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(57) Abstract

A video traffic monitor (5) and method for counting people using video imaging provides an inexpensive hardware implementation
for analyzing real-time video where the operational environment presents a reasonably restricted traffic flow, such as in the entryway of a
building. The video traffic monitor (5) utilizes a windowed subsample of an image frame, and the image frame is further subdivided into
gates. The video traffic monitor (5) processes this windowed area to highlight the objects moving through the gates. The gates are then
analyzed to determine a direction of movement for the people and support the logic for noise elimination and object discrimination. The
video traffic monitor (5) counts the detected people and records the count according to the direction of movement of the people.




applications under the PCT.
AT Austria

AU Australia

BB Barbados

BE Belgium

BF Burkina Faso
BG Bulgaria

BJ) Beanin

BR Brazil

BY Belarus

CA Canada

CF Central African Republic
CcG Congo

CH Switzerland

C1 Céte d'Ivoire
CM Cameroon

CN China

Ccs Czechoslovakia
cz Czech Republic
DE Germany

DK Denmark

ES Spain

FI Finland

FR France

GA Gabon

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

GB
GE
GN
GR

SES85<EREFRE REENABE

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbeki

Viet Nam




WO 94/27408 PCT/US94/05121

10

15

20

25

30

1
Yideo Traffic Monitor For Retail Establishments And The Like

Field Of The Invention

The present invention generally relates to the field of video imaging. More
particularly, the present invention relates to an apparatus and method for monitoring
people simultaneously entering and exiting a heavily travelled pedestrian traffic zone,
such as an entrance to a department store or mall.

Background Of The Invention

The monitoring of customer traffic in a retail establishment provides valuable
information to the management of these establishments. Management can evaluate
the effectiveness of advertisements, promotions and events by monitoring the number
of customers entering and exiting the retail establishment at certain times. In
addition, this information can serve as the basis for staffing and security decisions.
Furthermore, accurate customer traffic information can be extremely useful in
management discussions with tenants.

Customer traffic information has been obtained in several ways. Individuals
can manually count and record the number of people entering a retail establishment.
This method, however, is expensive and varies in accuracy depending on the
individual. Turnstiles have traditionally provided customer counting information, but
turnstiles are inconvenient for many retail applications. Surprisingly, the most
common method of obtaining customer information in a retail environment is by car
counting.

Car counting involves placing a pneumatic tube or inductive loop at the
entrance to a retail establishment that detects cars entering the retail parking area.
The customer count is derived from the car count multiplied by an estimate of the
number of people per car. Another common technique involves using vertical or
horizontal light beams at the entrance to the retail establishment. This technique
counts people as they enter the retail establishment and break the light beams, but this
technique can be inaccurate. Recently, video imaging or visual imaging systems have
been developed that also provide customer traffic information.

Video imaging generally involves the conversion of an image into an array of
pixels. Each pixel contains information describing a small component or area of the

entire image. By analyzing present and past pixel arrays associated with a particular



WO 94/27408 PCT/US94/05121

10

15

20

25

30

2

image, the detection of an object within the particular image and a direction of
movement associated with that object is possible.

The science of computer vision has provided a number of approaches to the
interesting problem of detecting and tracking moving objects. Some of the tools or
algorithms used are auto-correlation, optical flow, edge enhancement, and
segmentation pattern matching to mention a few. Most of these approaches deal with
the overall scene. As such, two major problems must be solved:

(1)  Search -- the objects of interest must be identified and isolated as

individual targets; and

(2) Track -- the objects must be traced from their previous position to

their present position.

The ease with which the human can perform these tasks belies the difficulty
involved to make a computer perform the same task. The human has such a rich
abundance of cues to distinguish subtle differences that a human can look away from
the scene and then return and identify the location of an object of interest very
quickly. The video processor, however, must first determine whether an object of
interest actually exists in the image. Once the video processor locates an object of
interest, the video processor must track the object of interest through the maze of
other objects while being given a constant stream of updates. Unfortunately, the task
of searching and tracking objects in this manner requires a lot of computing power
which translates into increased costs.

Some visual imaging systems perform object detection and determine the
direction of movement for an object at a relatively low cost without powerful
computing systems. These systems, however, are quite limited in application. For
example, certain systems are limited to detecting objects, such as people, one person
at a time. In this way, by limiting the complexity of the system application, these
visual imaging systems do not require powerful computing, but these systems cannot
function in an environment of multiple objects simultaneously traversing a traffic
zone in different directions, such as in a retail environment. Additionally, these
systems must perform conventional blob analysis to differentiate between different
types of objects, adding to the computing power required. Thus, a need exists for

providing a video imaging system that can simultaneously detect a certain type of
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object, such as people, and determine the directions of motion for those objects but
does not require the computing power of previous video imaging systems.
Summary Of The Invention

An object of the present invention is to provide an improved traffic monitoring
system for inexpensive, real time monitoring of the number of people simultaneously
entering and exiting a retail pedestrian traffic zone, such as an entrance to a shopping
mall.

A related object of the invention is to provide such an improved monitoring
system which determines the direction of movement of the people, as well as the
number of people, traversing the monitored zone.

Another object of the present invention is to provide an improved video traffic
monitoring system for accurately monitoring the people simultaneously entering and
exiting a retail traffic zone without requiring the computing power associated with
traditional video imaging systems.

Still another object of the present invention is to provide an improved video
traffic monitoring system for determining a real time count of the number of people
currently within a retail establishment or the like.

Other objects and advantages of the present invention will be apparent from
the following detailed description and the accompanying drawings.

The video traffic monitor examines customer movement in a retail or similar
environment, such as a department store, where people are simultaneously entering or
exiting a traffic zone, such as the entrance to the departmerit store. The video traffic
monitor provides information relating to the number of people entering or exiting the
traffic zone. This customer movement information assists in determining customer
traffic flow to determine the effectiveness of advertisements and displays, compliance
with fire ordinances or other general customer traffic information. Counting people
simultaneously entering or exiting a wide traffic zone using an inexpensive imaging
system poses interesting challenges from a computer vision standpoint.

The present invention accomplishes the above objects because the processor of
the present invention only analyzes a limited area or window substantially across at
least that portion of the image representing the traffic zone rather than analyzing the

entire image. Moreover, the present invention does not search for the people
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traversing across the traffic zone; instead, the people come to the present invention.
In this way, the present invention provides video monitoring of a traffic zone,
characterized by people simultaneously traversing the traffic zone in different
directions, in real time without expensive computing.

In accordance with the present invention, the foregoing objectives are realized
by using a video imager located above a busy traffic zone for converting an image
including the traffic zone into an analog signal. An image handler, including a signal
converter, converts the analog signal into a digital signal representing the image.
The image handler stores the digital signal representing the image, and a processor
grabs the image, stores it in memory and analyzes those portions of the image
forming a window across the image of the traffic zone. The processor also stores the
analysis results in memory and displays them.

In a preferred embodiment of the present invention, the window is
fairly narrow and oriented such that it is perpendicular to the general flow of the
traffic. To simplify the software, the video imager or camera can be oriented
directly above the traffic zone so that the window represents a subset of horizontal
raster lines of the camera. The size of the window in the direction of traffic flow is
such that no more than one person can be present at one time. The window is
divided into a number of narrow sectors called gates. These gates are narrow enough
so that a person would normally occupy several gates at any one time. When a
person is detected entering a gate, the direction in which the person is moving
through the gate is determined, and the gate then becomes committed to a given state
of enter or exit. Once a gate has been committed, it is not released until it is empty
or there are not enough adjoining gates committed to the same state to indicate that a
person is present. As the analysis proceeds and it is determined that a person who
occupied a set of gates is no longer present, that person is then counted and tallied in
accordance with the state (enter or exit) of the gate.

Brief Description Of The Drawings

FIG. 1 illustrates a video traffic monitor in accordance with the present
invention;

FIG. 2 illustrates a preferred embodiment of the video traffic monitor of the

present invention;



WO 94/27408 PCT/US94/05121

10

15

20

25

30

5

FIG. 3 shows an image of a traffic zone, acquired by the video imager, and
the various components of the image;

FIG. 4 shows a gated window of an image and how the present invention
treats certain situations in order to improve the robustness of the window image;

FIG. 5 shows a gated window of an image and how the present invention
treats certain situations in order to discard noise;

FIG 6. shows a gated window of an image and how the present invention
treats certain situations to determine the amount of people in a person block;

FIG. 7 illustrates an image of a traffic zone with a window as a binary image.

FIGs. 8-16 illustrate a flow chart diagram of the processes running on the
processor of a preferred embodiment of the present invention.

Detailed Description of The Preferred Embodiments

Referring now to the drawings, and more particularly to FIG. 1, there is
illustrated a video traffic monitor in accordance with the present invention, generally
designated by the reference numeral 5. The video traffic monitor 5 counts people
traversing across a traffic zone 8 by utilizing a CCD camera or video imager 10.
The video imager 10 rests above the traffic zone 8 and converts an image including
the traffic zone 8 into an analog signal. The traffic zone 8 is a wide zone of
reasonably restricted retail traffic flow, such as the entrance to a department store or
shopping mall. The traffic zone 8 is characterized by multiple people 9
simultaneously entering and exiting the traffic zone 8. A dynamic environment such
as the traffic zone 8 creates significant problems from a video imaging standpoint,
but the video traffic monitor 5 effectively counts people entering and exiting the
traffic zone 8 without massive computing.

The video traffic monitor 5 includes an image handler 14 that is
conventionally coupled to the video imager 10. The image handler 14 includes a
signal converter 12, such as a video A to D converter, for converting the analog
signal from the video imager 10 to a digital signal representing the image. The
image handler 14 also stores the digital signal as an image array (not shown). A
processor 16 permits the video traffic monitor 5 to effectively count people in this
dynamic retail environment. The processor 16 only analyzes portions of the image

forming a window across the image of the traffic zone 8 rather than the entire image,
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determines if objects of measurement or people 9 are entering or exiting the traffic
zone 8 and counts the people 9 as either exiting or entering the traffic zone 8. A
display 24 or a printer 26 displays the counting results. As shown, the video imager
10 couples with a personal computer 22. The personal computer 22 includes the
image handler 14 (including the signal converter 12) or frame-grabber board and the
processor 16, preferably a 33 Mhz 486 microprocessor along with associated memory
17. Results can also be stored on a disc 28.

In a preferred embodiment, FIG. 2 shows a housing 20 that holds the video
imager 10, a signal converter 13, an image handler 15, a processor 19 and associated
memory 23 for the processor 19 together in a portable video traffic monitor 21. The
processor 19 can be a DSP processor, such as a DSP controller #TM5320C30GBO
sold by Texas Instruments, on a dedicated board with storage memory 23. The
image handler 15 and the signal converter 13 can be a conventional frame-grabber
board. The image handler 15 can also be a custom frame-grabber board, and the
signal converter 13 can be a video analog to digital converter. A communication link
18 couples the portable video flow monitor 21 with a personal computer 22. FIG. 2
shows the communication link 18 as a radio link. The link 18 can also be an infrared
link or a conventional RS-232 or RS-485 connection. The personal computer 22
receives counting data from the portable video traffic monitor 21, manipulates the
data and displays the results on the display 24 or the printer 26. The results can also
be stored on the disc 28. The portable video traffic monitor 21 provides flexibility
by permitting an operator to easily remove the portable video traffic monitor 21 and
re-install it over another traffic zone.

The video traffic monitor 21 of the present invention must function in real
time. The more complex and involved a process becomes, the more compute power
is required for the illustrative video flow monitors 10, 21 to run in real time. To
provide a marketable, inexpensive hardware implementation, analysis of the image is
preferably confined to a narrow window substantially across at least that portion of
the image representing substantially the entire traffic zone 8. FIG. 3 illustrates an
image 30 which includes a narrow window 32. In FIG. 3, the image 30 represents
substantially the entire traffic zone 8, and window 32 is shown as being entirely

across the image 30 representing substantially the entire traffic zone 8. The window
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32 can be an array of disconnected portions of the image 30. Typically, as stated
above, the traffic zone 8 is a wide area near the entrance of a shopping mall or
department store. This limited window analysis significantly reduces the number of
pixels to be analyzed. Thus, the illustrated video traffic monitors of FIGs 1 and 2
5  can effectively and inexpensively monitor a wide traffic zone 8 having many objects
or persons 9 simultaneously entering and exiting the traffic zone 8 by restricting
analysis to the narrow window 32.
The illustrative system also does not require a high resolution image, further
reducing the required computing power for the illustrative monitor. In a preferred
10 embodiment, a frame-grabbing board having a high resolution 512 x 512-pixel mode,
as well as a 256 x 256-pixel mode, is used. The 256 x 256-pixel mode is achieved
by using a slower sampling rate per horizontal scan and by acquiring only one of the
two fields of an interlaced frame. Use of full-frame resolution requires 33
milliseconds for acquisition of the full interlaced image, even with the subsampling of
15  the required image to reduce the number of pixels used in the analysis. But only 16
milliseconds are required for the frame grabber to provide a working image in only
oné field, thereby making available 17 milliseconds of processor time for other
functions.
A preferred embodiment uses 256 pixels per horizontal scan line times the
20  number of scan lines in a window 32 of an image 30. There is a limit as to how
narrow the window 32 can be made due to the cycle time of the present invention,
the scale factor of the pixel, and the velocity of the traffic as illustrated by the

relationship:
- WP
NL = = o)
25  where: NL = the number of "looks" or cycles for a person in the
window;
Wy = window width (pixels);
Pg = pixel scale factor(ft/pixel);
\Y = velocity of person (ft/s);
30 T = cycle time (s).
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Faster objects or slow cycle times can be compensated for by a wider window
and/or a larger pixel scale factor. The pixel scale factor, P, is controlled by the
CCD sensor width, Sw the focal length, F, of the camera lens, and the distance, D,

of the lens from the subject, in the relationship:

DS,
Pe = 725 @
where: Py = pixel scale factor(ft/pixel);
D = subject distance (ft);
F = lens focal length (mm);
Sw = CCD sensor width (mm).

As a practical example, a "2/3 inch" camera has a CCD sensor width, Sy of
8.8 mm with a lens focal length, F, of 6 mm and a camera overhead distance, D, of
12 feet, providing a pixel scale factor, P, of 0.0688 ft/pixel. For a window width,
W,,» of 2 feet (or 29 pixels) and a velocity, V, of 5 ft/s, a four-look criteria requires
a 100-millisecond cycle time. This cycle time can be reduced by making the window
wider. A wider window, however, can allow the possibility of two people (one in
back of the other) being in a gate at one time and complicating the analysis.

The look criteria can be reduced, but normally at least two looks are required
to determine the direction a person is traveling. The velocity of 5 ft/s is not slow,
but 7 ft/s is possible for people in a hurry. The focal length of the camera lens can
be reduced, but the camera lens will begin to become a "fisheye" lens. The camera
distance, D, can be increased as allowed by the ceiling height.

In FIG. 3, the window 32 stretches entirely across the image 30 because the
image 30 represents the entire traffic zone 8. Alternatively, if the image 30
represents more than the traffic zone 8, the window 32 only needs to stretch across
that portion of the image 30 representing the traffic zone 8. Moreover, the window
32 can be an array of disconnected portions of the image 30 where an area between
the disconnected portions represents a non-traffic area, such as a fountain at the
entrance to the mall. The window 32 is preferably oriented such that it is
perpendicular to the general flow of traffic through traffic zone 8. The window 32

can be moved to any position within the image 30, but the preferred position for



WO 94/27408 - PCT/US94/05121

9

window 32 is such that the people are viewed from directly overhead. The preferred
position for the window 32 requires that the video imager 12 be oriented directly
above the traffic zone 8. This configuration is preferred because the changing shape
of the human body, with moving arms and legs, poses an extra degree of difficulty

5  for the analysis than would be presented by a rigid body. The human body resembles
a rigid body when viewed from overhead. Thus, placing the window 32 directly
overhead minimizes some of the difficulties for the chosen approach and, therefore,
reduces the required computing power for the illustrative systems.

The preferred system uses two parameters for establishing the position of the

10 window 32 on the image 30. As illustrated in FIG. 3, WYMIN and WYMAX
establish the position and dimensions of the window 32. In a preferred embodiment,
the window 32 is 30 pixels wide, which represent about 2 feet. The upper left-hand
corner of the image 30 is designated as the origin with coordinates (0,0) in pixels.
The x-axis coordinates increase horizontally up to 255, and the y- axis coordinates

15 increase with each horizontal scan line up to 255, resulting in the lower right-hand
corner of the image 30 having coordinates (255, 255).

As shown in FIG. 3, the window 32 is divided into gates 34a-x. The gates
34a-x provide a logical structure upon which to determine the status of objects
traversing the window. In the general sense the gates 34a-x are of a binary nature,

20  either empty or occupied. When the object of measurement is people, an occupied
gate represents the presence of one person because the dimension of the window 32
in the direction of people movement is only about as wide (WYMAX - WYMIN) as
one person. Due to the variability of the human form, the variations in size, and a
number of issues related to providing a robust solution, it is advantageous to make

25  the gate dimension in the direction transverse to the direction of people movement
less than a normal-sized person. This means that a number of gates will be occupied
by one person. This structure provides the means for making the discriminations
necessary to reduce erroneous results. Alternatively, certain gates can be "turned
off," creating a disconnected window in order to avoid analyzing a non-traffic area,

30  such as a fountain or other obstacle within the traffic zone. In addition, by "turning

off" or ignoring certain gates such as every other gate, the amount of pixels for
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analysis is further reduced. A person skilled in the art can alter the processor
analysis of the illustrative system to effectively analyze a disconnected window.

Even though the window is relatively narrow in the direction of people
movement, it is still possible for a person to cross the window diagonally and appear
to occupy a moving number of gates in the process of traversing the window. By
using a number of gates to define a single person, the person can still be monitored
or counted as he moves across the gates 34a-x.

Due to the variable character of the human body and depending upon the
robustness of the human form as defined by the present method, a contiguous set of
occupied gates may not be produced for a given person. In other words, a person
may occupy three contiguous gates, but the system could only detect a form in the
two outside gates, possibly due to the color of that person’s clothing. The preferred
system fills in these voids without precipitating the error of "creating people."

Additionally, the preferred system utilizes a method to avoid the error of
"deleting people” where contiguous sets of gates represent more than one person. In
crowded situations where people are very close, contiguous sets of gates can be
occupied by more than one person. The preferred system accommodates this
possibility.

All systems have a noise level which is usually eliminated by a threshold
signal level such that pixel values (ranging from 0-255 in the illustrative system)
below the threshold level are considered noise and those pixel values above the
threshold level represent a potential person. Setting the threshold level too high,
however, can cause the system to miss a valid event, and setting a threshold level too
low can cause the system to count an invalid event. The identification or isolation of
a person within the window uses thresholding criteria. To prevent missing or
reducing the robustness of the human form, a threshold level is selected that permits
a certain amount of noise or gate ambiguities. The preferred system or method
handles this noise or gate ambiguity as described below.

Several parameters are used to accommodate the above correction methods.
These parameters are:

(1) DELGATE gives the width of a gate in pixels as shown in FIG. 3;



WO 94/27408 - PCT/US94/05121

10

15

20

25

30

11

(2)  GAP represents the maximum gap or void which is to be filled in
between gates of equal status, i.e., tagged as being occupied by an
entering or exiting person. FIG. 4 gives some examples of what a
GAP value of 1 does to a given set of gate states;

(3) MINPERSONWIDTH specifies the maximum number of contiguous
gates of a given occupied state which is considered a noise level and is
eliminated or reset to an empty state. FIG. 5 gives some examples of
what a MINPERSONWIDTH of 1 does to a given set of gate states;
and

(4) MAXPERSONWIDTH gives the maximum number of contiguous gates
of a given occupied state which is considered to be one person. A
fractional round up is implemented in the method. FIG. 6 gives some
examples of what a MAXPERSONWIDTH of 4 does to a given set of
gate states.

The preferred system isolates an object for analysis by subtracting consecutive
cycle images. This method of isqlation is effective because the background in the
image 30 is fixed and the people 9 are moving. Thus, the previous cycle image acts
as a reference image for detecting changes in the current image due to people moving
across the window. The robustness of the resulting image is dependent upon the
cycle time or how fast the person is moving. Consequently, the robustness of the
image can suffer if the cycle time is too fast because subtraction only creates an
outline form of the person reflecting the amount of displacement since the previous
cycle.

The subtraction of two frames results in values which can vary from -255 to
+255. Since the positive or negative nature of a difference does not enhance the
detection capability, the difference is taken as an absolute value, giving a resultant
range of 0 to 255. The magnitude of the difference reflects the contrast difference
existing between consecutive cycle images. The contrast levels will change from
person to person depending on a variety of factors, such as the color of the person’s
clothes and the color of the floor or background. In fact, the contrast levels will
even change for a given person. Consequently, an array of difference values or a

DIFFERENCE image array is not conducive to a simplified approach for determining
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a person’s direction of motion such as measuring the displacement of the center of
mass. Thus, it is preferred to convert the difference value array into binary form,
creating a BINARY image array such that the object or person has uniform
characteristics. Giving the person uniform characteristics permits a simplified
approach for determining a person’s direction.
To eliminate noise, the threshold level is selected for the array of difference
values. Difference values below the threshold level are set to 0, and difference
values above the threshold level are set to 1. In this way, the BINARY image array
is constructed from the DIFFERENCE image array. The appearance of the resulting
BINARY image array is shown in the window 32 of FIG. 7.
During each cycle of the preferred system, the values within the BINARY
image array within each gate 34a-x are summed. This sum represents the mass of an
object in the gate. To avoid noise, the sum of the BINARY image array values for a
gate must exceed a trip sum level before a person is recognized as occupying that
gate. The parameters used to implement the above detection techniques are:
(1) THRESHOLD is a difference or contrast level (0-255) for establishing
a binary image array; and

(2)  TRIP is a pixel count threshold within a given gate to signal the
presence of a person in the gate, and, since the gate size varies with
the window width and the gate width, this term is more properly
specified as a percentage of the gate.

In addition to counting the number of people traversing the windowed area, it
is necessary to determine the direction they are going, i.e, entering or exiting. This
determination is made on a per gate basis and has the additional function of assisting
in the discrimination logic. The direction of movement of a person through a gate is
determined by comparing the center of mass for two consecutive cycles. When the
presence of a person within a gate is first detected (gate binary image sum > TRIP),
the gate is put into a HOLD state, and the system determines the center of mass and
specifies it as YBAR, i.e., the y-axis position of the center of mass. YBAR is
calculated as follows:
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WYMAX Xg2
y - E Binary image array (x,y)
=WYMIN =X
vBaR = 2 X1 3)
WYMAX  Xg,
Binary image array (x,y)
y=WYMIN x=X
where: Xgl and ng define the x limits of the gate; and

WYMIN and WYMAX define the y limits of the gate.

In the next cycle a new YBAR is determined, and the difference between the
present and past YBAR values determines the direction of movement. The gate is
then changed to an ENTER or EXIT state accordingly.

FIGs. 8 through 16 illustrate a flow chart diagram of the processes of a
preferred embodiment of the present invention running on the processors of the
illustrative systems.

In FIG. 8, step 50 initializes the video traffic monitor and certain variables.
An operator locates the camera 10 directly above the people traffic and orients the
camera such that the scan lines are orthogonal to the general traffic flow. Initially,
the processor must check for the presence of an image handler, such as frame
grabber board, and for a video input signal. The processor initializes the frame
grabber board registers and sets the frame grabber board to the low resolution 256 x
256 pixel mode. Finally, the processor sets the People Count to zero for enter and
exit states. |

The video traffic monitor requires certain control parameters in order to
operate effectively. Step 52 of FIG. 8 obtains these control parameters from an input
file or from the operator. The processor checks for a file name input from the
command line. If the file name exists, then the processor reads parameters from the
file; otherwise, the processor prompts the user for each parameter.

Step 52 obtains the control parameters defining a window and gates. WYMIN
and WYMAX represent the scan line limits (0-255) at the start and end of the
window area. These variables define the position of the window 32 in the image 30
and the width of the window 32 (WYMAX - WYMIN) in the direction of people

movement as shown in FIG. 3. The width of the window should be about the size of
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a single person or an object of measurement. DELGATE defines the width of a gate
in pixels (0-255) in the direction transverse to the direction of people movement. A
single person or an object of measurement should occupy at least three or four gates.

Step 52 also obtains several parameters used to eliminate noise from the
analysis. THRESHOLD is the threshold difference value level used to create the
binary image array. The threshold level should be set just above the empty-window
noise level such that the binary image array is not adversely affected by noise. TRIP
is the gate sum threshold used to indicate the presence of a person in the gate. The
gate sum represents the number of pixels above THRESHOLD in a given gate. The
total number of pixels in a gate is (WYMAX - WYMIN)*DELGATE. The trip
threshold value should be high enough to eliminate noise and the effects of a
non-rigid body, such as a hand or foot moving into a gate, but not high enough to
miss a person due to a weak or thin outline from the binary image.

Step 52 retrieves certain parameters that improve robustness and accuracy.
For instance, GAP defines the maximum gate gap used to fill in voids. An empty
gap between two bracketing enter or exit states is set to the bracketing state to add
robustness to the binary difference image result. The gap value should be equivalent
to a fraction of a single person and is given as a number of gates. Step 52 obtains
MINPERSONWIDTH to eliminate noise or spurious gates. This parameter
represents the minimum number of contiguous enter or exit gates required for the
detection of a person. If a person is not present, these enter or exit gates are reset.

This value can be equivalent to a fraction of a single person. Finally,

MAXPERSONWIDTH is used to determine how many people are present within a

contiguous set of enter or exit gates. This value can be equivalent to the average
width of one person.

After setting the control parameters, step 54 grabs the first image, and step 56
places the first image in a past IMAGE array. This image is acquired from the
camera by the frame grabber and is the first image to be used in the process. At step
56, the image stored in the past IMAGE array from the frame grabber is only the
window area and has a grey scale distribution represented by the 256 grey levels of

the frame grabber digitizer. The number of pixels in this image is 256*(WYMAX -
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WYMIN). This image represents the past IMAGE for the first difference image
result.

Step 58 grabs the next image, acquired from the camera by the frame grabber.
Step 60 places the next image into a present IMAGE array, also used in constructing
the DIFFERENCE image array. At step 60, the image stored in the present IMAGE
array is for the window area only and also has the 256 grey scale levels of the frame
grabber digitizer.

Finally, step 62 constructs the DIFFERENCE image array. For each pixel in
the window image, step 62 subtracts each element in the past IMAGE array from the
corresponding element in the present IMAGE array and stores the result in the
DIFFERENCE image array. These values can range from -255 to +255.

FIG. 9 shows how the DIFFERENCE image array is converted into a
BINARY image array, and GATESUM and YBAR are calculated from the BINARY
image array. Step 64 represents a loop starting at the first element of the
DIFFERENCE image array to the last element. For each element or pixel in the
DIFFERENCE image array, step 66 compares the absolute value of that element or
difference value with the THRESHOLD level. If the absolute difference value for
any given pixel of the DIFFERENCE image array is above the THRESHOLD level,
step 68 assigns a "1" to the corresponding element of the BINARY image array. If
the absolute difference value for any given pixel is below the THRESHOLD level,
step 70 assigns a "0" to the corresponding element of the BINARY image array.

Step 72 establishes a loop for traversing the BINARY image array to calculate
GATESUM and YBAR for each gate. Step 74 calculates GATESUM, which is a
count of the number of above-THRESHOLD pixels present within the gate. In other
words, step 74 calculates GATESUM for each gate by summing together all those
binary values in the BINARY image array within each gate. When this sum is tested
against the TRIP value, a determination is made as to whether the gate is occupied or
empty.

After determining GATESUM for a gate, step 76 determines the center of
mass for that gate or YBAR for that gate according to Equation (3). In the BINARY
image array, each pixel has a mass of 1 or 0. The center of mass in the Y direction

or YBAR determines the position of the person within the gate in the direction of
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traffic flow. In this case the center of mass or YBAR represents the average Y
position of all the pixels with a value of 1 in the gate. Thus, the binary process
allows this determination to be made on shape rather than the weighted effect of
image contrast that would occur if the difference results in the DIFFERENCE image
array were used to calculate YBAR. When the center of mass is compared in
consecutive process cycles, the direction of movement of this center of mass
represents the direction of movement of the person in the gate.

FIG. 10 is a flow chart diagram for determining the state for each gate. Step
78 sets a loop for scanning each gate. Each gate has a GATESTATE, a GATESUM
and a YBAR. The GATESUM must get above the TRIP level before an EMPTY
gate will transition to a HOLD, ENTER, or EXIT status, insuring a certain
robustness before committing the gate. The binary process means that this
GATESUM and TRIP level are based on the size of the shape in the gate rather than
being weighted by the contrast levels or difference values in the DIFFERENCE
image array. Once a gate has passed the TRIP level and the direction of movement
determined, the gate remains fixed to the ENTER or EXIT state until its GATESUM
falls to zero, thus, giving a hysteresis stabilizing affect. The gate can be brought to
an EMPTY state prior to this if it is found to be an isolated or noise gate by
subsequent analysis.

Step 80 checks whether the past GATESTATE is EMPTY. If so, step 82
compares the present GATESUM with the TRIP value. If the GATESUM is greater
then the TRIP value, then step 84 sets the present GATESTATE to HOLD;
otherwise, step 86 sets the present GATESTATE to EMPTY. The HOLD state is
used to indicate the first instance of occupancy. The HOLD state defers the decision
for ENTER or EXIT status until the next cycle when the center of mass movement is
determined.

Step 88 determines whether the past GATESTATE is HOLD. If so, step 90
checks the present GATESUM. If the GATESUM is greater then zero, then the
present YBAR or center of mass is compared to the past YBAR or center of mass in
steps 94 and 98 to determine the direction of movement, and step 98 or 100
accordingly sets the present GATESTATE to ENTER or EXIT depending on the

direction of movement. If YBAR or the center of mass has not moved, then step 101
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keeps the present GATESTATE in the HOLD state for the next cycle. If GATESUM
is zero, step 92 sets the present GATESTATE to EMPTY.

Step 102 determines whether the past GATESTATE is ENTER. If the past
GATESTATE is ENTER, step 104 checks the present GATESUM. Only if the
GATESUM is zero does step 106 set the present GATESTATE to EMPTY;
otherwise, step 108 keeps the GATESTATE as ENTER.

Step 110 checks whether the past GATESTATE is EXIT. If so, then step 112
checks the present GATESUM. If the GATESUM is zero, step 114 sets the present
GATESTATE to EMPTY; otherwise step 116 keeps the GATESTATE as EXIT.

FIG. 11 illustrates a subroutine for improving the robustness of the window
image. The BINARY image array used to establish the present gate states may not
have people who are robustly connected due to poor contrast, e.g., where the color
of a person’s clothes matches the floor. To enhance the person’s presence and
prevent the fragmented pieces from being eliminated as noise later in the analysis, a
gap of a maximum size is filled in when the state is the same on both sides of the
gap. To accomplish this, step 118 establishes a loop in which the present
GATESTATES are scanned and the gap sizes noted. Gaps are defined as the number
of contiguous empty gates.

Step 120 compares the number of contiguous EMPTY gates with GAP. If the
number of contiguous EMPTY gates is less than or equal to GAP, step 122 checks
the GATESTATE at each end of the gap. If both ends are ENTER GATESTATEs:,
step 124 sets the gap gates to ENTER. Step 126 checks whether both ends of the
gap are EXIT GATESTATESs, and, if so, step 128 sets the gap gates to EXIT.

The potential exists for combining two or more people together into a
contiguous set of ENTER or EXIT gates. This is acceptable because later portions of
the algorithm account for this possibility.

Choosing THRESHOLD and TRIP values that provide increased sensitivity
for low contrast cases can résult in spurious or noise gates. When noise gates are not
supported by adjacent gates to indicate the presence of a person, they are reset to the
EMPTY state. To accomplish this in FIG. 12, step 130 scans the present gate states
and notes the number of contiguous ENTER and EXIT gates. Step 132 checks
whether a contiguous set of ENTER or EXIT gates is less than or equal to
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MINPERSONWIDTH. If so, step 136 resets them to EMPTY unless step 134
determines that the contiguous set of gates are adjacent to a HOLD gate on either
side. If an adjacent HOLD gate exists, the gates are not modified so that the next
cycle can resolve the HOLD gate status and potentially create a contiguous set which
is larger than MINPERSONWIDTH.

At this stage the present gate states represent the status of the people in the
window area. The contiguous gate states are collected into person blocks to
determine how many people are in the block and whether anyone has left the window
from the past cycle. To accomplish this in FIG. 13, step 138 establishes a loop to
scan the gates. Step 140 checks if a gate has an ENTER GATESTATE, and step 142
records the start and end gates of the contiguous ENTER gate set in
PERSON_STARTGATE and PERSON_ENDGATE. Step 144 creates a person block
for each contiguous ENTER gate set and sets the PERSON_STATE to ENTER. Step
146 determines whether the gate has an EXIT GATESTATE. If the gate has an
EXIT GATESTATE, step 148 records the start and end gates of the contiguous EXIT
gate set in PERSON_STARTGATE and PERSON_ENDGATE. Step 150 creates a
person block for each contiguous EXIT gate set and sets the PERSON_STATE to
EXIT. Steps 144 and 148 set PERSON_STARTGATE and PERSON_ENDGATE to
the limits of the contiguous gates, each gate having an ordinal number in the window.

FIG. 14 shows how the number of people is determined from .the person
blocks. Step 151 establishes a loop to scan the person blocks. Step 152 determines
the width of each block by PERSON_ENDGATE - PERSON_STARTGATE + 1.
Step 154 checks if this width is equal to or less than MINPERSONWIDTH, and, if
so, step 156 sets PERSON_COUNT to zero. This occurs if a contiguous set of gates
have an adjacent gate of HOLD status which prevent it from being eliminated as too
small. By setting PERSON_COUNT to zero, this person block will not generate a
People Count if it disappears on the next cycle. If the person block width is greater
than MINPERSONWIDTH but less than MAXPERSONWIDTH as determined by
step 158, then step 160 sets PERSON_COUNT to one. Finally, if the person block
width is greater than MAXPERSONWIDTH as determined by step 162, then step
164 divides the person block width in gates by MAXPERSONWIDTH to determine
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the number of people in the block. Step 164 rounds up the number of people in the
block such that 2.5 will give a PERSON_COUNT of 3.

FIG. 15 illustrates a subroutine for determining whether any people have left
the window by comparing the past person blocks to the present person blocks. Step
166 creates a loop for scanning the past person blocks. For each past person block,
step 168 initializes a counter, COUNT, to zero, and block 170 scans each present
person block.

If the present person block has the same state (ENTER or EXIT) as the past
person block, then step 172 checks whether the present person block overlaps the past
person block. Due to the fast cycle time, the confined space of the window analysis
area, and the general flow of traffic parallel to the gates, it is assumed that a person’s
image will overlap from the past to the present cycle and thus provide a means of
tracking the person through the window and logically determining when that person
has left the window to be counted. The overlap condition is false when present
PERSON_ENDGATE < past PERSON_STARTGATE or present
PERSON_STARTGATE > past PERSON_ENDGATE. If no overlap between the
present person block and the past person block occurs, then the next present person
block is checked by returning to step 170. If an overlap does occur, then step 174
increments the COUNT value by the present PERSON_COUNT.

After step 170 has scanned all the present person blocks for a given past
person block, step 176 checks the COUNT value. If COUNT is greater than zero,
then step 178 determines whether COUNT is less than the past PERSON_COUNT.
If so, then one or more people in a multiple person block have left the window, and
step 180 increments the People Count by past PERSON_COUNT - COUNT for the
past PERSON_STATE. If COUNT is zero as determined by step 182, then the past
person block has left the window, and step 184 increments the People Count by the
past PERSON_COUNT for the past PERSON_STATE.

The illustrative system takes into account the case where a multiple person
block in the past becomes a number of single person blocks in the present, and no
People Count is incurred if the total present people contained in COUNT equals the
past PERSON_COUNT of the multiple person block. If a number of single-person

blocks in the past combine to a multiple-person block in the present, no change
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occurs in People Count because COUNT is greater then PERSON_COUNT for each
of the single overlapping past-person blocks, and the next cycle will deal with the
status of the multiple-person block.

FIG. 16 illustrates the display and transfer portions of the flow chart. Step
186 displays People Count for enter and exit states. Step 188 transfers the present
gate information to past gate information to prepare for the next cycle. The data
transferred is the GATESTATE and the center of mass YBAR for each gate.
Similarly, step 190 transfers present-person block data to past-person block data to
prepare for the next cycle. The data transferred is the PERSON_STARTGATE,
PERSON_ENDGATE, PERSON_STATE, and PERSON_COUNT. Finally, step 190
transfers the present-IMAGE array to the past-IMAGE array to support the con-
secutive cycle subtraction technique for highlighting the people in the window image.

The reliability of the illustrative system is dependent upon the robustness of
the difference image. A number of factors control this result: the inherent contrast
levels, the threshold level, and the subtraction techniques.

The inherent contrast may be enhanced by the use of a color filter. A color
CCD camera as a video imager 10 is sensitive from blue light to the near infrared,
and selection of a restricted region may prove beneficial in providing improved
contrast. Another factor which can affect contrast is glare from the reflection of
spotlights off the floor. Glare reduces the gain of the CCD camera due to the
automatic exposure control and thus reduces the apparent contrast of other areas in
the scene. A polarizing filter can be used to reduce the effect of this glare. Other
video imagers can also be used that are sensitive to different portions of the
electromagnetic spectrum. For instance, far infrared sensors are sensitive to the
thermal spectrum and image people or objects of measurement by their heat content.

Additionally, instead of setting the THRESHOLD level to a fixed difference
level, an adaptive THRESHOLD level may be used. For example, the threshold
level may be set to two or three standard deviations above the mean difference value
level obtained when the window is empty.

The technique of subtracting consecutive cycle frames does not yield to the
most-robust difference image. A slower cycle time increases robustness, but reduces

the number of times a person is analyzed within the window. Widening the window
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leads to other difficulties. Image subtraction with a base image is preferable, but
updating the base image presents a problem. A solution is to update at a fixed time
interval or whenever the adaptive threshold level shifts by a given amount. Three
consecutive images of the window can be saved on a continuous basis. When a base
image update is needed, the middle of the three windows is used as the update when
all three windows are tagged as being empty.

If the need arises to accommodate wider entryways, the lens focal length may
be reduced, and the direct overhead view no longer applies to the outer oblique edges
of the format. The apparent size of the person will change due to this oblique angle,
and the criteria of MINPERSONWIDTH and MAXPERSONWIDTH in the algorithm
will be compromised. A variable gate width can be used to compensate for this
distortion and keep the logic consistent. There is a limit to this oblique angle,
however, due to the possible blockage of an adjacent outside person.

The present invention has been described as counting people, but the present
invention can count any objects of measurement having somewhat homogeneous
characteristics between the objects such that proper control parameters can be
selected for a particular type of object. Moreover, the present invention has been
described as being used in a retail environment, but the present invention
encompasses any situation in which objects are simultaneously traversing a traffic
zone.

Thus, the video flow monitor and method of the present invention and many
of its attendant advantages will be understood from the forégoing description, and
various modifications may be made in the form, construction and arrangement of the
components thereof without departing from the spirit and scope of the invention or
sacrificing all of their material advantages, the form described above being merely a

preferred or exemplary embodiment thereof.
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WHAT WE CLAIM IS:

1. A method of monitoring and counting retail customers
traversing wide zones of a retail mall or store, said method comprising the steps of

positioning an overhead video camera to produce a video image

5  extending across a zone to be monitored for customer movement,

digitizing said video image at repetitive time intervals to produce
digital information representing said video image at repetitive time intervals,

processing said digital information using multiple segments of the
video image consecutively positioned and fixed in position during processing across

10  the zone to be monitored, in a direction transverse to the direction of people
movement through said zone, to determine
(1)  the number of people traversing said zone in a
prescribed time interval, and
(2)  the direction of movement of said people through said
15  zone.

2. The method of claim 1 wherein the width of each of said
multiple segments is less than one half of the width of an image of said one person,
so that said one person traversing said zone will appear in at least two of said
multiple segments, said method of claim 1 further including the steps of:

20 : determining whether each of said multiple segments is occupied, and
counting a person as traversing said zone by analyzing consecutive
ones of said multiple segments that are occupied. |

3. The method of claim 2 wherein the step of processing further
comprises the steps of:

25 obtaining a position for a person within one of said multiple segments;
and

comparing said position with a previous position for said person within
said one of said multiple segments to determine a direction of movement for said
person across said zone.

30 4. The method of claim 1 wherein said steps following said step of
positioning further comprises the step of employing a digital signal processor on a
dedicated board.



WO 94/27408 - PCT/US94/05121

10

15

20

25

23

5. The method of claim 1 wherein said steps following said step of
positioning further comprise the step of employing a personal computer.

6. The method of claim 1 further comprising the steps of:

storing said number and said direction; and

displaying said number and said direction of said processing.

7. The method of claim 5 wherein said step of digitizing further
comprises employing a conventional frame-grabber board coupled to an I/O port of
said personal computer.

8. The method of claim 4 wherein said step of digitizing further
comprises employing a custom frame-grabber board coupled to said digital signal

Processor.

9. A video traffic monitor for detecting and counting objects of
measurement simultaneously traversing a traffic zone in different directions, said
video traffic monitor, comprising:

a video imager above a traffic zone to be monitored for object
movement, said video imager producing an image of said traffic zone in the form of
an analog signal;

a signal converter coupled to said video imager for converting said
analog signal into digital information representing said image;

an image handler coupled to said signal converter for storing said
image represented by said digital information at repetitive time intervals; and

a processor coupled to said image handler for analyzing a window of
said image, said window being a subset of said image and positioned and fixed in
position during analyzing substantially across said image transverse to the direction of
object movement and divided into gates consecutively positioned and fixed in position
within said window during analyzing, said processor analyzing said gates to
determine whether an object of measurement is traversing said window and a
direction of movement for said object of measurement across said window, said

processor counting said objects as entering and exiting said traffic zone.
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10.  The video traffic monitor of claim 9 wherein said gates having
a width equal to or less than one half of the width of said object of measurement such
that said object of measurement traversing said window will appear in at least two of
said gates, said processor determining whether each of said gates is occupied and
counting said objects of measurement by analyzing consecutive ones of said gates that
are occupied, said processor further determining said direction of movement for said
object by obtaining a position for said object within one of said gates and comparing
said position with a previous position for said object within said one of said gates.

11.  The video traffic monitor of claim 9 wherein said processor
being a digital signal processor on a dedicated board.

12.  The video traffic monitor of claim 9 wherein said processor is
coupled to a personal computer, said personal computer storing and displaying a
number and directions of movement for said objects.

13.  The video traffic monitor of claim 9 wherein said processor
being a conventional personal computer.

14.  The video traffic monitor of claim 9 wherein said video imager
being a monochrome camera.

15.  The video traffic monitor of claim 9 wherein said video imager
being a color CCD camera.

16.  The video traffic monitor of claim 9 wherein said video imager
being a infrared camera.

17.  The video traffic monitor of claim 13 wherein said image
handler and said signal converter being a conventional frame-grabber board coupled
to an I/O port of said personal computer.

18. A video traffic analyzer for detecting the flow of objects of
measurements across an image of a traffic zone having objects of measurement
traversing said traffic zone, said video traffic analyzer comprising a processor
analyzing a window of said image, said window being a subset of said image and
positioned and fixed in position during analyzing substantially across said image
transverse to the direction of object flow and divided into gates consecutively
positioned and fixed in position within said window during analyzing, said processor

analyzing said gates to determine whether an object of measurement is traversing said
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window and a direction of movement for said object of measurement traversing said
window, said processor counting said objects as entering and exiting said traffic zone.

19.  The video traffic analyzer of claim 18 wherein said gates having
a width of less than one half of the width of said object of measurement such that
said object of measurement traversing said window will appear in at least two of said
gates, said processor determining whether each of said gates is occupied and counting
said objects of measurement by analyzing consecutive ones of said gates that are
occupied, said processor further determining said direction of movement for said
object by obtaining a position for said object within one of said gates and comparing
said position with a previous position for said object within one of said gates.

20.  The video traffic analyzer of claim 18 wherein said processor
being a digital signal processor on a dedicated board.

21.  The video traffic analyzer of claim 18 wherein said processor is
coupled to a personal computer, said personal computer storing and displaying a |
number and directions of movement for said objects.

22.  The video traffic analyzer of claim 18 wherein said processor
being a conventional personal computer.

23. A method for detecting the traffic flow of objects of
measurement simultaneously traversing a traffic zone in different directions
comprising the steps of:

producing an image of said traffic zone;

storing said image at repetitive time intervals;

analyzing a window of said image being a subset of said image and
positioned and fixed in position during said analyzing substantially across said image
transverse to the direction of object flow and divided into gates consecutively
positioned and fixed in position within said window during analyzing to determine
whether an object of measurement is traversing said window;

determining a direction of movement for said object of measurement;
and

counting said objects as entering and exiting said traffic zone.

24.  The method of claim 23 wherein the step of determining further

comprises the steps of:
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obtaining a position for said object within a gate; and

comparing said position with a previous position for said object within
said gate to determine a direction of movement for said object of measurement
traversing said window.

25.  The method of claim 23 wherein said steps following said step
of storing further comprise the step of employing a digital signal processor on a
dedicated board.

26.  The method of claim 23 wherein said steps following said steps
of converting further comprise the step of employing a personal computer.

27.  The method of claim 23 further comprising the steps of:

storing a result of said counting and directions of movement for said
objects; and

displaying said results and said directions of movement for said
objects.

28.  The method of claim 26 wherein said steps of converting and
storing further comprise employing a conventional frame-grabber board coupled to an
1/0 port of said personal computer.

29.  The method of claim 25 wherein said steps of converting and
storing further comprise employing a custom frame-grabber board coupled to said
digital signal processor.

30. A method for detecting the flow of objects of measurement
across an image of a traffic zone having objects of measurement traversing said
traffic zone, comprising the steps of:

analyzing a window of said image being a subset of said image and
positioned and fixed in position during said analyzing substantially across said image
transverse to the direction of object flow and divided into gates consecutively
positioned and fixed in position within said window during analyzing to determine
whether an object of measurement is traversing said window;

determining a direction of movement for said object of measurement
traversing said window; and

counting said objects as entering and exiting said traffic zone.
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31.  The method of claim 30 wherein said step determining further
comprises the steps of:

obtaining a position for said object within a gate; and

comparing said position with a previous position for said object within
said gate to determine a direction of movement for said object of measurement across
said window.

32.  The method of claim 30 further comprising the step of
employing a digital signal processor on a dedicated board.

33.  The method of claim 30 further comprising the step of
employing a personal computer.

34.  The method of claim 30 further comprising the steps of:

storing a result of said counting and directions of movement for said
objects; and

displaying said results and said directions of movement for said
objects.

35. A video traffic monitoring system for detecting the flow of objects of
measurement across a plurality of traffic zones, comprising:

a plurality of video traffic analyzers, each of said plurality of video traffic
analyzers comprising a processor analyzing a window of an image of one of said
plurality of traffic zones, said window being a subset of said image and positioned
and fixed in position during analyzing substantially across said image transverse to
the direction of object flow and divided into gates consecutively positioned and fixed
in position within said window during analyzing, said processor analyzing said gates
to determine whether an object of measurement is traversing said window and a
direction of movement for said object of measurement traversing said window, said
processor counting said objects as entering and exiting said one of said plurality of
traffic zones; and

a computer coupled to each of said plurality of video traffic analyzers, said
computer storing and displaying numbers and directions of movement for said

objects.



PCT/US94/05121

/14

WO 94/27408

2l /I
( )
\
1aayv W_ AHOW3W
HITANVH 0
DV HOSS300Hd IIQ
@\ ] N\ ‘ ﬁ
14! ﬁm: gc

AN

ve

9c

I "Ol4

SUBSTITUTE SHEET (RULE 26)



-PCT/US94/05121

2 /14

WO 94/27408

SR . ze
¢ Ol . Q A

SUBSTITUTE SHEET (RULE 26)

HOSS300Hd :
............. \ 0 mw._n.z<=
6} IOV <aoav ]
AHOW3IN N

~-£2 .51 £l




PCT/US94/05121

3 /14

WO 94/27408

1SYA9Y4)

¢ Old

.:xmh
41vOTdd

XvE APE IPE WPE dpe NBPE TPE (V€ HPE dpbs TFE gp¢

AN N N N R R U U N N W

MOANIA

Nm\i

0¢

[ S T T 77 77
M¥E NFE SPE OFE OFVE WPE MBE  1HE OFE  FBE DpE VHE

»

44.INd

XVINAA

NINAA

JOVINI

X «—(0°0)

SUBSTITUTE SHEET (RULE 26)



- PCT/US94/05121

L /14

WO 94/27408

9 OId

R INNOD™NOS¥4d Z 1|alalalalala
NoSTRL® MY ENVE SvE ORE OKENFEIRE 15E OPEAYE DPLVFE
INNOD™NOS¥ad I x|x[x[x
LIXda-X XPEAFE LVEUPEAVE NDETHE (b€ HVC AbEAbEaRE .wm
¥AINT-4 INNOD™NOSY¥Ad 1 alala
MPE NFE SHE OXE O EWPENVE IRE OPETVE DPEVHE MPENKE SHE OFE OPEWNPEIFE 1HE OPETBE DFEVHE
~I=v—.Q—B N\ N\ N\ N\ N\ \ N\ \ AN \ \ \ N\ \ N\ \ N AN \ \ N\ N\
-NOSYAdNII X|X|X XXl |« X |x|x X|x )
d Ve 7 7 /7 7 7/ 7 Vd Vd V4 7 7 7 V4 7 7 7 7 7 7 7 7 /7
XbE€ AVE LPEUPEAVE NPETRE (b€ HPEPCAPEAVE  XPCAPE IFCUVEAPE NFETHE (e HEE dbCabeare  z¢
11Xd=X
¥4IN3-3 d(d|a « alala al
1SNAV HIGTA NOSYIANTIN §a1dV ISNIGV HidIA NOSESANIN G303
1-dvo ajaja| [xxfx| [« a|aa| [x[x[x
MPE NFE SKE OVE OV EWPEIFE IHE DPEARE OFEVFE AMFENKE SPE OFE OFEMPENPE THE BEEAFE DPEVHE
v—.—xmﬂx AN N\ N\ N\ \ N\ N\ \ N N \ N\ \L \ \ N\ AN N\ N\ N N\ N\ \ N\
¥AIN-T X{ | IX[X]X[ |« X xxxf
XVE APE LEEUFE dPE NFETEE (b HEE dbEbeare XPEAFE LFEUPE dPE NPETFE [bE HEE dbeabeare 26
alalafala] |« a| lalala] ¥
1snlav dvo ¥aidv 1Snlav dvo 350444

SUBSTITUTE SHEET (RULE 26)



WO 94/27408 PCT/US94/05121

®

1
]
!

SUBSTITUTE SHEET (RULE 26)



WO 94/27408

6 /14

'

INITIALIZE
SYSTEM AND VARIABLES

v

GET CONTROL PARAMETERS:
WYMIN

WYMAX

DELGATE

- PCT/US94/05121

L—5S0

THRESHOLD 52

TRIP
GAP
MIN PERSON WIDTH
MAX PERSON WIDTH

!

GRAB FIRST L— 54

IMAGE

!

PAST ARRAY =—— | ¢

FIRST IMAGE

ﬂ

GRAB NEXT —58

IMAGE

v

PRESENT ARRAY «——
NEXT IMAGE

v

DIFFERENCE ARRAY -——

—60

SUBTRACT PAST ARRAY [ —62

FROM PRESENT ARRAY

INITIAL STEPS

SUBSTITUTE SHEET (RULE 26)



WO 94/27408

PCT/US94/05121

/14

7
DONE |SCAN DIFFERENCE ARRAY:
CORRESPONDING
ELEMENT OF
BINARY IMAGE <-— 0
ARRAY
7
68
CORRESPONDING
ELEMENT OF
BINARY IMAGE <— 1
ARRAY
—
| SCAN THE BINARY Y CONVERT TO
IMAGE ARRAY: "1 BINARY IMAGE
\ GATESUM FOR A GATE<—
DONE| -,
__| = BINARY IMAGE
74 VALUES WITHIN
EACHGATE |
SUM THE BINARY IMAGE
VALUES WITHIN EACH GATE

76 |

CALCULATE YBAR FOR A GATE

DETERMINE THE CENTER OF
Y MASS FOR EACH GATE

SUBSTITUTE SHEET (RULE 26)



- PCT/US94/05121

WO 94/27408

8/14

41LVO HOVH JO J.1V.LS ANIWYA.LId A

a . » X \
91 J— LIxd
‘ —»4LVISALYD N dTOH —»
A1dnd LNHSTAd dLVISILYD
—»4LVISALYD INgsaud| |
INISTdd T3 001 96
7 loi [ /
28 Lixd J9.LN4
—»-F1VISILYD —»-4LVISILYD
LINASTud INESTud
|l
—»-JLVISILYD
ALdING INISTdd N
—»JLV.ISILVD 26
LNISadd \
/
201 A1dNd
—»qLVISILYD
ol LNgs3ad
-
. 88
Ol 9OI4 98| ALdWd
—»JLV.ISILVD
LNISTId
¥8 8/
/ aNoa 4
@’IOH :STLVO NVOIS e
—»JLVISILVD 5
INASTdd

SUBSTITUTE SHEET (RULE 26)



WO 94/27408

9/14

l

SCAN GATES AND
_,| COUNT THENUMBER| __,.
OF CONSECUTIVE | DONE

EMPTY GATES:

NUMBER
CONSECUTIVE
EMPTY GATES

ON EACH SIDE
OF EMPTY
GATES -

PCT/US94/05121

CHANGE
CONSECUTIVE EMPTY
GATESTATES TO

ENTER

ON EACH SIDE
OF EMPTY
GATES =

128
A J

CHANGE
CONSECUTIVE EMPTY
GATESTATES TO
EXIT

y

ENTER GATES AND EXIT GATES

FILL IN GAPS BETWEEN ADJACENT

SUBSTITUTE SHEET (RULE 26)




WO 94/27408

10/14

J,

PCT/US94/05121

SCAN THE GATES AND I' IG . 1 Z

COUNT THE NUMBER OF__,
CONSECUTIVE ENTER | DONE
AND EXIT GATES:

ENTER OR

EXIT GATES Y 134

ON EITHER SID
OF CONSECUTIVE

136

/

CHANGE CONSECUTIVE
ENTER OR EXIT GATES
TO GATESTATE EMPTY

SUBSTITUTE SHEET (RULE 26)

¢ RESET CONSECUTIVE ENTER OR EXIT
GATES THAT ARE NOT WIDE ENOUGH




WO 94/27408

l

11/14

— SCAN THE GATES:

PCT/US94/05121

FIG. 13

142

/

RECORD THE CONSECUTIVE
ENTER GATE LIMITS IN
PERSON_STARTGATE AND
PERSON_ENDGATE

174 l

RECORD ENTER IN
PERSON_STATE

148

/

RECORD THE CONSECUTIVE
EXIT GATE LIMITS IN
PERSON_STARTGATE AND
PERSON_ENDGATE

1 /50. l

RECORD EXIT IN
PERSON_STATE

1

ESTABLISH PERSON BLOCKS FROM
Y CONSECUTIVE ENTER/EXIT STATES

SUBSTITUTE SHEET (RULE 26)




WO 94/27408 - PCT/US94/05121

12714
I SCA}\I THE PERSON BLOCKS:—— FIG 14
151 l

WIDTH<— PERSON_ENDGATE -
PERSON_STARTGATE + 1

/

152

156

v/

PERSON_COUNT =«— 0

160

y /

+ 164
PERSON_COUNT -=—
WIDTH/MAXPERSON
WIDTH

:

PERSON_COUNT<e— | |5

l RECORD THE NUMBER OF PEOPLE
IN EACH PERSON BLOCK

SUBSTITUTE SHEET (RULE 26)



WO 94/27408 PCT/US94/05121

13714
| SCANPAST | —166 1
PERSON BLOCKS: DO-NbE M
o
COUNT=—0 168 174
sorverma | Fsovalon g[GBTS
: OVERLAP PAST |
PERSON BLOCKS: IN PRESENT BLOCK
Y > 178
v 180
y |
INCREMENT PEOPLE
COUNT FOR PAST
PERSON_STATE BY _
PAST PERSON_COUNT- COUNT
2
Y INCREMENT PEOPLE
»| COUNT FOR PAST
__| PERSON_STATE BY
184 PAST PERSON_COUNT
)

SUBSTITUTE SHEET (RULE 26)



WO 94/27408

14714

FIG. 16

l

- PCT/US94/05121

DISPLAY PEOPLE COUNT
FOR ENTER/EXIT STATES

l

TRANSFER PRESENT
GATEDATA TO
PAST GATE DATA

| —188

l

TRANSFER PRESENT
PERSON BLOCK DATA
TO PAST PERSON
BLOCK DATA

L— 190

l

TRANSFER PRESENT
WINDOW IMAGE TO
PAST WINDOW IMAGE

_— 192

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US94/05121

A. CLASSIFICATION OF SUBJECT MATTER
IPC(5) :HO4N7/18
US CL :348/ 170
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 348/150, 155, 169, 170, 218
IPC(5) :HO4N7/18

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US, A, 5,097,328 (BOYETTE) 17 MARCH 1992, FIGURES 1| 9, 11-18, 20-
AND 3. 23,25-3 0, 32-
35
Y,P US, A, 5,243,418 (KUNO ET AL) 07 SEPTEMBER 1993,| 1-8, 10, 19, 24,
COLUMN 11 AND FIGURES 2, 5, 13A-C. 31
AP US, A, 5,196,929 (MIYASAKA) 23 MARCH 1993. 1-35
A US, A, 3,736,376 (KATO, JR.) 29 MAY 1973. 1-35
A US, A, 4,688,090 (VEITCH) 18 AUGUST 1987. 1-35
A US, A, 4,908,704 (FUJIOKA ET AL) 13 MARCH 1990. 1-35
A US, A, 5,136,383 (SHEPARD ET AL) 04 AUGUST 1992. 1-35

D Further documents are listed in the continuation of Box C. D See patent family annex.

. Special categories of ciled documents: T later document published after the international filing date or priority
“ie . L . Lo . date and not in conflict with the application but cited to understand the
A gthe g state of the art which is not considered principle or theory underlying the invention
10 be part of particular relevance
. . - X d t icular relevance; the claimed invention cannot be
carlier document published on or afier the international filing date X c:‘.mfom? v Lbe e ¢ 10 involve an i ive step
L document which may throw doubis on priority claim(s) or which is when the document is taken alone
cited lom‘o; lish the publication date o her citation o other Y document of particular rel the claimed i ion cannot be
special (as specified) considered to involve an inveniive step whena the document is
0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such d such inati
means being obvious to a person skilled in the art
P d published prior to the i ional filing date but later than  *g* document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of mailing oé i’hc ’\mational search report
18 JUNE 1994 ‘ .
/) L0
Name and mailing address of the ISA/US Auth officer
Commissioner of Patents and Trademarks
Box PCT Al
Washington, D.C. 20231 RD LEE
Facsimile No.  (703) 305-3230 Telephone No.  (703) 308-6612

Form PCT/ISA/210 (second sheet)(July 1992)»



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

