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REAL-TIME PEOPLE COUNTING SYSTEM
USING LAYER SCANNING METHOD

[0001] The application claims the benefit of Taiwan Patent
Application No. 101132893, filed on Sep. 7, 2012, in the
Intellectual Property Office of Republic of China, the disclo-
sure of which is incorporated by reference as if fully set forth
herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for calcu-
lating the number of objects, especially relates to a layer
scanning method for calculating the number of the objects
such as human or other things.

BACKGROUND OF THE INVENTION

[0003] Itisimportant to calculate the number of the objects
within a certain regional space to manage the objects. If the
number of people in the entrances and exits of come loca-
tions, such as stations, stores, department stores and concerts,
can be real-timely calculated, it is helpful to monitor and
control the crowds timely in these locations so as to reduce the
concern of the fire security. For example, calculating the
livestock at the entrance channel in the animal farm is helpful
to manage the movement of the livestock. For another
example, calculating the finished or semi-finished products
through a specific gateway at the product manufacturing line
in the factory is helpful to manage the production of the
product.

[0004] 1In general, the statistics of the population flow can
be applied in an enclosed area and an open area. The calcu-
lated device usually configures at the entrance and the exit of
the enclosed area such as a library, a museum, an exhibition
center, a store, a public transportation, etc. It is typically
difficult to accurately estimate the population for the open
area such as a parade, an election rally field, a night market, a
square, etc. The population density of a small area is usually
calculated by taking an aerial photograph and then estimating
the number of the people in the large-scale specific area
according to the aerial photograph.

[0005] For people counting as an example, a radar sensor, a
color camera, an ultrasonic sensor and an infrared sensor can
detect the number of people entering and leaving a regional
space, except determining the number of the crowd one-by-
one artificially by the naked eye. The radar sensor uses a
Doppler effect to detect moving objects, to estimate the mov-
ing rate and direction of the objects by transmitting and
receiving the frequency of the electromagnetic of the radar
sensor, and then to calculate the number and the flow of the
objects via the received wavelength and frequency. However,
the disadvantage of the radar sensor is that it is not easy to
calculate the number of the objects accurately when the num-
ber of crowd is too many. Although the color camera has
smaller masking effect when the two or more objects closing
to each other and can also calculate the number of more
objects passing through the detecting area at the same time, it
1s easily affected by the changes of the ambient light, which
causes the captured foreground data being incorrect, thereby
affecting the correctness of the counting results. The infrared
sensor and the ultrasonic sensor can not count the objects
correctly when the objects are too much or the appearance of
ashelter. Therefore, it is important to improve the counting of
the objects number in the regional space for managing the
objects and the regional space.
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[0006] Itis thereforeattempted by the applicant to deal with
the above situation encountered in the prior art.

SUMMARY OF THE INVENTION

[0007] Inorderto overcome the disadvantage of the various
instruments in the prior art, the present invention uses an
infrared depth sensor and supplemented by the detection
method to provide a real-time layer scanning method, and
counts the number of the objects through the regional space to
enhance the accuracy of the counting objects. Furthermore,
the technique of the present invention is not affected by the
changes of the ambient light which can effectively reduce the
interference of the background.

[0008] The present invention provides a method for count-
ing anumber of objects in a regional space, including steps of:
constructing a background model, deriving foreground depth
map, filtering noise, connecting the objects, layer scanning,
filtering the objects area, tracking and analyzing the objects,
and counting the number of the objects.

[0009] Ina calculating a total number of objects in a space
by an infrared depth sensor process, and the infrared depth
sensor is configured above the space and shoots downward,
and at least one depth range of the space is defined, the
process includes a step of using the infrared depth sensor to
shoot N frames in a time period and averaging the N frames to
obtain a background depth map. The N is a natural number.
When at least one of the objects appear in the space, the
infrared depth sensor shoots a (N+1)* frame. A loop method
is used to scan every pixel of the background depth map and
every pixel of the (N+1) frame according to the at least one
depth range. The pixels of the (N+1)” frame different from
the corresponding pixels of the background depth map are
extracted to construct a first foreground depth map. At least
one first erosion, at least one dilation and at least one second
erosion is used to eliminate a noise of the first foreground
depth map, and to obtain a second foreground depth map. A
plurality of pixels of the second foreground depth map are
classified and marked. The adjacent ones of the plurality of
pixels are classified into the same set. The marked plurality of
pixels of the second foreground depth map is reclassified to
obtain the total number of the object.

[0010] Ina calculating a total number of objects process in
a space, the process includes a step of making a background
depth map and a sample depth map for the space. A fore-
ground depth map is obtained by subtracting the sample depth
map by the background depth map. The total number of the
objects contained in the foreground depth map is calculated
according to an identifying condition.

[0011] Ina calculating a total number of objects process in
aregion, the process includes a step of providing at least one
foreground map. The total number of the objects contained in
the at least one foreground map is calculated according to an
identifying condition based on one of respective highest
heights of the objects and respective areas of the highest
height of the objects.

[0012] Otherobjects, advantages and efficacy of the present
invention will be described in detail below taken from the
preferred embodiments with reference to the accompanying
drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 of the present invention shows a flow chart of
objects counting method.
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[0014] FIG. 2a of the present invention shows a pixel loca-
tion schematic diagram of a foreground depth map.

[0015] FIG. 25 of the present invention shows a schematic
diagram of a dilation of the pixel FIG. 2a according to a
cross-shaped mask.

[0016] FIG. 2¢ of the present invention shows a schematic
diagram of an erosion of the pixel FIG. 25 according to a
cross-shaped mask.

[0017] FIGS. 3a to 3f of the present invention show sche-
matic diagrams of objects connecting method.

[0018] FIGS. 4a to 4d of the present invention show a
schematic diagram of screening and superposing the area by
a condition.

[0019] FIGS. 5a to 5d of the present invention show a
schematic diagram of a tracking and an analyzing method.

EXPERIMENTAL MATERIALS AND METHODS

[0020] The present invention will now be described more
specifically with reference to the following embodiments. It
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for pur-
poses of illustration and description only: it is not intended to
be exhaustive or to be limited to the precise form disclosed.

[0021] The present invention uses a Kinect® sensor which
is a peripheral device of an Xbox 360 developed by
Microsoft©, The Kinect® sensor has three camera lenses, the
middle camera lens is a RGB color camera, and the both side
camera lenses respectively are an infrared transmitter and an
infrared  complementary  metal-oxide-semiconductor
(CMOS) camera which composing a 3D light depth sensor.
When the Kinect® sensor sets levelly, the visual range is 57°
of the horizontal viewing angle and 43° of the vertical view-
ing angle, and the stereo-visual depth is between 122-350 cm.
The present invention uses the Kinect® 3D light depth sensor
to obtain a depth map, and superadds a novel layer scanning
technique to accurately determine the number of the objects.
However, the skilled persons all understand that the light
depth sensor having the infrared function includes but does
not limit to the Kinect® sensor or the Xtion® Pro sensor (a
product of ASUS). As long as the sensor has the characteris-
tics aforementioned, it can be applied to the present invention.
[0022] FIG.1isa flow chart for objects counting method in
accordance with the present invention. The step 10 in FIG. 1
“capturing N frames and taking an average as a background
map” which means an infrared depth sensor is configured
above a space and shoots downwardly, and at least one depth
range of the space is defined. Taking the average of the N
frames captured by the infrared depth sensor to construct a
background model, where N is a natural number and the
natural number is a positive integer. In some embodiments,
the Kinect® sensor is disposed at a position about 1.8 meters
to 3.5 meters from the ground, and the lens of the Kinect®
sensor downwardly shoots 100 frames of the space depth
maps and averages the 100 frames as a background. An ordi-
narily skilled person in the art understands that the height of
the sensor depends on the actual space limitation, and the
number of the space depth map is not limited to 100 frames.
After a time interval, the space depth map can be re-shot and
recalculated to obtain a new background map. An openNI
library has been used to get the depth information and
openCV has been used to transform the type from depth
information to accessible one, and a huge holder set above the
main door in the social building first door.
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[0023] Next, the step 20 “background subtraction to derive
a foreground map” which means shooting a (N+1)” frame
where objects appears and comparing with the background
map constructed in step 10 pixel by pixel. If there are differ-
ences between the pixels of the (N+1)” frame and the pixels
of the background map, the pixels different from the corre-
sponded pixels of the background map are extracted from the
(N+1)" frame to construct a first foreground depth map. The
background will be updated every 100000 frames to clear
unwanted objects who entering the view when constructing
the background map.

[0024] Next, the step 30 “filtered a noise” which means a
noise of the first foreground depth map is removed. For
example, the first foreground depth map has 1 object, but it
may be determined there are 2 objects because of the noise
which causing the distortion of the counting result. The
present invention uses a combination of an erosion and a
dilation to eliminate the noise of the first foreground depth
map to obtain a second foreground depth map. The erosion
and the dilation method are described as follows.

[0025] FIGS. 2a, 2b and 2¢ are continued schematic dia-
grams of the dilation and the erosion for the pixel in the
foreground depth map to eliminate the noise by a cross-
shaped mask. The cross-shaped mask is a region surrounded
by a selected pixel and four pixels located at an upper side, a
lower side, aleft side and a right side of the selected pixel. The
steps of the dilation and the erosion are described as follows:
in FIG. 2a, the horizontal axis is an X axis, the vertical axis is
a y axis, and each grid is a coordinate. For example, the
coordinates (1,1) and (1,2) are pixel locations in the fore-
ground depth map. When the foreground depth map is
scanned by the cross-shaped mask for proceeding a dilation,
a specific pixel (1,1) of the foreground depth map is selected
by the center of the cross-shaped mask, but the coordinates
(1,0) and (0,1), which are two of the four neighbored pixels of
the specific pixel, do not completely covered by the cross-
shaped mask, then the coordinates (1,0) and (0,1) are filled
with pixels (referring to FIG. 25, the pixel black spots of the
coordinates (1,0) and (0,1)).

[0026] Similarly, the specific pixel (1,2) of the foreground
depth map is selected by the center of the cross-shaped mask,
but the coordinates (2,2) and (0,2), which are the two of the
four pixels, do not completely covered by the cross-shaped
mask, then the coordinates (2,2) and (0,2) are filled with
pixels. When the cross-shaped mask scans the foreground
depth map one by one, the erosion will be occurred while the
five points covered by the cross-shaped mask all belong to the
foreground depth map, then the center pixel will be retained,
and the rest four pixels are eliminated (referring to FIG. 25 to
FIG. 2¢). For example, when the erosion occurs, the specific
pixel (1,5) of the foreground depth map is selected by the
center of the cross-shaped mask, and the coordinates (1,4),
(0,5), (1,6) and (2.5), which are the four neighbored pixels of
the specific pixel (1,5), are completely covered by the cross-
shaped mask, then the specific pixel (1,5) is retained, and the
rest four neighbored pixels, (1,4), (0,5), (1,6) and (2,5), are
eliminated (referring to FIG. 2¢, the pixel black spots of the
coordinates (1,4), (0,3), (1,6) and (2.5)). Accordingly, the
erosion and the dilation can moderately filter out the noise and
avoid separating one object into two objects.

[0027] Insome embodiments, the foreground depth map is
respectively proceeded the erosion for three times, the dila-
tion for six times and the re-erosion for three times. The
skilled person in the art who refers to this article can arbi-
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trarily adjust the number of times and the sequence of the
erosion or the dilation, or only proceed with the erosion or the
dilation.

[0028] Continuing directing to FIG. 1, the step 40 “con-
necting the objection” means that classifying and marking all
plurality of pixels of the foreground depth map and assem-
bling the pixels adjacent to each other, and connecting the
objects which may be separated together into complete
objects. The method is described as follows: scanning the
foreground depth map from left to right and from top to down.
[0029] Forexample, as shown in FIG. 3a, when scanning to
the first row, the first appeared pixel is given a number 1; the
second appeared pixel is given a number 2, and so on. When
scanning to the second row, if there is not any labeled pixel
above a new pixel, then continuing label the new pixel, such
as the number 2 and the number 3 in FIGS. 3 and 3d. When
there is a labeled pixel above the new pixel, then labeling the
new pixel with the number same as the labeled pixel above
thereof, such as the number 1 in the second line of the second
row in FIG. 3¢. Similarly, the same thing is true of scanning
the third row to the last row, as shown in FIG. 3e. Finally, as
shown in FIG. 3/, classifying and marking the adjacent pixels
to obtain an actually number of the objects appeared in the
foreground depth map. There are two objects in the example
of FIG. 3.

[0030] Referring back to FIG. 1, the step 50 “layer scanning
n times” means that the step 20 to step 40 of the method will
be repeated n times to multilayer scan the different depth
region by the depth sensor. For example, when the depth
sensor is configured at 3 meters upper the ground, the depth
sensor can be set to shoot downward and capture the depth
map between 1-2 meters upper the ground. The range of 1-2
meters moderate region is divided into different sub-ranges,
and the depth sensor shoots each sub-range to obtain different
depth maps, then calculating the possible objects in each
sub-range according to the steps 20-40.

[0031] The step 60 “object area analysis” means that using
a condition to analyze the objects area. According to the result
of the steps 20-40, a preliminary result which is not comply
with a preset condition will be discarded, and the steps 20-40
will repeat n times until there is a condition comply with the
preset condition, then continued to analyzed the area. The
steps of this method are as follows: firstly, giving a predefined
area to the objects. When the number of the at least one depth
range of the preprocessed foreground depth map is larger than
1, repeating the steps 20-40 and supersposing the plurality of
processed foreground map. Comparing the predefined area
with the plurality of processed foreground map to screen the
processed foreground map having the objects complied with
the predefined area, and summing up the number of the
objects.

[0032] In some embodiments, a first loop scanned by the
first scan is shown in FIG. 4a. The range a is the depth range
of the knee to the foot of a human, the foreground depth map
thereof has a darker grayscale value. A second loop scanned
by the second scan is shown in FIG. 4b. The range b is the
depth range of the waist to the knee of the human. A third loop
scanned by the third scan is shown in FIG. 4¢. The range ¢ is
the depth range of the chest to the waist of the human. An nth
loop scanned by the nth scan is shown in FIG. 4d. The range
n is the depth range of the head to the chest of the human.
Since the head of the human is closer to the sensor, the lighter
of the foreground depth map captured by the sensor will be
obtained. Superposing the obtained foreground depth maps
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respectively, and removing the discrepant area to obtain a
highest height portion, the range n, thereby determining the
highest position of the object is the range n.

[0033] Referring back to FIG. 1, the step 70 “tracking algo-
rithm” and the step 80 “object counting” mean that the objects
adjacent to each other are reclassified to obtain the number of
the objects. Comparing the two continuous foreground depth
map and selecting the shortest distance for pairing. In order to
compare objects in a current frame and a previous frame, the
use of data structure is inevitable.

[0034] As shown in FIG. 5a, comparing the shortest dis-
tance between the objects of the previous foreground depth
map having the object numbers A-E (Q,,,,..,,.,) and the cur-
rent foreground depth map having the object numbers A-E
(Q_,.rrens)» Wherein the previous frame is for objects coming
from the previous frame and the current frame is for new
coming objects. As shown in FIG. 55, there are 5 objects in the
and 5 objectsinthe Q_,,,,, When the object A of the
Q,evions D138 the shortest distance with the object D of the
Qurrenss the label A and the label D in the Q,,,,.,,, Will be
swapped, then the label D change into label A and the label A
change into label D, then the label A of the Q,,,,.,,,,; and the
label A of the Q..,,..,., are paired completely. This intended to
the same object has the same label number. Similarly, as
shown in FIG. Sc, the object A of Q,,,,.;,,- has paired com-
pletely.

[0035] Continued paring the object B of the Q,,,,.,,,,c With
the objects B-EintheQ,,,,.,,- It is found that the object B of
the Q, ;0. has a shortest distance with the object B of the
Q urrens S0 that the object B of the Q... 1S swapped with the
object E ofthe Q_,,,.,,, and re-labeling the object E into label
B and the object B into the label E, then the label B of the
Q,evions a0d the label B of the Q ..., are paired completely,
as shown in FIG. 5d. Finally, analyzing the number of the
object which is paired completely. Therefore, using the same
objects with the same labels and different objects with the
different labels can count the number of the objects. Further-
more, it is possible to produce two situations that the objects
cannot be paired. In the first case, the objects number of the
Q_.irrons 15 more than the objects number of the Q0. For
example, there are 3 objects inthe Q,,,,...., after calculating by
the algorithm, but the Q,...,, only has 1 object, this means
that there are 2 objects never be detected into the sensor field
by the infrared depth map with counting time. In the second
case, the objects number ofthe Q_,,,,..,., 1s less than the objects
number of the Q,,,,.,,,,,,- For example, there is 1 object in the
Q_rrene after calculating by the algorithm, but the Q.0
has 3 objects, this means that there are 2 objects leave the
sensor field with counting time. Owing to the depth informa-
tion and the process of loop, the process can track each object
even if the objects are too close.

[0036] There are further embodiments provided as follows.

Qprevious

Embodiment 1

[0037] Ina calculating a total number of objects in a space
by an infrared depth sensor process, and the infrared depth
sensor is configured above the space and shoots downward,
and at least one depth range of the space is defined, the
process includes a step of using the infrared depth sensor to
shoot N frames in a time period and averaging the N frames to
obtain a background depth map. The N is a natural number.
When at least one of the objects appear in the space, the
infrared depth sensor shoots a (N+1)™ frame. A loop method
is used to scan every pixel of the background depth map and
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every pixel of the (N+1)t" frame according to the at least one
depth range. The pixels of the (N+1)” frame different from
the corresponding pixels of the background depth map are
extracted to construct a first foreground depth map. At least
one first erosion, at least one dilation and at least one second
erosion are used to eliminate a noise of the first foreground
depth map, and to obtain a second foreground depth map. A
plurality of pixels of the second foreground depth map are
classified and marked. The adjacent ones of the plurality of
pixels are classified into the same set. The marked plurality of
pixels of the second foreground depth map is reclassified to
obtain the total number of the object.

Embodiment 2

[0038] In the calculating the total number of the objects
process according to the above-mentioned embodiment 1,
each of the objects has a predefined area.

Embodiment 3

[0039] In the calculating the total number of the objects
process according to the above-mentioned embodiment 2, the
process further includes a step of repeating the steps (c)-(e) to
obtain and supetpose a plurality of processed foreground
depth maps. The plurality of the processed foreground depth
maps are compared with the predefined area to determine
whether each of the objects complied with the predefined area
is configured at the highest portion to screen the processed
foreground depth maps having at least one of the objects
complied with the predefined area. The total number of the
objects configured at the highest portion is summed up.

Embodiment 4

[0040] In the calculating the total number of the objects
process according to the above-mentioned embodiment 1, the
process further includes a step of scanning the pixels of the
first foreground depth map based on a cross-shaped mask.
The cross-shaped mask is a region composed of a selected
pixel and four pixels respectively located at an upper side, a
lower side, a left side and a right side of the selected pixel.

Embodiment 5

[0041] In the calculating the total number of the objects
process according to the above-mentioned embodiment 4, the
cross-shaped mask has 4 blanks, each of which is to be occu-
pied by a specific pixel. The process further includes a step of
retaining the selected pixel when the at least one first erosion
and the at least one second erosion occur if the cross-shaped
mask is filled up with the selected pixel and the four pixels
belonging to the foreground depth map. The cross-shaped
mask is filled up by specific pixels when the at least one
dilation occurs if the cross-shaped mask is not fully filled up
with the selected pixel and the four pixels of the foreground
depth map.

Embodiment 6

[0042] In the calculating the total number of the objects
process according to the above-mentioned embodiment 1, the
plurality of pixels are counted from left to right and from top
to down are sequentially from a first pixel to a (m+1)* pixel,
where m is a natural number no less than 2. The process
further includes a step of marking the first pixel, the m pixel
and the (m+1)™ pixel as having value 1, value m and value
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(m+1). When there is a pixel above the m™ pixel, the value of
the m” pixel is equal to that of the pixel thereabove and the
value of the (m+1)” pixel is the value of the pixel preceding
the m™ pixel plus 1. The pixels with the same value belong to
the same set.

Embodiment 7

[0043] In the calculating the total number of the objects
process according to the above-mentioned embodiment 6, the
process further includes a step of reclassifying the respective
sets into groups with respective parameters from 1 top. Pisa
natural number no less than 1. The parameter p is used to
represent the total number of the objects.

Embodiment 8

[0044] Ina calculating a total number of objects process in
a space, the process includes a step of making a background
depth map and a sample depth map for the space. A fore-
ground depth map is obtained by subtracting the sample depth
map by the background depth map. The total number of the
objects contained in the foreground depth map is calculated
according to an identifying condition.

Embodiment 9

[0045] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 8, the background depth map is shot by an infrared depth
Sensor.

Embodiment 10

[0046] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 9, the infrared depth sensor is configured above the
space and shoots downward.

Embodiment 11

[0047] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 8, the process includes a step of filtering out a noise of
the foreground depth map.

Embodiment 12

[0048] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 11, the noise is filtered out by at least one first erosion,
at least one dilation and at least one second erosion.

Embodiment 13

[0049] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 12, the process includes a step of scanning the pixels of
the foreground depth map based on a cross-shaped mask. The
cross-shaped mask is a region composed of a selected pixel
and four pixels respectively located at an upper side, a lower
side, a left side and a right side of the selected pixel.

Embodiment 14

[0050] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 13, the cross-shaped mask has 4 blanks. Each of which
is to be occupied by a specific pixel. The process includes a
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step of retaining the selected pixel when the at least one first
erosion and the at least one second erosion occur if the cross-
shaped mask is filled up with the selected pixel and the four
pixels belonging to the foreground depth map. The cross-
shaped mask is filled up by specific pixels when the at least
one dilation occurs if the cross-shaped mask is not fully filled
up with the selected pixel and the four pixels of the fore-
ground depth map.

Embodiment 15

[0051] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 8, the identifying condition provides an area condition
for the objects. The process includes a step of recognizing a
height of each object in the foreground depth map according
to the area condition.

Embodiment 16

[0052] In acalculating a total number of objects process in
aregion, the process includes a step of providing at least one
foreground map. The total number of the objects contained in
the at least one foreground map is calculated according to an
identifying condition based on one of respective highest
heights of the objects and respective areas of the highest
height of the objects.

Embodiment 17

[0053] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 16, the region is located within a sensing range of an
infrared depth sensor.

Embodiment 18

[0054] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 16, the respective highest heights are the highest por-
tions of the respective objects after superposing the at least
one foreground map.

Embodiment 19

[0055] In the calculating the total number of the objects
process in a space according to the above-mentioned embodi-
ment 16, the process includes a step of filtering out a noise of
the foreground depth map.

[0056] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed embodiments.
Therefore, it is intended to cover various modifications and
similar configuration included within the spirit and scope of
the appended claims, which are to be accorded with the
broadest interpretation so as to encompass all such modifica-
tions and similar structures.

What is claimed is:

1. A method for calculating a total number of objects in a
space by an infrared depth sensor, wherein the infrared depth
sensor is configured above the space and shoots downward,
and at least one depth range of the space is defined, the
method comprising steps of:

(@) using the infrared depth sensor to shoot N frames in a

time period and averaging the N frames to obtain a
background depth map, where the N is a natural number;
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(b) shooting a (N+1)* frame where at least one of the
objects appear;

(c) using a loop method to scan every pixel of the back-
ground depth map and every pixel of the (N+1)” frame
according to the at least one depth range, and extracting
the pixels of the (N+1)* frame different from the corre-
sponding pixels of the background depth map to con-
struct a first foreground depth map;

(d) using at least one first erosion, at least one dilation and
at least one second erosion to eliminate a noise of the
first foreground depth map, and to obtain a second fore-
ground depth map;

(e) classifying and marking a plurality of pixels of the
second foreground depth map, wherein adjacent ones of
the plurality of pixels are classified into the same set; and

() reclassifying the marked plurality of pixels of the sec-
ond foreground depth map to obtain the total number of
the objects.

2. The method according to claim 1, wherein each of the

objects has a predefined area.

3. The method according to claim 2, further comprising
steps of when a total number of the at least one depth range is
larger than 1, repeating the steps (c¢)-(e) to obtain and super-
pose a plurality of processed foreground depth maps, com-
paring the plurality of the processed foreground depth maps
with the predefined area to determine whether each of the
objects complied with the predefined area is configured at the
highest portion to screen the processed foreground depth
maps having at least one of the objects complied with the
predefined area, and summing up the total number of the
objects configured at the highest portion.

4. The method according to claim 1, wherein the step (d)
further comprises a step of scanning the pixels of the first
foreground depth map based on a cross-shaped mask,
wherein the cross-shaped mask is a region composed of a
selected pixel and four pixels respectively located at an upper
side, a lower side, a left side and a right side of the selected
pixel.

5. The method according to claim 4, wherein the cross-
shaped mask has 4 blanks, each of which is to be occupied by
a specific pixel, and the step (d) further comprises steps of
retaining the selected pixel when the at least one first erosion
and the at least one second erosion occur if the cross-shaped
mask is filled up with the selected pixel and the four pixels
belonging to the foreground depth map, and of filling the
cross-shaped mask up by specific pixels when the at least one
dilation occurs if the cross-shaped mask is not fully filled up
with the selected pixel and the four pixels of the foreground
depth map.

6. The method according to claim 1, wherein the plurality
of pixels of the step (e) counted from left to right and from top
to down are sequentially from a first pixel to a (m+1)™ pixel,
where in is a natural number no less than 2,the step (e) further
comprises: (el) marking the first pixel, the m pixel and the
(m+1)™ pixel as having value 1, value in and value (m+1),
wherein when there is a pixel above the m* pixel, the value of
the m™ pixel is equal to that of the pixel thereabove and the
value of the (m+1)” pixel is the value of the pixel preceding
the m™ pixel plus 1, and the pixels with the same value belong
to the same set.

7. The method according to claim 6, wherein the step (f)
further comprises steps of: (f1) reclassifying the respective
sets into groups with respective parameters from 1 to p, where
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p is a natural number no less than 1; and (£2) using the
parameter p to represent the total number of the objects.

8. A method for calculating a total number of objects in a
space, comprising steps of:

making a background depth map and a sample depth map

for the space;

subtracting the sample depth map by the background depth

map to obtain a foreground depth map; and

calculating the total number of the objects contained in the

foreground depth map according to an identifying con-
dition.

9. The method according to claim 8, wherein the back-
ground depth map is shot by an infrared depth sensor.

10. The method according to claim 9, wherein the infrared
depth sensor is configured above the space and shoots down-
ward.

11. The method according to claim 8, further comprising a
step of filtering out a noise of the foreground depth map.

12. The method according to claim 11, wherein the noise is
filtered out by at least one first erosion, at least one dilation
and at least one second erosion.

13. The method according to claim 12, further comprising
a step of scanning the pixels of the foreground depth map
based on a cross-shaped mask, wherein the cross-shaped
mask is a region composed of a selected pixel and four pixels
respectively located at an upper side, a lower side, a left side
and a right side of the selected pixel.

14. The method according to claim 13, wherein the cross-
shaped mask has 4 blanks, each of which is to be occupied by
a specific pixel, and the step (d) further comprises steps of

Mar. 13, 2014

retaining the selected pixel when the at least one first erosion
and the at least one second erosion occur if the cross-shaped
mask is filled up with the selected pixel and the four pixels
belonging to the foreground depth map, and of filling the
cross-shaped mask up by specific pixels when the at least one
dilation occurs if the cross-shaped mask is not fully filled up
with the selected pixel and the four pixels of the foreground
depth map.

15. The method according to claim 8, wherein the identi-
fying condition provides an area condition for the objects, and
the calculating step further comprises a step of recognizing a
height of each object in the foreground depth map according
to the area condition.

16. A method for calculating a total number of objectsin a
region, comprising steps of:

providing at least one foreground map; and

calculating the total number of the objects contained in the

at least one foreground map according to an identifying
condition based on one of respective highest heights of
the objects and respective areas of the highest height of
the objects.

17. The method according to claim 16, wherein the region
is located within a sensing range of an infrared depth sensor.

18. The method according to claim 16, wherein the respec-
tive highest heights are the highest portions of the respective
objects after superposing the at least one foreground map.

19. The method according to claim 16, further comprising
a step of filtering out a noise of the foreground depth map.
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