessarily correspond to the division among physical components. For example, one physical
component may have a plurality of functions, or one function or step may be performed by
several physical components in cooperation. Some or all of the physical components may be
implemented as software executed by a processor, such as a central processing unit, a digital
15
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signal processor, or a microprocessor, or as hardware, or as an integrated circuit, such as an
application specific integrated circuit. Such software may be distributed on a computer-
readable storage medium, which may include a computer storage medium (or a non-transitory
medium) and a communication medium (or a transitory medium). The term computer storage
medium includes volatile and nonvolatile, removable and non-removable media implemented
in any method or technology for storage of information, such as computer readable
instructions, data structures, program modules or other data, as is well known to one of
ordinary skill in the art. A computer storage medium includes, but is not limited to, RAM,
ROM, EEPROM, flash memory or other memory technology, CD-ROM, Digital Versatile
Disk (DVD) or other optical disk storage, magnetic cassette, magnetic tape, magnetic disk
storage or other magnetic storage device, or any other medium which may be used to store
desired information and which may accessed by a computer. In addition, a communication
medium typically embodies computer readable instructions, data structures, program modules
or other data in a modulated data signal such as a carrier wave or other transport mechanism,
and includes any information delivery medium, as is well known to one of ordinary skill in the
art.

The flowchart and block diagrams in the drawings illustrate architecture, functionality, and
operation of possible implementations of a device, a method and a computer program product
according to various embodiments of the present disclosure. In this regard, each block in the
flowchart or block diagrams may represent a module, program segment(s), or a portion of a
code, which includes at least one executable instruction for implementing specified logical
function(s). It should also be noted that, in some alternative implementations, functions noted
in the blocks may occur out of the order noted in the drawings. For example, two blocks being
successively connected may, in fact, be performed substantially concurrently, or the blocks
may sometimes be performed in the reverse order, depending upon the functionality involved.
It will also be noted that each block of the block diagrams and/or flowchart, and combinations
of blocks in the block diagrams and/or flowchart, may be implemented by special purpose
hardware-based systems that perform the specified functions or operations, or combinations of

special purpose hardware and computer instructions.

[0081] In some embodiments, the apparatus includes a memory, and one or more processors,
wherein the memory and the one or more processors are connected with each other. In some
embodiments, the memory stores computer-executable instructions for controlling the one or
more processors to obtain an image of a target device, the image of the target device
comprising a target object of a first color and a background object of a second color; process
the image of the target device to obtain a processed image, the processed image comprising a
processed target object of a third color and a processed background object of a fourth color;
detect a contour of the processed target object of the third color; calculate an area encircled by
the contour; and calculate a distance between a camera and the target device upon

determination of the area encircled by the contour. Optionally, the distance measurement
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apparatus further includes the target device having a target portion of the first color and a
background portion of the second color. Optionally, the distance measurement apparatus

further includes a camera for capturing an original image of a target device.

[0082] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to perform a grayscale processing on the image of

the target device, thereby processing the image of the target device.

[0083] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to obtain color component values in a color space of
a pixel data of the image of the target device; and convert the color component values into
converted color component values based on a first conversion algorithm; thereby processing

the image of the target device.

[0084] In some embodiments, the color component values of the pixel data include a first
color component value and a second color component value. Optionally, according to the first
conversion algorithm, the memory further stores computer-executable instructions for
controlling the one or more processors to subtract the second color component value of the
pixel data from the first color component value of the pixel data to obtain a subtracted value;
and assign an absolute value of the subtracted value as a color component value for each color
component of the pixel data, thereby obtaining the converted color component values of the

processed image.

[0085] In some embodiments, the color component values of the pixel data include a first
color component value, a second color component value, and a third color component value.
Optionally, according to the first conversion algorithm, the memory further stores computer-
executable instructions for controlling the one or more processors to assign the first color
component value of the pixel data as a color component value for each color component of the

pixel data, thereby obtaining the converted color component values of the processed image.

[0086] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to, prior to detecting the contour of the processed
target object of the third color, apply a shape detection algorithm to detect at least one object in
the processed image having a target shape; and determine an object from the at least one object

as the processed target object.

[0087] In some embodiments, a plurality of objects having the target shape are detected upon
applying the shape detection algorithm. Optionally, the memory further stores computer-
executable instructions for controlling the one or more processors to calculate aspect ratios
respectively of the plurality of objects having the target shape with respect to a reference object
in the processed image; and select an object having an aspect ratio with respect to the reference
object in a target range as the processed target object, thereby determining an object from the at

least one object as the processed target object.
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[0088] Optionally, the reference object is a facial image object of a subject.

[0089] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to select one or more pixels as seeds for region
growing; grow a respective seeded region comprising a respective seed in an iterative fashion,
wherein, at each iteration, pixels adjacent to the respective seeded region are evaluated by a
threshold criteria, and one or more pixel that satisfy the threshold criteria are appended into the
respective seeded region; and generate a segmented image when all pixels in the processed
image are assigned into their respective seeded regions.

[0090] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to apply a shape detection algorithm to detect at
least one object in the processed image having a target shape; and select a geometrical center of
the target shape as a seed. Optionally, an area of a seeded region including the geometrical
center of the target shape as the seed in the segmented image is determined as the area

encircled by the contour.

[0091] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to calculate the distance between the camera and the
target device based on a second conversion algorithm, thereby calculating the distance between

the camera and the target device upon determination of the area encircled by the contour.

[0092] Optionally, the second conversion algorithm can be expressed as:

K
VA+di1+d2’

[0094] wherein D stands for the distance between the camera and the target device, A stands

[0093] D =

for the area encircled by the contour, k, d1, and d2 are predetermined fitted parameters.

[0095] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to cache the distance between the camera and the
target device as a presently cached distance; and average the presently cached distance and one

or more historically cached distances to obtain an averaged distance.

[0096] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to obtain a second image of the target device; and

determine whether the second image of the target device comprises the target object.

[0097] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to, upon a determination that the second image of
the target device comprises the target object, process the second image of the target device to
obtain a second processed image, the second processed image comprising a second processed
target object of the third color and a processed background object of the fourth color; detect a

second contour of the second processed target object of the third color; determine an area
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encircled by the second contour; and calculate a second distance between the camera and the

target device upon determination of the area encircled by the second contour.

[0098] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to, upon a determination that the target object is
absent in the second image of the target device, assign a historically cached distance as a
presently cached distance between the camera and the target device with respect to the second

image.

[0099] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to obtain images of the target device and determine
whether the images of the target device comprises the target object in an iterative manner.
Optionally, the memory further stores computer-executable instructions for controlling the one
or more processors to, upon a determination that the target object is absent in N consecutive
images of the target device, clear historically cached distances, and provide indication that the

target device is positioned incorrectly.

[0100] In some embodiments, the memory further stores computer-executable instructions
for controlling the one or more processors to obtain an original image captured by the camera;
determine presence or absence of a reference object in the original image; upon a determination
that the reference object is present in the original image, crop the original image around the
reference object by a margin of m times of a size of the reference object, thereby obtaining the
image of the target device. Optionally, the image of the target device includes the target

object, the background object, and the reference object.

[0101] In another aspect, the present disclosure provides a computer-program product
including a non-transitory tangible computer-readable medium having computer-readable
instructions thereon. In some embodiments, the computer-readable instructions being
executable by a processor to cause the processor to perform obtaining an image of a target
device, the image of the target device comprising a target object of a first color and a
background object of a second color; processing the image of the target device to obtain a
processed image, the processed image comprising a processed target object of a third color and
a processed background object of a fourth color; detecting a contour of the processed target
object of the third color; calculating an area encircled by the contour; and calculating a distance
between a camera and the target device upon determination of the area encircled by the

contour.

[0102] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform a grayscale processing on the image of the

target device, thereby processing the image of the target device.

[0103] In some embodiments, the computer-readable instructions are executable by a

processor to cause the processor to further perform obtaining color component values in a color
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space of a pixel data of the image of the target device; and converting the color component
values into converted color component values based on a first conversion algorithm, thereby

processing the image of the target device.

[0104] In some embodiments, the color component values of the pixel data comprise a first
color component value and a second color component value. Optionally, according to the first
conversion algorithm, the computer-readable instructions are executable by a processor to
cause the processor to further perform subtracting the second color component value of the
pixel data from the first color component value of the pixel data to obtain a subtracted value;
and assigning an absolute value of the subtracted value as a color component value for each
color component of the pixel data, thereby obtaining the converted color component values of

the processed image.

[0105] In some embodiments, the color component values of the pixel data comprise a first
color component value, a second color component value, and a third color component value.
Optionally, according to the first conversion algorithm, the computer-readable instructions are
executable by a processor to cause the processor to further perform assigning the first color
component value of the pixel data as a color component value for each color component of the

pixel data, thereby obtaining the converted color component values of the processed image.

[0106] In some embodiments, prior to detecting the contour of the processed target object of
the third color, the computer-readable instructions are executable by a processor to cause the
processor to further perform, applying a shape detection algorithm to detect at least one object
in the processed image having a target shape; and determining an object from the at least one

object as the processed target object.

[0107] In some embodiments, a plurality of objects having the target shape are detected upon
applying the shape detection algorithm. Optionally, the computer-readable instructions are
executable by a processor to cause the processor to further perform calculating aspect ratios
respectively of the plurality of objects having the target shape with respect to a reference object
in the processed image; and selecting an object having an aspect ratio with respect to the
reference object in a target range as the processed target object, thereby determining an object
from the at least one object as the processed target object. Optionally, the reference object is a

facial image object of a subject.

[0108] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform selecting one or more pixels as seeds for
region growing; growing a respective seeded region comprising a respective seed in an
iterative fashion, wherein, at each iteration, pixels adjacent to the respective seeded region are
evaluated by a threshold criteria, and one or more pixel that satisfy the threshold criteria are
appended into the respective seeded region; and generating a segmented image when all pixels
in the processed image are assigned into their respective seeded regions, thereby calculating the

area encircled by the contour.
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[0109] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform applying a shape detection algorithm to
detect at least one object in the processed image having a target shape; and selecting a
geometrical center of the target shape as a seed, thereby selecting one or more pixels as seeds
for region growing. Optionally, an area of a seeded region comprising the geometrical center
of the target shape as the seed in the segmented image is determined as the area encircled by

the contour.

[0110] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform calculating the distance between the camera
and the target device based on a second conversion algorithm, thereby calculating the distance
between the camera and the target device upon determination of the area encircled by the

contour.

[0111] Optionally, the second conversion algorithm can be expressed as:

K
VA+di1+d2’

[0113] wherein D stands for the distance between the camera and the target device, A stands

[0112] D =

for the area encircled by the contour, k, d1, and d2 are predetermined fitted parameters.

[0114] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform caching the distance between the camera
and the target device as a presently cached distance; and averaging the presently cached

distance and one or more historically cached distances to obtain an averaged distance.

[0115] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform obtaining a second image of the target

device; determining whether the second image of the target device comprises the target object.

[0116] In some embodiments, upon a determination that the second image of the target
device comprises the target object, the computer-readable instructions are executable by a
processor to cause the processor to further perform processing the second image of the target
device to obtain a second processed image, the second processed image comprising a second
processed target object of the third color and a processed background object of the fourth color;
detecting a second contour of the second processed target object of the third color; determining
an area encircled by the second contour; and calculating a second distance between the camera

and the target device upon determination of the area encircled by the second contour.

[0117] In some embodiments, upon a determination that the target object is absent in the
second image of the target device, the computer-readable instructions are executable by a
processor to cause the processor to further perform assigning a historically cached distance as a
presently cached distance between the camera and the target device with respect to the second

image.
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[0118] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform obtaining images of the target device and
determining whether the images of the target device comprises the target object in an iterative
manner. Upon a determination that the target object is absent in N consecutive images of the
target device, the computer-readable instructions are executable by a processor to cause the
processor to further perform clearing historically cached distances, and providing indication

that the target device is positioned incorrectly.

[0119] In some embodiments, the computer-readable instructions are executable by a
processor to cause the processor to further perform obtaining an original image captured by the
camera; determining presence or absence of a reference object in the original image; upon a
determination that the reference object is present in the original image, cropping the original
image around the reference object by a margin of m times of a size of the reference object,
thereby obtaining the image of the target device. Optionally, the image of the target device

includes the target object, the background object, and the reference object.

[0120] Various illustrative operations described in connection with the configurations
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. Such operations may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an ASIC or ASSP, an FPGA or other
programmable logic device, discrete gate or transistor logic, discrete hardware components, or
any combination thereof designed to produce the configuration as disclosed herein. For
example, such a configuration may be implemented at least in part as a hard-wired circuit, as a
circuit configuration fabricated into an application-specific integrated circuit, or as a firmware
program loaded into non-volatile storage or a software program loaded from or into a data
storage medium as machine-readable code, such code being instructions executable by an array
of logic elements such as a general purpose processor or other digital signal processing unit. A
general purpose processor may be a microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontroller, or state machine. A processor may
also be implemented as a combination of computing devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration. A software module may reside in a non-
transitory storage medium such as RAM (random-access memory), ROM (read-only memory),
nonvolatile RAM (NVRAM) such as flash RAM, erasable programmable ROM (EPROM),
electrically erasable programmable ROM (EEPROM)), registers, hard disk, a removable disk,
or a CD-ROM; or in any other form of storage medium known in the art. An illustrative storage
medium is coupled to the processor such the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be integral to
the processor. The processor and the storage medium may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the storage medium may reside

as discrete components in a user terminal.
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[0121] The foregoing description of the embodiments of the invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form or to exemplary embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to practitioners skilled in this art. The
embodiments are chosen and described in order to explain the principles of the invention and
its best mode practical application, thereby to enable persons skilled in the art to understand the
invention for various embodiments and with various modifications as are suited to the
particular use or implementation contemplated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents in which all terms are meant in

their broadest reasonable sense unless otherwise indicated. Therefore, the term “the

2
2

invention”, “the present invention” or the like does not necessarily limit the claim scope to a
specific embodiment, and the reference to exemplary embodiments of the invention does not
imply a limitation on the invention, and no such limitation is to be inferred. The invention is
limited only by the spirit and scope of the appended claims. Moreover, these claims may refer
to use “first”, “second”, etc. following with noun or element. Such terms should be understood
as a nomenclature and should not be construed as giving the limitation on the number of the
elements modified by such nomenclature unless specific number has been given. Any
advantages and benefits described may not apply to all embodiments of the invention. It
should be appreciated that variations may be made in the embodiments described by persons
skilled in the art without departing from the scope of the present invention as defined by the
following claims. Moreover, no element and component in the present disclosure is intended
to be dedicated to the public regardless of whether the element or component is explicitly

recited in the following claims.
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WHAT IS CLAIMED IS:

1. A distance measurement method, comprising:

obtaining an image of a target device, the image of the target device
comprising a target object of a first color and a background object of a second color, the first
color being different from the second color;

processing the image of the target device to obtain a processed image, the
processed image comprising a processed target object of a third color and a processed
background object of a fourth color;

detecting a contour of the processed target object of the third color;

calculating an area encircled by the contour; and

calculating a distance between a camera and the target device upon

determination of the area encircled by the contour.

2. The distance measurement method of claim 1, wherein processing the
image of the target device comprises performing a grayscale processing on the image of the

target device.

3. The distance measurement method of claim 1 or claim 2, wherein
processing the image of the target device comprises:

obtaining color component values in a color space of a pixel data of the image
of the target device; and

converting the color component values into converted color component values

based on a first conversion algorithm.

4. The distance measurement method of claim 3, wherein the color
component values of the pixel data comprise a first color component value and a second color
component value;

wherein the first conversion algorithm comprises:

subtracting the second color component value of the pixel data from the first
color component value of the pixel data to obtain a subtracted value; and

assigning an absolute value of the subtracted value as a color component value
for each color component of the pixel data, thereby obtaining the converted color component

values of the processed image.

5. The distance measurement method of claim 3, wherein the color
component values of the pixel data comprise a first color component value, a second color
component value, and a third color component value;

wherein the first conversion algorithm comprises assigning the first color

component value of the pixel data as a color component value for each color component of
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the pixel data, thereby obtaining the converted color component values of the processed

image.

6. The distance measurement method of any one of claims 1 to 5, prior to
detecting the contour of the processed target object of the third color, further comprising:

applying a shape detection algorithm to detect at least one object in the
processed image having a target shape; and

determining an object from the at least one object as the processed target
object.

7. The distance measurement method of claim 6, wherein a plurality of
objects having the target shape are detected upon applying the shape detection algorithm;

wherein the distance measurement method further comprises calculating
aspect ratios respectively of the plurality of objects having the target shape with respect to a
reference object in the processed image; and

wherein determining an object from the at least one object as the processed
target object comprises selecting an object having an aspect ratio with respect to the reference

object in a target range as the processed target object.

8. The distance measurement method of claim 7, wherein the reference

object is a facial image object of a subject.

9. The distance measurement method of any one of claims 1 to 8, wherein
calculating the area encircled by the contour comprises:

selecting one or more pixels as seeds for region growing;

growing a respective seeded region comprising a respective seed in an
iterative fashion, wherein, at each iteration, pixels adjacent to the respective seeded region are
evaluated by a threshold criteria, and one or more pixel that satisfy the threshold criteria are
appended into the respective seeded region; and

generating a segmented image when all pixels in the processed image are

assigned into their respective seeded regions.

10.  The distance measurement method of claim 9, further comprising
applying a shape detection algorithm to detect at least one object in the processed image
having a target shape;

wherein selecting one or more pixels as seeds for region growing comprises
selecting a geometrical center of the target shape as a seed; and

an area of a seeded region comprising the geometrical center of the target

shape as the seed in the segmented image is determined as the area encircled by the contour.
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11. The distance measurement method of any one of claims 1 to 10,
wherein calculating the distance between the camera and the target device upon
determination of the area encircled by the contour comprises calculating the distance between

the camera and the target device based on a second conversion algorithm.

12. The distance measurement method of claim 11, wherein the second
conversion algorithm is:
D= ——;
T VA+di+dz’

wherein D stands for the distance between the camera and the target device, A
stands for the area encircled by the contour, k, d1, and d2 are predetermined fitted
parameters, wherein the distance measurement method further comprises calibrating the
second conversion algorithm to determine k, d1, and d2 using a reference distance between
the camera and the target device and a reference area encircled by the contour corresponding
to the reference distance.

13. The distance measurement method of any one of claims 1 to 12, further
comprising:
caching the distance between the camera and the target device as a presently

cached distance; and
averaging the presently cached distance and one or more historically cached

distances to obtain an averaged distance.

14. The distance measurement method of any one of claims 1 to 13, further
comprising:

obtaining a second image of the target device; and

determining whether the second image of the target device comprises the
target object.

15. The distance measurement method of claim 14, upon a determination
that the second image of the target device comprises the target object, further comprising:

processing the second image of the target device to obtain a second processed
image, the second processed image comprising a second processed target object of the third
color and a processed background object of the fourth color;

detecting a second contour of the second processed target object of the third
color;

determining an area encircled by the second contour; and

calculating a second distance between the camera and the target device upon
determination of the area encircled by the second contour.
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16. The distance measurement method of claim 14, upon a determination
that the target object is absent in the second image of the target device, further comprising:
assigning a historically cached distance as a presently cached distance between the camera
and the target device with respect to the second image; orthe distance measurement method
further comprises

obtaining images of the target device and determining whether the images of
the target device comprises the target object in an iterative manner; and

upon a determination that the target object is absent in N consecutive images
of the target device, clearing historically cached distances, and providing indication that the

target device is positioned incorrectly, N > 2, N being an integer.

17. The distance measurement method of any one of claims 1 to 16, further
comprising:

obtaining an original image captured by the camera;

determining presence or absence of a reference object in the original image;
and

upon a determination that the reference object is present in the original image,
cropping the original image around the reference object by a margin of M times of a size of
the reference object, thereby obtaining the image of the target device, M > 2;

wherein the image of the target device comprises the target object, the

background object, and the reference object.

18. A distance measurement apparatus, comprising:

a memory;

one or more processors;

wherein the memory and the one or more processors are connected with each
other; and

the memory stores computer-executable instructions for controlling the one or
more processors to:

obtain an image of a target device, the image of the target device comprising a
target object of a first color and a background object of a second color;

process the image of the target device to obtain a processed image, the
processed image comprising a processed target object of a third color and a processed
background object of a fourth color;

detect a contour of the processed target object of the third color;

calculate an area encircled by the contour; and

calculate a distance between a camera and the target device upon

determination of the area encircled by the contour.
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19.  The distance measurement apparatus of claim 18, further comprising
the target device having a target portion of the first color and a background portion of the
second color.

20. A computer-program product comprising a non-transitory tangible
computer-readable medium having computer-readable instructions thereon, the computer-
readable instructions being executable by a processor to cause the processor to perform:

obtaining an image of a target device, the image of the target device
comprising a target object of a first color and a background object of a second color;

processing the image of the target device to obtain a processed image, the
processed image comprising a processed target object of a third color and a processed
background object of a fourth color;

detecting a contour of the processed target object of the third color;

calculating an area encircled by the contour; and

calculating a distance between a camera and the target device upon
determination of the area encircled by the contour.
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