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AUTOMATIC DOOR ASSEMBLY WITH
VIDEO IMAGING DEVICE

WA

10  Field of the Invention
The present mvention relates to an automatic door assembly for
controlling access through a door opening. More particularly, the present
mnvention relates to an automatic door assembly that mmcorporates the use of a
video 1maging device that detects the approach of persons and objects to the
15  door assembly and responsively signals the operator of the door assembly to

open the door panel(s) thereot.

Background of the Invention

In commercial and industrial buildings, such as, for example,
20  retail stores, factones. warehouses, etc., 1t 1s often desirable to provide a video
surveillance system to momnitor persons and events within the building. One of
the key areas where 11 15 desired to direct such video surveillance is at the
doorways that pernut entrance and exit to certamn areas. This allows secunty
personnel to monitor the comings and goings of mdividuals through the

25  doorways.

In many commercial and industnal settings, there exists one or
more doorways within a building provided with an automatic door assembly
that automatically opens when 2 person approaches the doorway to permit
entrance/exit therethrough. These automatic door assembhlies typically use

30  microwave doppler or active and passive mifrared (IR) sensors to detect the
motion of a person approaching the door. Also, some automatié door

assemblies use pressure sensitive mats or electric eyes o determine the

presence of a person in front of the door panel(s) thereo{. Irrespective of
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which kind of sensor is used, when a sensor determines that a person is
approaching the doorway, the controller of the door assembly responsively
signals a door operator thereof to move the door panel(s) to the open position
thereof to permit passage therethrough.
5 In arrangements wherein a video surveillance device is being
used to monitor a doorway in which an automatic door assembly is installed,
the surveillance 1maging device 1s mounted at a vantage point that provides a
view of the persons travelling through the doorway while, at the same time,
sensors on the door assembly are also monitoring the areas adjacent to or
10 within the doorway to detect the presence of motion indicative of persons
travelling through the doorway. Thus, the building owner is paying for the
costs of two systems that function to some extent to monitor a doorway. Also,
the 1maging device that monitors the doorway and the door assembly itself are
typically mstalled by different companies, thereby increasing installation
15  costs.

Consequently, there exists a need in the art for an arrangement
wherein video imaging capabilities and sensing capabilities that determine the
presence or approach of a person to a doorway controlled by an automatic
door assembly are combined into one convenient package that can be easily

20  1nstalled to provide effective door assembly operation and video imaging

functions.

Summary of the Invention

It 1s therefore an object of the present invention to meet the

25  above-described need. To achieve this object, the present invention provides
an automatic door assembly for installation at a doorway formed through a

wall of a building and for use 1n conjunction with a video device that is (a)
capable of recelving a video data signal from a video imaging device
monitoring a field of view and (b) processing the video data signal received

30 from the imaging device into a form suitable for'displaying images that are
visually representative of the i1maging device’s field of view. The door

assembly comprises a frame assembly that mounts to the building wall at the
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doorwav thereof. a door panel that mounts to the frame assembly for
movement between closed position and open positions, and a door controlling
system.

In accordance with the invention, the door controlling system
comprises a video imaging device mounted 1n a viewing position. Preferably,
the 1maging device is provided by a digital or analog video camera. In the
viewing position, the imaging device monitors a field of view that
encompasses at least an approach area located adjacent to the doorway. The
video imaging device transmits an internal video data signal comprising
information representative of the field of view. The controlling system also
comprises a detection system comprising a video signal processor that
communicates with the video imaging device. The processor receives the
intermal video data signal from the imaging device and processes the
information comprising the internal video data signal to determine whether a
person or object has entered the approach area. The detection system
transmits a door opening signal in response to the processor thereof
determinming that a person or object has entered the approach area. The door
assemblv also comprises a door operator connected to the door panel and
communicated with the detection system. The door operator moves the door
panel from the closed position thereof to the open position thereot responsive
to recerving the door opening signal.

The detection system may comprise both the processor and a
standard door controller. The door controller would be of the type known 1n
the art that 1s capable of monitoring the position of the door panel structure via
a feedback mechanism and varying the amplitude or frequency of the door
opening signal to control the speed at which the door operator opens the door
panel(s). For example, it 1s usually desired to move the door panel relatively
slowly at or near the fully opened and closed positions thereof and relatively
faster in the middle of 1its travel path. -In this arrangement, the processor
oenerates a detection signal and transmits the same to the controller. Then the
controller responsively generates and transmits the appropnate door opening

signal to the operator based on the position of the door panel. In fact, 1if the
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door panel 1s alreadv in the fully open position thereof. the controller may
ignore the detection signal and not transmit anv door opening signal to save on
wear and tear of the operator. Alternatively, the functions of the controller
may be built into the processor.

5 T'he door controlling system is adapted to transmit an external
video data signal comprising information representative of the field of view of
the 1maging device. This enables the door controlling system to be
communicated to the aforesaid video device so that the video device can
process the external video data signal into a form suitable for displaying

10 1mages that are visually representative of the field of view of the video
imaging device including the approach area adjacent the doorway. Such a
video device may include a video display device such as a video monitor or a
video data storing device that stores the information for later retrieval and
review in conjunction with a video display monitor. '

15 The terms internal and external are used with respect to the
video data signals to emphasize the fact that the internal signal remains
internal to the door assembly and is used by the door controlling system while
the external system is output externally of the door assembly to the video
device. As a result, the door assembly of the present invention provides the

20 funcuons and advantages of a video imaging device and the door controlling
functions of a typical door assembly into one convenient package. This
convenience can be greatly appreciated by establishments that monitor their
doorways with video surveillance because the provision of the video 1maging
device on the door assembly eliminates the need for separately purchasing and

25> nstalling a video imaging device for monitoring the doorway.

In prior art arrangements, such as those disclosed in U.S. Patent
Nos. 4,914,859 and 4,565,029, a number of individual energy emitters and
detectors are provided in the assembly to provide coverage for the travel area

of the door panel structure. The ‘859 patent relates to a sliding door assembly

LI
-

and the "029 patent relates to a swing door assembly. FEach of these
assemblies uses a position sensor to determine the position of the door panel

structure between the open and closed positions thereof. In each of these
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assemblies. the processor selectively activates and deactivates the individual
detectors as needed to ensure that movements of the door panel structure do
not trigger the detectors and responsively cause generation of a door opening
signal. These designs, however, are expensive because of the costs associated
5  with obtamning and installing multiple individual detectors, and the increased
design costs assoclated with integrating each of the detectors into the overall
system design. Also, the use of multiple detectors introduces additional points
for malfunctions.
To obviate the problems with these prior art arrangements
10 discussed above, another aspect of the invention provides an automatic door
assembly for installation at a doorway formed through a wall of a building.
T'he door assembly of this aspect of the invention comprises a frame assembly
constructed and arranged to be mounted to the building wall at the doorway
thereof. A door panel is constructed and arranged to be mounted to the frame
15 assembly for movement between (1) a closed position wherein the door panel
1s positioned 1n covering relation over the doorway to prevent persons and
objects from travelling therethrough and (2) an open position wherein the door
panel 1s moved out of the covering relation to permit persons and objects to
travel through -the doorway. A door controlling system comprises a video
20 1maging device constructed and arranged to be mounted in a viewing position
wherein the 1maging device monitors a field of view that encompasses at least
a door panel travel area through which the door panel moves during movement
thereot between the open and closed positions. The video imaging device is
adapted to transmit a video data signal comprising information representative
25  of the held of view. The door controlling system also comprises a detection
system comprising a video signal processor that communicates with the video
imaging device. The video signal processor i1s adapted to receive the video
data signal from the imaging device and to process the information comprising
the mnternal video data signal to determine whether a person or object is in the
50 door panel structure travel area. The detection svstem 1s adapted such that the
processor 1gnores the movement of the door panel within the door panel travel

area so that the door panel 1s not determined by the processor to be a person or
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object 1n the predetermined area. The detection system is also adapted to

responsively transmit a door opening signal in response to the pProcessor

thereot determining that a person or object is within the door panel travel area.

A door operator 1s constructed and arranged to be connected to the door panel

5  and adapted to communicate with the detection system. The door operator 1s

constructed and arranged to move the door panel from the closed position

thereot to the open position thereof through the door panel travel area

responsive to receiving the door opening signal.

I'he assembly of this aspect of the invention is advantageous

10 because the travel area of the door panel can be properly monitored by an

imaging device without the costs and complexities associated with continually
activating and deactivating multiple sensors as in the prior art arrangements.

Other objects, features, and advantages of the present invention

will  become apparent from the following detailed description, the

15 accompanying drawings, and the appended claims.

Brief Description of the Drawings
Figure 1 1s a perspective view of a sliding door assembly
mstalled 1 a wall of a building, the door assembly having a video camera
20 provided thereon in accordance with the principles of the present invention;
Figure 2 1s a schematic illustration of the components that
communicate with the video camera provided on the door assembly;‘
Figures 3A and 3B are schematic illustrations showing the

placement and ornentation of video imaging devices according to a preferred

N
n

embodiment of the invention;
Figure 4 1s a schematic illustration of components of a feedback
mechanism for door positions and motion; and ‘
Figure 5 illustrates the general features of signals output from

the teedback mechanism of Figure 4.
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Detatled Description of the Invention

Figure 1 1s a perspective view of a sliding door assembly,
generally indicated at 100, mounted within a doorway 102 of a wall 104 of 2
building 106, the remainder of the building being cut-away around the

> doorway 102. The door assembly 100 comprises a frame assembly, generally

indicated at 108, that mounts within the doorway 102. The frame assembly

102 comprises a header 110 that houses the door operator (shown

schematically at 16 in Fig. 2) and the door controlling system (shown

schematically at 10 in Fig. 2) that controls the door operator 16, which system

10 10 will be described in more detail hereinbelow as being the focus of the

present application. The frame assembly 108 also comprises a pair of non-
sliding panels 1‘.12 that cover opposing sides of the doorway 102.

The door assembly 100 further comprises door panel structure

in the form of a pair of sliding door panels 114, 116 that move rectilinearly

15 between open and closed positions. In the closed position thereof, the door
panels 114, 116 are positioned in covering relation over the portions of the
doorway 102 that are not covered by the non-sliding panels 112 to prevent the
travel of persons and objects therethrough. In the open position thereof, the
door panels 114, 116 are moved out of covering felation with respect to the

20 doorway 102 to permit the travel of persons and objects through the doorway
102.

The door operator 16 may be of any known construction, such
as hydraulic or electromechanical, and connects to door panel carriers (not
shown) that are housed inside the header 110. Each of the door panels 114,

25 116 are idividually mounted to these door panel carriers and the carriers roll
or slide 1n a rectilinear manner within the header 110 toward or away from one
another to provide the door panels 114, 116 with their movement between the
open and closed positions thereof. The use of such door panel carriers is well-
known m the art and will not be detailed herein. The door operator 16

30 operates 1o move the door panel carriers away and towards one another to
atfect the movement of the door panels 114. 116 between the open and closed

positions thereof.
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In accordance with the principles of the present invention the
door assembly 100 also comprises a video imaging device (shown
schematically at 26 in Fig. 2) housed within a video camera 120 that is
mounted 1n a viewing position to the outwardly facing surface of the header

> 110. In this viewing position, the imaging device 26 of the camera 120 has 2
field of view as demarcated by lines 122 that encompasses an approach area
124 disposed adjacent to the doorway 102. This enables the 1maging device
26 to monitor approach area 124. It is contemplated that the imaging device’s
field of view may also encompass the doorway 102 1tself (1.e., the threshold

10 area). This enables the device 26 to monitor both the approach area 124 for
persons approaching the doorway and the threshold area within the doorway
102 1tself for persons stopped and standing therein. The role and function of
the 1imaging device 26 is explained in further detail hereinbelow.

Figure 2 schematically illustrates the general concepts and

15 arrangement of the present invention. The door controlling system, generally
indicated at 10, is housed within the header 110 (Fig. 1) and communicates
with the door operator, which is indicated schematically in this Fig. 2 at 16.
I'he door controlling system 10 has one or more video Imaging units, each
indicated at 26 and housed within video cameras similar to video camera 120

20 shown m Fig. 1. The door controlling system 10 also comprises a motion
detection sub-system 31. This sub-system 31 comprises one or more video
cameras 120 and a door controller 14 that communicates with the operator 16.
Each of the cameras 120 houses a processor 32 that is adapted to generate a
motion detection signal and transmit the signal to the controller 14 in a manner

25 that 1s described in further detail hereinbelow. The door controller 14 is
adapted to generate a door opening signal and transmit the signal to the
operator 10 1n a manner that is described in further detail hereinbelow.

In the arrangement 1llustrated in Fig. 2, there are a plurality of
video cameras. FEach of the cameras 120 has an electronic video imaging

50 device 20. preferably iﬁ fhe form of a digital video imaging device.
For the sake of simplicity, the manner in which the door

controlling system operates will be described under the assumption that only
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one camera 120, and thus only one video imaging device 26 and one processor

52.1s being used. The signal processor 32 recejves and processes video data

from the video imaging device 26. More specifically, the video Imaging

device 26 generates and transmits an internal video data signal comprising

5 formation representative of its field of view. This internal video data signal

1s recerved by the processor 32 and processed or evaluated to determine

whether a person or object has entered into the approach area. The specific

way 1 which the processor 32 makes this determination will be described in

further detaill below. When the processor 32 determines that a person or

10 object has entered the approach area 24, the processor 32 generates and

transmits a motion detection signal to the controller 14, which in tumn

transmits a door opening signal to the door operator 16 (assuming the door
panels 114, 116 are not already in the open position thereof).

The controller 14 may be of any type known in the art. Such a

15 controller 14 would treat the motion detection signal from the processor 32 in

the same manner as it would 1f it were a motion detection signal that was

transmitted from other well known motion or presence detection systems, such

as IR or microwave doppler sensors. As 1s well-known in the art, the

controller 14 momitors the poéition ot the door controller 14 and uses that

20 nformation to vary the amplitude or frequency of the door opening signal to

affect faster or slower movement of the door panel(s). For example, it is

usually desirable that the door operator 16 moves the door panel(s) slower at

or near the fully opened and closed positions thereof. The controller 14

monitors the position of the door panel(s) using the same well-known Hall

i
v

effect sensor arrangement that is described hereinbelow. The controller 14
may also be adapted to wait a predetermined period of time after the processor
‘has ceased generating and transmitting the motion detection signal and then
generate and transmit a door closing signal to the operator 16.

Alternatively, the use of a separate controller and a separate
30 processor may be obviated by using a single processor that performs the

above-described functions of both the processor 32 and the controller 14.
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To determine whether an object or person has entered the

approach area monitored by the video imaging device 26, the processor 32

processes or evaluates the mformation comprising the internal video data

signal 1 accordance with known algorithms in order to detect movement of a

5>  person or object in or into the imaging device's the field of view. For

example, an 1mage frame taken at one time may be stored and compared with

a subsequent image frame taken at a later time. In the case of a digital image,

a pixel-by-pixel comparison may be performed between the two images. In

that case, 1f a pixel has a different image value in the subsequent image than in

10 the earlier image, a change in pixel value is tallied for that pixel. If a large

object, such as a person, moves between the time of the earlier image, and the

subsequent 1mage, then a large number of pixels will register as having
different values between the two images.

To distinguish between small pixel changes due to noise, which

15 15 almost always present at some level, a detection threshold value is set.

When the number of pixels registering as having different values exceeds the

set detection threshold value, the processor 32 responsively treats that as

motion and transmits the motion detection signal to the controller 14. The

detection threshold value can be set at a higher value to eliminate detection of

20 small objects, such as paper blown through the field of view by the wind or

other such debns, or small animals such as insects, small birds, and squirrels

that may move through the field of view. Preferably, the detection threshold

value 1s set to a value at which motion of a small child is detected. Preferably,

motion of a 28" tall child that is approximately 10" wide and approximately 6"

1D
N

deep and moving at between 3.2 inches per second to 2.5 feet per second is
detected. In addition, the detection threshold may be set such that partially
solid objects such as wire frame or plastic shopping carts are detected.

In another embodiment of the invention, the processor 32 filters
out the background image and distinguishes certain moving objects from a
30 person or people approaching the automatic door. 1In the case of background
filtering, background objects will typically be stationarv on a time scale which

s long compared to the time it takes for a person to walk into the view of a
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video 1maging device. and to pass through the automatic door and travel out of
the field of view of the opposing video imaging device. For example, blowing
paper or leaves may blow into the field of view, and then remain steady for
many minutes, hours or even days. Objects may be rearranged and moved, for
> example, relocating a trashcan within the field of view. Changing weather
conditions, such as snow, may present relatively fixed background 1mages.

In an arrangement wherein a'plurality of 1imaging devices 26
are used, such as the arrangement in Figure 2, each of the 1maging devices 26
generates and transmits an internal video data signal to its associated processor

10 32, Each processor 32 processes or evaluates -its respective signal to
determine whether a person or object has entered into any of the areas
monitored by the imaging devices 26. When one of these processors 32
determines that a person or object has entered one of these monitored areas 24,
that processor 32 generates and transmits a motion detection signal to the

15  controller 14, which 1n turn transmits a door opening signal to the door
operator 16 (assuming the door panels 114, 116 are not already in the open
position thereof).

In the preferred embodiment, a black-and-white digital camera
that employs CCD elements for imége pickup 1s used to provide the video

20 1maging device(s) 26. The invention anticipates using color video 1maging
devices 1n other embodiments. Furthermore, the invention is not limited to
only digital imaging devices. Analog video cameras may be used in other
embodiments of the invention.

The camera 120 may LED indicators 28 that provide

25 mformation on the operational status of the master camera 22 and its 1maging
device 20 during the installation, operation and/or maintenance thereof.

The camera(s) 120 are selectively attached to portions of an
automatic door assembly and/or structures immediately adjacent thereto. The
number of cameras 120 used and their particular placement will depend on the

30 particular type of automatic door assembly and, in some cases, on the size of
the door. The most common applications may be categorized as sliding doors,

swinging doors, and bi-fold doors. In the case of swing doors, there are four
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common tvpes of swing doors encountered: uni-directional single door, uni-
direcuonal double door, bi-directional single door. and bi-directional double
door.

The video 1imaging device(s) 26 of the door controlling system

tn

are also communicated to a remotely located external video device that is

capable of processing a video data signal received from a video imaging

device 26 mto a form that is suitable for displaying images that are visually
representative of the imaging device’s field of view. In the arrangement
wherein more than one imaging device 26 is provided in the door controlling

10 system 10, only the video data signal from one 1maging device 26 will be
transmitted as the external video data signal to the external video device;

although 1t may be desirable to transmit external video data signals from two
or more of the imaging devices 26 of one controlling system 10 that have
significantly different fields of view. Alternatively, the external video signals

15  from a plurality of 1imaging devices 26 may be transmitted to a single video
device for simultaneous viewing or storage and subsequent viewing with the
fields of view being shown in “split screen” fashion. This external video data
signal may be. transmitted to the external video device directly from the
imaging device 26 that generates 1t in parallel with the processor or it may be

20 wansmitted to the external video device indirectly through the video processor
32 1n series therewith. Like the internal video data signal (which may be
digital or analog), the external video data signal (which may be digital or
analog) comprises information that 1s visually representative of the imaging
device’s field of view.

25 - The external video device may be a video data storing device,
shown at 18, that 1s capable of processing a video data signal and storing the
same for later use 1 conjunction with a display device, thereby allowing
events taking place 1n the camera’s field of view to be reviewed at a later time.
The video data storing device 18 1s preferably a high-capacity unit, but may

30  generally be selected from a wide range of available semiconductor storage

devices, magnetic storage devices, or optical storage media, such as flash
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memones. hard drives. removable magnetic media, recordable CD, recordable
DVD disks. or standard VHS VCR tape, for example.
A further preferred feature of the video data storing device 18

1s that 1t 1s adapted to record only when motion is detected 1n the field of view

(N

of the 1maging device 26 from which the external video data signal 1s derived.
To accomplish this, each processor 32 1s commumnicated to the activating
device of the stonng devicé 18 and transmits the same motion detection signal
that 1t transmuts to the controlier 14. Alternatively, the controller 14 may be
commumicated to the activating device of the storing device 18 so that the
10  controller 14 activates the storage device 18 responsive to receiving the
motion detection signal from one of the processors. The storing device 18
normally stays mactive and does not record or otherwise store the external
video signal transmtted thereto. However, when the activating device thereof
recerves the motion detection signal, or a corresponding signal from the

15 controller 14 1ts activates the video storing device 18, which m turn begins
recording or storing the extermal video data signal. Yror further detais

concerning this feature, reference may be made to U.S. Patent Nos. 5,602,585

and 5,880,775,

20 Alternatively, the external video device may be a video display
device 1 the form of one or more video monitors, shown at 20. The monitor
20 may be viewed by security personnel to track the travel of persons and
objects through the doorway 102. In a future application, the monitor 20 may
be located at a remote service location and be commumcated with the door
25  controlling system 10 via a digital or analog network. This could enable a
service or repair technician to visually venfy the operational condition of the
door assembly (assuming an 1maging device on the door assembly has
pertinent portions such as the door panel(s) within 1ts field of view) prnior to
travelling to the Jocation of the door assembly 100. This can reduce the need
30 for travelling of the repair technician 10 handle problems that he could easily

mstruct on-site persons to handle over the telephone while viewing thenr

activities on the monitor 20.
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In a preferred embodiment of the invenuon the processor 32
distinguishes between particular “known™ moving objects and other moving
objects. In particular, the processor 32 recognizes detection of the moving
door panel(s) themselves and ignores such movement. That 1s, the processor
32 detects the motion of a door panel within a field of view of an 1maging
device, but does not generate a motion detecting signal 1n response to such
motion.

One exemplary way to accomplish this 1s to generate a look-up
table of data. However, the invention also anticipates using algonthms to
recogmze known moving objects mstead of, or n addition to, look-up tables of
data. In generating a look-up table, a table of motion data corresponding to a
motion map for the moving door panel(s) is generated in correlation with
known motion and positions of the door panel(s). Preferably, sensors are
placed on compbnents, which move in correlation with the motion of the door.
A suitable feedback mechanism that may be used 1s disclosed in U.S. Patent

No. 4,565,029,

The feed back mechamism may also have two Hall effect
(ransistors positioned on a circuit board that i1s fastened to the rear of the motor
housing used to effect opening and closing of the door. The motor shaft
protrudes through the rear of the motor housing where a small magnetically-
charged disk having four poles spaced 90° from one another 1s fastened to the
motor shaft. As the motor rotates, the magnetic disk rotates causing four
magnetic fields, each created by one of the poles and alternating between
positive and negative, to pass alongside the two Hall effect transistors. The
transistors are positioned substantially along a circular arc relative to the axis
of rotauon 22%° out-of-phase from each other. A power source 1s connected
to the wransistors, and the transistors act as swiltches that close momentanly
each time a magnetic pole passes alongside the two transistors. This results 1n
two  separate pefiodic waveforms from the twansistor-magneuc held
configuration, each of which is generated by a respective one of the sensors.

The two waveforms are substantially identical squarewaves having two values
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that may be referred to a high and low and are 224 out-of-phase with each

other due to the relative positioning of the transistors along the path of
rotation.
T'he two waveforms are transmitted to the processor 32 either
5  directly or indirectly via the controller 14. The two waveforms output from
the feedback mechanism are utilized by the processor to determine the
position, direction, and speed of the moving door. Generally, the position and
direction of motion of the door are of greater interest than the speed of the
door.

10 FIGURE 4 1s a schematic drawing illustrating an example of
such a feedback mechanism. It should be understood that this arrangement is
only provided as an illustrative example. and is not intended to be limiting.
The motor has a motor housing 74 and a rotating shaft 76 protruding through
the rear of the motor housing 74. Two Hall effect transistors 78 and 80 are

15  disposed substantially 22%:° apart on an arc subétantially centered on an axis
of rotation of the motor shaft 76. A magnetic disk on the motor shaft 76
creates a periodic magnetic field, which actuates the Hall effect transistors 78
and 80. The four poles on the shaft are marked 82A, 82B, 82C, and 82D, and
alternate between positive and negative poles. When each positive pole 82A,

20 82C 1s proximate either Hall effect transistor 78, 82 it causes the signal of that
transistor to switch from a low state to a high state. Likewise, when each
negative pole 82B, 82D 1s proximate either transistor 78, 80 it causes the
signal of that transistor to switch from a high state to a low state. This process
repeats 1tself as the motor shaft 76 rotates through successive revolutions.

25 The output signal created by this action is illustrated in
FIGURE 5 at 84. FIGURE 5 also illustrates the signal 86 output from the Hall
etfect transistor 80, which 1t should be noted is 22%:° out of phase with signal
§4. For the time axis going from left to right in FIGURE 5, the signal output
86 trom Hall effect 80 transistor remains low for a 22%° tum of the shaft 76

50 atter the output signal 84 from the Hall effect transistor 78 is switched to a
high value. After the 22'%° rotation of the motor shaft 76, the positive pole

82A 1s then proximate the Hall effect transistor 80 thus causing the signal 86
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to switch from a low value to a high value. The signal 86 remains at a high
vajue for another 90° turn of the motor shafi 76 until negative pole 82B is

proximate transistor-80. However, before that occurs. after 67'4° the negative

pole 82B passes proximate to the Hall effect transistor 78, and thus it switches

()

the signal 84 thereof to a low value while the signal 86 from the Hall effect

transistor 80 remains at a high value.
One may think of each value of the squarewaves 84 and 86 as

having four portions, each corresponding to a 22'4° rotation of the motor shaft

76. Thus. the signal 86 lags the signal 84 by 224° for rotations of the motor
10 shaft 76 in the counterclockwise direction such that each successive pole §2A,

B, C, D rotates from the Hall effect transistor 78 counterclockwise to the Hall

effect ‘transistor 80. In other words, each transition from a high value to a low

value or a low value to a high value of the signal 84 occurs in one of the

above-mentioned units prior to a transition of the signal 86 from a low value to
15 ahigh value or a high value to a low value.

In the case where the motor shaft 76 rotates in the clockwise
direction, the signal from the Hall effect transistor 80 is represented 1n
FIGURE 5 by signal 88. In this case, transitions from a high value to a low
value or a low value to a high value of the signal 88 lags corresponding

20 transitions of the signal 84 by 22%4° because each pole 82A, B, C, D passes
proximate transistor 80 prior to transistor 78. Consequently, the asymmetry
and the positioning of the Hall effect transistors 78 and 80, permit one to
determine the direction of rotation by the relative phase of signals output from
Hall effect transistor 78 relative to Hall effect transistor 80. Although the Hall

25 etfect transistors 78 and 80 are shown as being placed about 22%° out of phase
with each other in the counterclockwise rotation direction, one skilled in the
art should recognize that phase differences other than 2214° may also be used.
One 1s not imited to only two Hall effect transistors. but this is preferable for
simplicity and cost effectiveness.

30 In operation, as the door moves the two waveforms from the

Hall effect transistors 78 and 80, respectively, continue to propagate and
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change state from low to high or high to low, depending on the previous state.
I'he processor 32 evaluates both waveforms simuitaneously. In FIGURE 5,
signal 84 1s initially in a high state 90 while the signal 86 is in the low state 91.
As the door moves in a particular direction, for example, forward or open,
5>  corresponding to counterclockwise rotation of motor shaft 76, the waveform
34 at state 93 remains at a high value while for a signal 86, it transitions for a
high value 94. The processor 32 compares signals 84 and 86 at portions 90
and 91 corresponding to high-low values as compared to portions 92 and 93
corresponding to high-high values. This change is said to be a state transition

10 and state transitions only occur while a door is in motion.
As the door continues to move, the controller will process
additional state transitions, such as comparing portions 94 to 95 and 96 to 98,
corresponding to low-high values and low-low values. This process is
continued for succeeding transitions. The processor 32 recognizes any
15 transition of states of door motion. In the preferred embodiment, there are two
separate algorithms to determine the actual door position, and the direction of

travel.

In regard to the door position, when the door assembly is
mitially powered up, the door panel moves very slowly to the full open
20 position which 1s defined as the zero position. As the door starts to close, the
two output wavetorms 84 and 86 are generated and transmitted to the
processor 32 (or processors 32 in the arrangement with more than one camera
120). The processor 32 logs each transition of either signal 84, 86 into its
memory as a state change. The first state change as the door panel moves in
25 the door closing direction from the aforesaid zero position is assigned the
position number 1 and the second state change in the door closing direction is
assigned position number two and so on. In other words, each successive state
change as the door panel moves in the closing direction thereof is assigned a
position number that increases incrementally by 1 until the door reaches the
30 fully closed position. As the door begins to reopen, the transitions are again

logged and the position number 1s decreased each time a state transition is

reached. This algorithm of identifying and logging transitions permits the
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processor to recognize length of travel of the door. but not the direction of
travel. However, the processor 32 also evaluates the state changes to
determine the type of state change. A high-low state is always followed by a
high-high state in the door opening direction, and a high-high state is always
followed by a low-high state in the same door opening direction. Conversely,
a high-low state 1s always followed by a low-low state in the door closing
direction, and this low-low state is then followed by a low-high state in the
door closing direction. These state change differences may be reversed. Thus,
when a state change 1s detected and the processor determines that it is a state
change that corresponds to movement in the door opening direction, the
processor increases the position number by 1. Conversely, when a state
change 1s detected and the processor determines that it is a state change that
corresponds to movement 1n the door closing direction, the processor
decreases the position number by 1. As a result, because the processor
continually evaluates these feedback signals 84 and 86 for both distance and
direction of travel, the processor always “knows” the position of the door
panel as defined by its position number.

The number of positions will vary depending on the type of
door set up, size of motor and gearbox configuration, etc. For a 90° swing
door, there are approximately 640 positions between full open and full closed
which translates to roughly 7 positions per degree of door travel. For sliding
doors, there are roughly 14 positions per inch of travel. This again depends on
the motor/gearbox configuration and the timing belt pulley circumference and
other mechanical components.

In order for the automatic door to recognize detected motion of
the door as being distinguishable from the motion of a person, the video sensor
system performs what may be viewed as a learn mode. During the initial
power-up cycle of the door system, the door position and travel direction is
established and monitored. In addition to this, the processor 32 (or processors
32 n the arrangement with more than one camera 120) also goes through a
learn phase. During the learn phase, care 1s taken to ensure that other moving

objects do not corrupt the data taken during the learn phase. The door is
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moved from the full open position to the full closed position. While this
occurs, the video sensor system logs the door position number in memory
along with information demarcating the area within the camera’s field of view

in which the door panel is located and moving. The process continues for

Ln

each and every door position. This generates a look up table that has a
information concerning the location of the door panel with the imaging
device’s field of view for each and every position of the door panel.

Durning operation of the door assembly, as the processor
evaluates the internal video data signal from a video imaging device, it looks
10 to the look up table generated during the learn mode. By looking at the look

up table, the processor 32 (or processors 32) determines the area where the
door panel 1s 1n the 1maging device’s field of view and ignores motion in that
area. The area of door motion 1s said to be masked so that during normal door
operation the masked area will-be insensitive to motion for as long as the door
15 panel 1s i the specific position stored in a look-up table accessed by the
controller. As the door moves to another position, the masked area is removed
so that the same area will then be sensitive to motion occurring within the
previously masked area. After the door has moved, there 1s then a new
masked area associated with the new door position, which 1s again insensitive
20  to motion.

Although the above described masked areas as being sensitive
and 1nsensitive to motion, other embodiments include recognizing the
appearance of new objects in addition to moving objects. For example, a

person who 1s motionless within the swing path of a swinging door or within

I~
N

the slide path of the sliding door will be recognized in this embodiment as
being different from the pre-established background image. Again, during the
learm mode ot the processor 32 (or processors 32), the field of view is learned
in the sense that background images are stored in a look-up table, thus
permitting later comparison to determine significant changes to the
30  background image during normal door operation. This 1s often referred to as

Tpresence sensing.
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~In addivon to a learn mode to learn motion and/or video 1mage
of a door, one may perform a learn mode to generate a look-up table, or
otherwise provide an algorithm, such that other objects besides the door panels
can be 1gnored. For example, in an automatic door which has 1maging devices
having a view of moving vehicle traffic can generate a look-up table 1n a learn
mode 1 order to ignore the moving vehicle traffic.

The above describes features of preferred embodiments of this
imvention which may be combined with conventional door actuators and door
controllers to provide wvisual sensors and surveillance. Video detection,
recording and processing equipment is commercially available. For example,
the SILENT WITNESS® video surveillance systems provide video motion
detection and tracking capability which may be programmed and integrated
into the video sensor and surveillance system according to the instant
mvention.

Also, one could use cameras similar to those available from

TN
Philips Electromics, such as Model Nos. VC7A775T, VCT7TAT95T, LTCO0140,

LTCO0330, LTC0350, TCS590, LTCO0500. It should be understood, however,
that the present invention contemplates using any kind of imaging device or
camera and should not be himited to these examples of commercially available
ones. |

FIGURES 3A and 3B 1illustrate side and front views,
respectively, of a field of view of a video 1maging device 60 1n an automatic
shding door 62 according to a preferred embodiment of this invention. The
field of view has a forward vision distance 64 and a vision width 66.
Preferably, the viewing direction of the video imaging device 60 1s adjustable
at the time of installation and maintenance. .More preferably, the direction of
view of the video 1maging device 60 is adjustable with three axes of rotation at
the time of installation and maintenance.

In the case of a single shding door, as illustrated in FIGURES
3A and 3B, one video 1maging device 60 may be sufficient to both open the

sliding door 62 and maintain the sliding door 62 1 an open position while a

person passes through the portal, if people approach from only one direction.
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More typically. people will approach the automatic door illustrated in
FIGURES 3A and 3B from both directions. To detect people approaching
from both directions, a second video imaging device 70 is attached to an
opposing side of the wall 72 compared to the video imaging device 60.

> Although FIGURES 3A and 3B illustrate a single sliding door 62, typically
two video imaging devices pef each side being monitored may be needed to
provide adequate coverage for the approach area on one side of the wall in the
case of wide double sliding doors. In the case of the sliding doors, all of the
video 1maging devices, such as video imaging devices 60 and 70 would

10 provide both approach detection and threshold protection to maintain the
sliding doors open while a person is still within the doorway.

It will thus be understood that the objects of the present
mvention have been fully and effectively achieved. The foregoing specific
embodiments have been provided to illustrate the structural and functional

15 ditferences of the present invention and are not intended to be limiting. To the
contrary, the present invention is intended to encompass all modifications,
alterations and substitutions within the spirit and scope of the appended

claims.
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We claim:

1. An automatic door assembly for installation at a doorway (102) formed through
a wall (104) of a building (106), said door assembly comprising:

a frame assembly (108) constructed and arranged to be mounted to the building
wall (104) at the doorway (102) thereof;

a door panel (114, 116,62) constructed and arranged to be mounted to said frame
assembly (108) for movement between a closed position wherein said door panel 1S
positioned in covering relation over the doorway to prevent persons and objects from
travelling therethrough and an open position wherein said door panel is moved out of
said covering relation to permit persons and objects to travel through the doorway:;

a door controlling system (10) comprising:

(i) a video imaging device (26, 60) constructed and arranged to be
mounted in a viewing position wherein said imaging device (26, 60) monitors a field of
view that encompasses at least an approach area located adjacent to the doorway, said
video imaging device (26, 60) being adapted to transmit an internal video data signal
comprising information representative of said field of view; and

(ii) a detection system comprising a video signal processor (32) that
communicates with said video imaging device (26, 60), said video signal processor (32)
being adapted to receive said internal video data signal from said imaging device (26,
60) and to process the information comprising said internal video data signal to
determine whether a person or object has entered said approach area, said detection
system being adapted to responsively transmit a door opening signal in response to said
processor (32) thereot determining that a person or object has entered said approach
area; and

a door operator (16) constructed and arranged to be connected to said door panel
(114, 116, 62) and adapted to communicate with said detection system, said door
operator (16) being constructed and arranged to move said door panel (1 14, 116, 62)
from said closed position thereof to said open position thereof responsive to receiving
said door opening signal;

characterised in that said door controlling system (10) is adapted to transmit an
external video data signal comprising information representative of the field of view of

said imaging device (26, 60) to a video processing device that is capable of (a) receiving
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the video data signal and (b) processing the video data signal into a form suitable tor
displaying images that are visually representative of the imaging devices field of view,
thereby enabling said door controlling system to be in communication with the aforesaid
video processing device so that the video device can process the external video data
signal into a form suitable tor displaying images that are visually representative of the

feld of view of said video imaging device (26, 60) including at least the approach area

adjacent said doorway.

2. An automatic door assembly according to claim 1, wherein said video imaging

device is a digital video imaging device.

3. An automatic door assembly according to claim 1, wherein said door controlling
system further comprises a door controller communicated with both said signal
processor and said door operator and wherein said video signal processor is adapted to
generate a detection signal and transmit said detection signal to said controller in
response to determining that a person or object has entered said approach area;

said door controller being adapted to generate and transmit said door opening
signal to said operator responsive to receiving said detection signal;

said controller being adapted to (a) monitor the positioning of said door panel
between said open and closed positions thereof and (b) select a speed at which said
operator moves door panel moves based on the said positioning of said door panel and to
responsive control said operator to move said door panel at said selected speed by

varying an amplitude or frequency of said door opening signal.

4. An automatic door assembly according to claim 1, wherein said processor
determines whether a person or object has entered said approach area by detecting

motion of the person or object within said approach area.

5. An automatic door assembly according to claim 3, wherein said processor
determines whether a person or object has entered said approach area by detecting

motion of the person or object within said approach area.
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6. An automatic door assembly according to claim 1, wherein said door panel 1s a

single sliding door panel movable generally rectilinearly within a threshold area of said

doorway.

7. An automatic door assembly according to claim 1, wherein said door panel is one

of a pair of sliding door panels movable generally rectilinearly towards and away from

“one another within a threshold area of said doorway.

8. A combination comprising:

a building having a wall with a doorway formed therethrough;

an automatic door assembly comprising:

(a) a frame assembly mounted to the building wall at the doorway thereof
when said door assembly is installed;

(b)  adoor panel mounted to said frame assembly when said door assembly 1s
otalled for movement between (1) a closed position wherein said door panel 1s
positioned in covering relation over the doorway to prevent persons and objects from
travelling therethrough and (2) an open position wherein said door panel is moved out of
said covering relation to permit persons and objects to travel through the doorway

(¢) a door controlling system comprising

(1) a video imaging device mounted in a viewing position
wherein said imaging device monitors a field of view that encompasses at least an
approach area located adjacent to the doorway, said video imaging device being adapted
to transmit an internal video data signal comprising information representative of said
field of view;

(i)  a detection system comprising a video signal processor
that communicates with said video imaging device, said video signal processor being
adapted to receive said internal video data signal from said imaging device and to
process the information comprising said internal video data signal to determine whether
a person or object has entered said approach area, said detection system being further
adapted to responsively transmit a door opening signal in. response to said processor

determining that a person or object has entered said approach area; and
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(d)  a door operator connected to said door panel and communicated to said
detection system, said door operator being adapted to receive said door opening signal
from said detection system and being constructed and arranged to move said door panel
from said closed position thereof to said open position thereof responsive to receiving
said door opening signal;

(e) said door controlling system being adapted to transmit an external video data
signal comprising information representative of the field of view of said imaging device,
and a video device communicated to said door assembly’s controlling system, said video
device being adapted to receive said external video data signal and to process tbe
information comprising the external video data signal into a form suitable for displaying
images that are visually representative of the field of view of said video imaging device

including the approach area adjacent said doorway.

9. A combination according to claim 8, wherein said video device is a video data
storing device that (a) processes and stores the information comprising the external
video data signal and (b) enables the stored information to be subsequently retrieved tor
displaying images that are representative of the field of view of said video imaging

device including at least the approach area adjacent said doorway.

10. A combination according to claim 8, wherein said video device is a video display
device that processes the information comprising the external video data signal and
displays images that are visually representative of the field of said video imaging device

including at least the approach area adjacent said doorway.

11. A combination according to claim 8, wherein said processor determines whether
a person or object has entered said approach area by detecting motion of the person or

object with said approach area.

2. A combination according to claim 8, wherein said door panel is a single sliding

door panel movable generally rectilinearly within a threshold area of said doorway.
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13, A combination according to claim 8, wherein said door panel is one of a pair of

sliding door panels movable generally rectilinearly towards and away from one another

s within a threshold area of said doorway.

14, A combination according to claim & wherein said video imaging device 1s

mounted on said frame assembly.

0 15. A method for using the automatic door assembly of claim I, the method

comprising:

monitoring: with the video imaging device, the field of view that encompasses at

least the approach area located adjacent to the doorway,

transmitting the internal video data signal comprising information representative

s of said field of view from the video imaging device to the video signal processor of said

detection system;
processing, with the video signal processor of the detect

video data signal to determine whether a person or

ion system, the

information comprising said internal

object has entered said approach area,

20 transmitting said door opening signal from said detection system 1o said door

operator in response to said processor thereof determining that a person or object has

entered said approach area; and

moving, with said door operator, said door panel from said closed position

thereof to said open position thereof responsive to receiving said door opening signal;

25 transmitting an external video data signal comprising information representative

of the field of view of said imaging device from said door controlling system to the

aforesaid video device; and
signal with the aforesaid video device Into a

entative of the field of view

processing the external video data

form suitable for displaying images that are visually repres

30 of said video imaging device including at least the approach area adjacent said doorway.

16. A method according to claim 15 wherein said door controlling system further

comprises a door controller communicated with both said signal processor and said door
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operator and wherein said video signal processor 18 adapted to generate a detection
signal and transmit said detection signal to said controller in response to determining

that a person or object has entered said approach area; said method further comprising:

transmitting said detection Signal from said processor to said controller 1n

response to determining that a person or object has entered said approach area;

wherein said door opening signal is signal is transmitted from said door

controller to said operator responsive to receiving said detection signal;

monitoring, with said door controller, the positioning of said door panel between

said open and closed positions thereof;

selecting, with said door controller, a speed at wbich said operator moves door

panel moves based on the said positioning of said door panel; and

responsively controlling said operator t0 mMOve said door panel at said selected

speed by varying an amplitude or frequency of said door opening signal.

17 A method according to claim 16, wherein said processor determines whether a

person or object has entered said approach area by detecting motion of the person or

object within said approach area.

18 A method according to claim 16, wherein said processor determines whether a

person or object has entered said approach area by detecting motion of the person or

object within said approach area.

19. A method according to claim 15, wherein said video device is a video data
storing device that (a) processes and stores the information comprising the external
video data signal and (b) enables the stored information to be subsequently retrieved for
displaying images that are representative of the field of view of said video imaging

device including at least the approach area adjacent said doorway, said method further

comprising:

processing and storing the information comprising the external video data signal

in said video data storing device.

70. A method according to claim 15, wherein said video device is a video display
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device that processes the formation comprising the external video data signal and

entative of the field of said video imaging device

displays images that are visually repres
d doorway said method further

including at least the approach area adjacent sal

5 comprising:

processing, with the video display device, the information comprising the

external video data signal; and

displaying, with the video display device, ima
including at least the approach area adjacent

ges that are visually representative

of the field of said video imaging device

10 said doorway.

71. A method for using the combination of claim 8, the method comprising:

monitoring, with the video imaging device, the field of view that encompasses at least

the approach area located adjacent to the doorway,

15 transmitting the internal video data signal comprising information representative

of said field of view from the video imaging device to the video signal processor of said

detection system;

with the video signal processor of the detection system, the

processing,

information comprising said internal video data signal to determine whether a person Or

o0 obiject has entered said approach area,

transmitting said door opening signal from said detection system to said door

operator 1n res

entered said approach area; and

moving, with said door operator, said door panel from said closed position

thereof to said open position thereof responsive to receiving said door opening signal;

25
transmitting an external video data signal comprising information representative
of the field of view of said imaging device from said door controlling system to the
aforesaid video device; and
processing the external video data signal with the aforesaid video device Into a
s0  form suitable for displaying images that are visually representative of the field of view

of said video imaging device including at least the approach area adjacent said doorway.
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ccording to claim 21, wherein said door eontrolling system further

nicated with both said signal processor and said door

adapted to generate a detection

22. A method a
comprises a door controller commu

operator and wherein said video signal processor 1s

5 signal and transmit said detection signal to said controller in response to determining

that a person or object has entered said approach area; said method further comprising;:

transmitting said detection signal from said processor to said controller in

response to determining that a person or object bas entered said approach area;

wherein said door opening signal 1s transmitted front said door controller to said

10  operator responsive to receiving said detection signal;

monitoring, with said door controller, the positioning of said door panel between

said open and closed positions thereof;

selecting, with said door controller, a speed at wbich said operator moves door

panel moves based on the said. positioning of said door panel; and

15 responsively controlling said operator to move said door panel at said selected

speed by varying an amplitude or frequency of said door opening signal.

73 A method according to claim 22, wherein said processor determines whether a

person or object has entered said approach area by detecting motion of the person or

0 object within said approach area.

74. A method according to claim 22, wherein said processor determines whether a

person or object has entered said approach area by detecting motion of the person or

object within said approach area.

25
55 A method according to claim 21, wherein said video device is a video data
storing device that (a) processes and stores the information comprising the external
video data signal and (b) enables the stored information to be subsequently retrieved for
displaying images that are representative of the field of view of said video imaging
20 device including at least the approach area adjacent said doorway, said method further

comprising:

processing and storing the information comprising the external video data signal

in said video data storing device.
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26. A method according to claim 21, wherein said video device is a video display
device that processes the information comprising the external video data signal and
displays images that are visually representative of the field of said video imaging device
including at least the approach area adjacent said doorway; said method further
comprising: '

processing, with the video display device, the information comprising the
external video data signal; and

displaying, with the video display device, images that are visually representative
of the field of said video imaging device including at least the approach area adjacent

said doorway.
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