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APPARATUS FOR CAPTURING, CONVERTING AND TRANSMITTING
A VISUAL IMAGE SIGNAL VIA A DIGITAL TRANSMISSION SYSTEM

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

5 5 The invention is generally related to image capture and transmission systems
and is specifically directed to an image capture, compression and transmission system

for use in connection with land line and wireless telephone systems.

DISCUSSION OF THE PRIOR ART

10 Industry has developed and continues to develop and enhance techniques for
scanning, compressing, transmitting, receiving, decompressing, viewing and printing

documents. This technology, encompassing the full body of facsimile transmission and

= reception, is currently in widespread use. The current standards, CCITT Group Il and
Group 1V, define methods to scan and transmit high quality, bi-level images with a high
15 degree of success and has become commercially acceptable throughout the world.
However, gray scale documents are not easily transmitted because the scanners and
algorithms are not tailored to the function. Three dimensional objects will not fit into

the flat document scanners and cannot be transmitted.
Examples of systems that have addressed some of these issues are shown in
20 U.S. Patent No. 5,193,012 which shows a video to facsimile signal converter, and U.S.
Patent No. 3,251,937 which discloses a system for transmitting still television pictures

over a telephone line.

Wire photography, and its extension , radio photography, have long been used
by the news media. The most common form involves an input device that converts
25 photographs into encoded signals for communication over telecommunications facilities
or radio. At the receiving end, reproducing equipment reconverts the encoded image
signals by exposing photographic film or other sensitized paper. The term facsimile is

often use with these products.
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Still video equipment has recently become available from vendors such as
Kodak, Canon and Sony, and is again primarily used by the television and print media,
although applications are expanding rapidly in such areas as insurance investigations
and real estate transactions. A still video camera captures a full color still video image
5 that can be reproduced using a special video printer that converts the still video image
data into hard copy form. For applications requiring communication of the still video
image, transmit/receive units are available wherein the image begins and ends as a
video image.

The Photophone from Image Data Corporation is an example of a specialty
10 product that combines a video camera, display and storage facility in a terminal
package. One terminal can send a real time or stored still video image to another for
display or storage, or printing on special video printers. Again, the signal begins and

ends as a video image.

Another example of a specialty product is peripheral equipment available for

15 personal computers that enables the input/output, storage and processing of still video
images in digitized formats. For instance, the Canon PV-540 is a floppy disk drive that
uses conventional still video disks, digitizing and a still video image using a
conventional format, and communicates with the computer through a standard
communications I/O port. ’

20 U.S. Patent No. 5,193,012 discloses a still-video to facsimile conversion
system for converting the still-video image frame into a half-tone facsimile reproduction
without having to store an entire intermediated gray scale image frame by repeatedly
transmitting the still-video image frame from a still-video source to an input circuit with
a virtual facsimile page synchronization module . This system permits image to

25 facsimile conversion by utilizing a half tone conversion technique.

While the various prior art systems and techniques provide limited solutions
to the problem of transmitting visual images via a facsimile transmission system, all
fall short of providing a reliable and convenient method and apparatus for readily
capturing, storing, transmitting and printing visual images in a practical manner.

30
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SUMMARY OF THE INVENTION

The subject invention is an image capture, compression and transmission
system that is specifically designed to permit reliable visual image transmission over
land line or wireless communications using commercially available facsimile

5 transmission techniques. The invention incorporates a camera and si gnal converter into
an integrated unit wherein the converted signal may be transmitted on a real time basis
or may be stored in memory for later recall and transmission. The design of the
invention permits maximum flexibility, with the camera/conv'erter/telephone or other
transmission device being designed in a modular configuration wherein any or all of the

10 devices may exist as integrated or independent units.
The preferred embodiment permits capture of a video image using a digital

camera, an analog camera, or a video camera such as a camcorder. The captured video

image is then converted into still frame digitized format for transmission over any of
a variety of transmission systems ranging from Group-III facsimile to computer, or to

15 a like device at a remote location, in any protocol desired. The invention recognizes
that once the signal is digitized, the transmission protocols are virtually endless.

For example, the present invention, permits a still frame visual image to be
captured at a remote location and sent immediately, over wireless communication
systems, to a remote location such as, by way of example, a computer system wherein

20 the image could be merged directly into newsprint. The image may also be sent to and
printed as a hard copy using any Group-III facsimile machine, anywhere in the world.
Where desired, the images may be stored in memory for later recall, and may be
archived on a portable medium such as a memory card or the like.
The system of the subject invention is particularly useful for applications where
25 immediate transmission of visual images of scenes, people and objects is desirable and
sophisticated equipment is not always available for receiving the information. The
system also provides a unique and reliable means for transmitting visual data to and
from remote locations, such as, by way of example, law enforcement and emergency
vehicles and the like.

30 In the preferred embodiment of the invention, the system includes a video
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camera and an integral cellular telephone, wherein the telephone using the standard
audio mode or future digital modes, can be used to transmit and receive visual image
signals. A desk model is also disclosed and permits connection to a standard land line
telephonic system. A mobile console model is disclosed for use in law enforcement
5 vehicles, and the like. Other communication systems are also supported by the subject
invention, including hardwired networks, radio and satellite transmission and the like.
A local facsimile machine may be incorporated with the unit and can serve as
a printer for providing hard copy of the captured image at the point of capture, as well
as being adapted for receiving facsimile transmissions in the standard fashion.

10 The circuitry is disclosed for supporting any of the preferred configurations
from a basic real time transmission system via Group-III fax to a comprehensive system
supporting both land line and wireless transmission of image, audio and documentary
data at both a local and remote station.

The subject invention also permits digitized collection of audio signals through

15 the use of an internal microphone, and external input device, a cellular telephone, land

line telephone, wireless radio or other communication system, and digitized audio
playback, as well. The playback can be via an internal speaker, out an external out jack
to a remote device or via a cellular telephone, land line telephone, wireless radio or
other communication system.

20 The digitized image and audio capture features permit association of audio
with an image, as well as data with the image. Useful data associated with the image
includes GPS from either internal or external GPS devices, range information from
ranging devices, date and time, and text which may be input from an integrated
keyboard or from a remote device.

25 It is an important feature of the invention that the system supports storage of
images in an interim storage format including raw video, compressed video, interim
gray scale format and/or half tone format. The image can also be stored in the selected
output mode, such as by way of example, a Group III facsimile mode. The versatile
capability of the system permits transmission of captured data to a standard bi-level

30 facsimile machine such as Group III, to gray scale facsimile systems or full color
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facsimile systems, as well as to other remote receiving devices such as, by way of
example, personal computers and network servers. The data may be transferred in any
of a variety of formats and protocols including JPEG, FAX, wavelets, emerging imagery
formats, FAX and computer data protocols. The invention is adapted to operate in

5 multiple modes, with a unitary capture and send mode or separate capture and stofe, and
send modes.

In the preferred embodiment, the system is adapted for tagging a collected
image, video, audio, and other data such as a GPS information, with geospatial
information and real time clock and added text. This permits the complete historical

10 data to be transmitted simultaneously with the image signal.
Itis contemplated that the system of the invention would be self-contained with
an integral power unit such as a disposable battery, rechargeable battery source or the
like. Therefore, the system is adapted to power up when in use and power down or

“sleep” when not activated, preserving power during idle time. The power systems for

15 the video camera, the video input circuits and converters, the modem or other
transmission devices and other high drain components may be isolated and only
powered when needed. This also permits use of ancillary functions, such as use as a
cellular telephone, to proceed without draining the power source by powering idle
components. The processor clock rate may also be slowed down during idle mode to
20 further conserve power.

Where desired, the system also includes camera operation control capability
through the use of a digital/analog circuits for converting digital commands to analog
signals for controlling the gain, pedestal, setup, white clip, lens focus, white balance,
lens iris, lens zoom and other functions of the camera from a local input device, a

25 remote device or as automatic or programmed functions. The central processor may
also be used to control camera shutter rate. Other camera features and parameters
which may be controlled in this manner are compressor resotution ( such as high,
medium, low user settings) corresponding to compression rate parameters, field/frame
mode, color or monochrome, image spatial resolution (640x420 pixels, 320x240 pixels,

30 for example), lens and camera adjustments, input selection where multiple cameras or
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video sources are used and the like.

When an integrated communications device is used, such as by way of
example, a cellular telephone, the telephone can be isolated from the rest of the system
to permit independent use, and independent power up and power off and other cellular

5 phone functions.

In operation, the system permits not only the manual capture, dial (select) and
send of images, but may also be fully automated to capture, dial and send, for example,
on a timed sequence or in response to a sensor such as a motion sensor, video motion
detection, or from a remote trigger device. The remote trigger also may be activated by

10 an incoming telephone signal, for example.

The remote device may also be use for remote loading and downloading of
firmware, and for setting of the programmable parameters such as to provide remote
configuration of sampling modes during capture, compression rates, triggering methods
and the like.

15 The triggering function permits a multitude of sampling schemes for a simple

EE

T i

triggered activation for capturing an image upon initiation to a trigger signal to more
complicated schemes for capturing and transmitting images prior to and after receipt of
the trigger signal. The trigger function can be set to operate, for example, on a time per
sample and number of sample basis, or time per sample and total sample time basis, or

20 number of samples and total time basis. Depending on application, the trigger can
sample in a prior to and after signal mode, using in combination the time per sample
and number of samples prior and after signal basis, a total time basis, a percent prior
versus percent after trigger basis, time per sample basis, time prior to and time after
trigger basis, and other combination. For example, if the image capture device is

25 positioned to monitor traffic accidents at a specific location, and an audio signal sensor
identifying a crash were used as the trigger, it would be desirable to collect image
sample both prior to and after the trigger signal. The number of samples, total sample
time, and percentage of samples prior to and after trigger would be controlled by the
specific application.

30 Circular sampling techniques are supported by the data capture system of the
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present invention. This is particularly useful when triggering events are used to initiate
transmission of collected image data over the communications system. For example,
if a triggering event is motion detected at a motion sensor, it may be useful to look at
the images captured for a period of time both prior to and after the actual event. The
5 circuitry of the subject invention permits any circular sampling technique to be utilized
depending upon application, such as prior to an after trigger, only after trigger or only
before trigger or prior to and after the trigger point. Again, as an example, it may
desirable to look primarily at images captured before a triggering event if the event is
a catastrophic event such as an explosion or the like. Other circular sampling
10 techniques may be employed, as well, incorporating multiple cameras, for example,
wherein different fields are sampled depending upon the time frame in a sequence of
events.
It is, therefore, an object and feature of the invention to provide an apparatus
for capturing, converting and transmitting a visual image via standard facsimile

15 transmissions systems.

It is another object and feature of the invention to provide an apparatus for
compressing the visual image data in order to minimize the capacity requirements of the
data capture and storage system.

It is an additional object and feature of the invention to provide an apparatus

20 for capturing and storing a visual image for later recall and review and/or transmission.

It is yet another object and feature of the invention to provide an apparatus for
storing a captured video image in digital format on a portable storage medium.

It is an additional object and feature of the invention to provide an apparatus
capable of sending and receiving telephonic audio messages, facsimile documents and

25 captured visual images to and from standard, readily available remote stations.
It is a further 6bject and feature of the invention to provide the means and
method for capturing images prior to, prior to and after, or after a triggering event.
It is also an object and feature of the invention to provide for multiple triggering
events and/or optional viewing or review of the captured images prior to printing or

30 transmission.
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It is another object and feature of the invention to provide an apparatus which
may be activated from a remote location for initiating the capture of images by the
device.

Other objects and features will be readily apparent from the drawings and

5 detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 isablock diagram of a basic facsimile camera configuration for capturing
an image via a camera and transmitting it via Group-III facsimile transmission to a
10 standard hard copy medium.
Fig. 2 is similar to Fig. 1, but incorporates a memory storage capability,
permitting storage and optional review or viewing of the image prior to transmission.
Fig. 3 is similar to Figs. 1 and 2, but incorporates a data compression scheme

for increasing the capacity of the memory and for increasing efficiency of transmission.

iz 15 Fig. 4 includes the capture and transmission configuration of Fig. 2, with
multiple transmission format capability including Group-III facsimile, personal
computer, modem, parallel and serial transmission schemes.

Fig. 5 is an exemplary schematic diagram supporting the configurations shown
in each of Figs. 1-4.

20 Figs. 6A, 6B, and 6C, are block diagrams of the physical components of
desktop, portable and comprehensive console embodiments of the invention,
respectively.

Fig. 7A and 7B are perspective drawings of a hand held device for capturing,
storing and transmitting an image in accordance with the invention (new drawings to

25 replace Frassinito design.

Figs. 8A-8L (Formerly Fig. 12) comprises a schematic diagram for an exemplary
embodiment of the circuit for supponing the subject invention.

Fig. 9 is a diagram of the various triggering sequence options.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The image capture and transmission system of the subject invention is suited for
capturing one or more single frame analog image or a digital image data signal and
transmitting the captured signal via any of a plurality of transmission schemes to a
5 remote receiving station where the image is downloaded in a suitable format for
viewing and printing on hard paper copy, a CRT screen image, or other medium. The
system is particularly well suited for sending and/or receiving images via a standard
Group III facsimile transmission system and permits capture of the image at a remote
location using an analog or digital camera. Two generic configurations are shown and
10 described, the first, where each image is transmitted as it is captured, and the second,
which permits capture, storage, and selective recall of captured images for transmission.
The invention also contemplates a portable storage medium, wherein the captured
stored medium may be removed from the capture device and archived for later use.

While a system for black and white (gray tones) for Group-III facsimile transmission

15 is described in detail herein, the invention could be readily adapted to transmission of

color images utilizing the teachings of the present invention using industry standard
color video standards and circuits. Both portable, or hand held, and stationary, or
desktop, units are described. The circuitry utilized for both is configurations is
identical , but stationary configurations do not need a battery.

20 Figs. 1-5 are circuit configuration diagrams for the various capture, storage and
transmission schemes. The physical embodiments utilized to employ the teachings of
the schemes taught in Figs. 1-5 are not limited. Figs. 6-10 are exemplary physical
embodiments of the subject invention.

Turning now to Fig. 1, the simplest embodiment of the invention incorporates

25 a standard analog or digital camera device 10 for capturing a visual image in the typical
fashion. The camera 10 may be operator activated as indicated at 12, or may be
programmed to be activated at selected intervals or in response to certain conditions.
For example, a motion detector may be utilized to activate the camera 10 in a
surveillance installation. Once activated, the camera 10 captures a visual image in

30 typical fashion through a lens (see lens 192, for example, in Fig. 7A). In the illustrated
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embodiment, the captured image is then transmitted to a gray scale bit map memory

device 16, from which it is output to a half-tone conversion scheme 18 to be input into

a binary bit map 20 for formatting the captured image in a configuration suitable for
transmission via a Group-III facsimile system. The signal generated at 22 by the binary

5 bit map 20 is input into a Group-III encoding and compression network 24 for
generating an output signal at 26 which is introduced into a Group-III protocol
transmission device 28. The output at 30 of the transmission device 28 is then
transmitted into any standard transmission interface such as, by way of example, hard

line telephonic transmission, cellular transmission, radio signal, satellite transmission

10 or other transmission system 32 via a modem or similar device, as needed(as
diagrammatically illustrated at 29), to be received via a compatible interface by a

remote Group-III receiving system 34. The Group-III receiving system 34 is a typical
Group-IIT facsimile system comprising a Group-III receiver 36, decoder and

decompressor 38 and binary bit map 40, from which a facsimile hard copy such as plain

15 paper copy 42 may be generated.

This configuration is particularly well suited where real near time transmission
is desired, for example when the system is operator controlled anda “real time” image
is desired at a remote location. An example of such a system may be a photo-
identification confirmation of an apprehended suspect in law enforcement use, or

20 transmission of images of damaged assets for insurance purposes, or transmission of
images of construction job site conditions. This configuration is also well suited for use
in those applications where a sensor activates the system and real time transmission of
the sensed condition is desired. An example of such a system would be a motion
activated camera in a surveillance location, where the image is immediately transmitted

25 to a remote monitoring station. Of course, it will be readily understood by those who
are skilled in the art that tagging a transmitted image with information such as, by way
of example, date, time and location, can be incorporated in the transmitted signal so that
areceiving station could monitor a plurality of remote image data capture systems. This
is also useful for reviewing a body of previously stored or printed images to determine

30 the time and location of such image.
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The embodiment of Fig. 2 is similar to Fig. 1, but incorporates a memory and
optional operator viewer system. The image is captured by the camera 10 and
conditioned by the gray scale bit map 16, as in Fig. 1. In this embodiment, the output
44 of the bit map 16 is input into a standard digital memory device 46 for later recall.

5 This configuration is particularly well suited for applications where near real time
transmission of the image either is not required or is not desirable. It will be noted that
with the exception of the insertion of the memory device 46 and the optional viewer
device 48, the capture and transmission system of Fig. 2 is identical to that shown and
described in Fig. 1. Once the image is captured by the camera 10 and is presented at 44

10 to the memory device 46, it is stored for later recall and transmission. The speciﬁé type
of memory device is optional and may include, for example, an SRAM device, a
DRAM, Flash RAM, hard drive, floppy disk, PCMCIA format removable memory (see,
for example, the PCMCIA card 50 in Fig. 7A), writeable optical media or other storage

device. The memory may selectively capture images, as indicated by the operator

S 15 interface/capture interface 52, or may be programmed to selectively capture periodic

images or all images. Inthe embodiment shown in Fig. 2, an optional viewer device 48

is provided. This permits the operator to recall and view all or selective images before

transmission, as indicated by the operator interface/recall interface 54. This permits the

operator to review all images retained in the memory-46 and transmit selective images,

20 as desired, to the Group-III transmission system. The remainder of the system of Fig.
2 operates in the same manner as the configuration shown and described in Fig. 1.

The configuration of Fig. 3 incorporates all of the features of Figs. 1 and 2, and

additionally, includes an interim data compression and decompression scheme to permit

increased utilization of the memory or storage medium 46. As shown in Fig. 3, an

25 interim format compressor 56 is inserted between the gray scale bit map 16 and the

memory device 46. This permits compression and reduction of the data required to

store the image, effectively increasing the capacity of the storage device. It is an

objective of the storage device to preserve the gray scale quality of the image for

viewing at the location of capture. An interim format degompression device 58 is

30 inserted between the output of the memory device 46 and the rest of the system, whether
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the optional viewer 48 is utilized, or the output is entered directly into the half-tone
convertor 18. The interim compression/decompression scheme is particularly useful
when all of the image data is to be permanently archived, or when limited capacity
portable media are used, such as, by way of example, floppy disks or a portable

5 PCMCIA card. It will be noted that the remainder of the system shown in Fig. 3 is
identical to the system shown and described in Fig. 2.

-Fig. 4 illustrates the use of the image capture and/or retention configured in any
of the optional embodiments of Figs. 1-3 and adapted for use in combination with any
of a variety of transmitting and receiving schemes such as, by way of example, the

10 Group-III system shown in Figs. 1-3, a modem, direct connection to a personal
computer, serial or parallel transmission, or any selected transmitting/receiving
protocol. This illustration demonstrates the versatility of the system once the image has
been captured, converted and conditioned by the image capture device of the subject
invention. Specifically, once the image is captured by the camera 10 and conditioned

15 by the gray scale bit map 16, it may be stored and transmitted, or transmitted "real time"

via any transmitting and receiving scheme. As shown in Fig. 4 the image capture
device includes the memory device 46 and the optional viewer 48 for incorporating
maximum capability. However, any of the schemes of Figs. 1-3 would be suitable for
producing a transmittable signal. In the embodiment shown, a format select interface
20 switch 60 is positioned to receive the fully conditioned signal on line 59. This would
permit either automated or manual selection of the transmitting protocol, including the
Group-III facsimile system previously described in connection with Figs. 1-3, as
indicated by selecting format select switch 60 position A; or PC modem protocol as
illustrated by the JPEG compressor 62 and protocol generator 64, as indicated by
25 selecting format select switch position B; or the wavelet compressor and PC modem
protocol, as illustrated by the wavelet compressor 66 and PC modem protocol generator
68 by selecting switch position C; or any selected conversion network 65, (if needed)
with a compatible compressor 67 (if needed) and compatible protocol generator 75 (if
needed), as indicated by switch position D; or a serial protocol scheme 77, with serial

30 drivers 79 directly to a hardwired personal computer 81 by selecting switch position E.
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Of course, it will be readily understood by those skilled in the art that one or a plurality
of transmitting protocols may be simultaneously selected. Depending on the protocol
selected, the signal output is generated at the selected output module and introduced to
a communications interface module 83 via a modem or other device, as needed, for
5 transmission via a transmission system to a compatible receiving station such as the
Group-III facsimile device 34, the personal computer 85, the video telephone 89, and/or
other server or receiving device 91 for distribution.
An exemplary circuit supporting the configurations of Figs. 1-4 is shown in
Fig. 5. With specific reference to Fig. 5, an analog camera is indicated by the "video

10 in" signal at 70. Typically, the video signal is a composite video/sync signal. The

diagram shows all of the signal processing necessary to sync up to an NTSC signal 70

coming out of the analog camera and processed for introduction into an integral RAM
memory 71 and/or a portable RAM memory via interface 73. An analog to digital

(A/D) converter 74 converts the video portion of the analog signal from the camera and

15 produces the digital signal for output at line 76. The digital output data on path 76 is

introduced into a data multiplexer circuit 81 and into the RAM memory unit(s) 71, 72.
In the exemplary embodiment, the portable RAM memory 72 is an image card such as,
by way of example, a PCMCIA SRAM card or a PCMCIA Flash RAM card. However,
it will be readily understood that any suitable RAM memory configuration can be used

20 within the teachings of the invention. Itis desirable to store compressed rather than raw
data in card 72 because of space and transmission speed factors.

As the signal at 70 is introduced into the circuit, the sync detector 78 strips the
sync signal portion off of the video signal. The sync signal drives the video address
generator 80 for providing a signal used to generate an address signal at the address

25 multiplexer circuit 82 for synchronizing the scanned in video signal with the locations
in RAM to define each frame to be captured. The read/write control 84 controls the
coordination of the sync signal 83 with the video signal to define a full frame.
Basically, when the camera is activated either by the operator or by automation, the
system processor 86 detects the initiation of the camera and capture sequence and sends

30 a signal via line 88 to the read/write control 84. The read/write control then monitors
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the incoming video signal 83 to find the horizontal and vertical sync pulse to identify
the beginning of a frame. The read/write control then initiates writing to memory at the
RAM devices to initiate capture of the frame. The read/write control continues to
"write" to memory until the appropriate sync signal is received, indicating the end of the

5 frame. At this point a single frame is captured‘ in RAM 71 and/or on the portable
medium RAM 72.

This frame may now be output from the system via any of the available
transmitting schemes. In the exemplary embodiment, the processor 86 may be any
processor or such as a microprocessor or DSP, with sufficient capability to perform the

10 described functions. The processor bus is indicated at 87. The circuitry supporting the
processor comprises the processor chip 86 and the control store memory (ROM, Flash
RAM, PROM, EPROM or the like) 92 for storing the software program executed by
the processor. It will be understood that other memory devices could be utilized
without departing from the spirit of the invention. For example, a Flash RAM would

15 permit flexibility and replacement of the program for upgrades and enhancements. The

user interface commands are generated and interpreted by the software that is being
executed by the processor 86.

The display unit 94 is connected through a typical interface 96, and provides
visual user interface at the camera body to give the operator a visual read-out of the

20 status of the collection and transmission of a selected ‘frame. In the exemplary
embodiment, the display unit is a two line, multi-character LCD display, but other sizes
or technology displays could be readily incorporated, depending, for example, on the
amount of graphics desired in the display module. The bank of operator buttons and/or
switches 98 are connected to the system through the button interface 100.

25 The general purpose control register 102 serves as a latch and permits control
bits to be introduced from the processor 86 to the transmitting systems or to transfer
status bité from the transmitting systems back to the processor in the well known
manner. The modem 104 may be any of a variety of widely available modems or
modem chip sets currently in commercial use. The modem should support CCITT

30 Group III fax format for transmission to Group III fax machines. Once the signal is
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introduced into the modem 104, it is handled in typical fashion to provide input/output
transmissions: (1) from the subject device to a hardwired telephonic line as indicated
at 114, (2) from the subject device to the external facsimile machine as indicated at
116, or (3) from the subject device to an external wireless device telephone as indicated
5 at 130. The specific selection is controlled by the user at button module 98 in
conjunction with the processor 86.
An 1solation transformer 110 is provided to isolate the circuitry connected to
external communications circuit from the circuitry of the subject device. The relays at
108 and 112 permit patching directly into the hardwired telephonic line and to the
10 telephone company system as indicated at 114, to an external handset or fax machine
at 116, or to the modem 104, whereby facsimile data can be sent and received via the
modem. These relays could be mechanical or solid state. The relay 118 is connected
to a tone source 120 for providing an audible tone signaling to the user that the system
is being used for transmitting or receiving a captured image.

15 With specific reference to the circuitry associated with relay 112, it will be

= noted that when the handset is switched away from the phone line to the tone source,

the modem transformer 110 is switched to the telephone line 114. This blocks normal
audio telephone service and permits the transmission of an image signal from the RAM
devices 71 or 72, through the modem 104, and to the telephone line 114.

20 In the exemplary embodiment, a stand alone facsimile machine can be
connected through the external handset jack at 116. With relay 112 set to activate
telephone service and the tone generator 120 disconnectéd, the relay 108 can be set in
either of two positions. The first position, as drawn, connects the facsimile machine
at jack 116 to the telephone line, permitting standard facsimile transmission. The

25 second or alternative position permits the modem 104 to transmit the image data signal
directly to the facsimile machine at jack 116, for providing an archive copy or the like.
In this configuration, the facsimile machine will operate as a local printer for printing
the captured images. Signal source 120 may be used as a ringing voltage generator for
signaling such facsimile machine prior to connection.

30 The system of the present invention also contemplates wireless transmission
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over a cellular telephone, radio frequency, satellite transmission or the like. In the
exemplary embodiment, the specific configuration for a cellular telephone interface is

shown in detail. The amplifiers 122, 124 amplify the input of the modem 104 and are
controlled by the FETs 126, 128, respectively. The FETs are controlled by the control

5 register 102 and allow selection of the audio either coming in from the cellular interface
130 or from the telephone line 104 to the modem. This permits the cellular phone to

be used for three distinct functions: (1) as an audio telephone, (2) as a transmitting

system for transmitting the captured image and related signals via a cellular system, and

(3) for receiving incoming transmissions to the processor. such as remote control,

10 remote configuration, or images.

In the exemplary embodiment, the image card 72 is a DRAM card or non-

volatile storage card such as a Flash RAM or the like and provides a removable medium

for storing the image data as either raw or compressed data. The card can also be used

to store compressed data sent into the system via external facsimile transmission. As

15 illustrated, the system is capable of both sending and receiving image data via Group-III
fax or other protocol. By incorporating the digital to analog (D/A) converter into the
system and pulling the signal from the RAM 71 (or portable RAM 72), the signal can
be displayed right at‘ the camera viewfinder 134 or other display device connected at
port 138. A sync generator 136 is incorporated to provide synchronization 6f incoming

20 data in the same manner. The sync detector 78 is utilized to define a frame-by-frame
correlation of the data generated by the camera at the video input 70 for storage to
memory 71 or 72.

Any standard power source may be utilized, including replaceable or
rechargeable batteries 141, or an AC adapter 142. The AC adapter is particularly

25 suitable for desktop applications.

The exemplary embodiment includes a speaker or other audio transducer 144
for emitting a detectable signal whenever the user interface merits its use, such as user
induced errors, system errors, user attention getting and the like.

In order to send a facsimile transmission over a typical Group-III Facsimile

30 system, the multiplexer 82 is switched to the processor 86 such that the RAM address
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is generated by the processor 82 instead of the video address generator signal. In the
facsimile transmitting mode, the processor accesses the RAM and manipulates the data
representing each frame image. For example, the processor will perform the gray scale
to half tone conversions described in connection with Figs. 1-4 to prepare the signal for
5 facsimile transmission. The processor can also perform image compression and output
the image as a gray scale. In the facsimile transmission mode, once the half tone

conversion is completed, the processor executes a code for performing a bi-level

compression of the data and the signal representing the frame data is output over line
90, through the multiplexer 81 and over the processor bus 87 to the processor 86, then
10 to modem 104 for transmission. Other memory and processor configurations could be

used without departing from the scope and spirit of the invention, as will be reco gnized

by those skilled in the art.

Various physical configurations of the invention are shown in Figs.7A & 7B.

v Houald

Figs. 6A, 6B and 6C are block diagrams for desktop and portable units. Figs. 7A and

y 15 7B illustrate the subject invention as incorporated in a standard 35 millimeter type
: camera housing.

A basic desktop system is shown in Fig. 6A, and includes a console unit having

a telephone jack 152, an external telephone connection 154 and a video input/camera

power jack 156 for connecting the analog camera 10. A facsimile machine may be also

20 connected at jack 154 to provide local printer capability. The configuration shown in

Fig. 6B is a basic portable system, with a battery powered portable module 160 having

a self-contained power source 162. The system may include an integral RAM and/or

the removable memory module as indicated by the image card 72. The camera 10 may

be an integral feature of the portable module 160, or may be a detached unit, as desired.

25 In this embodiment, a cellular telephone 164 is provided with a data jack 166 for

connecting to the output jack 168 of the module, whereby the image data signal may be

transmitted via the cellular telephone to a remote facsimile machine over standard

cellular and telephone company facilities. When incorporating the circuitry of F ig. 5,

the cellular phone may be used as both an input and an output device, and incoming

30 data or stored images may be viewed through the viewfinder 170.
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Fig. 6C shows a comprehensive desk or stationary configuration inéorporating
all of the features supported by the circuitry of Fig. 5. As there shown, the control
module 172 is adapted for receiving the image card 72 and is powered by an AC power
adapter as indicated at 142. The camera 10 is connected to the module via a hardwired

5 connection at jack 174. A monitor 176 is provided for viewing data images. A video
cassette recorder 178 is provided and may be used as an auxiliary input device for the
images transmitted from the system. The facsimile machine 180 can be used as a local
printer, or can be used to send facsimiles transmissions in the well-known manner.

Direct connections to the telephone line system are provided at jack 182. The

beadt Holl e Bl ol

10 FAX/phone jack 186 can be connected to a facsimile machine 180 and/or a standard

telephone 184, where the public telephone system can be accessed. A data jack 188 is

used to connect to a cellular telephone or the cellular modem, or other wireless device

for transmission or reception of image data.

Turning now to Figs. 7A and 7B, the camera body 190 is similar to a standard

15 35 millimeter camera housing and is adapted to receive a standard lens 192 with a

L]

viewfinder 194. The electronics are housed in the casing in the area normally occupied
by the film and film advancing implements. The operator interface button keys 98 are
housed within the housing and may be positioned on the back plate 196 of the body.
Fig. 8. The LCD unit may be positioned to be visible through the viewfinder 194 or
20 may be in a separate back window 198. The memory card 72 is positioned in a slot 200
provided in a sidewall of the camera body. This camera has the appearance of a
standard SLR 35 millimeter camera. In addition, where desired, an integral cellular
phone can be incorporated in the camera housing and transmission can be sent directly
from the camera housing to a remote receiving station. The keypad for the telephone
25 is indicated at 202.

Fig. 8 is an illustration of an exemplary schematic diagram for the circuit of a
system according to the teaching of the invention as specifically taught in the diagram
of Fig. 5. Pin numbers, wiring harnesses and components are as shown on the drawing.
Fig. 8, part A, is the system interconnect and shows the central processor board 300, the

30 video board 302, the power board 304 and the CRT electronic interconnect board 306.
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The telephone interface is provided at 307. Board 308 is the audio connector board.
Board 310 is the serial connector board and board 312 is the video connector board.
Fig. 8, part B contains the audio logic, with audio I/O at 314. The audio amplifiers are
designated 316 and 318. A microphone connector is provided at 320, with preamplifier
5 circuit 322. Audio switches are provided at 324 and 326. Summing circuit 328
provides audio summing. The serial RAM for audio is designated 330. Fig. 8, part C
includes the camera module 332 and the camera control digital to analog convertor 334.
Amplifier 336 is the video buffer. Module 338 is the camera shutter control resistor.

Fig. 8, part D contains the central processor unit 340. Voltage inis at 342, with

10 the power switch at FET 344. Power shutdown is provided at the video shutdown bit

346. The video connector is designated at 348. Pin 1 is switched five volts out to video

logic. Pins 2-9 are connected to the video data bus and pins 10-22 are video control
signals. Buffers 350 and 352 are the video board I/O isolation buffers. As shown, pin
19 of buffer 352 is the output enable and is connected to the video shutdown bit 346.
15 Line 354 is bus enable. Pin A0 of buffer 350 is the direction control signal and pins A1-
A7 are connected to the processor data bus. Pins I0-17 of buffer 352 are also connected
to the processor bus.
The system DRAM memory is designated 356. The processor I/O module is
designated 358 and the I/O decoder is provided at 360. A non-volatile RAM 362
20 provides system parameters. The processor oscillator is shown at 364 and a real time
clock at 366. Controller 368 is the RAM card controller. The PCMCIA socket for the
RAM card is shown at 370a and 370b. The modem is designated 372. The serial
controller is shown at 374 with serial controller oscillator 376. Module 378 is a
memory module. A signal buffer is provided at 380, and an address decoder at 382.
25 Connectors are designated at 384, 386 and 388.
Fig. 8, part E shows the modem board connector at 390, the glue logic PLD at
392 and the glue logic module at 394. Module 396 is the synchronous/asynchronous
serial controller. Circuit 398 is the signal multiplex relay and circuit 400 is the
transmit/PTT relay. Bypass relays are shown at 402. Relay 404 is the digital mode

30 relay. Transformer 406 is the audio isolation transformer. Circuit 408 provides a low
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speed data filter. The line drivers are designated 410 and the line rectifiers are
designated 412, respectively. Connector 414 provides radio/serial data connection.

Fig. 8, part F shows the status LED's 416 and the PCMCIA door open switch
418. Fig. 8, part G shows the power switches 420. Fig. 8, part H is the battery pack
422.

Fig. 8, part I is the power supply. The rechargeable battery connection is
shown at 424, with DC power input at 426. An internal battery/external DC input
transfer relay is provided at 430. The signal for the power switch on the removable
disk drive access door is on pins 3,4 of connector 428. The voltage IN regulator is
designated at 432, with the processor voltage regulator designated 434. The processor
power control bit is at 436. The system power control bit is at 438, with the system
voltage regulator at 440. The video power control bits are at 442 and 444, with the
video voltage regulators at 446 and 448, respectively. Battery 450 is the real time clock
battery. Connector 452 is the battery charger connector. Connector 454 connects
processor power, system power, regulated battery power and real time clock power, as
shown. Connector 456 connects video power. The power sequencer circuit is at 458.

Fig. 8, part J shows the direct access arrangement to a land line telephone at
460 and the video viewfinder circuitry (CRT electronics) at 462.

Fig. 8, part K is the video control circuitry. The video input amplifier is
designated at 464. The composite video sync stripper is designated at 466. The video
H/V timing pulse generator is at 468 and the video phase lock loop at 470. The register
472 is the video control register. Circuit474 provide programmable video filters--edge
enhancers, with the FET switch designated at 476. The video filter circuit is at 478 and
the video filter is at 480. The video reference digital to analog circuit is shown at 482,
with the video analog to digital circuit at 484 and the video analog to digital data out
buffer at 486. The voltage reference circuit is designated at 488.

Fig. 8, part L shows the push button control switches as 490 and 492. The
keyboard display is designated 494, and the microcontroller 496 is the keyboard and
keyboard display microcontroller. The backlight circuitry is designated at 498, with the
back light control at 500. Module 502 is the LCD module.
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The circuitry supports any of the preferred configurations from a basic real
time transmission system via Group-I1I fax to a comprehensive system supporting both
land line and wireless transmission of image, audio and documentary data at both a
local and remote station.

The subject invention also permits digitized collection of audio signals through
the use of an internal microphone, and external input device, a cellular telephone, land
line telephone, wireless radio or other communication system, and digitized audio
playback, as well. The playback can be via an internal speaker, out an external out jack
to a remote device or via a cellular telephone, land line telephone, wireless radio or
other communication system.

The digitized image and audio capture features permit association of audio
with an image, as well as data with the image. Useful data associated with the image
includes GPS from either internal or external GPS devices, date and time, and text
which may be input from an integrated keyboard or from a remote location.

It is an important feature of the invention that the system supports storage of
images in an interim storage format including raw video, interim gray scale format
and/or half tone format. The image can also be stored in the selected output mode, such
as by way of example, a Group III facsimile mode. The versatile capability of the
system permits transmission of captured data to a standard bi-level facsimile machine
such as Group III, to gray scale facsimile systems or full color facsimile systems, as well
as to other remote receiving devices such as, by way of example, personal computers
and network servers. The data may be transferred in any of a variety of formats and
protocols including JPEG, FAX, emerging ne imagery formats, wavelets and data
protocols. The invention is adapted to operate in multiple modes, with a unitary capture
and send mode or separate capture and store, and send modes.

In the preferred embodiment, the system is adapted for tagging a collected
image, video, audio, and other data such as a GPS signal, with a real time clock and
added text. This permits the complete historical data to be transmitted simultaneously

with the image signal.

[tis contemplated that the system of the invention would be self-contained with
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an integral power unit such as a rechargeable battery source or the like. Therefore, the
system is adapted to power up when in use and power down when not activated,
preserving power during idle time. The power systems for the video camera, the video
input circuits and converters, the modem or other transmission devices and other high
drain components may be isolated and only powered when needed. This also permits
use of ancillary functions, such as use as a cellular telephone, to proceed without
draining the power source by powering idle components. The processor clock rate may
also be slowed down during idle mode to further conserve power.

Where desired, the system also includes camera operation control capability
through the use of a digital/analog network for converting digital commands to analog
signals for controlling the gain, pedestal, setup, white clip, lens focus, and other
functions of the camera from a local input device, a remote device or as programmed
functions. The central processor may also be used to control camera shutter rate. Other
camera features and parameters which may be controlled in this manner are compressor
resolution (high, medium, low), field/frame mode, color or monochrome, image spatial
resolution (640x430, 320x240, for example), lens and camera adjustments, input
selection where multiple cameras are used and the like.

When an integrated communications device is used, such as by way of
example, a cellular telephone, the telephone can be isolated from the rest of the system
to pérmit independent use, and independent power up and power off and other cellular
phone functions.

In operation, the system permits not only the manual capture, dial (select) and
send of images, but may also be fully automated to capture, dial and send, for example,
on a timed sequence or in response to a sensor such as a motion sensor or from a remote
trigger device. The remote trigger may be activated by an incoming telephone signal,
for example. The remote device may also be use for remote loading and downloading
of firmware, and of the programmablev devices, as well as to provide remote
configuration of sampling modes during both the capture and the send functions.

Circular sampling techniques are supported by the data capture system of the

present invention. Fig. 9 is a diagram illustrating exemplary sampling techniques in
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accordance with the teachings of the invention. As shown in F ig. 9, the time sequence
is indicated by the Time Line: tl, t2...tn, with a sample at each time interval, as
indicated by S1...Sn. For purposes of illustration, the triggering event occurs at time
interval t10. Based on the predetermined programming of the system, images will start
to be collected upon triggering event, as shown at 210, for a predetermined period prior
to and after trigger, as shown at 212, or immediately preceding the trigger, as shown at
214.  This permits "circular image storage" without requiring that all images be
collected and stored in order to look at events surrounding a triggering event. The
technique is also very useful when multiple overlapping zones are monitored by
multiple devices and it is desirable to sequence from device to device without losing
any critical images.

This is particularly useful when triggering events are used to ‘initiate
transmission of collected image data over the communications system. For example,
if a triggering event is motion detected at a motion sensor, it may be useful to look at
the images captured for a period of time both prior to and after the actual event. The
circuitry of the subject invention permits any circular sampling technique to be utilized
depending upon application, such as prior to an after trigger, only after trigger or only
before trigger. Again, as an example, it may desirable to look primarily at images
captured before a triggering event if the event is a catastrophic event such as an
explosion or the like. Other circular sampling techniques may be employed, as well,
incorporating multiple cameras, for example, wherein different fields are sampled
depending upon the time frame in a sequence of events.

Other configurations are contemplated and are within the teachings of the
invention. While specific embodiments have been shown and described herein, it will
be understood that the invention includes all modifications and enhancements within

the scope and spirit of the claims.
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CLAIMS

What is claimed is:

1. A self-contained image processing system for capturing a visual image

and transmitting it to a remote receiving station, the image processing system

comprising:
a. An image capture device;
b. A processor for generating a data signal representing the image;
c. A communications device adapted for transmitting the data signal

to the remote receiving station;
d. A wireless transmission system between the communications

device and the compatible receiving station.

2. The image processing system of claim 1, further including a memory for

receiving and storing the data signal, and wherein the communications device is adapted

for recalling the stored data signal from memory.

3. The image processing system of claim 1, wherein said memory is a
removable random access medium and wherein the system is adapted for selectively

charging and discharging the memory.

4. The image processing system of claim 1, wherein the image capture
device is an analog camera for generating an analog image signal and there is further
included an analog to digital converter for converting the analog image signal to a

digital signal.
5. The image processing system of claim‘ 1, further including a

subprocessor for generating a Group-III facsimile compatible signal representing the

digital signal.
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6.  The image processing system of claim 1, wherein the subprocessor
comprises:
a. A gray scale bit map;
b. A half tone converter; and
5 C. A binary bit map.

7. The image processing system of claim 1, wherein there is further

included an integrated wireless telephone associated with the communications device.

8. The image processing system of claim 1, further comprising a housing

for housing all of the elements of the system in an integrated body.

9. The image processing system of claim 1, wherein said image capture

device is a digital camera.

10.  Theimage processing system of claim 2, further including a view screen

for viewing the captured and stored image.

11. The image processing system of claim 5, further including a facsimile
receiving device associated locally with the system for providing a local printer for

reproducing the captured image in hard copy.

12. Theimage processing system of claim 1 wherein the processor is adapted
for generating a signal in any of a plurality of selected protocols and wherein the
communications device is adapted for transmitting the signal in the proper protocol to

a remote, compatible receiving station.
13.  The image processing system of claim 1, wherein:

a. The image capture device is an analog video camera for

generating a video signal;
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b. The processor further comprises:
5 1. An analog to digital converter;
il. A sync detector and a video address generator for

synchronizing the digital signal with the analog signal for defining the beginning and

end of the signal to define a still frame;

iii. A random access memory for receiving and storing the
10 converted, synchronized signal frame-by-frame;
iv. A processor routine for converting the signals stored in

the memory to a protocol adapted for transmission to a remote, compatible protocol

receiving station;

C. A communications device for transmitting the signal in the
15 proper protocol to the compatible receiving station.
14. The image processing system of claim 13, wherein the processor routine

converts the signals to a Group-III facsimile protocol, the system further including a

ix facsimile modem for accepting the signal and transmitting to the compatible receiving

station.

15.  Theimage processing system of claim 13, further including a hardwired
transmission system and a wireless transmission system associated with the modem and
a switching device for selecting in the alternative either the hardwired or the wireless

transmission system.
16.  The image processing system of claim 13, further including a local
facsimile receiving system associated with the modem for providing local hard copy of

the stored image signals in the memory.

7. The image processing system of claim 16, further including a switching

device for selectively activating and deactivating the local facsimile receiving system.
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18. The image processing system of claim 13, further including an integral

viewer for viewing the images stored in the memory.

19.  The image processing system of claim 13, wherein the memory is a

removable memory medium which may be selectively removed from the system.

20.  The image processing system of claim 19 wherein the removable

memory medium comprises a PCMCIA card memory.

21.  The image processing system of claim 1, wherein the system is of
modular construction, and the camera, the processor and the communications device are
each independent, functional units which may be coupled to one another for defining

the assembled system.

22.  The image processing system of claim 1, further comprising an audio

2

signal capture device adapted for capturing an audio signal in correlation with the

captured video signal.

23.  The image processing system of claim 1, further comprising a data

processor for creating a text data signal associated with said image data signal.

24.  The image processing system of claim 23, further including an input

device for providing text data to the data processor.

25.  The image processing system of claim 24, wherein said input device is

user controlled.

26.  The image processing system of claim 25, wherein said user controlled

input device is an integral keyboard.
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27.  The image processing system of claim 24, said input device comprising

a real time clock.

28. The image processing system of claim 24, said input device comprising

a global positioning system.

29.  Theimage processing system of claim 2, wherein said image data signal

is stored in a raw video format.

30.  The image processing system of claim 2, wherein said image data signal

is stored in a compressed format.

31.  Theimage processing system of claim 2, wherein said image data si gnal

is stored in a half-tone format.

32.  The image processing system of claim 1, wherein the remote receiving
station is a standard bi-level facsimile machine and the image data signal is generated

in a standard bi-level facsimile machine format and protocol.

33.  The image processing system of claim 1, wherein the remote receiving
station is a gray-scale facsimile machine and the image data signal is generated in a

gray-scale format and protocol.

34.  The image processing system of claim 1, wherein the remote receiving
station is a color facsimile machine and the image data signal is generated in a full color

format and protocol.

35.  The image processing system of claim 1, wherein the remote receiving

station is a digital device and the image data is digital.
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36.  The image processing system of claim 1, further comprising an self-

contained power source for powering the system.

37.  Theimage processing system of claim 36, wherein said communications
device is adapted to be used independently of the image capture device and the
processor, and wherein the power supply is adapted for isolating the power to the
communications device from the power to the image capture device and processor.

38. The image processing system of claim 37, further including a power

initiation device associated with the image capture device and the processor, wherein

the power to the image capture device and the processor is off when the initiation device

1s not activated.

39. The image processing system of claim 38, wherein the power initiation

device is user controlled.

G ET U L S W

40. The image processing system of claim 38, further including a trigger

device for activating the power initiation device.

41.  The image processing system of claim 40, wherein the trigger device is

a timer.

42, The image processing system of claim 40, wherein the trigger device is

triggered by the presence of an image to be captured.
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ABSTRACT

An image capture, conversion, compression, storage and transmission system
provides a data signal representing the image in a format and protocol capable of being
5 transmitted over any of a plurality of readily available transmission systems and
received by readily available, standard equipment receiving stations. In its most
comprehensive form, the system is capable of sending and receiving audio,
documentary and visual image data to and from standard remote stations readily

available throughout the world.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
WasHINGTON, D.C. 2023l

www.uspto.gov
[ appLicATIONNUMBER | FILING/RECEIPT DATE [ FRSTNAMEDAPPLICANT |  ATTORNEY DOCKET NUMBER _|
09/790,381 02/21/2001 David A. Monroe 69834.000024

CONFIRMATION NO. 5404
FORMALITIES LETTER

Stepren e soniather | M

_ *OC000000005903996*
711 Louisiana, Suite 2900
Houston, TX 77002

Date Mailed: 03/26/2001

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
| FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained
by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is missing.

e To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e)

of $65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items
identified in this letter.

« The balance due by applicant is $ 65.

A copy of this notice MUST be returned with the reply.

Customer Service Center .
Initial Patent Examination Division (703) 308-1202
’ PART 3 - OFFICE COPY
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of CERTIFICATE OF EXPRESS MAIL

David A. Monroe I hereby certify that this correspondence
is being deposited with the United States
Postal Service as First Class Mail
addressed to: COMMISSIONER OF
PATENTS, Washington, D.C. 20231, this

27th day of April, 2001.

Lo En

Dora Rios

Serial No.: 09/790,381
Filed: 02/21/2000
Apparatus for Capturing, Converting and

Transmitting a Visual Image Signal via
a Digital Transmission System

N N N N N N N N Naa N N S e’

SUBMISSION OF MISSING PARTS

Commissioner of Patents and Trademarks
Box: APPLICATION BRANCH
Washington, D.C. 20231

Dear Sir:

Responsive to the Notice of Missing Parts dated March 26, 2001, (copy enclosed) enclosed
is the Declaration for the above-identified application.

Respectfully submitted,
BRACEWEI%D TTERSON L.LP.
lzclof s

Date ! \ Xébert C. Cu}\ﬁss \ \
Reg. No. 26.540

BRACEWELL & PATTERSON, L.L.P.
P.O. Box 61389

Houston, Texas 772081389

(713) 221-1430

Attorney Docket No. 069834.000038

CURFRC\069834\000038
HOUSTON\I283087.1
4/26/01--3:32 PM -1-
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Docket No. 069834.000038

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship is as stated below next to my name.

I'believe that I am the original, first and sole inventor of the subject matter which is claimed and for which
a patent is sought on the invention entitled Apparatus for capturing, converting and transmitting a visual
image signal via a digital transmission system
the specification of which: (check one)

[] is attached hereto;

[X ] was filed on 2/21/01 as Application

Serial No. 09/790,381 and

I hereby state that I have reviewed and understand the contents of the above-identified specification,
including the claims, as amended by any amendment(s) referred to above. '

I'acknowledge the duty to disclose information which is material to the examination of this application in
accordance with Title 37, Code of Federal Regulation, §1.56(a).

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign

application(s) for patent or inventor's certificate listed below and have also identified below any foreign

application for patent or inventor's certificate having a filing date before that of the application on which
. priority is claimed:

PRIOR FOREIGN APPLICATION(S) PRIORITY CLAIMED
[1 [l
(Number)  (Country) (Day/Month/Year Filed) Yes No

Ihereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States application in the manner provided by the first paragraph of Title 35, United States Code,
§112, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal
Regulations, §1.56(a) which occurred between the filing date of the prior application and the national or PCT
international filing date of this application:

(Application Serial No.) (Filing Date) (Status - Patented,

73

Page 61 of 315 SAMSUNG EXHIBIT 1013



Pending, or Abandoned)

(Application Serial No.) (Filing Date) (Status - Patented,
Pending, or Abandoned)

(Application Serial No.) (Filing Date) (Status - Patented,
Pending, or Abandoned)

I hereby appoint the following attorney(s) and/or agents, to prosecute this application and transact all
business in the Patent and Trademark Office connected therewith:

Robert C. Curfiss Reg. No. 26,540
Albert B. Kimball  Reg. No. 25,689
Mark A. Tidwell Reg. No. 37,456
Stephen Schlather ~ Reg. No. P-45,081

Address all Telephone Calls to: . Stephen F. Schlather
(713) 221-1339

Address all correspondence to Paul Lilly
BRACWELL & PATTERSON, L.L.P.

P. O. Box 61389
Houston, Texas 77208-1389

I hereby declare that all statements made herem of my knowledge are true and that all statements made on
information and belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon.

FULL NAME OF FIRST OR SOL \'NQENTO avid A. Monroe

{
INVENTOR'S SIGNATURE \ pate. Yl (41200
Residence 740 L{ncpli (gaden ) §OD Tit—7p boesr Citizenship_ U S g
Post Office Address__Cyn [ - TX 78230

SCHLSF\069834\000038
HOUSTON\1275933.1
4/9/01--2:31 PM ' 2
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09/790,381 02/21/2001 David A. Monroe -69834.000024

CONFIRMATION NO. 5404
FORMALITIES LETTER

Stephen F. Schiather

Stephen . Schlatner R S
711 Louisiana, Suite 2900

Houston, TX 77002

Date Mailed: 03/26/2001

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained
by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is missing.

e To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e)
of $65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items
identified in this letter.

¢ The balance due by applicant is $ 65.

A copy of this notice MUST be returned with the reply.

Customer Service Center
Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
WASHINGTON, D.C. 2023]

. www.uspto.gov
| APPLICATION NUMBER | FILING/RECEIPT DATE | FIRSTNAMED APPLICANT | ATTORNEY DOCKET NUMBER ]
09/790,381 02/21/2001 David A. Monroe 069834.000038

CONFIRMATION NO. 5404
FORMALITIES LETTER

Stephen . Sctlather AN

00000
711 Louisiana, Suite 2900
Houston, TX 77002

Date Mailed: 01/28/2002

NOTICE OF INCOMPLETE NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
A filing date has NOT been accorded to the above-identified application papers for the reason(s) indicated below.

All of the items noted below and a newly executed oath or declaration covering the items must be submitted
within TWO MONTHS of the date of this Notice, unless otherwise indicated, or proceedings on the application will
be terminated (37 CFR 1.53(e)).

The filing date will be the date of receipt of all items required below, unless otherwise indicated. Any assertions
that the item(s) required below were submitted, or are not necessary for a filing date, must be by way of petition
directed to the attention of the Office of Petitions accompanied by the $130.00 petition fee (37 CFR 1.17(h)). If the

petition states that the application is entitied to a filing date, a request for a refund of the petition fee may be
included in the petition.

e The application was deposited without drawings. 35 U.S.C. 113 (first sentence) requires a drawing "where
necessary for the understanding of the subject matter sought to be patented." Applicant should reconsider
whether the drawings are necessary under 35 U.S.C. 113 (first sentence).

A copy of this notice MUST be returned with the reply.

Customer Service Center
Initial Patent Examination Division (703) 308-1202

PART 3 - OFFICE COPY
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1 UNITED StATES PATENT AND TRADEMARK OFFICE

N COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
. WASHINGTON, D.C. 2023I

) . www.uspto.gov
|~ ApPLICATION NUMBER | . FILINGDATE | FIRSTNAMEDAPPLICANT | ATTY.DOCKET NO/TITLE 1
09/790,381 02/21/2001 David A. Monroe " 069834.000038

.CONFIRMATION NO. 5404
WITHDRAWAL NOTICE

Stephen: Sflaner AT

] *0C000000007373024*
711 Louisiana, Suite 2900
Houston, TX 77002

Date Mailed: 01/28/2002

WITHDRAWAL OF PREVIOUSLY SENT NOTICE

The Notice mailed on 06/21/2001 was sent in error and is hereby withdrawn. A corrected Notice is enclosed. The

time period for reply runs from the mail date of the corrected Notice. We apologize for any inconvenience this
caused. .

A copy of this notice MUST be returned with the reply.

P
SO ma sz

Customer Service Center

Initial Patent Examination Division (703) 308-1202

PART 3 - OFFICE COPY
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< PATENT
) TED STATES PATENT AND TRADEMARK OFFICE ,Zf‘? "
Application of CERTIFICATE OF MAILING

T hereby certify that this correspondence
and its attachments are being deposited
with the United States Postal Service as
First Class U.S. Mail addressed to:
COMMISSIONER OF PATENTS AND
TRADEMARKS, Washington, D.C.
20231, this 26th day of March, 2002.

AQ&\'V» @k‘

Dora Rios

David A. Monroe

Serial No.: 09/790,381

Filed: 02/21/2001

Apparatus for Capturing, Converting

and Transmitting a Visual Image Signal
via a Digital Transmission System

RESPONSE TO NOTICE OF INCOMPLETE
NONPROVISIONAL APPLICATION

Commissioner of Patents and Trademarks
Washington, D.C. 20231

Dear Sir:
*"" Responsive to the Notice of Incomplete Nonprovisional Application dated January 28,2002,
L (copy enclosed) enclosed are the drawings for the above-identified application.
£
o The Commissioner is authorized to charge any ﬁhng fees to deposit account 50-0259 of
Lt Bracewell & Patterson.
e
LEH Respectfully submitted,

& PATTERSON L.L.P.

o\ 2\ o= :
DATE ) bertC bur
Reg. No. 26,549

BRACEWELL & PATTERSON, L.L.P.
P.O. Box 61389

Houston, Texas 77208-1389

(713) 221-1430

Attorney Docket No. 069834.000038

CURFRC\069834\000038
HOUSTON\1403747.1
3/25/02--5:05 PM -1-
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Application of CERTIFICATE OF MAILING

I hereby certlfy that th1s correspondence
and its attachments are being deposited
with the United States Postal Service as
First - Class- U.S. Mail addressed to:
COMMISSIONER OF PATENTS AND
TRADEMARKS, Washington, D.C.
20231, this 26th day of March, 2002.

Dora Rios .

David A. Monroe

Serial No.: 09/790,381

Filed: 02/21/2001

Apparatus for Capturing, Converting

' and ‘Transmitting a Visual Image Signal
via aDigital Transmlssmn System

i R T g W N W W W

RESPONSE TO NOTICE OF INCOMPLETE
- N ONPROVISIONAL APPLICATION

CommissiOner of Petents and Trademarks
Washington, D.C. 20231

Dear‘ Sir:

Responswe to the Notice of Incomplete Nonprov1s10nal Application dated January 28, 2002,
(copy enclosed) enclosed are the drawmgs for the above-identified apphcatlon

, N The Commlssmner is authonzed to charge any filing fees to depos1t account 50 0259 of
Bracewell & Patterson

Respectfully submitted,

BRAC & PATTERSON,' LLP.
?7\ 20 \QL By: °”{ ( J —
DATE L : Z\Robert C. bur l l

Reg. No. 26,54

BRACEWELL & PATTERSON, L.L.P.
P.O. Box 61389

Houston, Texas 77208- 1389

(713) 221-1430

Attorney Docket No. 069834.000038

CURFRC\069834\000038
HOUSTON\1403747.1 //
3/25/02--5:05 PM ‘ -1-
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PATENT AND TRADEMARK OFFICE

COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFIGE
WASHINGTON, D.C. 2023

www.uspto.gov
| APPLICATION NUMBER | FILING/RECEIPT DATE | FIRSTNAMED APPLICANT |  ATTORNEY DOCKET NUMBER |
09/790,381 02/21/2001 David A. Monroe 069834.000038

CONFIRMATION NO. 5404
FORMALITIES LETTER

Stephen . Setlaner AR

*0C000000007373031*
711 Louisiana, Suite 2900
Houston, TX 77002

— Date Mailed: 01/28/2002
NOTICE OF INCOMPLETE NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

filing date has NOT been accorded to the above-identified application papers for the reason(s) indicated below.

—All of the items noted below and a newly executed oath or declaration covering the items must be submitted
=Wwithin TWO MONTHS of the date of this Notice, uniess otherwise indicated, or proceedings on the application will
e terminated (37 CFR 1.53(g)).

Tl .

*The filing date will be the date of receipt of all items required below, unless otherwise indicated. Any assertions

2 _that the item(s) required below were submitted, or are not necessary for a filing date, must be by way of petition
Cldirected to the attention of the Office of Petitions accompanied by the $130.00 petition fee (37 CFR 1. 17(h)). If the
«=petition states that the application is entitled to a filing date, a request for a refund of the petition fee may be
i=included in the petition.

e The application was deposited without drawings. 35 U.S.C. 113 (first sentence) requires a drawing "where
necessary for the understanding of the subject matter sought to be patented." Applicant should reconsider
whether the drawings are necessary under 35 U.S.C. 113 (first sentence).

= e

-
1

Hoeu 1L

A copy of this notice MUST be returned with the reply.

) . 4
‘ A ldanpa
Customer Service Center —
Initial Patent Examination Division (703) 308-1202

PART 2 - COPY TO BE RETURNED WITH RESPONSE
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Application of David A. Monroe

paratus for Capturing, Converting
*.4d Transmitting Visual Image Signat
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Apparatus for Capturing, Converting.
and Transmitting Visual Image Signal

' : j Application of David A. Monroe
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_— Apparatus for Capturing, Converting
{ /Dand Transmitting Visual Image Signal
Page 5 of 21 :
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Application of David A. Monroe

() Apparatus for Capturing, Converting (/>
' and Transmitting Visual Image Signal = >

Page 6 of 21
o
~
o —
—
- . »
o -
— b
o
M~
)
a&
<
=0
(=)
) 3
o — f —
2
st * w
2
-
3 &
b oy
* E
<€
m
S
=
X
7]
. 1
a -
) —
o 0
= 9

# 154

TELEPHONE

166
FIG. 6B

% CELLULAR
ap V164

TELCO [

FIG. 6 Ol

1

/

Page 79 of 315 SAMSUNG EXHIBIT 1013



Page 80 of 315

SAMSUNG EXHIBIT 1013




Appnucauon of David A. Monroe

Apparatus for Capturing, Converti

and Transmitting Visual Image Sig.. - 7
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Appucation ot David A. Monroe
L Apparatus for Capturing, Converting (/>
( ’) and Transmitting Visual Image Signal . ./
) Page 8 of 21
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Application of David A. Monroe
\ Apparatus for Capturing, Converting U
{ ./and Transmitting Visual Image Signal (q
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Application of David A. Monroe

Apparatus for Capturing, Converting

and Transmitting Visual Image Signal
Page 10 of 21 -
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Application of David A. Monroe

Apparatus for Capturing, Converting

and Transmitting Visual Image Signal
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Application of David A. Monroe

o Apparatus for Capturing, Converting
and Transmitting Visual Image Signal
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Application of David A. Monroe

Apparatus for Capturing, Converting

and Transmitting Visual Image Signal :
Page 13 of 21
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov’

| APPLICATION NO. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKET Noi CONFIRMATION NO. |
09/790,381 04/11/2002 David A. Monroe 069834.000038 5404
7590 10/03/2003 [ EXAMINER I
Stephen F. Schlather . POKRZYWA, JOSEPH R
Bracewell & Patterson, L.L.P.
711 Louisiana, Suite 2900 | ART UNIT [ parerNUMBER ]
Houston, TX 77002 2622
DATE MAILED: 10/03/2003

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)

Page 111 of 315 SAMSUNG EXHIBIT 1013



Application No. Applicant(s) .

09/790,381 MONROE, DAVID A.
Office Action Summary Examiner Art Unit

Joseph R. Pokrzywa 2622

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -~
sriod for Reply
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DETAILED ACTION

Specification
L. The disclosure is objected to because of the following informalities:
on page 11, line 13, PCMCIA card 50” should read PCMCIA card 727,
on page 21, line 23, “ne imagery formats” should read “new imagery formats”;

Appropriate correction is required.

Drawings
2. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(4) because
reference character “81” has been used to designate both the hardwired personal computer in Fig.
4-and the data multiplexer circuit in Fig. 5, and reference character "83" has been used to
designate both the communications interface module in Fig. 4 and the sync signal in Fig. 5. A
proposed drawing correction or corrected drawings are required in reply to the Office action to
avoid abandonment of the application. The objection to the drawings will not be held in
abéyance.
3. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they
do not include the following reference sign(s) mentioned in the description: feference numeral
“29”, on page 10, line 11. A proposed drawing correction or corrected drawings are required in
reply to the Office action to avoid abandonment of the application. The objection to the

drawings will not be held in abeyance.
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4. The drawings are objected to because the lettering is too small to recognize in Figs. 8A-

8L, and because in Fig. 4, PC modem protocol box “66” should read “68”, as read on page 12,
lines 27 and 28. A proposed drawing correction or corrected drawings are required in reply to the
Office action to avoid abandonment of the application. The objection to the drawings will not be

held in abeyance.

Claim Objections
5. Claims 3 and 5 are objected to because of the following informalities:
In claim 3, line 1, “claim 1” should read “claim 2”, as reference is made to “said
memory”, introduced in claim 2;
In claim 5, line 1, “claim 1” should read “claim 4”, as reference is made to “the digital
signal”, introduced in claim 4.

Appropriate correction is required.

Claim Rejections - 35 USC § 102
6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for
patent by another filed in the United States before the invention by the applicant for patent, except that an
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this
subsection of an application filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English language.
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7. Claims 1, 2, 4-12, 21, 23-27, and 30-36 are rejected under 35 U.S.C. 102(b) as being
anticipated by Hassan ef al. (U.S. Patent Number 5,550,646).

Regarding claim 1, Hassan discloses a self-contained image processing system (device
110 in Figs. 1 and 2) for capturing a visual image and transmitting it to a remote receiving station
(see abstract, column 1, lines 47 through 52, column 2, lines 43 through 61, and column 3, lines
10 through 20), with the system comprising an image capture device (CCD 203, column 3, lines
21 through 67), a processor (microcontroller 205) for generating a data signal representing the
image (column 3, lines 21 through 67), a communications device (facsimile interface 219)
adapted for transmitting the data signal to the remote receiving station (column 4, line 65 through
column 5, line 9), and a wireless transmission system between the communications device and
the compatible receiving station (column 2, lines 4 through 54, and column 3, lines 10 through
20, with the fax modem 240, being “applied as an input to the transmitter section of a cellular
telephone”, as read in column 5, lines 7 through 9).

Regarding claim 2, Hassan discloses the system discussed above in claim 1, and further
teaches of amemory for receiving and storing the data signal (RAM 207), and wherein the
communications device is adapted for recalling the stored data signal from memory (column 4,
lines 24 through 64).

Regarding claim 4, Hassan discloses the system discussed above in claim 1, and further
teaches of the image capture device is an analog camera (lens assembly 201 on a CCD 203) for
geperating an analog image signal (column 3, lines 21 through 67), and there is further included
an analog to digital converter for converting the analog image signal to a digital signal (column

3, line 47 through column 4, line 67).
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Regarding claim 5, Hassan discloses the system discussed above in claim 4 (as
understood by the examiner), and further teaches ;)f a subprocessor for generating a Group-III
facsimile compatible signal representing the digital signal (column 4, line 65 through column 5,
line 9).

Regarding claim 6, Hassan discloses the system discussed above in claim 1, and further
teaches that the subprocessor comprises a gray scale bit map, a halftone converter, and a binary
bit map (see abstract, column 1, lines 54 through 63, and column 3, lines 47 through 67).

Regarding claim 7, Hassan discloses the system discussed above in claim 1, and further
teaches of an integrated wireless telephone associated with the communications device (column
2, lines 4 through 54).

Regarding claim 8, Hassan discloses the system discussed above in claim 1, and further
teaches of a housing for housing all of the elements of the system in an integrated body (column
2, lines 39 through 66).

Regarding claim 9, Hassan discloses the system discussed above in claim 1, and further
teaches that the image capture device is a digital camera (column 2, lines 39 through 67, and
column 3, lines 21 through 46).

Regarding claim 10, Hassan discloses the system discussed above in claim 1, and further
teaches of a view screen for viewing the captured and stored image (LLCD display 215, column 4,
lines 19 through 64).

Regarding claim 11, Hassan discloses the system discussed above in claim 5, and further

teaches of a facsimile receiving device associated locally with the system for providing a local
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printer for reproducing the captured image in hard copy (column 2, line 66 through column 3,
line 4, and column 4, line 65 through column 5, line 22).

Regarding claim 12, Hassan discloses the system discussed above in claim 1, and further
teaches that the processor is adapted for generating a signal in any of a plurality of selected
protocols and wherein the communications device is adapted for transmitting the signal in the
proper protocol to a remote, compatible receiving station (column 4, line 65 through column 5,
line 10).

Regarding claim 21, Hassan discloses the system discussed above in claim 1, and further
teaches that the system is of modular construction (see Fig. 2), and the camera (CCD 203) , the
processor (microcontroller 205), and the communications device (fax interface 219) are each
independent, functional units (column 3, line 21 through column 5, line 9) which may be coupled
to one another for defining the assembled system (see Fig. 2).

Regarding claim 23, Hassan discloses the system discussed above in claim 1, and further
teaches of a data processor for creating a text data signal associated with the image data signal
(column 4, lines 19 through 64).

Regarding claim 24, Hassan discloses the system discussed above in claim 23, and
further teaches of an input device for providing text data to the data processor (keypad 211,
column 4, lines 1 through 64).

Regarding claim 25, Hassan discloses the system discussed above in claim 24, and

further teaches that the input device is user controlled (column 4, lines 1 through 64).
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Regarding claim 26, Hassan discloses the system discussed above in claim 25, and
further teaches that the user controlled input device is an integral keyboard (keypad 211, column
4, lines 1 through 18).

Regarding claim 27, Hassan discloses the system discussed above in claim 24, and
further teaches that the input device comprises a real time clock (column 4, lines 24 through 42).

Regarding claim 30, Hassan discloses the system discussed above in claim 2, and further
teaches that the image data signal is stored in a compressed format (column 3, lines 47 through
54).

Regarding claim 31, Hassan discloses the system discussed above in claim 2, and further
teaches that the image data signal is stored in a half-tone format (column 3, lines 37 through 67).

Regarding claim 32, Hassan discloses the system discussed above in claim 1, and further
teaches that the remote receiving station is a standard bi-level facsimile machine and the image
data signal is generated in a gray-scale format and protocol (column 3, lines 50 through 67,
column 4, line 65 through column 5, line 9, and column 6, line 62 through column 7, line 2).

Regarding claim 33, Hassan discloses the system discussed above in claim 1, and further
teaches that the remote receiving station is a gray-scale facsimile machine and the image data
signal is generated in a gray-scale format and protocol (column 3, lines 50 through 67, column 4,
line 65 through column 5, line 9, and column 6, line 62 through column 7, line 2).

Regarding claim 34, Hassan discloses the system discussed above in claim 1, and further
teaches that the remote receiving station is a color facsimile machine and the image data signal is
generated in a full color format and protocol (column 3, lines 50 through 67, column 4, line 65

through column 5, line 9, and column 6, line 62 through column 7, line 2).
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Regarding claim 35, Hassan discloses the system discussed above in claim 1, and further
teaches that the remote receiving station is a digital device and the image data is digital (column
2, line 45 through column 3, line 33, and column 4, line 65 through column 5, line 9).

Regarding claim 36, Hassan discloses the system discussed above in claim- 1, and further
teaches of a self-contained power source for powering the system (column 5, lines 23 through

25).

8. Claims 1-3 are rejected under 35 U.S.C. 102(e) as being anticipated by Wertsberger
(U.S. Patent Number 6,072,600).

Regarding claim 1, Wertsberger discloses a self-contained image processing system (see
Figs. 1 and 2) for capturing a visual image and transmitting it to a remote receiving station (see
abstract, column 2,» line 50 through column 3, line 25), with the system comprising an image

capture device (CCD image sensor 1, column 4, lines 5 through 47), a processor (CPU 16) for

generating a data signal representing the image (column 4, lines 20 through 58), a
communications device (fax modem circuitry 13) adapted for transmitting the data signal to the
remote receiving station (column 4, lines 48 through 67), and a wireless transmission system
(telephone interface circuitry 15) between the communications device and the compatible
receiving station (column 5, lines 1 through 6).

Regarding claim 2, Wertsberger discloses the system discussed above in claim 1, and

further teaches of a memory for receiving and storing the data signal (memory means 11, and

secondary storage 20), and wherein the communications device is adapted for recalling the stored

data signal from memory (column 4, lines 48 through 67, and column 5, lines 24 through 27).
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Regarding claim 3, Wertsberger discloses the system discussed above in claim 2 (as
understood by the examiner), and further teaches that the memory is a removable RAM and
wherein the system is adapted for selectively charging and discharging the memory (column 5,

lines 24 through 27).

9. Claims 1, 21, and 36-42 are rejected under 35 U.S.C. 102(e) as being anticipated by
Parulski et al. (U.S. Patent Number 5,666,159).

Regarding claim 1, Parulski discloses a self-contained image processing system (see
Figs. 1, 2, and 7-9) for capturing a visual image and transmitting it to a remote receiving station
(see abstract), with the system comprising an image capture device (camera module 10, column
3, lines 6 through 40), a processor (pen-based computer 12) for generating a data signal
representing the image (column 3, lines 27 through column 4, line 6), a communications device
(RF transmitter module 14) adapted for transmitting the data signal to the remote receiving
station (column 4, lines 4 through 25), and a wireless transmission system between the
communications device and the compatible receiving station (column 4, lines 7 through 25).

Regarding claim 21, Parulski discloses the system discussed above in claim 1, and further
teaches that the system is of modular construction (see Fig. 1), and the camera (camera module
10) , the processor (pen-based computer 12), and the communications device (RF transmitter
module 14) are each independent, functional units which may be coupled to one another for

defining the assembled system (see Figs. 1-3).

Page 120 of 315 SAMSUNG EXHIBIT 1013



) ()

Application/Control Number: 09/790,381 Page 10
Art Unit: 2622

Regarding claim 36, Parulski discloses the system discussed above in claim 1, and further
teaches of a self-contained power source for powering the system (column 3, lines 41 through
60).

Regarding claim 37, Parulski discloses the system discussed above in claim 36, and
further teaches that the communications device is adapted to be used independently of the image
capture device and the processor, and wherein the power supply is adapted for isolating the
power to the communications device from the power to the image capture device and processor
(column 3, lines 41 through 56).

Regarding claim 38, Parulski discloses the system discussed above in claim 37, and
further teaches of a power initiation device associated with the image capture device and the
processor, wherein the power to the image capture device and the processor is off when the
initiation device is not activated (column 3, lines 41 through 56).

Regarding claim 39, Parulski discloses the system discussed above in claim 38, and
further teaches that the power initiation device is user controlled (column 3, lines 41 through 56).

Regarding claim 40, Parulski discloses the system discussed above in claim 38, and
further teaches of a trigger device for activating the power initiation device (column 3, lines 41
through 56).

Regarding claim 41, Parulski discloses the system discussed above in claim 40, and
further teaches that the trigger device is a timer (see Fig. 5, and column 3, lines 33 through 60,
whereby the flash 24 is equivalent to a timer, as it ‘waits a predetermined amount of time to

charge before firing).
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Regarding claim 42, Parulski discloses the system discussed above in claim 40, and
further teaches that the trigger device is triggered by the presence of an image to be captured

(column 3, lines 41 through 60).

Claim Rejections - 35 USC § 103
10.  The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(2) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

11.  Claims 13-18, and 29 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Hassan et al. (U.S. Patent Number 5,550,646) in view of Ross (U.S. Patent Number 5,546,194).
Regarding claim 13, Hassan discloses the system discussed above in claim 1, but fails to
specifically teach if the image capture device is an analog video camera for generating a video
signal. Ross discloses a self-contained image processing system (see Fig. 1) for capturing a
visual image and transmitting it to a remote receiving station, with the system comprising an
image capture device (video camera 10, column 3, lines 4 through 5), a processor (control system
22 in Fig. 1, or CPU 44 in Fig. 2) for generating a data signal representing the image (column 3,
lines 20 through 29, and column 3, line 63 through column 4, line 20), a communications device
(Group III fax transmitter 20 in Fig. 1, and fax modem 50 iﬁ Fig. 2) adapted for transmitting the
data signal to the remote receiving station (column 2, lines 15 through 29, wherein the remote
receiving station is inherently included in the system), and a subprocessor (Group III formatter

18) for generating a Group-III facsimile compatible signal representing the data signal (column
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3, lines 30 through 52). Continuing, Ross teaches that the image capture device is an analog
video camera for generating a video signal (column 3, lines 4 through 9). Further Ross teaches
that the processor comprises a sync detector (sync separator 24, column 3, lines 53 through 62)
and a video address generator (address multiplexer 43, column 4, lines_6 thfough 11) for
synchronizing the digital signal with the analog signbal for defining the beginning and end of the
signal to define a still frame (column 3, lines 20 through 62), a random access memory (RAM
38) for receiving and storing the converted, synchronized signal frame-by-frame (column 4, lines
3 through 22), a processor routine for converting the signals stored in the memory to a protocol
adapted for transmission (column 4, lines 22 through 36) to a remote, compatible protocol
receiving station (inherently included), and a communications device (FAX modem 50) for
transmitting the signal in the proper protocol to the compatible receiving station (column 5, lines
7 through 16). Therefore, it would have been obvious to a person of ordinary skill in the art at the
time the invention was made to include the teachings of Ross in the system of Hassan. Hassan’s
system would easily be modified to include the teachings of Ross, as the systems share
cumulative features, being additive in nature.

Regarding claim 14, Hassan and Ross disclose the system discussed above in claim 13,
and Hassan further teaches that the processor routine converts the signals to a Group-III
facsimile protocol, the system further including a facsimile modem for accepting the signal and
transmitting to the compatible receiving station (column 4, line 65 through column 5, line 9).

Regarding claim 15, Hassan and Ross disclose the system discussed above in claim 13,

and Hassan further teaches of a hardwired transmission system associated with the modem and a
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switching device for selecting in the alternative either the hardwired or the wireless transmission
system (column 3, lines 10 through 17, and column 4, line 65 through column 5, line 9).

Regarding claim 16, Hassan and Ross disclose the system discussed above in claim 13,

‘ and Hassan further teaches of a local facsimile receiving system associated with the modem for
providing local hard copy of the stored image signals in the memory (column 4, line 65 through
column 5, line 22, and column 6, lines 10 through 21).

Regarding claim 17, Hassan and Ross disclose the system discussed above in claim 16,
and Hassan further teaches of a switching device for selectively activating and deactivating the
local facsimile receiving system (column 6, lines 10 through 21).

Regarding claim 18, Hassan and Ross disclose the system discussed above in claim 13,
and Hassan further teaches of an integral viewer for viewing the images stored in the memory
(LCD display 215, column 4, lines 19 through 64).

Regarding claim 29, Hassan discloses the system discussed above in claim 2, but fails to
specifically teach if the image data signal is stored in a raw video format. Ross discloses a self-
‘contained image processing system (see Fig. 1) for capturing a visual image and transmitting it to
aremote receiving station, with the system comprising an image capture device (video camera
10, column 3, lines 4 through 5), a processor (control system 22 in Fig. 1, or CPU 44 in Fig. 2)
for gengrating a data signal representing the image (column 3, lines 20 through 29, and column
3, line 63 through column 4, line 20), a communications device (Group III fax transmitter 20 in
Fig. 1, and fax modem 50 in Fig. 2) adapted for transmitting the data signal to the remote
receiving station (column 2, lines 15 through 29, wherein the remote receiving station is

inherently included in the system), and a subprocessor (Group III formatter 18) for generating a
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Group-III facsimile compatible signal representing the data signal (column 3, lines 30 through
52). Continuing, Ross teaches of a memory for receiving and storing the data signal (RAM 38,
column 3, line 65 through column 4, line 11), and that the image data signal is stored in a raw
video format (column 3, line 63 through column 4, line 51). Therefore, it would have been
obvious to a person of ordinary skill in the art at the time the invention was made to include the
teachings of Ross in the system of Hassan. Hassan’s system would easily be modified to include

the teachings of Ross, as the systems share cumulative features, being additive in nature.

12.  Claims 19 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hassan
et al. (U.S. Patent Number 5,550,646) in view of Ross (U.S. Patent Number 5,546,194), and
further in view of Wertsberger (U.S. Patent Number 6,072,600).

Regarding claims 19 and 20, Hassan and Ross disclose the system discussed above in
claim 13, but fail to teach if the memory is a removable memory medium which may be
selectively removed from the system, with the rerﬁovable memory medium comprising a
PCMCIA card memory. Wertsberger discloses a self-contained image processing system (see
Figs. 1 and 2) for capturing a visual image and transmitting it to a remote receiving station (see
abstract, column 2, line 50 through column 3, line 25), with the system comprising an image
capture device (CCD image sensor 1, column 4, lines 5 through 47), a processor (CPU 16) for
generating a data signal representing the image (column 4, lines 20 through 58), a
communications device (fax modem circuitry 13) adapted for transmitting the data signal to the
remote receiving station (column 4, lines 48 through 67), and a wireless transmission system

(telephone interface circuitry 15) between the communications device and the compatible
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receiving station (column 5, lines 1 through 6). Continuing, Wertsberger teaches of a memory for
receiving and storing the data signal (memory means 11, and secondary storage 20), and wherein
the communications device is adapted for recalling the stored data signal from memory (column
4, lines 48 through 67, and column 5, lines 24 through 27). Further, Wertsberger teaches that the
memory is a removable memory medium which may be selectively removed from the system
(column 5, lines 24 through 27), with the removable memory medium comprises a PCMCIA
card memory (column 5, lines 24 through 27). Therefore, it would have been obvious to a person
of ordinary skill in the art at the time the invention was made to include the teachings of
Wertsberger in the system of Hassan and Ross. The system of Hassan and Ross would easily be
implemented to include Wertsberger's removable PCMCIA card memory, as the systems share

cumulative features, being additive in nature.

13. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hassan et al.
(U.S. Patent Number 5,550,646) in view of Shibata ez al. (U.S. Patent Number 5,689,300).
Regarding claim 22, Hassan discloses the system discussed above in claim 1, but fails to
specifically teach if an audio signal capture device adapte(i for capturing an audio signal in
correlation with the captured video signal. Shibata discloses a self-contained image processing
system for capturing a visual image and transmitting it to a remote receiving station (see Figs. 1,
8A, and 8B, and abstract), which includes an audio signal capture device adapted for capturing
an audio signal in correlation with a captured video signal (column 17, lines 12 through 51).
Therefore, it would have been obvious to a person of ordinary skill in the art at the time the

invention was made to include the teachings of Shibata in the system of Hassan. Hassan’s system
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would become more convenient for a user, as the user would be able to communicate audio

information along with video information, as recognized by Shibata.

14.  Claim 28 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hassan et al.
(U.S. Patent Number 5,550,646) in view of Bradley et al. (U.S. Patent Number 5,995,041).
Regarding claim 28, Hassan discloses the system discussed above in claim 24, but fails to
specifically teach if the input device comprises a global positioning system. Bradley discloses a
self-contained image processing system for capturing a visual image and transmitting it to a
remote receiving station (column 2, line 42 through column 3, line 6, and column 7, line 43
through column 8, line 30), with the system comprising an image capture device (column 7, line
43 through column 8, line 24), a processor (500, column 8, line 64 through column 10, line 2),a
communications device adapted for transmitting a data signal to the remote receiving station
(column 2, line 57 through column 3, line 6), and a wireless transmission system between the
communications device and the compatible receiving station (see Figs. 1-3). Further, Bradley
teaches that an input device comprises a global positioning system (column 2, lines 42 through
61). Therefore, it would have been obvious to a person of ordinary skill in the art at the time the
invention was made to include Bradley’s teachings in the system of Hassan. Hassan’s system
would become more user-friendly with the addition of Bradley’s GPS teachings, since the user

would automatically know the coordinates of where he is located.
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Citation of Pertinent Prior Art
15.  The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure:

Creedon ez al. (U.S. Patent Number 5,235,432) discloses a video-to-facsimile system.

Conclusion
16.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Joe Pokrzywa whose telephone number is (703) 305-0146. The
examiner can normally be reached on Monday-Friday, 7:30-4:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Edward L. Coles can be reached on (703) 305-4712. The fax phone number for the
organization where this application or proceeding is assigned is (703) 872-9306.

Any inquiry of a general nature or relating to the status of this application or proceeding
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An image communication system and method includes an
image capture device which utilizes CCD technology to
“take a picture”, ie., to capture an image, and then to
generate a digital representation of that image which may be
applied to a fax modem and then transmitted to a remote
facsimile machine via a telephone communication link. The
digital image is processed, such as by dithering, to enhance
its presentability, so that shades of gray present in a con-
ventional black and white photograph are converted to a
pattern of black and white dots which retains the character
of the original image.in spite of subsequent facsimile
transmission. The image capture device may include a
printer and a memory for storing multiple images as well as
the destination numbers of facsimile machines which are
intended to receive copies of the images.

Capturing System” Displays, Oct. 1982, pp. 212-217. 7 Claims, 4 Drawing Sheets
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IMAGE COMMUNICATION SYSTEM AND
METHOD

FIELD OF THE INVENTION

This invention relates generally to communication of
images, and, in particular to transmission of image infor-
mation to a facsimile receiver,

BACKGROUND OF THE INVENTION

Visual communications systems and technigues, in which
images are captured and transmitted via the telecommun;-
cations network,-have recently become increasingly signifi-
cant, For example, AT&T has recently introduced its Video-
Phone 2000, which attaches to ordinary telephone lines. A
real time moving image of the persons using the system is
transmitted, along with the verbal conversation. However,
the VideoPhone and similar systems are not ‘portable, and
must be used either in a fixed location, or in any event near
a location in which a connection to the telephone network is
available. Also, such systems are relatively expensive.

Another entry in this market, also available from AT&T,
is the Picasso still image phone, which is used in conjunction
with a conventional video camera and a television receiver.
At the transmitting end, 2 still image from the video camera
is captured in the Picasso phone, and then transmitted to the
remote Picasso phone, where it is stored and then displayed
on a television receiver. This arrangement too is neither
portable nor inexpensive.

‘Yet other image. capture and display products are called
digital cameras or instant electronic cameras, such as are
described in U.S. Pat. No. 4,074,324 issued to J. S. Barrett
on Feb. 14, 1978. Commercially available digital cameras
include the Model 3 available from DYCAM and the
Fotoman Plus available from Logitech. With a digital cam-
era, an image is scanned by an internal charge coupled
device (CCD), digitized and stored inside the camera, A
personal computer is then needed to view, manipulate and
store the image. These digital cameras are designed as
computer peripherals, specifically, as input devices for com-
puter based applications. No provision is made in digital
cameras for remote display of the images. :

SUMMARY OF THE INVENTION

In accordance with our invention, an image communica-
tion system and method includes an image capture device
which utilizes CCD technology to “take a picture”, i.e., to
capture an image, and then to generate a digital representa-
tion of that image that can be transmitted via a telephone
communication link to a remote facsimile machine, The
digital image is advantageonsly processed. to enhance its
prescutability, and stored. The enbancement of the digi
image-essentially converts'the shades: of gray- present ina
conventional. black and white. photograph to 2 patterm
black and white dots (sometimes called picture elements.
pels). which retairs the character of the original image in
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spite of subsubsequent facsimile tiansmission and possible:

photocoping that may thefeafier occur. This assures that the
image can be displayed on an output device, such as a
facsimile machine that is capable:of. producing: only an
essentially. black and white’ bit mapped. image: The image
capture device may include a miniature printer, but is

nevertheless compact and lightweight, so that the'device can':

be-easily transported to.a Jocation
the telephone network is available:

a'connection to

which
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In one embodiment, the image capture device is arranged
so that it may be connected directly to a standard telephone
line, for example, by using a conventional RJ11 jack and

plug. Alternatively; the image. capture device may be con-

nected to or include a built in.cellular telephone. In eithier
event, the user may establish thé comnumications connec-
tion to a remote facsimile machine by entering the destina-
tion number(s) of one or more facsimile machines which are
intended to receive copies of the image into a keypad, or
retreiving the destination number from a memory in the
image capture device. The stored image is then applied to a
fax modem disposed within the image capture device, which
converts the stored information to an appropriate format,

and then dials the number of the remote facsimile machine .

to establish the required communications connection(s) for
transmission of the facsimile image.

BRIEF DESCRIPTION OF THE DRAWING

The present invention will be more fully appreciated by
consideration of the following detailed description, which
should be read in light of the accompanying drawing in
which:

FIG. 1 is a schematic diagram illustrating an image
capture device amranged in accordance with the present
invention, and its use in a system to enable communication
of a captured image to a remote facsimile machine;

FIG. 2 is a block diagram of image capture device 110 of
FIG. 1;

FIG. 3 is a flow diagram illustrating the steps performed
by the system of FIG. 1 when a captured image is to be
transmitted to a remote facsimile machine; and

FIG. 4 is a flow diagram illustrating the steps performed
by the system of FIG. 1 when a captured image is to be
printed locally.

DETAILED DESCRIPTION

Referring first to FIG. 1, there is shown a schematic
diagram illustrating an image capture device arranged in
accordance with the' present invention, and its use in a
system to enable communication of a captured image to a
remote facsimile machine. The image capture device: is
designated generally as 110, 'and if:appearance resembles
small; portable; hand held camera. Image capture device 110
is arranged, as described in more detail below, to “take a
picture”, such as a picture of damaged automobile 120, and
to store a digital representation (image) of the picture in an
internal memory. The image remains in the memory until the
image capture device can be connected or gain access to a
telecommunications network; stichias by being connected

ed between image capture
device 110 and a remote facsimile machine 140, such as by
keying the number of facsimile machine 140 op a
112 built into image capture device 110. Alternatively, as
shown in FIG. 1, dialing may be accomplished using tele-
phone 150 which is connected to the same jack 130 and
bridged on the telephone line. When the connection is made,
a “send” button on the image capture device is activated,
cansing the stored digital representation to be applied to a
fax modem in the device. The image, in this case, of the
damaged antomobile, is thus transmitted to and displayed on
the remote facsimile machine. Advantageously, the image
capture device also includes a printing capability, such as
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may be provided by a miniature thermal printer, so that a
hard copy of a stored image may be generated and reviewed.
This is helpful in previewing the image that is to be
transmitted to a remote facsimile machine. :

Dialing can be accomplished in an alternative arrange- 5
ment, such as by first storing a sequence of digits represent-
ing the dialed number in a memory within the image capture
device, and by thereafter reading out and applying the digits
to a dialing circuit at the time the-connection is established..

The advantages of the present invention are that the image’
capture device is small, portable and inexpensive. It can be:-
connected {0 the' telephone: network anywhere. an. ordinary
telephone. jack*is-available; or; if provided: with- a: cellular;
telephone:capability. or.connection, anywhere' cellilar: ser-
vice'is dvailablé, and a picture stored in the camera can be
transmitted to any conventional facsimile machine in near
real time. The invention thus would be of great value to
architects, landscapers, designers, artists, engineers, insor-
ance adjusters, auto repairmen, teachers, doctors, advertis-
ing agencies, marketing departments, etc.

Referring now to FIG. 2, there is shown 2 block diagram
of image capture device 110 of FIG. 1. A picture is taken by
the device by focusing light coilected by alens assembly 201
on a charge coupled device (CCD) 203, which has an
associated control element 204 that operates in response to
commands issued by a microcontroller 205 and communi-
cated to CCD 203 via a system bus 225, Microcontroller 205
may be implemented in a digital signal processor (DSP)
chip, such as the 3210 chip available from AT&T, which
preferably includes an internal clock fimction. The combi-
nation of lens assembly 201, CCD-203 and control element
204 are well known to-those skilled in the art, and can be
found in digital cameras such as those made by Dycam. Well
known functionality in such arrangements includes auto-
matic focusing of the image provided by lens assembly 201.
As an alternative to automatic’ focusing, and to save cost,
lens assembly 201 may be arranged with a large focal depth.
Automatic aperture/exposure control may be provided using
photo sensor 231, which is arranged to measure the lighting
conditions relative to the image being captured, and provide
a signal to exposure control circuit 229 which is connected
to system bus 225. In cases where the ambient lighting
conditions are inadequate, a signal may be sent to flash
control circuit 226 to actuate a built-in flash tube 227. In
addition, automatic color balance and other camera features
may be provided. .

The image outpiit-from: CCD, 203 is
controller 205 to enhance, resentability; illustratively by
dithering; ‘and-then ‘stored, in compressed digital form, in'a
randort: acéess: memory” (RAM). 207: Compression may be
achieved using any well known compression/archiving algo-
rithm, which is later reversed by corresponding decompres-
sion when the image is later printed or transmitted to a
remote facsimile machine. The purpose of the dithering (or
other enhancement) is to enable the picture to be displayed
on a facsimile machine that is essentially limited to display-
ing black and white bit mapped pictures, rather than grey
scale images. This can be explained as follows: The image
captured by CCD 203 is generally about 640 by about 480
pixels, each having 16 possible grey levels. This image may
be dithered to around 1500 by 1000 black and white pixels,
such that each original pixel is represented by a two by two
block of pixels, which may have sixteen different black and
white patterns. If the dithered image is transmitted to a fax
machine which reproduces 200 pixels (dots) per inch, an 65
image of approximately 7.5 inches by 5 inches can be
produced, when displayed sideways on a page.
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Keypad 211 is provided in image capture device so that a
user can input commands and other information into the
device, and the commands can be passed to microcontroller
205 via a keypad control circuit 213 and system bus 225.
Advantageously, keypad 211 and keypad control circuit 213
are arranged to implement a command set that includes
various commands that initiate the taking of a picture (i.c.,
shutter control), storing a picture in memory, printing a
picture, deleting a picture from memory, and initiation of
transmission: of one or more pictures to a remote facsimile
machine. The information that can be input via keypad 211
includes the telephone numbers of one or more facsimile
machines with which the device can communicate, and other
operating instructions and parameters associated with fac-
similes, such as a designation of the point of origination, the
tesolution of the display, and so on. The keypad can be
fabricated from a well known rubber mat disposed on PCB
switches.

LCD display 215, and its associated LCD control circuit
217, are included in the image capture device to provide the
user with a visual indication of the operating modes and
status of the device. Specific alphanumerics shown on LCD
display 215 are determined by signals generated by micro-
controller 205. Typical information that may be displayed
include the image number of the image being captured,
which corresponds to the “film counter” function of a
conventional camera, the current time and date, the number
of images already stored (and the date and time they were
stored), the image number of the image being recalled from
RAM 207 and transmitted to a remote facsimile machine,
and so on.

RAM 207, which is used for storing images captured by
the image capture device, should have a capacity of approxi-
mately 4 MBytes, so that approximately 20 images can be
stored. 4 MBytes will be sufficient, since each image
Tequires approximately 640x480 / 2=153600 bytes. Advan-
tageously, the image capture device is arranged so that the
date and time an image is captured in taken from an internal
clock in microcontroller 205 and stored together with the
image itself. This enables convenient image retrieval, for
example, based upon the sequence in which images were
captured. .

An EPROM 209 is used to store programs used in
microcontroller 205, that control the overall operation of the
image capture device, and specific functions performed.
Specifically, EPROM 209 may store dithering and/or.com-
pression algorithms used to process and/or compress the
digital image prior to storage in RAM 207. Also, EFROM
209 controls the “prompts” that may be displayed on LCD
display 215 when various functions are activated. For
example, when an image is captured, the user of the system
may be prompted to enter a supplemental ID number or
other text information by displaying a legend on LCD
display 215 that reads “enter ID on keypad”. This supple-
mental ID or relevant notes would be entered by a user via
alphanumeric keypad 211, and stored with the digital image
in RAM 207. The supplemental ID or notes could later be
tecalled and displayed on LCD display 215, so that a user
could be reminded of important facts (such as client name,
file number, eic.) associated with a particular digital image.
In a similar fashion, a camera identification nimber may be
entered to identify the camera when a fax is sent or image
printed. EPROM 209 may be implemented using commer-
cially available CMOS devices.

A facsimile interface 219 is provided in the image capture
device in order to prepare an enhanced digital image for
transmission to a remote facsimile machine. Facsimile inter-
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face 219 includes  fax modem 240 and associated control -
electronics, which: may: be arranged-to-send the bit map *

image using standard -FAX protocol; ‘Group:3, with: normal:*

» BAX transmission hand shaking. The output of fax modem

240. is. applied to. the telephone rietwork via a physical

comnection through jack. 130, which, as stated previous]
may he'd converitional RI11jack. Alterriatively; the output o

fax'modem 240 may bé applied as an inpiit to the transmitter.

section of a cellular telephone. .-

Local printing is accomplished in the image capture
device by a printer 221 which, as stated previously, may be
a miniature thermal printer, a dot matrix printer, or another
type of printing device. Printer 221 may also print and
output messages indicating the status of facsimile transmis-
sions, such as confirmation that a message was successfully
received, or error messages. The microcontroller 205 may
provide suitable conversion between the digital image for-
mat used when images are applied to system bus 225 after
being retrieved from RAM 207, the format of text messages,
and the format used in printer 221. The associated printer
control circuit 223 provides line feed and other basic mecha-
nism control functionalities over printer 221,

Power for the elements of image capture device 110 is
provided from a battery, preferably rechargeable, which is
not shown in FIG. 2. :

Referring now to FIG. 3, there is shown a flow diagram
illustrating the steps performed by the system of FIG. 1
when a captured image is to be transmitted to a remote
facsimile machine. The process is initiated in step 301, when
a user depresses a “FAX” key, being a designated command
represented by one of the keys (or a combination of keys) on
keypad 211. The fax transmission command is recognized in
microcontroller 205, and the fax transmission “program’” is
retrieved from EPROM 209. In step 303, information is
supplied to LCD control circuit 217, generating a display on
LCD display 215 requesting the user to “ENTER IMAGE
NUMBER”, ie., the identification of a particular image
storedinRAMZM.Whenapatﬁmﬂarstomdimageis
identified by one or more entries on keypad 211 in step 305,
the designated image is retrieved from RAM 207 and
converted by microcontroller 205, in step 307, illustratively
from compressed storage format to group I fax format, as
described above. At this time, the image may be processed
to enhance its presentability, such as by dithering, if dith-
ering was not performed previously when the image was
captured and stored. :

Next, in step 309, the user is prompted for the telephone
number of the remote facsimile machine, by display of a
suitable legend on LCD display 215. The telephone number
may be manually entered in step 311, by use of keypad 211.
Alternatively, a particular prestored telephone number may
be indicated by entry of an associated dial code in step 311.
In the latter event, microcontroller 205 would be arranged to
retrieve the associated number from RAM 207 in response
to receipt of the code. Once the number is entered, a
“SEND” key on keypad 211 is actuated in step 313, causing
a facsimile cover sheet to be retrieved in step 314 and both
the cover sheet and the stored image to be applied to fax
modem 240 in facsimile interface 219, in step 315. Modem
249 converts the image to standard facsimile format, and
applies the output signal, including conventional modem
control signals, to the communications channel, such as
telephone line 131 via jack 130, which serves as the physical
interface.

Note here that the fax cover sheet retrieved in step 314 can
be automatically generated in accordance with onr invention
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by storing certain information for the cover sheet in RAM
207. The stored information is then augmented by the
current date and time obtained from the clock in microcon-

. troller 205, as well as the stored date and time (indicating

when the image was captured) and supplemental ID number

** associated with the digital image being transmitted, if pre-

viously provided by the user. A camera identification mum-
ber, which is provided by the user and stored in RAM 207,
may also be included in the cover sheet.

After transmission of a stored image is complete, the user
is prompted in step 317 to determine if other images are to
be transmitted. If a positive response is entered via keypad
112, the process of FIG. 3 is repeated, beginning with step
303. If a negative response is entered, of if no response in
entered within a predetermined time period, the process is
completed in step 319, wherein information indicating con-
firmation of receipt of the facsimile is received in fax
modem 240 from the remote fax machine, or if an error
condition is reported, that information is received. Such
information may be stored temporarily in RAM 207, and
then printed on printer 221 in step 319.

FIG. 4 is a flow diagram illustrating the steps performed
by the system of FIG. 1 when a captured image is to be
printed locally. The beginning portion of the process, which
is similar to the beginning portion of the process of FIG. 3,
is initiated in step 401, when a user depresses a “PRINT”
key, being a designated command represented by one of the
keys (or a combination of keys) on keypad 112. The print
commnand is recognized in microcontroller 205, and the print
“program” is retrieved from EPROM 209. In step 403,
information is supplied to LCD control circuit 217, gener-
ating a display on LCD display 215 requesting the user to
“ENTER IMAGE NUMBER?”, i.e., the identification of a
particular image stored in RAM 207. When a particular
stored image is identified by one or more entries on keypad
211 in step 405, the designated image is retrieved from RAM
207 and converted by microcontroller 205, in step 467, from
compressed storage format to appropriate printer format,
illustratively bit mapped graphics. At this time, the image
may be processed in step 409 to enhance its Ppresentability.
Finally, in step 411, the image is applied to printer control
circuit 223 and printer 221 for local printing.

Various changes and modifications may be made in the
invention by those of ordinary skill in the art. ‘Thus, it is
intended that the invention be limited only by the appended
claims. For example, the use of compression in the storage
of an'image in RAM 207 and the later decompression before
printing or transmission to a remote facsimile machine, is
entirely optional, and compression can be dispensed with in
order to save either processing:fime or cost. In addition,
dithering (orother image processing). can be performed at
the time that the image is retrieved for printing Or transmis-
sion, rather than‘at the time:th i i§ stored in RAN
207: This alternate arrangéiment would be used when time
delay in retrieval is not an important factor, since, in this
arrangement, images could be captured and stored in RAM
207 more quickly. As a yet further alternative, the image
capture device can include additiorial “temporary” memory,
to facilitate the capture of several images in a short time
period. Each captured image is stored in the temporary
memory in real time, and, at a later time, dithered. (and
optionally compressed) and stored in RAM:
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transmitted to 2 color facsimile would be arranged to comply
with established standards and protocols,
We claim:
1. An image communication system comprising

aportable image capture device including means arranged 5

to generate digital representations of images;

means for processing said digital representations so that
shades of gray present in said images are converted to
patterns of black and white dots;

memory means for storing destination numbers of fac-
simile machines which are intended to receive copies of
said images;

a Group III compatible fax modem; and means for sup-
plying one of said stored destination numbers and one
of said processed digital representations to said fax
modem, so that said image may be transmitted to a
remote Group Il compatible facsimile machine.

2. The invention defined in claim 1 wherein said image
communication system forther includes a printer arranged to
print a copy of said processed digital representations.

3. The invention defined in claim 1 wherein said memory
means is arranged to store multiple images.

4. The invention of claim 1 wherein said portable image
capture device includes a CCD camera.
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5. An image communication method comprising the steps

of

generating a digital representation of an image in a
portable image capture device; :

processing said digital representation so that shades of
gray present in said image are converted to a pattern of
black and white dots; : . !

storing said digital representation as well as destination
numbers of Group Il compatible facsimile machines
which are intended to receive copies of said images in
a memory in said portable device; and.

supplying one of said stored destination numbers and one
of said processed digital representations to a Group I
compatible fax modem in said portable device, so that
said image may be transmitted from said portable
device to one or more remotely located ones of said
facsimile machines.

6. The method defined in claim 5 wherein said method

20 further includes the step of storing multiple images in said
memory.

7. The invention of claim 5 wherein said portable image

capture device includes a CCD camera. -

L I R I

SAMSUNG EXHIBIT 1013



: A D R 20

A US005546194A
United States Patent (19] (111 Patent Number: 5,546,194
Ross [45] Date of Patent: Aug, 13, 1996
[54] METHOD AND APPARATUS FOR Csenger, Michacl, “Brooktront Ships Fax Server for Private
CONVERTING A VIDEO IMAGE FORMAT Nets,” Communications Week, Nov. 8, 1993, p. 25.
TO A GROUP III FAX FORMAT '

: Primary Examiner—Edward L. Coles, Sr.

[75] Inventor: Jay B. Ross, Pennington, N.J. Assistant Examiner—Kimberly A. Williams
Attorney, Agent, or Firm—Gregory M. Howison

[73] Assignee: Videofaxx, Inc., Lambertville, N.J.

1571 ABSTRACT

[211 Appl. No.: 216,666 A video-to-FAX conversion system includes a video camera
22] Filed: Mar. 1994 (10) for generating video signals which are then captured by
[22] Filed B, a frame grabber and stored in a frame buffer (14). The data
[51] Wt CLS .......eee....... HOAN 1/49; HOAN 1/00; in the frame buffer is comprised of digitized values from the
HO4N 1/32; HO4N 1704 video signal which are stored in pixels with a first aspect

[521 US.CL o 358/445; 358/456; 358/400; ratio. A conversion device (16) is operable to map informa-
358/448; 358/479; 358/442; 382/298; 348/441 tion in the frame buffer to the binary output space of a Group

[38] Field of Search ....................... 358/457, 407, U1 FAX protocol and perform contrast enhancement

358/438, 444, 456, 909, 261.1, 445, 400, thereon. The contrast enhancement includes the steps of first
448, 468, 427, 479, 442; 382/56, 54, 298, generating a histogram of all of the pixel values in the frame
299; 346/76 PH; 379/88, 100; 348/441, buffer (14) after expansion thereof into the output space of
448, 459, 573, 458 the Group HI FAX. The histogram values are then utilized to

generate an adjusted value for each of the gray scale values

[56}) References Cited available for the pixels in the frame buffer 14. Each pixel in
the frame buffer (14) is then expanded and the contrast

U.S. PATENT DOCUMENTS enhancement applied thereto to adjust the values therein.

4315285 2/1982 S et al. 3S8/280 The pixels are then processed through a dithering operation
4399470 8/1983 Hibbard ..o, .. 358284 to diffuse error across the output space and then a determi-

4,593,325 6/1986 Kannapell et al.
4,977,605 121990 Fardeau et al. ...
5,093,871 3/1992 Kleinet al, ..........
5,193,012 3/1993 Schmid

385282 nation is made as to whether it is a black pixel or a white
.. 382/51 pixcl. This operation is done on-the-fly such that an
expanded frame buffer is not required, as only a predeter-
mined number of horizontal scan lines are required for both
;’g‘;;ggi lgl’:gg 2‘“"‘”!?‘ R —- v the contrast enhancement and image dithering operation
. prior to sending them to a Group III formatter (18) and,
OTHER PUBLICATIONS subsequently, to a Group Il FAX transmitier (20) for the

t of t| FAX.
Lewis, Rhys, B.Sc., Ph.D., “Practical Digital Image Pro-  °U'P%t Of the Group I FAX
cessing,” IBM, UK Scientific Centre, Winchester, Hants,
Ellis Horwood, Limited, 1990, 18 Claims, 6 Drawing Sheets

VIOED VIDED | rraue CONVERT AND GROUP _1IL GROUP TIT FAX
CAMERA_ [\ BUFFER ENHANCE FORMATTER > wieur
Iy 3 CHUFFUAN CODE) TRANSHI TTER
[ (4 16 1% T 2

CONTROL ?
2

Page 139 of 315 SAMSUNG EXHIBIT 1013



5,546,194

Sheet 1 of 6

Aug. 13, 1996

U.S. Patent

01 ///

LLELGN
030 1A

=_,//

25 05 2 914 B
. / ._/ue; ’ R // JVIYIIN]
) . ———————— >
09731 <—] g ] J A ) e swmww_f
J Nd) TYNY3LKI
| o :\ 0 82
ac 0301A / /
Oy [ J0TVNV [ y31714 yo707 v 1) _H
Ny Hsvld [/ Teviamnas [ o0
£ \ 43
X re b2
mmwuuz 9 hy ,/
\ INTHIVM 3LVLS
A N\ SIS TR e
| ONY ONTHIL INAS A INAS
INAS H A
S 6€
NN,/ I ‘914
i o 0410
\ | N i 9] \:
1ndig 43LL INSNYAL (3003 NYN330H) / ¢l
¥R (R L o BTV, PR N e L M o FEFETER \
0 dnoyo I dNoYY ONY 133ANOD eLER T

LLELLN
0301A

SAMSUNG EXHIBIT 1013

Page 140 of 315



US Patent Aug. 13, 1996 Sheet 2 of 6 5,546,194

( START 60
62

~——  RECEIVE VIDEQ

!

FRAME GRAB |—— bt

65 ¢

~~——{ EXPAND CELLS

!

OPTIONAL IMAGE ENHANCENENT |—

; '

"~ CONTRAST ENHANCEMENT (EQUALI ZATION)

!

GAMMA CORRECTION |——- 10

!

~——{ IMAGE DITHER

!

CONVERT TD STANDARD GROUP IIT
(STANDARD HUFFMAN CODE)

" ‘V

TRANSMIT CCIT GROUP IIT PROTOCDL

!

GROUP TT OUTPUT |—

. FIG. 3

bb

1l

12

76

Page 141 of 315 SAMSUNG EXHIBIT 1013




[j.S. Patent Aug. 13, 199

432

\ GREY SCALE FRAM

—

E 1488

0o 4

/

84

\ 1728
1464

FIG. 4

N

B4’

RIGHT DIFFUSE

PO — Py
l
Y
P2 X P4
FIG. 7a

Page 142 of 315

Sheet 3 of 6 5,546,194

84

NI IN2N3

NG| NTINB

FIG. 5

LEFT DIFFUSE

Pl — Plll
v
P4 Pl P2
FIG. 7b

SAMSUNG EXHIBIT 1013




U.S. Patent

Aug. 13, 1996 Sheet 4 of 6

G

CREATE HISTOGRAM OF EXPANDED/FILTERED FRAME

v

SuM =0

102

NEXTL

ﬂ

52

SUM = SUM + B;

—

y

T
Idj; = v rrx

x 255 ~ 9

v

STORE. Zadj

98

114

NEXT

FETCH/CALCULATE PIXEL

VALUE 104

v

LOOK UP CORRECTION anjl

106

Y

CORRECT & ouTPUT

i ~108

GAMA CORRECTI ON

L

Page 143 of 315

-112

116

5,546,194

90

SAMSUNG EXHIBIT 1013



U.S. Patent Aug. 13, 1996 Sheet 5 of 6 5,546,194
T HAGE

120 = SELECT PIXEL PO

118

126 122

|

SET LEFT DIFFUSE SET RIGHT DIFFUSE 14

L
130 128
N_~VALUE
i <128
E = VALUE - 255 !

E=VALIE 132

DIFFUSE;
PlL=P +7I6E
14— P2:=P2+3/I6E
P3:=P3+5/I6
P4 =P4+1/IGE
Y
136 NEXT PIXEL

140

Page 144 of 315 SAMSUNG EXHIBIT 1013



U.S. Patent Aug, 13, 1996 Sheet 6 of 6 5,546,194

150

RECEIVE ERROR 152
DIFFUSED PIXEL F—
VALUE

166 ™~
NEXT
|

SET T0 BLACK | Lo SET T0 WHITE
PIXEL PIXEL
160
N
LAST
Y
168
DONE
FIG. 8

Page 145 of 315 SAMSUNG EXHIBIT 1013



5,546,194

1

METHOD AND APPARATUS FOR
CONVERTING A VIDEO IMAGE FORMAT
TO A GROUP I FAX FORMAT

TECHNICAL FIELD OF THE INVENTION

The present invention pertains- in general to facsimile
apparatus, and more particularly, to an apparatus for receiv-
ing video image format and converting it to a Group I FAX
format and then transmitting it as a Group HI FAX,

BACKGROUND OF THE INVENTION

In present day technology, images are received and stored
in various formats. On the reception end, the image can be
input either through a scanner or through a frame grabber
that is operable to receive a video input from a video camera,
for example, and then digitize the image for storage thereof.
Each of these input devices provides a predetermined format
for the stored image. For example, the scanner has a pre-
defined scanning head that determines the maximum reso-
lution of the image. A relatively high resolution scanner may
allow for 300 dots per inch (DPI) or more along the
horizontal axis, each dot representing either a dark: pixel
(picture element) or a white pixel. This image is then stored
as an image file with one of a predetermined number of
image file formats. With respect to the frame grabber, this
typically samples the incoming video on a given horizontal
scan line, there being a predetermined number of horizontal
scan lines per frame, and then dividing up the analog input
value into “samples™ or pixels that .each have a digitized
value of eight bits, representing the analog value. The image
is then stored as a digitized frame in a frame buffer.

When an image is to be output, it.is necessary o ensure
that the stored image can be “mapped” to the output space
of the output device. For example, if a scanner scanned at a
resolution of 300 DPI and this were to be output on a laser
printer at a resolution of, for example, 300 DPI, this would
be a relatively easy task. However, if the resolution of the
stored image were not equal to that of the output device,
some adjustment would be required to map the full image to
the full output space. One place this presents a problem is
with respect to a received facsimile image, which typically
has a resolution of 200' DPL. This would therefore require
that each pixel be expanded to represent 1% pixels on the
output. However, if the output device were a facsimile
image, this would require a 300 DPI stored image to be
translated to a 200 DPI FAX image. Typically, the image is
merely reduced by a factor of two such that it is 150 DPI and
then transmitted such that it only oceupies % of a horizontal
line in order to alleviate the need for translating pixels.

In order to convert a scanned image from either a scanner
or a video source into pixels, it is necessary to perform
various image enhancements. Since the input values from
either a scanner or a video source are analog values, it is
nccessary to convert them to “gray-scales” in order to
represent them with pixels that are either black or white. For
example, a gray area would be represented by alternating
black and white pixels. If the tone were decreased to a much
grayer level approaching white, the number of white pixels
would dominate the number of black pixels. This, of course,
would be the reverse for a relatively dark gray area, wherein
the black pixels would dominate over the white pixels. Since
the eye cannot decipher individual pixels, it “averages the
pixels”. One area that has not been addressed for present
technology is the receipt of a video image and subseguent
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retransmission of that image by facsimile. The difficulty that
arises with this type of transmission is the incompatibility
between the two formats. As described above, a flacsimile
typically operates at 200 DPI in a binary output space,
wherein a typical video image is captured in an analog input
space by a frame grabber and digitized with a resolution of
432 pixels across and 488 pixels along the vertical. The
problem exists wherein it is necessary to map each pixel in
the video image into black or white pixels in a facsimile
transmission, and this mapping function controlled such that
it covers the entire image or cntire output space.

SUMMARY OF THE INVENTION

The present invention disclosed and claimed herein com-
prises a video-to-Group Il FAX converter. The converter
includes a video input for receiving a video image and
digitizing it to provide sequential frames of input informa-
tion. A first conversion device is provided for convening the
frames in-the. video image to an amray of digitized analog
pixels in a frame buffer. These are arranged in a first image
space that is not compatible with the output image space of
the Group IIT FAX protocol. A mapping device is then
operable to map the image space of the frame buffer to a
binary image space associated with the Group DN FAX
format. This binary image space is comprised of binary

image pixels. A FAX transmission device then transmits the -

binary image pixels in the binary image space via a Group
I FAX protocol over a FAX transmission media.

In another aspect of the present invention, a contrast
enhancement device is provided for adjusting the analog
values in the frame buffer for optimal contrast in the binary
image space. The mapping device is first operable to expand
each of the pixels in the frame buffer to an associated portion
of the binary image space. These expanded pixels are then
processed with the contrast enhancement device to adjust the
analog values therein. An image dithering operation is then
performed on these expanded and enhanced pixel values to
diffuse error across the binary image space, before conver-
sion to the binary pixels. Thereafier, each of the pixel values
is compared to a threshold and, if below the threshold,
converted to a black pixel and, if above the threshold,
converted to a white pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, reference is now made to
the following description taken in conjunction with the
accompanying Drawings in which;

FIG. 1 illustrates a block diagram of the overall system;

FIG. 2 illustrates a block diagram of the frame grabber;

FIG. 3 illustrates a flowchart for the overall operation
system;

FIG. 4 illustrates a block diagram for the cell expansion;

FIG. 5 illustrates a diagrammatic view of the optional
enhancement technique;

FIG. 6 illustrates a flowchart for the contrast enhancement
feature; o

FIG. 7 illustrates a flowchart for the image dithering
technique;

FIGS. 7a and 7b illustrate diagrammatic views for the
contrast enhancement operation; and

FIG. 8 illustrates a flowchart depicting the setting of the
binary pixel value.
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DETAILED DESCRIPTION OF THE
INVENTION

Referring new to FIG. 1, there is illustrated a block
diagram of the overall system. A video source comprising a
video camera 10 generates on an output 12 a video signal.
This is a conventional video camera, and the video format is
awell-known standard. The video format provides an analog
output thal is output in a serial manner. The output is
comprised of a plurality of horizontal scan lines arranged in
a “frame” to provide an image, the images bounded along
the horizontal line by the beginning and end of the line,
which defines a horizontal sync pulse. The vertical bound-
aries at the top and the bottom'are defined by vertical sync
pulses. Therefore, at the beginning of a horizontal sync
pulse, a horizontal scan line is initiated and, at the end of the
horizontal scan line, another horizontal sync pulse occurs
and another horizontal scan line is begun. At the last
horizontal scan line, a vertical sync pulse occurs. Again, this
is a conventional video format. ’

The video 12 is received, digitized and stored in a frame
buffer 14. The frame buffer 14 allows the sampled video to
be stored in the form of pixels. Each sample comprises a
digitized analog value which is termed a “sample”. This
sample is stored as an 8-bit word for conventional black and
white. If color is involved, there could be an 8-bit word for
each color or four 8-bit words. However, the preferred
embodiment is involved only with black and white, although
it should be understood that coler could be utilized,

The frame buffer 14 is utilized to store the original data
for the frame that was received from the video camera 10.
This information in its stored state is not compatible with a
Group I facsimile output. Therefore, the information in the
frame buffer is accessed and input to a conversion device 16
that is operable 1o convert the information in the frame
buffer 14 into a compatible format for a Group Il FAX.
Further, the information is enhanced and filtered, since
conversion from a digitized analog value (gray. scale) to a
half-tone binary pixel output results in some loss of image.
This is achieved with various enhancement devices as will
be described hereinbelow.

After conversion and enhancement, the binary bit-mapped
information is then input to a Group HI formatter 18, which
is operable to utilize a Huffman code for formatting the
binary pixel information into a compatible format for a
Group IIl transmitter. This is a conventional formatting
operation, which provides headers, end of page indications,
etc., for the purpose of transmitting a Group I FAX. This
is then transmitted to a Group Il FAX transmitter 20 to
provide an output. The operation of the frame buffer 14, the
conversion device 16, the Group III formatter 18 and the
Group III transmitter 20 is controlled by a control system 22.

Referring now to FIG. 2, there is illustrated a more
detailed block diagram of the overall system. The video
camera 10 has the output thereof input through the line 12
(0 a sync separator 24. The sync separator 24 is a conven-
tional integrated circuit that is operable to extract from the
video signal the horizontal sync (HSync), the vertical sync
(VSync) and the even and odd fields. These are input to a
timing and contro] state machine 26. Again, the extraction of
the horizontal sync and vertical sync timing signals from the
video signal are conventional, :

The output of video camera 10 on the line 12 is also input
1o a video clamp circuit 28, which video clamp circuit is
operable 1o maintain a DC bias on the input video. The
output of the video clamp circuit is output to a selectable
color filter 30 to provide the selective fltering thereto at a
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frequency of 3.5 MHz, conventionally referred 10 as a trap
filter, This results in a filtered analog video output signal on
line 32. This. is processed through-a: flash analog-to-digital
(A/D) converter 34 to provide on a data bus 36 digital data

for storage in a RAM: 38: The A/D converter: 34 and the

RAM 38 are controlled by the state machine 26. Addition-

ally, the RAM 38 is controlled through an address/control:.- : - -+

bus 41, which is output from an-address multiplexer 43, The
multiplexer 43 has two inputs; one from the state machine 26
through an address bus 39, and one from a CPU 44 throngh
an address bus 45. The data bus 36 is also input to the central
processing unit (CPU) 44, CPU 44 providing general control
functions thereto. The CPU 44 is operable to interface from
an external location to the system through an RS 232
interface circuit 48. Additionally, the CPU 44 is operable to
interface through the data bus 36 and the address bus 45 with
aFAX modem 50, this then output through a DAA device 52
to the telephone company. The FAX modem 50 is a con-
ventional peripheral device which can either be a chip set or
it can be an external board. )

In operation, the video information on line 12 is captured

as a frame and: stored’in’ the RAM: 38.: The: RAM- 38°is™

comprised‘of more than one-device; biit is réprésented as a
single block in FIG. 2. The information in the frame buffer,
which comprises part of the RAM 38, is processed to
enhance and map the information into the output spacc of a
typical Group HI facsimile protocol. However, as will be
described hereinbelow, the enhanced image is not stored in
the RAM 238. Rather, the overall image in the frame buffer
is processed to determine how each line should be pro-
cessed; thereafter each horizontal line of information in the
frame buffer internal to the RAM 38 is processed on a
line-by-line basis in a serial manner and output to the FAX
modem 50'in an “on the- fly” operation. However, if suffi-
cient memory werse provided, the entire output image could
be prestored and then output at a later time.

Referring now to FIG. 3, there is illustrated a flowchart
depicting the overall operation of the system. The flowchart
is initiated af a block 60 and then proceeds to a function
block 62 to receive the video signal. The program then flows
10 a function block 64 to perform the frame grab operation.
As described above, this is an operation whereby the input
video signal is digitized and stored in a frame buffer. The
program then flows to a function block 65 to expand the
number of pixels to a format that will map the number of
pixels in a typical frame to the number of pixels in a Group
I facsimile. Since they are not the same, it is necessary to
increase the number of pixels that represent a single scan
line and then map the number of pixels representing the scan
line in the frame buffer to that representing the line in a
conventional Group III facsimile protocol.

After expansion, the program flows to a function block 66
to perform an optional image enhancement which accents
edges, as will be described hereinbelow. The program then
flows to a function block 68 to perform a contrast enhance-
ment or cqualization. It should be noted that at this point the
data is still represented by a gray scale value which is a
digitized value stored as an 8-bit word. This, in and of itself,
is not compatible with a binary pixel representation that
exists with a Group I facsimile protocol. The contrast
enhancement is an important aspect of the present invention
in that it is “automatic” and the user does not need to adjust
it. It merely recognizes in a relatively dark image that
intensities can be equalized over the entire surface of the
image to remove some of the dark areas and lighten them up.
With respect 10 a relatively light image, the contrast
enhancement actually darkens it to highlight some of the
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finer details. This will be described hereinbelow. The pro-
gram then flows to a function block 70 to perform a gamma
correction (nonlinear intensity correction) and then to a
function block 71 to perform an image dither operation. This
image dither operation will convert the digitized 8-bit values
to binary values of either a dark or a light pixel.

After the image has been fully mapped into a binary pixel
map having an aspect ratio- compatible with the Group Il

FAX protocol, the program flows to a function block 72 in

order to convert the output to a standard Group III format via
a standard Huffman code. This basically adds headers, etc.
that are necessary to operate under Group IIl protocol. The
program then flows to a function block 74 to transmit the
image at a CCIT Group Il protocol FAX and then to a
function block 76 representing: the Group Il FAX ‘output.
The program flows to return block 78 to send the next image.

Referring now to FIG. 4, there is illustrated a diagram-
matic view of the cell expansion routine. A first frame 80
represents the information stored in the frame buffer. As
described hereinabove, this information is extracted in the
frame grabber operation, digitized and stored in the RAM 38
as a frame of information and maintained therein for pro-
cessing of the frame until the full image is sent out as a
Group III FAX. The information in the frame 80 is arranged
as gray scale pixels in a 432x488 format and then each pixel
in the frame 80 expanded into a 4x3 space, as represented by
a virtual frame 82. The frame 82 is virtual by the fact that it
is never completely formed and stored in the RAM 38;
rather, it is formed on the fly, as will be described in more
detail hereinbelow.

By expanding each pixel in the frame 80 to a 4x3 field, the
virtal frame 82 will. now have 1728 pixels along the
horizontal and 1464 pixels along each vertical column. For
descriptive purposes, a single pixel 84 in the frame 80 is
mapped as a field 84, the field 84’ comprised of four pixels
along each horizontal row and three pixels along each
column. However, without enhancement, the value of each
of the pixels in the frame 84' has the same value as the single
pixel 84.

Referring now to FIG. 5, there is illustrated a diagram-
matic view of the optional image enhancement procedure.
After the cells have been expanded, a moving neighborhood
window 86 is moved across the virtual frame 82, the moving
input window 86 comprising a 3x3 pixel window having
nine pixels contained therein. The center pixel is referred to
by “P” with the remaining neighboring pixels around the
border thereof referred to by “N17, “N2”, “N3”, “N4”, “N5”,
“N6”, “N7” and “N8”. The window 86 moves from left to
right along a single row of pixels and then begins at the next
row of pixels moving from left to right. The center pixel
value “P” is calculated via a spatial fltering technique
referred to as an “unsharp filter” algorithm. This algorithm
essentially takes the value of the center pixel “P” and
multiples it by a factor of three and then subtracts therefrom
twice the average of all of the pixels in the moving window
by the following equation:

P'=3xP—-2{ 2L }

This provides a little “crispness” to the image prior to
performing the following steps. Again, this is a general
spatial filtering technique.

Referring now to FIG. 6, there is illustrated a flowchart
depicting the contrast enhancement operation. The program
is initiated at a start block 88 and then proceeds to a function
block 90 to indicate that a histogram is to be formed of the
expanded/filtered frame. As described above, the expanded

a
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virtual frame 82 is a “virtwal™ frame in that it is never
completely formed and stored in memory, to minimize
memory requirements. Therefore, only a predetermined
number of horizontal scan lines in the virtual frame 82 are
maintained, this comresponding to approximately three hori-
zontal scan lines of the original frame 80. However, in order
to create ahistogram, it is necessary to first process through
all of the pixels in the virtual frame 82. This will therefore
Tequire an entire pass through the algorithm with all of the
information in the frame for forming the expanded frame
and the optional enhancement described above with respect
to FIG. 5.

In the first scan through, the program will flow to a
function block 92 to set a Sum value equal to zero. The
program will then flow to a function block 94 to increase the
Sum value by a Bin count value within the histogram. Since
there are 256 possible gray scale values for a given pixel, it
is necessary to cycle throngh the virtual frame 82 and
determine how many pixels fall in any given gray scale
range. If the image were a very dark image, a large number
of pixels would fall to the lower end of the histogram;
however, if the image were a white image, a large number
of pixels would fall in the Bin values at the upper end of the
histogram.

For the first pass through, the value of I is set equal to zero
such that the value of SUM is increased by the value of By,
The program then flows to a function block 96 to calculate
the pixel adjust value Zadj, as follows: )

Zadjy =~ PR — Sﬂ UMm
The value of MAXPIX is, in the preferred embeodiment,
equal to 2,529, 729 pixels. After the adjusted pixel value for
the i™ value is calculated, the program Rows to a function
block 98 to store the adjusted pixel value and then flows to
a decision block 100-to determine if the value of i is equal
o MAX, i.e., 255. If not, the program flows along the “N”
path to a function block 102 to increase the value of i and
then back to the input of function block 94 to again incre-
ment the value SLIM by-the next value of B. This continues
until i is equal to 255, at which time the program will Bow
from decision block 100 along the “Y” path thereof to a
function block 104. :

Function block 104 is operable to perform the actual
contrast enhancement. The function block 104 indicates the
operation wherein the pixel value for a given pixel is
retrieved, it being a bit word, and then the value calculated
The program flows to a function block 106 to lookup the
correction Zadj, from the lookup table, this being calculated
in function block 96 in the first pass through the virtual
frame 82, The pixel value is then adjusted by this value and
output, as indicated by a function block 108. The program
then flows to a function block 110 to provide gamma
correction to the output contrast enhanced pixel and then to
adecision block 112. The gamma correction is a well-known
technique which is provided by a lookup table. Therefore,
each pixel positioned in the virtual frame 82 has associated
therewith a gamma correction factor, which is applied in the
function block 110. The decision block 112 determines
whether the last pixel in the virual frame 82 has been
corrected and output. If not, the program flows along an “N™
path back through a function block 114 1o sclect the next
pixel and then back to the input of the function block 104.
When the last pixel has been corrected, the program flows
along a “Y” path 1o a Done block 116.

Referring now to FIG. 7, there is illustrated a flowchart
depicting the image dithering operation, which is initiated at
ablock 118. As described above, image dithering is required

%255 @
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to convert from the 8-bit value output in the contrast
enhancement procedure described above with respect to the
flowchart of FIG. 6, and convert it 10 a binary pixel of either
a black dot or a white dot. The technique utilized in the
present invention is one of diffusing error across the virtual
frame 82. It should be noted that the dithering process is
operated on-the-fly. The program flows from the block 118
to a function block 120 10 select the pixel and then to a
decision block 122 to determine if the pixel is selected from
an even row. or an odd row. As will be described hereinbe-
low, the error diffusion for an even row diffuses to the right
as the row is traversed and then the next row, the output row,
is traversed. from right to left and, therefore, the error is
diffused to the left. If it is an even row, the program flows
to a function block 124 along the “Y” path to set the system
for a “Right Diffuse” operation. If it is an odd line, the
program flows along the “N” path from decision black 122
10 a function block 126 to set the system for a “left diffuse”
operation. The output of both function block 124 and 126
flow to a decision block 128, ‘

The decision block 128 determines whether the value of
the pixel is less than 128, one-half the total value of 256.
Essentially, a decision is made that anything above a value
of 128 is a white pixel and anything equal to or below a
value of 128 is a black pixel. If the value is greater than 128,
the program flows along an “N™ path to a function block 130
to set the error value “E” 1o be equal to the value of the pixel
minus the value 255, However, if the value is equal to or less
than 128, the program will flow from decision block 128
along the Y™ path thereof to a function block 132 to set the
error equal to the actual pixel value. The program will then
flow to a function block 134 from both function blocks 130
and 132.

In function block 134, the diffuse operation is performed.
The diffuse operation is described: with reference to dia-
grammatic views of FIGS. 7a and 7b. In FIG. 7a, there is
illustrated a diagrammatic view of the “fight diffuse” opera-
tion and, in FIG. 7b, there is illustrated adiagrammatic view
of the “left diffuse” operation. In the diffusion operation to
the right, the error in each pixel is diffused to the right, which
is referred to as “east”, over one and down one, which is
referred to as the “southeast” direction, directly down, which
is referred to as the “south” direction and one to the left and
down, which is referred to as the “southwest” direction, The
pixel that is diffused is referred to as the PO pixel. The east
pixel is referred to as P1, the southwest pixel is referred to
as P2, the south pixel is referred to as P3 and the southeast
pixel is referred to as P4. In the left diffuse operation, the
pixel PO is diffused to the “west” as pixel P1, to the
southwest as pixel P4, to the south as pixel P3 and to the
southeast as pixel P2. The value of pixels P1, P2, P3 and P4
for both the Right Diffuse and Left Diffuse operation are set
forth in the following table:

TABLE 1
P Pl + UI6E
P2 - P2 + 3/16E
P3 P3 + SN6E
P4 P4+ 1/16E

It can be seen that cach of the pixel values is increased by
a percentage of the value of “E”. Of course, the function
block 130 sets this as a negative value such that the error
correction is in the negative direction. For example, if the
value of P were equal to 30 out of a maximum value of 255,
this would flow through the function block 132 and the value
of E would be equal to “230”. the large amount of the error
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would flow to pixel P1 with the next highest level flowing
to pixel P3. The smallest amount would flow to pixel P4.
However, if the pixel value were equal to 200, the value of
“E” would be -55. Therefore, each of the pixel values P1-P4
would be decreased in value. _

After diffusing the error, the program would flow to a
function block 136 to select the next pixel, and then to a
decision bleck 138 to determine if this was the last pixel. If
not, the program would flow along a “N” path back to the
input of a function block 120 and diffuse the error across the
next pixel group of pixels. Whenever the edge of a line
occurs, the values P1 and P4 would be set to “0”". When the
end of the virtual frame 82 occurs, the programs flows from
decision block 138 to a retum block 140:

Referring now to FIG. 8, there is illustrated a flowchart
depicting the setting of the binary pixel value, The program
is initiated at a start block 150 and then proceeds to a
function block 152 wherein the error diffused pixel value
calculated in the flowchart of FIG. 71is retrieved and then the
program flows to a decision block 154 1o determine if the
value of the error diffused pixel is less than 28. If so, this
indicates a black pixel, which is set in a function block.156,
and then the program proceeds to a decision block 160. Ifthe

value is greater than 128, the program flows along an “N”

path 10 set the value of the pixel to a white pixel, as indicated
by a function block 162. The program then fiows to a
decision block wherein the determination is made as to
whether this was the last pixel. If not, the program flows
along the “N” path to a function block 166 to select the next
pixel and then to the input of function block 152 10 receive
the next error diffused pixel value. When the last pixel has
been processed. in the virtual frame 82, the program flows
along the “Y™ path from decision block 160 to-a done block
168.

It can be seen that the contrast enhancement operation
Tequires an entire pass through all values stored in the frame
buffer 80 for the original video image that was digitized and
stored there. The cell expansion is done as necessary to
calculate the various adjusted values for each of the 256 gray
scale levels. Once this is done, a lookup table is formed and
then a contrast enhancement performed, again only on the
selected pixels as they are retrieved for output. Once the
histogram values are calculated, it is then only necessary to
retrieve pixel values from the frame buffer 86, expand them,
apply the contrast enhancement adjustment value thereon
and then perform the image dithering operations thereon,
After the image dithering operation is performed, i.e., the
error diffusion operation, the pixel values are selecied as
being either a black pixcl or 2 white pixel, based upon the
emor diffused value as it compares to the threshold of 128,
This, therefore, does not require the entire virtual frame 82
to be stored in memory. Since the facsimile output generates
asingle line at a time, this can be done at the same time that
the facsimile is being generated and output in the serial
fashion associated with a facsimile transaction.

Although the prefetred embodiment has been described in
detail, it should be understcod that various changes, substi-
tutions and alterations can be made therein without depart-

ing from the spirit and scope of the invention as defined by

the appended claims.

What is claimed is:

1. A video-te-Group IIl FAX converter, comprising:

an video input for receiving a video input signal having
sequential lines of video information;

a first conversion device for converting said lines of video
information to an array of analog pixels in a frame
buffer, each of said analog pixels having a digital value
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that represents an analog sampled value within an
associated one of said lines of video information;

a mapping device for mapping said array of said analog
pixels in said frame buffer to a binary image space
associated with a Group III FAX format as binary
image pixels, said binary image space comprising a
larger number of binary image pixels than said analog
pixels stored in said frame buffer, and wherein said
mapping device is operable to expand each of said
analog pixels stored in said frame buffer to provide an
expanded array of analog pixels having an aspect ratio
corresponding 1o the aspect ratio of said binary image
pixels, said mapping device mapping said analog pixels
in said frame buffer to said expanded array of analog
pixels by mapping said analog pixels to-virtual pixels in
avirtual frame buffer as intermediate values and having
an-associated virtual image space substantially similar
to the image space of said expanded array of analog
pixels such that less than the total number of said
virtual pixels corresponding to said binary image pixels
are generated and stored at a given time in said virtual
frame buffer, said mapping device having a spatial filter
for filtering said intermediate mapped pixels in said
virtual frame buffer to provide filtered virtual pixels
which form said expanded array of analog pixels, said
mapping device operable to map said expanded array of
analog pixels to said binary image space; and

a FAX transmission device for transmitting said binary
image pixels in said binary image space via a Group ITI
FAX protocol over a FAX transmission medium.

2. The converter of claim 1 and further comprising a
contrast enhancement device for adjusting the digital values
in said frame buffer for optimal contrast in said binary image
space.

3. The converter of claim 1, wherein only the ones of said
analog pixels in said frame buffer associated with a prede-
termined number of the sequential Jines of video information
are mapped into said virtual frame buffer at said given time.

4. The converter of claim 1, wherein said virtual frame
buffer is comprised of an intermediate virtual frame buffer
having intermediate virtual pixels each corresponding to
said virtual pixels and an output virtual frame buffer having
output virtual pixels each cormresponding to said virtual
pixels, and said mapping device comprises:

an intermediate mapping device for mapping the values of
said analog pixels stored in said in said frame buffer to
corresponding ones of said intermediate virtual pixels
in said intermediate virtual frame buffer in the aspect
ratio of said binary image space;

a binary image mapping device for mapping said inter-
mediate virtual pixels in said intermediate virtual frame
buffer to said output virtual pixels in said output virtual
frame buffer; and

a contrast enhancement device for adjusting the values of
said intermediate virtal pixels in said intermediate
virtual frame buffer prior to mapping into said output
virtual frame buffer for optimal contrast in said binary
image space.

5. The converter of claim 4, wherein said contrast

cnhancement device comprises:

a histogram device for generating a histogram of the
contents of said intermediate virtual frame buffer for all
of said virtual pixels associated therewith; and

an adjustment device for calculating an adjusting factor
for each pixel in said intermediate virtual frame buffer
in said histogram as a function said generated histo-
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gram, and adjusting the value of each of said virtual
pixels in said intermediate frame buffer by said asse-
ciated adjustment factor prior to mappmg thereof to
said output virtual frame buffer.

6. The converter of claim 5, and further comprising a
gamma correction device having a plurality of gamma
correction factors stored in a lookup table and operable to
correct the values of each of said intermediate virtual pixels
in said immediate virtual frame buffer by said associated
gamma correction factors stored in said lookup table prior to
mapping said intermediate virtual pixels into said output
virtual frame buffer by said output mapping device.

7. The converter of claim 5, wherein said binary mapping
device comprises means for conventing the value of each of
said output virtual pixels to a two-state value prior to
mapping thereof into said binary image space, one state
representing a dark area in said binary image space and one
state representing a white image in said binary image space.

8. The converter of claim 7, and further comprising:

an image dithering device for comparing the value of each

of said intermediate virtual pixels in said intcrmediate
virtual frame buffer after adjusting the value thereof by
said contrast enbancement device to a predetermined
threshold and calculating an emor relative to said
predetermined threshold, said image dithering device
operable to diffuse said calculated error across neigh-
boring pixels to said each pixel prior to mapping to said
output virtual frame buffer; and

a binary decision device for comparing said error diffused

values of said output virtual pixels from said output
virtual frame buffer after contrast enhancement thereof
such that one binary state is generated when said error
diffused values exceed said threshold, and the other of
said binary image states is generated when said error
diffused values is less than said predetermined thresh-
old.

9. The converter of claim 4, wherein said mapping device
is operable to map only the ones of said pixels stored in said
frame buffer required to generate a single line in said binary
image space.

10. A method for converting a video formatted signal into
a Group III FAX formatted signal for transmission as a
Group Il FAX, comprising the steps of:

receiving a video input signal having sequential fines of

video information;

converting with a first conversion device the lines of

video information to an array of analog pixels in a
frame buffer, each of the analog pixels having a digital
value that represents an analog sampled value within an
associated one of the lines of video information,
mapping the array of analog pixels in the frame buffer to
a binary image space associated with a Group HI FAX
format as binary image pixels, the bmnry image space
comprises a larger number of binary image pixels than
the analog pixels stored in the frame buffer, and
wherein the step of mapping is operable to expand each
of the analog pixels stored in the frame buffer to
provide an expanded array of analog pixels having an
aspect ratio comesponding to the aspect ratio of the
binary image the step of mapping the analog pixels in
the frame buffer to the expanded array of analog pixels
mapping the analog pixels 10 virtual pixels in a virtual
frame buffer as intermediate values and having an
associated virtual image space substamially similar to
the image space of the expanded array of analog pixels
such that less than the total number of the virtual pixels

SAMSUNG EXHIBIT 1013



5,546,194

1

corresponding to the binary image pixels are generated
and stored at a given time in the virtual frame buffer, the
step of mapping fltering the imermediate mapped
pixels in said virtual frame buffer with a spatial filter to
provide filtered virtual pixels which form the expanded
array of analog pixels, the step of mapping operable to
map the expanded array of analog pixels to the binary
image space; and

transmitting the binary image pixels in the binary image

space via a Group Il FAX protocol over a FAX
transmission medium.

11. The method of claim 10, and further comprising the
step of adjusting the digital values in the frame buffer for
optimal contrast in the binary image space.

12. The method of claim 10, wherein only the ones of the
analog pixels in the frame buffer associated with a prede-
termined number of the sequential lines of video information
are mapped into the virtual frame buffer via the step of
mapping at the given time.

13. The method of claim 10, and further comprising
providing an intermediate virtal frame buffer having inter-
mediate virtual pixels, each corresponding to the virtual
pixels and providing an oulput virtual frame buffer having
output virtual frame pixels, each corresponding to the virual
pixels, and ‘wherein the step of mapping comprises:

mapping in an intermediate mapping step the values of the

analog pixels siored in the frame buffer to correspond-
ing ones of the intermediate virtual pixels in the inter-
mediate virtual frame buffer in the aspect ratio of the
binary image space;

mapping in a binary image mapping step the intermediate

virtual pixels in the intermediate virtual frame buffer to
the output virtual pixels in the output virtual frame
buffer; and

ajusting the values of the intermediate virtual pixels in the

intermediate virtual frame buffer prior to mapping into
the output virtual frame buffer for optimal contrast in
the binary image phase.

14. The method of claim 13, wherein the step of adjusting
the values of intermediate virtval pixels comprises the state
of:

gcnerating a histogram of the contents of the intermediate

virual frame buffer from all the virtual pixels associ-
ated therewith; and
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calculating an adjusting factor for each pixel in the
intermediate virtual frame buffer in the histogram as a
function of the generated histogram, and adjusting the
value of the virtual pixels in the intermediate frame
buffer by the associated adjusting factor prior to map-
ping thereof to the output virual frame buffer.

15. The method of claim 14, and further comprising the
step of storing a plurality of gamma correction values in a
lookup table and correcting the values of each of the
intermediate virtual pixels in the intermediate virtual frame
buffer by the associated gamma correction factors stored in
the lookup table prior to the step of mapping the interme-
diate virtual pixels into the output virtual frame buffer.

16. The method of claim 14, wherein the step of mapping
comprises the step of converting the value of each of the
output virtual pixels to a two-state value prior to mapping
thereof into the binary image space, one state representing a
dark area in the binary image space and one state represent-
ing a white image in the binary image space.

17. The method of claim 16, and further comprising the
steps of:

comparing in an image dithering device the value of each

of the intermediate virtual pixels in the intermediate
virtual frame buffer after the step of adjusting the value
thereof to a predetermined threshold;

calculating an error relative to the predetermined thresh-

old;

diffusing the calculated error across neighboring pixels to

each pixel prior to mapping to the output virtual frame
buffer; and

comparing the ervor diffused values of the output virtual

pixels from the output virtual frame buffer after the step
of adjusting the values thereof by the adjusting factor
such that one binary state is generated when the error
diffused values exceed the threshold and the other of
the binary image states is generated when the error
diffused view is less than the predetermined threshold.

18; The method of claim 13, wherein the step of mapping
is operable to map only the ones of the pixels stored in the
frame buffer required to generate a single line in the binary
image space.
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571 ABSTRACT
An clectronic camera system includes a programmable

Assignee: S’?mm Kodak Compcqy. Rochester. transmission capability for selectively transmitting elec-
o tronic image data to a plurality of remote base units. In one
embodiment, a camera module is detachably coupled to a
Appl No.: 426,993 portable computer including a display screen and a data
. entry device. The clectronic image data generated by the
Filed:  Apr 24, 1995 . camera module is supplied to the portable computer for
Int. CL.° HO4N 5/232  display on the display screcn, The data entry device is used
US. Ch e 348/211; 348/723; 358/906; by an operator to select which of the plurality of base units
386/117  are to receive the digital image data. The digital image data
Field of Seardt ......uevevorsresseecne 348/222,723.  is supplied by the postable computer to a radio-frequency
348/722, 705, 724, 211, 212; 358/906,  transmitter: module for transmission to the selected base
335, 310; 386/38. 107, 117; HO4N 5222,  units. The radio-frequency transmitter module is formed
57225, 5/232. 5128 either integral with the portable computer or, like the camera
module, is detachably coupled to the portable computer. In
References Cited a further embodiment, a combined telephone/camera unit is
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U.S. PATENT DOCUMENTS electronic image data representative of a scene to be imaged,
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5264935 1171993 N: [ 358/181
5,272,525 12/1993 Borchandt et al. 358783 10 Claims, 7 aning Sheets
CELLULAR CONTROL CAMERA
TRANSCEIVER PROCESSING MODULE
wIr
L | \
) ) &8
66 62
/60
DISPLAY KEYPAD MEMORY
SCREEN UNIT
\ \ \
56 58 64

Page 153 of 315

SAMSUNG EXHIBIT 1013



U.S. Patent Sep. 9, 1997 Sheet 1 of 7 5,666,159

RECEIVER C
UNIT

X
6
~
.
RECEIVER B
UNIT

Q ==/
TN
N
\\ .
- o—=
\ 8:.“\
(L) 23
N &
&

Page 154 of 315 SAMSUNG EXHIBIT 1013



5,666,159

Sheet 2 of 7

Sep. 9, 1997

U.S. Patent

w |
i
|

297+ |

b9/ T
HILIMS
s 9% 34niagvy | [ 7
o > |
P — L
H0SSII0Hd 14
. ww«&w I HOSS3008d asv
_ TOHINGD  vMINYD _ Z
| .
b
ov——~4  1inn
YIAINa b2 |
. 7
i
]
e
el Ty
| [@39var] |
[ awv | | i
b ——— ) .

82

SAMSUNG EXHIBIT 1013

Page 155 of 315



Ll

U.S. Patent Sep. 9, 1997 Sheet 3 of 7 5,666,159
IMAGE TEMPORARILY
USER TURNS ON COMPUTER STORED IN PEN BASED
COMPUTER'S MEMORY
USER ACTIVATES APPLICATION
PROGRAM FEATURING PHOTOS

USER FLIPS UP FLASH, WHICH
POWERS UP THE CAMERA

CAMERA READS LIGHT LEVEL

AND CHARGES FLASH IF NEEDED

i

USER PRESSES "CAPTURE"
BUTTON, CAMERA OPENS
SHUTTER, FIRES FLASH IF
NEEDED, AND CLOSES SHUTTER

- IMAGE TRANSMITTED MULTIPLE

TIMES USING THE FREQUENCY OF

EACH SELECTED RECEIVER

Page 156 of 315

USER SELECTS WHICH
RECEIVER(S) TO
TRANSMIT IMAGE TO

| |

{ OPTIONAL STEP)
{MAGE COMPRESSED AND/
OR CONVERTED TO
NECESSARY FORMAT

NO

YES

RECEIVER CODES INSERTED
IN IMAGE HEADER, IMAGE
TRANSMITTED

SAMSUNG EXHIBIT 1013



U.S. Patent Sep. 9, 1997 Sheet 4 of 7 5,666,159

COMPUTER DISPLAY

7/Transmit t0:

Page 157 of 315 SAMSUNG EXHIBIT 1013




U.S. Patent

FIG 7

Sep. 9, 1997

Sheet 5 of 7

5,666,159
FiIG. 8
50 52
{

Page 158 of 315

/54 (48
CELILULAR CONTROL CAMERA
TRANSCEIVER PROCESSING MODULE
‘ WIT ,
o/ | Y
) ) &8
66 62
60 .
DISPLAY KEYPAD MEMORY
SCREEN UNIT
\ \ \
56 58 69

SAMSUNG EXHIBIT 1013



5,666,159

Sheet 6 of 7

Sep. 9, 1997

U.S. Patent

anNoag

ol 94

ANIHIOVWN XVd ONIAI323Y

JOYIGNNN INOHS STVIA 43N

GEVANYLS Xv ( /8 HO)
40709 0L GILYIANQD FOVHI

AHONIN S,HILNIW00 A3SVE NId
NIGIHOLS XANHVHOIWIL F0VWI

*

QYVANVLS Xvd ( M/8 HO)
40700 01 G3LYIANOI 39V

A

Y3LLNHS $35072 GNV
@3033N 1 HSV 14 S34 14
. _'Y3LINHS SNILO VHIWVYI
NOLING F8NLcrI, SISSIHd Y3SN

!

M/8 Y0 407100

JdAL XV SLUNSNVEL XVd ININIZOFY

 G3aFIN 1 HSYId SFUVHD
ONV 13ATTIHOIT SAVIY VHINYD

~

- VYIWVI FHL dN SYIMOd

HIHM ‘HSY T4 1N0 Sdild 43SNn

SAMSUNG EXHIBIT 1013

Page 159 of 315



5,666,159

( ONILNIYd
AVdSIa )
HALNIWO0D

2 HIAIFI3Y
JNUNISIv4

AL

(M8 )
&8 INIHOVW

TNNWISIVA

( 40703)
v INIHOVW
JUNNISIVS

SAMSUNG EXHIBIT 1013

Sheet 7 of 7

( ¥Ivd GILSIML ‘ILTTILVS ‘HIGI4 VIA )
NOLLIINNOD W3LSAS INOHJI 3L

Sep. 9, 1997

&3INIFI3H
INOHJT 1
&VINTIFO

3N 3934
dVINTI130 LSIHVIN 0L
MANIT NOISSIWSNVYL 44
INOHAF13L SV I3

U.S. Pat_ent

Page 160 of 315



8/

3,666,159

1

ELECTRONIC CAMERA SYSTEM WITH
PROGRAMMABLE TRANSMISSION
CAPABILITY

FIELD OF THE INVENTION

The invention is directed to an electronic camera system.
More specifically, the invention is directed to an electronic
camera system that includes a transmission mechanism fos
sending image data to selected receiver units.

BACKGROUND

Motion video cameras and electronic still cameras have
been utilized for several years in apphcauons involving
image data transmission. Electronic image data generated
from a video camera, for example, can be transmitted by a
conventional broadcast television station and received by
any television in the broadcast area tuned to the appropriate
channel It'is not possible, however, for the transmitter to
select which receivers will obtain the image data, as selec-
tion is controlled at the receiver. Image data from electronic
still cameras has been transmitted via conventional tele-
phone lines to selected receivers through the use of a
computer equipped with a modem. The image data must first
be downloaded from the electronic still camera to the
computer, which then transmits the image data to-a second
modem equipped computer via the telephone line where it
can be viewed or printed- Unfom:nately the requirernent for
atelephone line to transmit image data does not allow
images to be quickly and easily transmitted from remote
field locations to receiver units. While systems have been
proposed that utilize radio frequency transmission to trans-
mit image data from an electronic camera to an individnal
base unit, none of these systems have the capabihty of
selectively transmitting image data to a plurality of receiver
units.

In view of the above, it is an object of the invention to
provide an electronic camera system that includes a pro-
grammable transmission capability for selectively transmit-
mgeleckomcmgedatatoaphmhlyofremotemve
units.

SUMMARY OF THE INVENTION

The invention provides an electronic camera system that
includes a programmable transmission capability for selec-
tively transmitting electronic image data to a plurality of
remote receiver units. In one preferred embodiment of the
invention, a camera module is detachably coupled to a
portable computer including a display screen and a data
entry device. The camera module includes an electronic
image sensor for generating digital image data representa-
tive of a scene to be imaged. The electronic image data
generated by the camera module is supplied to the portable
computer for display on the display screen. The data entry
device is used by an operator to select which of the plurality
ofbaseumtsarctorccewcthcdlgxtal image data. The digital
image data is supplied by the portable computer to a
radlo-ﬁ'equency transmitter module for transmission to the
selected receiver units. The radio-frequency transmiiter
module is formed either integral with the portable computer
of, like the camera module. is detachably coupled to the
portable computer. In a further prefmed embodiment, a
combined telephone/camera unit is provided that includes a
camera module for generating electronic image data repre-

sentative of a scene to be imaged, a memory unit for > storing;
the electronic i lmage data generated by the. camera: Todule;;

a display screen’ for displaying the electronic image data

Page 161 of 315

10

45

55

60

v‘_.’compmer 12. The mmvc display: screen’ 16-écts:.m an

65

2
stored in the memory unit, a mechanism for selecting which
of the plurality of receiver units is to receive the digital
image data, and a cellular transceiver for transmitting the
digital image data to the receiver units selected by the
selection mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater detail with
reference to certain preferred embodiments thereof and the
accompanying drawings, wherein:

FIG. 1is a diagram of a camera system in accordance with
a first embodiment of the invention;

FIG. 2 is a perspective side view of a camera module
utilized in the camera system illustrated in FIG. 1;

FIG. 3 is a front view of the camera module illustrated in
FIG. 2;

FIG. 4 is a schematic block diagram of the components of
the camera module illustrated in FIG. 2;

FIG. § is a flow diagram illustrating the opaauon of the
camera system illustrated in FIG. 1;

FIG. 6 illustrates the display of a captured image and a
receiver unit menu selection on a display screen of the
camera system illustrated in FIG. 1;

FIG. 7 is a perspective front view of a combined
telephone/camera unit in accordance with a second embodi-
ment of the invention;

FIG. 8 is a top view of the combined telephone/camera
unit illustrated in FIG. 7;

FIG. 9 is a schematic block diagram of the combined
telephone/camera unit illustrated in FIG. 8;

FIG. 10 is a flow dlagxam illustrating the operation of the
combined unit illustrated in FIG. 7; and

FIG. 11 is a diagram illustrating the transmission of image
data to a base unit utilizing the combined unit illustrated in
FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A diagram of a camera system in accordance with a first
embodiment of the invention is illustrated in FIG. 1. The
camera system includes a “clip-on” electronic camera mod-
ule 10 coupled to a pen-based computer 12 that includes a
radio frequency (RF) fransmitter module 14 including
antenna. The camera module: 10 can be of a:form described
in copending and: commonly sngncd US: patcnt app ]
tion: Ser.. No:: 07/988.51 :

computer, orofatypeducnbedmoopcndmg and ‘com-
monly assigned: U.S; patent application Set. No. 07/988.560
entitled “Electronic Camera ing a Computer-
Compatible Bus Interface”, which describes a removable
camu‘amodulcthatmtcxfaoesdxmalytoastmdardpersonal :
computer compatible bus. The: camiera modulé 10 takes still:
images that can be displayed on aii interactive display screen’
16 of .the pen-based: computer: 12 The¢ RF transmitter
moduleldmnmhcrbcadxp-onumt.likcmecamm

module 19,. or: constriicted integrally with the pen:| g

‘pen" is used to 5 select vanous ‘icons ot buttons dlsplayed
on the display screen 16 to'enter data‘or commands into the

pcn-basedcomputer 12: Still images captured by the camera
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module 10 are transmitted from the pen-based computer 12
to one or more receiver units, labeled A, B and C in FIG. 1,
via the RF transmitter module 14. The still images can be
displayed, printed, manipulated or stored at the receiver
units A-C.

The camera module 10 is shown in greater detail in FIGS, .
2and 3 as preferably including a slide-out optical veiwfindér
18.. a" capture- switch- 28 for- initiating. an: image - capture .-
operation, a lens 22; a flip-out flash unit 24 that protects the
lens 22 when. the: camera module 10 is not i use; and a.'
computer bus connector 26 that connects the camera module:
10 toeither the internal bus-of the pe based computer 12 or
to an.interface post:(such'as a PCMCIA slot) of the: pen-
based computer 12. Mounting clips 27 are provided to aid in
securing the camera module 19 to the pen-based computer
12. As shown in FIG. 4, which illustrates a schematic block
diagram of the internal components of the camera module
19, scene light passes through the lens 22, an adjustable
aperture 28, a shutter mechanism 38 and a filter 32 to an
electronic imaging unit 34, The electroric imaging unit 34
includes a charge coupled device (CCD) electronic imaging
sensor 36, for cxample an Eastman Kodak KAF-400, driven
by a CCD driver unit 38. The clectronic imaging unit 34 is
coupled to an image signal processor 40 that processes an
analog image signal generated by the electronic imaging
sensor 36 into digital image data, and supplies the digital
image data to the computer bus connector 26. Specifically,
the analog image signal is supplied to a gain stage, a
correlated double sampling (CDS) circuit and then an
analog-to-digital (A/D) converter which are not specifically
illustrated in the diagram. The digitized output signal from
the A/D converter is processed via an EPROM lookup table
which performs gamma carrection and white balancing. The
overall operation of the camera module 16 is controlled by
a camera control processor 42 that includes either a general
purpose microprocessor or discrete circuit elements, which
receives inputs from a light measuring unit 44 and the
capture switch 20, and controls the operation of the flash 24,
the signal processor 49, and a driver unit 46 that controls the
operation of the aperture 28 and shutter 30.

The operation of the camera system is illustrated in
greater detail in the flow diagram illustrated in FIG. 5. The
user turns on the pen-based computer 12 using a power
switch (not shown) to activate a camera application program
stored in a memory unit of the pen-based computer 12, and
then flips up the flash unit 24 which causes power to be
supplied to the camera module 10 by activating a power
switch (not shown). The user frames the subject using the
optical viewfinder 18 and presses the capture switch 20 to
initiate a sequence where the scene light level is read by the
camera control processor 42 using the light measuring unit
44, the aperturc 28 is adjusted, and the shutter 38 is opened
to expose the electronic image sensor 36 to scene light. The
camera control processor 42 also controls the firing of the
flash unit 24 if the light measurement taken by the light
measuring unit 44 indicates insufficient scene illomination,
The image captured by the electronic image sensor 36 is
processed by the image signal processor 40 and supplied to
the pen-based computer 12 via the connector 26, where it is
stored in the inemory unit, of the pen-based ‘computér: 12;

As illustrated in FIG. 6, the stored image is displayed o
the display screen 16 of the pen-based computer 12 along
with a transmission selection menu. The user has the option
of transmilting the image to one or more of the receiver units
A~C. The user selects the receiver units that are to receive
the image by utilizing a pen or stylus to touch the appro-
priate icon displayed on the display screen 16. If
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appropriate, the image can be compressed, using for
example JPEG compression, and converted to an appropsi-
ate format by the pen-based computer 12 prior to transmis-
sion to the receiver units A-C. After selection, the image is
transmitted to the selected receiver units via the RF trans-
mitter module 14. .

The RF transmission link between the RF transmitter

:module 14 and the receiver units A-C may be a single

frequency system including a cellular system. that uses the

.same frequency for all receivers, or a multiple frequency

system, that uses different frequencies for each of the
different receiver units A—C. In the latter case, the image is
transmitted maltiple times, once using the appropriate fre-
quency band for each selected receiver unit. For single
frequency systems, a header code is transmitted prior to
transmitting the image. The header includes an ID for each
receiver that is to receive the image_ In a simple case, a three
bit digital code is transmitted, where the first bit is 1 if
receiver unit A should receive the image and 0 if it should
not, the second bit is 1 if receiver unit B should receive the
image and 0 if is should not, and the third bit is 1 jf receiver
unit C should receive the image and 0 if not. Alternatively,
each receiver unit A-C could be assigned a specific address,
and the header would contain the address of each receiver
that should receive the image.

A second embodiment of the invention is illustrated, in
FIGS. 7 and 8. In this embodiment, a cellular telephone is
provided with the components of an-electronic image cam-
era to form a combined telephone/camera unit 48. The top of
the combined unit 48 includes a lens 58, a flip-up flash nnit
52, and an antenna 54. The front face of the combined unit
48 is provided with a liquid crystal display screcn 56 and a
telephone keypad 58, both of which are coupled to an
internal bus 69 along with a control processing unit 62,
memoxy unit 64, and cellular transceiver 66 as shown in
FIG. 9. The internal bus 60 is also connected to a camera
module 68, which includes the same basic components as
illustrated in FIG. 4, with the exception that the output from
the image signal processor is supplied directly to the internal
bus 60 instead of a connector.

In operation, as illustrated in greater detail by the flow
diagram illustrated in FEG. 10, the user takes a picture by
flipping up the flash unit 52 and pressing an image capture
switch (not shown). Alternatively, a key (for example the #
key) on the keypad 58 can be utilized as the image
switch.in an image capture:mode, of operation: The

one
of a desired fax machine that is to reccive the image using -
the keypad §8. The number is transmitted to the fax machine
via the cellular transceiver 66. The fax machine responds
back to the combined unit 48 with the type of fax mode it is
capable of receiving, for example group IV fax, color fax,
etc. The stored image is then converted to the appropriate fax
standard by the control processing unit 62, and is transmitted
to the receiving fax machine using the normal cellular
telephone system that includes an RF link from the cellular
transceiver 66 to a cellular base unit, which connects to the
normal wire, fiber, and satellite telephone system as shown
in FIG. 11. Once the image transmission is complete, the
image can be transmitted to other fax machines by entering
the desired numbers using the keypad 58. The memory unit
64 can include prestored phone numbers, to reduce the
pumber of keystrokes nceded to dial frequently used
numbers, and can include memory for multiple images, so
that multiple images can be transmitted to the same receiv-
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ing fax machine, one after the other. In addition, the com-
bined unit 48 may be pre-programmed so that the complete
image capture and telephone dialing sequence is performed
cach time the image capiure switch is activated.

The invention has been described with reference to certain
preferred embodiments thereof. It will be understood,
however, that modifications and variations are possible
within the scope of the appended claims. For example,
although the first illustrated embodiment utilizes a pen-
based computer, other types of portable computers with
non-interactive displays can be utilized. In such a case,
commands and data would be entered via a keyboard, mouse
or other data entry devices.

INDUSTRIAL UTILITY

The invention provides an electronic camera system that
includes a programmable transmission capability for selec-
tively transmitting electronic image data to a plurality of
remote base units. The camera system is particularly suited
to applications, such as news gathering operations, in which
it is desirable to capture images in remote field locations and
transmit the images to a base station for subsequent review,
distribution or publication.

Reference Numerals

10 Camera Module

12 Pen-based Computer

14 RF Transmitter Module
16 Display Screen

18 Optical Viewfinder

20 Capture Switch

22 Lens

24 Flash Unit

26 Computer Bus Connector
27 Mounting Clips

28 Aperture

30 Shutter Mechanism

32 Filter

34 Electronic Imaging Unit
36 Electronic Imaging Sensor
38 CCD Driver Unit

40 Image Signal Processor
42 Camera Control Processor
44 Light Measuring Unit

46 Driver Unit .

48 Telephone/Camera Unit
50 Lens

52 Flash Unit

54 Antenna

56 Display Screen

58 Keypad

60 Internal Bus

62 Control Processing Unit
64 Memory Unit
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‘What is claimed is:

1. An clectronic camera system for selectively transmit-
ting digital image data to a plurality of base receiver units,
said electronic camera system comprising:

imaging means for imaging a scenc and generating digital

image data representative of the imaged scene;
storage means for storing the digital image data;
display means for displaying the digital image data gen-
erated by the imaging means;
selection means for selecting at least one of the plurality
of base receiver units to receive the digital image data;

radio-frequency receiver means for receiving a mode
signal from the base receiver unit selected by the
selection means indicating the type of transmission that
can be received by the selected base receiver unit;

means responsive to the mode signal for converting the
digital image data to standardized digital image data
corresponding to the type of transmission that can be
received by the selected base receiver unit; and

radio-frequency transmission means for transmitting the
standardized digital image data to the base receiver unit
selected by the sclection means 10 receive the digital
image data.

2. An clectronic camera system as claimed in claim 1,
wherein the radio-frequency transmission means includes a
cellular transceiver.

3. An electronic camera as claimed in claim 1 wherein
said imaging means is contained in a module that is separate
from said display means and said selection means.

4. An electronic camera as claimed in claim 1 wherein
said radio-frequency receiver means and said radio-
frequency transmission means are contained in a module
that is separate from said display means and said selection
means, -

5. An electronic camera as claimed in claim 2 wherein
said cellular transceiver connects to a standard telephone
system connection.

6. An electronic camera as claimed in claim 5 wherein
said telephone system connection connects to said plurality
of base receiver units.

7. An electronic camera as claimed in claim 6 whercin
said at least one of said plurality of base receiver units
includes a facsimile machine.

8. An clectronic camera as claimed in 5 wherein said
camera system further includes a8 memory unit that stores a
plurality of phone numbers.

9. An clectronic camera as claimed in claim 8 wherein
said sclection means selects one base receiver unit, and
wherein said selection means selects one of said prestored
phone numbers in said memory unit and automatically dials
said one selected prestored phone number.

10. An electronic camera as claimed in claim 1 wherein
said radio-frequency transmission means transmits standard-
izeddigitalimagedataforaphna]ityofimagedsccncsto
said selected one of the plurality of base receiver units.

* ¥ * x K
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571 ABSTRACT

Aportable, compact Fax Camera Device comprised of a still
electronic camera circuitry and an image sensor especially
adapted for facsimile, with integrated facsimile communi-
cation device, this invention is designed and built specifi-
cally for the acquisition and communication of facsimile
images in such aspects as resolution, aspect ratios, optical
design, mounting capability, tight integration of facsimile
circuitry, and capability of receiving facsimile images. The
Fax Camera allows casy capturing of fax images from books
without the need for photocopying, easy photography type
capture of real world objects, as well as convenient regular
page image capture and transmission. For regular page and
book images, the invention is equipped with collapsible
mounting device constructed to allow easy and accurate
focus and provides a frame for predetermined size docu-
ments. The invention also includes a display device to allow
viewing and editing of captured fax images. The tight
integration of stll electronic photography and facsimile
communication capabilities create a light, portable, and
flexible fax communication device.

16 Claims, 7 Drawing Sheets
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1
FACSIMILE CAMERA DEVICE

RELATED APPLICATION

This application claims the benefit of U.S. provisional
application Ser. No. 60/010,833 filled Jan. 30, 1996.

FIELD OF THE INVENTION

The invention relates to facsimile equipment in general
and more particularly to a electronic still camera constructed
and adapted for facsimile image capture, storage and trans-
mission.

BACKGROUND OF INVENTION

Facsimile (popularly known as fax) equipment has
become a common method of relaying information in
today’s business world. Most fax machines built today fall
into one of two major groups: computer based and standa-
lone fax machines. Computer based technology can be as
compact and versatile as the computer equipment itself. In
terms of usability as fax equipment it can send most com-
puter files designed to be printed on any printer. However in
order for the computer to send images that were not origi-
nally generated by the computer, the image has to be
scanned, digitized, or otherwise converted to a computer
readable form. This necessitates additional scanning equip-
ment whenever external printed or photographed material is
to be transmitted by fax.

Dedicated standalone fax machines are for the most part
built around a static line image Capture element that requires
the image to be printed on paper that is then transported
through the fax machine. During this process, a static line
image capture element senses the image and transmits it to
the receiving fax machine, or saves it for later transmission.
Most standalone fax machines can feed only single pages of
paper, of standard dimensions such as US letter and legal
size paper or ISO A4 size paper. If the material to be
transmitted is from a book or of non standard dimensions,
the user must first photocopy the image onto a single sheet
of paper of the proper dimensions, and only then use the fax
machine to transmit the picture. Additionally, if a picture of
real world objects is to be transmitted, the object needs to be
photographed and then the photograph needs to be trans-
mitted {0 paper or computer readable form before it can be
transmitted via a regular standalone fax machine or a
computer based fax device.

Additionally, standalone fax machines are relatively large
and bulky, thus limiting their portability. Light, portable fax
equipment can find many uses particularly by traveling
business people.

Still video photography allows capture of images of
varying formats and seem to be a perfect fit for the problems
of varying sources of the image. Still video can also be made
highly portable. There are various implementations of still
video equipment commouly available from companies like
Kodak, Sony and Canon, and various aspects of the art are
disclosed in numerous US patents and other publications.
Methods of improving still video performance were
described in detail in U.S. Pat. No. 5,003,398 (Suzuki, Mar.
26, 1991) and methods of storing image data in non volatile
memory were described in U.S. Pat. No. 5,077,612
(Megrgardt et al., Dec. 31, 1991). Still video photography
equipment, however, is designed and geared towards high
resolution color photography, primarily for display on tele-
vision or a computer monitor. Most current still video
camera units call for 24 bit color resolution at a different

Page 172 of 315

45

55

60

65

2

aspect ratio and different resolution than that required by
facsimile standards such as ITU T.4.

There are in existence such methods as described by US.
Pat. No. 5,193,012 (Schmidt, Mar 9, 1993) to convert real
time output of a still video camera signals to a fax compat-
ible output, and same disclosure describes various devices
such as the Image Data Corporation PhotoPhone, and other
devices and methods for transmitting captured video images
or for translation and conversion of video images into fax
compatible form. Similarly, U.S. Pat. No. 5,235,432
(Creedon et al,, Aug. 10, 1993) teaches a method for
converting video signals to facsimile signal. These former
disclosures dictate the use of an interim device or method to
convert from common, television oriented video output to
fax compatible format, mostly as an adaptation of an exist-
ing still video camera. Those attempts show the need for
generating fax signals from a still video-like device,
however, the starting point of those former devices is the
common, television oriented video signal. The above
described methods call for interpolation of the video data.
When applied to a page of written material for example, this
interpolation process may cause loss of clarity of the printed
data.

Therefor there is a clear need for a fax equipment device,
designed specifically as facsimile equipment, comprising an
image capturing device designed specifically to standard
facsimile resolution and aspect ratio, with fax transmitting
capability directly integrated with the device, and proper
mounting and focusing equipment that will make the device
casily usable as a light portable fax camera.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a light, portable
fax camera device to satisfy the needs described above. The
invention aim is for a portable device capable of easy
capture of images of regular (e.g. US letter size or ISA A4
size) sheets of paper or documents for transmission as fax.
It is also an object of this invention to allow capturing of
image data from sources other than regular documents such
as books, magazines, etc. without reproduction of the above
images to a sheet of paper, prior to transmission of that
image to a remote fax machine. Additionally, it is an object
of this invention to allow photography, in a manner similar
to regular photography, of any object whereby the image of
the photographed object may be transmitted as fax without
the need for film, or the need to print the photograph, or
transfer the photograph to a computer, or video tape recorder
or any similar intermediate steps.

It is also an object of the current invention to allow
reception of incoming fax messages and store them for
viewing, retransmitting, or printing using external printer.

The current invention, hereafter the Fax Camera,
describes an electronic still camera-like device coupled with
fax transmission circuitry, and supporting circuitry. The
Image Capture Device [1] is constructed of one or more
CCD (Charge Coupled Device) planar image sensors, con-
structed with a resolution, color resolution, aspect ratio, and
other aspects, essentially similar to the image aspects
requirements of fax standards such as ITU T4 or any other
applicable fax standard.

The Image Capture Element[1] captures the image pro-
jected upon it by a lens system[3]. The output of the image
capture element is converted to digital signals by an Analog
to Digital (A/D) circuitry[9] and stored in Memory{11]. The
stored image may then be transmitted via the coupled fax
modem circuitry[13] to a remote fax machine, or transferred
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to a computer or printer via a Data Communication Port [21
], or a storage device[20].

The most common images sent by fax today are images of
letter size paper documents. To best fit the Fax Camera for
that purpose, the invention is provided with Mounting
Support[19], attached to and collapsible toward or into the
fax camera enclosure[6]. The Mounting Support is con-
structed to allow the camera to face a surface where a sheet
of paper may be placed for image capture, as a preparation
for transmission. The Mounting Support also assists the user
in proper placement and alignment of the paper documents
to be faxed. The ends of the Mounting Support{19] create a
virtual frame[25] of the proper size, e.g. ITU A4 size,
indicating proper document placement. Additionally, to fur-
ther facilitate capturing documents, the Lens System is
constructed with a preset position. When the Lens System is
set to that position, the lens is best focused to capture an
image placed in the plane of, and inside the virtual frame[25]
created by the Mounting Support. Images from books, or
other paper or essentially flat images are taken similarly,
whereby the virtual frame[25] provides an easy reference as
to the size of the captured image. Other methods of placing
an image at predetermined distance are off-course possible,
and two of them are depicted in FIG. 7 and FIG. 8.

The optical system is constructed in a manner that allows
minimal distortion of a flat image when the image placed in
the Virtual Frame[25]. This may be achieved by proper
optical design where the periphery of the lens field of view
is pot used for image capture, or by placement of special
geomeltry lens elements into the optical system.

In order to facilitate data entry the Fax Camera incorpo-
rates an input device [14] such as a keypad to allow manual
entry of telephone nmumbers and other pertinent data. The
Fax Camera may also incorporate a display device, such as
an LCD (Liquid Crystal Display) display, to allow the user
to view-and edit image data, display incoming fax images,
and program and control the Fax Camera operation.

Other conveniences such as a flash lghting device, an
automatic focus mechanism, automatic exposure mecha-
nism and others described below may be added to the Fax
Camera to enhance usability.

These and other aspects of the invention will be apparent
from the following description of the invention.

GENERAL DESCRIPTION OF DRAWINGS
FIG. 1 is a block diagram of the invention, showing data
and control flow.

FIG. 2 is a perspective physical illustration of the inven-
tion

FIG. 3 is a physical illustration of the device showing the
Mounting Support [19] extended, and the invention ready to
acquire an image[2].

FIG. 4 depicts the optical principle of the invention.

FIG. 5 depict an altemative method for implementing the
Image Capture Element[1]

FIG. 6 depict another alternative implementation of the
Image Capture Element {1]

FIG. 7 shows a distance measurement and placement
method as an alternative to Mounting Support[19].

FIG. 8 presents another alternative method for placement
of a sheet of paper at proper distance for full page image
capture.
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PREFERRED EMBODIMENT OF THE
INVENTION -

Electrical Construction .

The preferred embodiment will utilize a special mono-
chrome frame transfer CCD image semsor with a pixel
resolution of substantially 1728x2287 or somewhat larger,
as the Image Capture element [1]. (It should be noted that
smaller resolutions are both: supported by ITU standards,
and that electronic manipulation can easily provide for lower
resolution. Similarly, a smaller pixel count may be used to
allow for unprintable edges of image. It is however desirable
to maintain an aspect ratio substantially similar to 1728x
2287 pixels.) Thus the Image Capture Element[1] support at
least a one to one correlation” between Image Capture
element pixels and T.4 pels, at a resolution of 7.7 lines/
millimeter on an A4 sheet of paper. The Image Capture
Element [1] is placed so that light reflected from the image
[2] passes through the optical Lens System[3] and hits the
Image Capture Element[1].

A solenoid operated shutter device[4] is placed between
the Image Capture Element{1] and the Lens System[3] to
allow the Image Capture Element [1] to stay dark between
image acquisition cycles. The shutter device solenoid is
operated under the control of the CPU[16).

A Trigger [5] operates a switch that indicates to the
CPU[16] to begin an image capture cycle. In an alternative
implementation, the trigger function may be initiated by a
remote control device.

The Image Capture Element [1] is comnected to and
accepts control and timing signals from the Control Cir-
cuitry [7]. The control circuitry provides timing and control
signals required by the Image Capture Element [1] as well
as conditioning, anti blooming, ‘black’ current handling, and
amplification of the image signal output of the Image
Capture Element [1] to a level and format appropriate to
provide image data to the A/D Conversion Circuitry [9]. The
Control Circuitry[7] is made similar in design and compo-
nents to current still video and camcorder designs, but with
timing conformant to the characteristics of the Image Cap-
ture Element [1] employed. The reader is referred to stan-
dard literature and to manufacturer literature such as Texas
Instruments Area Array Image Sensor Products catalog from
1994 for control circuitry reference. Obviously specific
timing, rows, column and voltage variables should be modi-
fied as dictated by the details of the Image Capture Element
CCD.

The A/D:convegsion circuitry[9]:i accept the

mage data and synchronization (satnpling) signals from the
Control ‘Circuitry] 7]: and- transforms the .image data” into™
digital data sui 1 ge.in: Memory Means:[11]..:

ion tiitry: is built.to accept image

signal from the separate pixels-of Tniage: Capture Element
[1] and sampling synchronization signals from the control
circuitry, and transform the image data into a level similar
for digital processing. The conversion performed by the A/D
Conversion Circuitry[9] is a simple bi-level conversion,
representing each pixel as a single bit value of 1 or 0.

Fax Modem Circuitry[13] is commonly available from
mamufacturers such as Rockwell, Cirrus Logic, Yamaha, and
others. The Fax Modem Circuitry[ 13} is built and connected
in a manner that allows the CPU to control its operation, i.c.
to send and receive.data.and-status. i to. th
Modem[13]/and o'send comma itiate
with'a remote unit; transinit’a Tix. image from memory[11];
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The Fax Modem Circuitry{13] is connected to Telephone
loterface Circuitry [15] that allows the Fax Camera to
connect to a public switched telephone network, or a cellular

telephone communication link. Additionally, cellular tele- '

phoge circuitry[70] may be built into the fax camera to
provide self contained communications capability.

The CPU [16] is also connected to an Input Device[14]
and to an LCD Display Device to allow entry of user
commands, telephone numbers, etc. The input device[14] in
the preferred embodiment is implemented as a touch sensi-
tive screen placed over an LCD Display Device[18] and
utilizes the. LCD Display Device under the CPU[16] control
to provide labeling of the appropriate function of the input
device. The LCD. Display Device[18] is connected to the
CPU[16] and is capable of displaying text and graphics. The
Display Device[18] is also utilized to display captured or
received images or parts thereof. It is also used to facilitate
entering alphanumeric data to be included in the sent fac-
simile image, to display pertinent status information, or to
facilitate programming the Fax Camera operation.

Power for the operation of the Fax Camera is provided by
an internal battery[10]. The battery may be rechargeable
type or non rechargeable type. ) e

A PCMCIA device interface.is built'into the Fax Carner:
Device it the preférred implemeritition; low: storage of
image into:a PCMCIA secondary ¢ deévice constructed
of FLASH-ROMI[20] or magnetic storage disk.

A Lighting Device [17], such as a photographic flash is
controlled by the CPU[16] to facilitate image capturing at
low ambient light: levels, and provide consistent and pre-
dictable lighting for page image capturing.

An embedded Data Communications Port [21], such as an
IEEE RS-232 conformant serial port is embedded in the
preferred implementation of the Fax Camera to allow direct
communication between the Fax Camera and a computer or
a printer.

Physical Construction

The preferred implementation of the Fax Camera Device
is fitted into a housing{6], similar to commercially available
common cameras.

Four telescoping legs, comprising the Mounting Support
[19], are attached to the Housing[6], constructed fo extend
and pivot from the housing[6] and to mechanically lock in
the extended position to provide mounting support that
places the fax camera at a predetermined distance from the
photographed image[2]. The Mounting Support is con-
structed so that when extended and resting against a mount-
ing surface such as a table, it creates a virtual frame[25]
defined by the contact points of the support legs with the
supporting surface. The virtual frame[25] is of a size equiva-
lent or slightly greater than the size of ITU A4 paper sheet.
The frame distance from the Enclosure[6] is computed or
experimentally determined, so that if the Lens System[3] is
placed at the page image acquisition preset position, the
Lens System[3] is focused on the virtual frame[25] plan,
with the frame essentially filling its field of view, allowing
minimal distortion, full page capture, and best focus of
acquired document image.

The Lens System [3] is placed in the front side of the
Housing[6] and is constructed to allow focusing an Image
[2] reflection on the Image Capture Element [1]. The Lens
System [3] is also constructed with a Page Image Acquisi-
tion preset position to allow easy focus, for optimal capture
of a full A4 or US Letter size page when such a page is
placed in the virtual frame[25] defined by the ends of
Mounting Support [19]. The Lens System[3] is also con-
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structed to allow continuous focusing on any object at
variable distances from the Fax Camera. In this embodiment
the Lens System[3] is detachable from the housing[6], to
allow mounting of different type of lenses. The Lens System
[3] also includes an iris device to provide aperture control.

Asshutter Device [4] is placed in the light path between the
Lens System{3] and the Image Capture Device[1].

Electronic circuitry is placed on one or more Printed
Circuit Boards[8], and housed inside the camera enclosure.

ADisplay Device[18] and a touch sensitive screen used as
Input Device[14] are placed at the back of the housing. The
Input Device is placed on top of the Display Device[18], so
that the Display Device may be utilized as a background for
the transparent Input Device[14).

A Trigger Button[5] is placed on top of the Fax Camera.
The trigger is conmstructed to close a switch and provides,
when depressed, a signal to the CPU[1] to begin the image
acquiring cycle. The trigger may be operated remotely by
mechanical means, such as a cable, to reduce movement of
the Fax Camera during image capture.

Operation of the Invention

... The Fax Camera may acquire an image in one of two
+ modes: Page Image Acquisition mode or Variable Distance

mode. The difference between the two modes is primarily in
the focusing stage of operation.

" In the Page Image Acquisition mode the user extends the
support means [19] and pivot the telescoping legs to form a
four legged support. When fully extended, the legs form a
virtual frame[25] rectangle similar in size to an ITU A4
page. The user then places the object to be transmitted
between the support legs. The user also places the Lens
Systemf3] in its Page Image Acquisition mode preset posi-
tion.

In Variable Focus Mode, the user points the Fax Camera
at the image to be captured, and uses an optical focus
mechanism to set the focus of the Lens System[3]. The
support means[19] may or may not be used while operating
in this mode.

From here on the operation of the invention is similar in
the Page Image Acquisition mode and the Variable Distance
mode.

The user then presses the trigger[5], thus initiating the
image scan. The CPU[16], upon receiving of the electrical
signal from the Trigged 5], commands the control circuitry
[7] to clear any charges in the Image Capture Element and
prepare the element for image acquisition. Once the Image
Capture Element[1] is ready to receive image data, the CPU
[16] activates the shuiter device[4], and if desired, the
lighting device[17]. Once a time period sufficient for the
Image Capture Element[1] to capture the image has elapsed,
the shutter device[4] has completed its operation, and the
CPU initiates a command to the Control Circnitry[ 7] to scan
the data from the Image Capture Element[1] and transfer it
to the A/D Conversion Circuitry[9]. The A/D Conversion
Circuitry[9] converts each. pixel to logic level bit, and
transfer the data to the CPU[16]. The CPU then compress the
data according to the method descrbed in ITU standard T.4
and stores it in memory[11]. Once the data is stored in
memory[11], the image capture is complete.

In an alternative embodiment the image data may be first
stored in Memory[11] using the CPU[16] or direct memory
access, and later compressed and stored back in Memory
[11]. In yet another alternative embodiment, the image data
is stored uncompressed, and the image data is compressed
only before or during fax sending operation.
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When the captured image is to be transmitted, the fax
camera is attached to a telephone line via the Telephone
Interface Circuitry[15]. The operator utilizes the input
device[14] to enter a telephone number (or use a pumber
previously stored in memory) and initiate the fax transmis-
sion. The CPU [16] then instructs the Fax Modem Circuitry
[13] to initiate the call, and negotiate with the remote fax
machine according to standard communication specifica-
tions (e.g. ITU T.30). The CPU[16] then transfers the image
data to the Fax Modem Circuitry[13] that transmits the data
to the remote fax receiver.

The device may also be attached to a telephone line to
receive fax data. The Fax Modem Circuitry transfers the
received fax data to memory[11] and the display device[18]
is utilized to display the incoming fax as a whole or in parts.

Utilizing the input device, a user may transfer image data,
captured or received, to a printer utilizing the Data Com-
munications Port[21], or transfer image data to Secondary
Storage[20]. The user may also add text to the stored image
by entering the text on the Input Device[14]. The usage, in
this embodiment, of a touch sensitive screen as the Input
Device [14] allows the user to enter direct graphical data
such as handwriting or diagrams. Such input will be done
using ‘pen’ technology as is well known in the art (e.g.
Apple Computers Newton). Such user entered data may
constitute the fax image, added to a fax image or be
superimposed on a captured or received image.

Note that a number of images may be stored in memory,
the exact number depending on the amount of memory
installed in the fax camera device and the complexity of the
stored images.

Alternative Embodiments

While the ideal Image Capture Elementf1] is a single
CCD of appropriate resolution, the Image Capture Element
may be implemented by many methods, such as:

Multiple, CCD Image Sensors[30], each with resolution
lower than that needed for a full page scan, arranged to
provide each element with a portion of the image. When
combined, the images from the separate Image Sensors
create an image data set similar in resolution and aspect ratio
to the single Image Capture Element[1) described above. An
example of such a split sensor device is depicted in FIG. 5.
The optical splitter divides the image projected by the Lens
System[3] into four quadrants. The splitter is constructed of
four right angle prisms [30a, 30b, 30c, and 30d] placed so
that the base faces of the prisms facing the Lens System[3]
are placed in close proximity to one another in a single plane
perpendicular to the axis of the Lens System[3]. Thus each
prism receive only a single quadrant of the projected image.
Reflected light from the image[2] passes through the Lens
System[35] and is reflected by the hypotenuse face of each
corresponding prism to the corresponding image quadrant
via the second base face[33] of the prism, and onto respec-
tive individual Image Sensors[31].

An additional method for providing a split sensor device
is shown in FIG. 6. The splitting of the image is achieved by
bundling of a large number of optical fibers [32] behind the
Lens System[3), and dividing of the optical fiber bundle into
multiple branches[32a, b, ¢, and d], so that each branch
conducts light from its corresponding quadrant onto the
corresponding CCD Image Sensor{314, b, ¢ and d].

In both the above implementations a sequencing program
or circuitry is needed, to reconstitute the full image data by
recombining the image data from the individual CCD ele-
ments [30]. In the arrangements of FIG. 5 and FIG. 6 for
example, the recombination circuit or software will attach
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data for each corresponding scan line from the top left Image
Sensor [314] to the top corresponding line from the right
Image Sensor{315], until all active scan lines in the respec-
tive Image Sensor{31] are exhausted, thus reconstructing the
top portion of the image frame. Similarly image data is
recomposed from Image Sensors[31d] and [31¢], thus com-
pleting the image acquisition as if the image data was
acquired by a single CCD image sensor of a larger resolu-
tion.

It should be noted that many other ways exist to split the
image data, such as creating an area image sensor where the
image sensitive area is close to two edges of the device, thus
allowing grouping of a number of sensors in close proximity
to one another, obviating the need for a separate optical
splitter. Other obvious methods for optical splitting of the
image include use of mirrors (e.g. instead of prisms [30]),
dichroic splitters, etc. It is also apparent that while FIG. 5
and FIG. 6 depict four CCD Image Sensors[31a, 315, 31c,
and 31d], with minor changes to the optical splitter as many
CCD elements as desired may be connected and their
respective image signal recomposed to achieve the required
resolution.

Another alternative to making the Image Capture Element
[1] is placing one or more commercially available CCD
Amnay Image Area Sensors (e-g. similar to device TC215
manufactured by Texas Instruments), on a moveable plat-
form whose movement in one, two or three dimensions is
controlled by piezo electric, magnetic, electromagnetic,
electromechanical or otherwise mechanical actuators. Such
a sensor could generate a single image in multiple scan
passes, each scan pass capturing a different part, or interlace,
of the image. The image parts may then be recombined by
software or by proper placement of the separate images
captured in memory so that the separate parts will create a
full image. In another implementation, a line image sensor
may be placed on a movable platform placed in Lens
System[3] focal plane and moved linearly (e.g. in an
arrangement similar to focal plane shutter in a single lens
reflex camera) or pivoted to perform image scan to acquire
the image.

In all the above described alternative methods for con-
struction of the Image Capture Element [1), a color sensitive
image sensor may be substituted, to allow the transmission
of color facsimile.

Various methods of electronic resolution enhancement
such as duplicating adjacent lines or data interpolation
between pixels may be employed in order to reduce cost of
manufacturing of the Image Capture element[1].

In order to reduce image distortion, a separate Lens
System may be substituted for the page image capture preset
setting of the fax camera, or alternatively an additional lens
or lenses may be added by sliding, rotating or otherwise
inserting the additional lens into the optical path between the
image being captured [2] and the Image Capture Element

8

Optionally, the display device[18] may be used as an
electronic view finder, by eliminating the Shutter Device[4],
or by allowing pre acquisition exposure and transferring the
image from the image Capture Element [1] to the display
device[18].

The Display Device[18] may also be used to edit the
image prior to transmission, superimpose multiple images
stored in memory, or to add text data on, or in addition to,
the image. Such feature will facilitate transmitting facsimile
cover pages.

It is also clear to those skilled in the art that many methods
exist for constructing the Mounting Support[19), e.g. using

SAMSUNG EXHIBIT 1013



6,072,600

9

a separate support member, not attached to the camera, or the
use of a foldable and collapsible support frame, or similar
common support means.

The Mounting Support may be eliminated completely if
desired, and its functionality replaced by focused light
beams, as depicted in FIG. 7. In this implementation, light
beams are focused on at least two vertices of the Virtual
Frame[25]. At least two light beams are used for each vertex.
The light beam emanates from the Fax Camera and is
focused by a lens (not shown). The.lens focal point is at a
vertex of the Virtual Frame[25]. Simple geometry dictates
that the two points of light [40] and [41] will converge and
focus only at the vertex point[42] thus providing an easy
mechanism for the user to identify the vertex location.
Similarly, light beams [43] and [44] convergence point
determine the second vertex of the Virtual Frame[25]. A
third, similar vertex designator will be sufficient to define the
Virtual Frame[25].

Yet anther method to facilitate capture of a full page
image capture is placing support beams [60] supporting a
sheet of paper suspended between them as depicted in FIG.
8.

Other items common in photography such as light mea-
surement [22] means, distance measuring device[23] and
automatic focus mechanism [24] may be attached to the Fax
Camera device. Such additions may operate under the con-
trol of the CPU[16] or partially independently e.g. a distance
measurement device that directly controls automatic focus
actuator.

Whereas the present invention has been described in
particular relation to the drawing attached thereto, and what
are at present considered to be the preferred embodiments of
this invention, it will be obvious to those skilled in the art
that various changes and modifications may be made therein
without departing from the invention and it is, therefore,
aimed to cover all such changes and modifications as fall
within the true spirit and scope of the invention.

I claim:

1. a fax camera comprising:

a) an image capture sensor mounted substantially in a
focal plane of an optical focusing system, for trans-
forming light reflected from an image into an electrical
signal;

b) a memory device for storing data representing said
electrical signal;

©) a facsimile signal transmission device for transmitting
said electrical signal to a facsimile machine, said fac-
simile transmission device also capable of receiving
image data from a remote facsimile machine;

d) an input device for receiving user input;

€) one or more programmable controllers for receiving
input from said input device and for controlling said
image capture sensor and facsimile signal transmission
device; and,

f) means for defining a virtual frame in predetermined
distance and orientation to said image capture sensor to
define a page frame for photography and transmission
of an object to a remote facsimile machine.

2. The fax camera of claim 1 wherein said means for
defining a virtual frame comprises mounting support con-
structed to support said fax camera on a surface, wherein
said focusing system is substantially oriented towards said
surface.
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3. The fax camera of claim 2 wherein said mounting
support is collapsible.

4. The fax camera of claim 1 wherein said means for
defining a virtual frame comprises a page frame support
device for locating a printed image at selected predeter-
mined distance and orientation from said focusing system.

5. The fax camera of claim 1 wherein said means for
defining a virtual frame comprises means for directing at
least two beams of light to converge at a vertex point outside
and in front of said image capture sensor, wherein a multi-
plicity of said vertex points define a virtual frame at a
predetermined distance and orientation from said image
capture sensor.

6. The fax camera of claim 1 wherein said programmable
controller is adapted to selectively transmit one or more of
said stored images via said facsimile transmission device.

7. The fax camera of claim 1 wherein said facsimile .

transmission device is adapted to receive a facsimile image
from a remote facsimile device, and wherein said program-
mable controller is adapted to receive said facsimile image
and store said image in said memory device.

8. The fax camera of claim 1 further comprising a display
device constructed to operate under control of said program-
mable controller.

9. The fax camera of claim 8 wherein said display device
is constructed to display an image stored in said memory
device.

10. The fax camera of claim 9 wherein said programmable
controller is constructed to display user input data superim-
posed on said image.

1. The fax camera of claim 1 further comprising a
photographic flash device.

12. The fax camera of claim 1 wherein said image capture
Sensor comprises:

a) amovable image sensor for capturing successive partial

images;

b) an actuator for moving said image sensor between
successive partial image captures; and

¢) wherein said programmable controller is constructed to
interleave data from said successive image captures
into a single frame data.

13. The fax camera of claim 1 further comprising a digital

communications port.

14. The fax camera of claim 1 wherein said image capture
sensor comprises plurality of area array image sensors and
an image splitting device for distributing light reflected from
an image to said area array image sensors.

15. A fax camera comprising:

2) an enclosure;

b) an optical focusing system comprising one or more lens

clements;

©) an image capture sensor mounted within said enclosure
substantially in a focal plage of said optical focusing
system for transforming light reflected from an image
into an electrical signal;

d) a memory device for storing data representing said
electrical signal of one or more images;

€) a facsimile signal transmission device for transmitting
said electrical signal to a facsimile machine, said trans-
mission device also capable of receiving image data
from a remote facsimile machine;

£) an Input device for receiving user input;

g) one or more programmable controllers for receiving
input from said input device and for controlling said
image capture sensor and facsimile signal transmission
device;
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h) collapsible mounting support to support said fax cam-
era on a surface, said mounting support defining a
virtual frame at a predetermined distance and orienta-
tion from said image capture sensor; and

1) a display device capable of displaying images and user
input, and constructed to operate under the control of
said programmable controller wherein said program-
mable controller is adapted to display image data stored
in said memory device, and data entered via said input
device.
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16. The fax camera of claim 15 wherein said means for
defining a virtual frame comprises multiple means for direct-
ing at least two beams of light to converge at a vertex point
outside and in front of said image capture sensor, wherein a
multiplicity of said vertex points define a virtual frame at a
predetermined distance and orientation from said image
capture sensor.

*k ok ok ok %
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PICTURE CODEC AND TELECONFERENCE
TERMINAL EQUIPMENT

This is a continuation of application Ser. No. 07/913,402,
filed Jul. 15, 1992 and a continuation-in-part of application
Ser. No. 08/384,955, filed Feb. 7, 1995; which is a contina-

ation of application Ser. No. (77/338,348, filed Feb. 20, 1992,

now U.S. Pat. No. 5,396,269.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a teleconference system
which makes it possible to hold an audio and video mecting
between distant places comnected by a communications
network.

2. Description of the Prior Art

A prior-art equipment for a teleconference system is
constructed by combining independent devices such as a
display unit, a codec, a camera, a microphone and a console.
In some cases, a document camera, an electronic blackboard
and a small-sized computer are further combined in accor-
dance with functions required for conferences.

Morcover, since such a prior-art teleconference equip-
ment constructed by combining the independent devices is
large in scale, a teleconference room for exclusive use is
usually required for the teleconference. On the other hand,
there is also an equipment for a teleconference system
wherein fundamental devices arc housed in a single rack so
as to be movable, thereby dispensing with the need for a
conference room for exclusive use.

In the teleconference system thus constructed, ordinarily
still pictares and -video can be exchanged between the
terminals of the system. ’

Techniques relevant to the teleconference equipments are
disclosed in the official gazettes of Japanese Patent Appli-
cations Laid-oper No. 39790/1990 and No. 22989/1990.

In addition, Japanese Patent Applications concerning tele-
conference systems filed by the assignee of the present
application are Patent Applications Laid-open Nos. 120889/
1992 and 166884/1991, and Patent Applications Nos,
406984/1990, 25987/1991, 25991/1991, 174025/1991,
174046/1991, 174031/1991, 34005/1991 and 27086/1991.

Meanwhile, in the prior-art equipment for the teleconfer-
ence system, the codec includes an A/D (analog-to-digital)
converter and a D/A (digital-to-analog) converter for each of
a still picture and video, and the still picture display and
video display of a display unit are changed-over by switch-
ing a still picture signal and a motion picture signal which
are delivered from the two D/A converters. .

Alternatively, the simultaneous display of the still pictures
and video is realized by delivering the still picture and
motion picture signals to two separate display units, 1espec-
tively.

With the method wherein the still picture display and the
video display are changed-over, the conversation of the
pertinent communicating terminal with the opposite termi-
nal is not conveyed smoothly on account of a complicated
switching operation, etc.

On the other hand, with the method wherein the still
picture signal and the motion picture signal are respectively
displayed on the separate display units, these two display
units are necessitated to render the terminal equipment large
in size. Besides, while the user of the equipment is watching
the still picture, histher eyes shift widely and are inevitably
averted from the opposite communicating person.
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It i therefore an object of the present invention to provids
a teleconference cquipment in which a still picture and video
can be simultaneously displayed on a single display screen.

In the prior-art teleconference system, the teleconference
room for exclusive nse needs to be prepared as stated before,
so that the introduction of the teleconference: system
involves a heavy financial burden. Moreover, when holding
the teleconference, conferees must move to the teleconfer-
ence room which is inconvenient. ’

In this regard, even the portable teleconference equipment
needs to be moved by several people on account of the size
and weight thereof and cannot be used with ease.

Because of such circumstances, there has been a great
demand in recent years for the ability to hold a teleconfer-
ence mare conveniently and more readily.

SUMMARY OF THE INVENTION

It is therefore another object of the present invention to
provide a desktop type teleconference equipment which is
small in size and which is easily portable,

In order to accomplish the objects, according to the
present invention, there is provided a picture codec to which
an analog picture signal, coded still picture data for playback
and coded motion picture data for playback are input, and
from which coded pictare data obtained by coding the input
analog picture signal and an analog picture signal obtained
by decoding either of the input coded still picture data for
playback and coded motion picture data for playback are
ouiput,thepicﬂnucodeoam;xiscsmamlog—to—tﬁgitalcon—
verter which converts the input analog picture signal into
digital picture data, a still picture coder which codes the
digital picture data produced by the analog-to-digital
converter, 50 as to deliver coded still picture data, a video
coder which codes the digital picture data prodaced by the
analog-to-digital converter, so as to deliver coded motion
picture data, a selector which selects cither of the coded
motion picture data delivered from the video coder and the
coded still picture data delivered from the still picture coder,
andwhichdelivcrsthesclc&_:tedpidmedanasmeompm
coded picture data, a still picture decoder which decodes the
input coded still picture data for playback, into decoded still
picture data, a video decoder which decodes the input coded
motion picture data for playback, into decoded motion
picture data, a pictare-in-picture processor which generates
picture-in-picture frame data on the basis of the decoded still
picture data delivered from the still picture decoder, the
decoded motion picturc data delivered from the video
decoder and the digital picture data delivered from the
analog-to-digital converter, the pictare-in-picture frame data
forming a picture-in-picture frame which concerns at least
two of the decoded still pictare data, the decoded motion
picture data and the digital picture data and a digital-to-
analog converter which converts the picture-in-pictare
frame data generated by the pictare-in-picture of,
into the output analog picture signal, and which delivers the
output analog picture signal.

Further, there is provided a teleconference terminal equip-
ment which comprises the picture codec as defined in the
above paragraph, a communication control unit which trans-
mits either of the coded still picture data and the coded
motion picture data delivered from the picture codec,
throngh a digital communication channel, and which
receives either of the coded still picture data for playback
andthewdedmoﬁon;ﬁcnncdataforplaybackﬂlroughﬂle
digital communication channel and then delivers the
received pictare data to the picture codec, a camera which
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delivers the analog picture signal to the picture codec and a
display unit which displays a picture indicated by the output
analog picture signal of the picture codec.

Owing to the construction of the picture codec, a still
picture and video can be simultaneously displayed on a
single screen.

Moreover, the teleconference terminal equipment is small
in size and is casily portable. .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the general amange-
ment of a teleconference terminal equipment according to
the first embodiment of the present invention;

FIG. 2 is a block dmgum showing the construction of a
picture codec which is included in the teleconference ter-
minal equipment of the first embodiment;

FIG. 3 is a block diagram showing the construction of a
PinP (Picture in Picture) processor which is included in the
teleconference terminal equipment of the first embodiment;

FIGS. 4(a)-4(f) arc explanatory diagrams showing the
aspects of a PinP process which is performed in the tele-
conference terminal equipment of the first cmbodiment;

FIG. § is a block diagram showing the constraction of a
G3-FAX (group 3 type facsimile) interface which is

included in the teleconference terminal equipment of the.

first embodiment;

FIG. 6 is an explanatory diagram showmg the construc-
tion of ‘a camcra control/cxternal device multiconnector
which is included in the teleconference terminal equipment
of the first embodiment; . )

FIG. 7 is an explanatory diagram showing the construc-
tion of 2 V11/RS422 multiconnector which is included in the
teleconference terminal equipment of the first embodiment;

FIGS. 8(a) and 8(b) arc a perspective view and a rear
view, respectively, showing the external appearance of the
teleconference terminal equipment of the first embodiment;

FIG. 9 is a block diagram showing an example of the
construction of a teleconference system according to the first
_embodiment of the preseat invention;

FIG. 18 is a block diagram showing another example of
the construction of the teleconference system of the first
cmbodiment;

FIG. 11 is a block diagram showing still another example
of the construction of the teleconference system of the first
embodiment;

FIG. 12 is a block diagram showing yet another example
- of the construction of the teleconference system of the first
embodiment;

FIG. 13 is a block diagram showing a further example of
the construction of the teleconference system of the first
embodiment;

FIG. 14 is an explanatory view showing the construction-

and service situation of a teleconference system according to
the second embodiment of the present invention;

FIG. 15 is an exterior view showing the construction of
the first teleconference terminal equipment according to the
second embodiment of the present invention;

FIGS. 16A and 16B are a side view and a sectional view,
respectively, of the first teleconference terminal equipment
of the sccond embodiment;

FIGS. 17A and 17B arc exterior views showing the
construction of the second teleconference terminal equip-
ment according to the second embodiment of the present
invention;
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FIGS. 18A and 18B are a sectional view and a side view,
respectively, of the second teleconference terminal equip-
ment of the second embodiment;

FIG. 19 is an exterior view showing the construction of
the third teleconference terminal equipment according to the
second embodiment of the present invention;

FIGS. 20A and 20B are an exterior view and an cxplana-
tory view, respectively, showing the construction of the
fourth teleconference terminal equipment according to the
second embodiment of the present invention;

FIG. 21 is a block diagram showing the internal construc-
tion of the teleconference terminal equipment of the second
embodiment;

FIG. 22 is an explanatory view showing the external
construction of a control according to the second
embodiment of the present invention;

FIGS. BAandmareablockdmgrmandasdwmanc
diagram, respectively, showing the internal construction of
the control keyboard of the second embodiment;

FIG. 24 is an exteriar view showing the construction of
the first document. photographing stand according to the
second embodiment of the present invention;

FIGS. 25A and 25B are a side view and a rear view,
respectively, of the first document photographing stand of
the second embodiment;

FIGS. 26A, 26B and 26C are exterior views showing the
construction of the second document photographing stand
according to the sccond embodiment of the present inven-
tion;

FIG. 27 is an exterior view showing the construction of
the third document photographing stand according to the
second embodiment of the present invention;

FIG. 28 is an explanatory view showing the situation of
a minor frame display in the teleconference terminal equip-
ment of the second embodiment;

FIGS. 29(a)-29(f) arc is an explanatory diagrams show-
ing messages which are displayed on a monitor screen in the
teleconference terminal equipment of the second embodi-
ment; ‘

‘FIGS. 30(2)-30(d) arc exp! diagrams showing
graphic user interfaces which are offexed by the teleconfer-
ence terminal equipment of the sccond embodiment;

FIGS. 314, 318, 31C and 31D arc a front view, a rear
view; a plan view and a bottom view, respectively, of the first
teleconference terminal equipment of the second embodi-
ment;

FIGS. 32A and 32B arc a right side view and a left side
view, respectively, of the first teleconference terminal equip-
ment of the second embodiment;

FIG. 33 is a perspective view of the control keyboard of
the second embodiment; -

FIGS. 34A,3Band34Cateafmntv1ew,aplmv1m and
a bottom view, respectively, of the control keyboard of the
second embodiment;

FIGS. 35A, 35B, 35C, 35D, 35E and 35F are,
rewecuvely,aﬁghts:devww, a left side view, arear\ncw,
a schematic scctional view taken along line A-A' in FIG.
34A, a schematic sectional view taken along line B-B' in
FIG. 34B and a schematic sectional view tak:n along line
C-C' in FIG. MB;

FIGS. 36A, 36B, 36C and 36D are a front view, a fight
side view, a plan view and a bottom view, respectively, of the
document photographing stand of the second embodiment;

FIGS. 37A and 37B are a rear view and a left side view,
respectively, of the document photographing stand of the
second embodiment; and
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FIGS. 38A, 38B and 38C are a front view, a right side
- view and a plan view, showing the folded state of the
document photographing stand of the second embodiment.

PREFERRED EMBODIMENTS OF THE
INVENTION

Now, the first embodiment of a teleconference terminal
equipment according to the present invention will be
described. '

FIG. 1 illustrates the functional block arrangement of the
teleconference terminal equipment in this embodiment.

As shown in the figure, the teleconference terminal equip-
ment of this embodiment comprises a camera 1, an LCD
(liquid-crystal display) 2, dial function keys 3, a VSW
(video switch) 4; a picture codec 5, a telephone control
man-machine interface 6, a multipoint conversation control

7, a multimedia multiplexing/demnitiplexing and interter--

minal signal control unit 8, a network interface and com-
Inunications network control unit 9, a D/R (driver) 10, a
VDT (voltage detector) 11, an audio codec 12, an ASW
(audio switch) 13, a hands-free set 14, a handset 15, a
G3-FAX interface 16, a V11 D/R 17, an R$422 D/R 18, an
RS232C D/R 19, a data multiplexor/demultiplexor 20, a
communication interface matching section 21, a bus SW
(switch) 22, communication ports 23~25, a control unit 26,
peripheral device control interfaces 2728, and a no-voltage
contact 31.

In addition, as external input/output terminals, the tele-
conference terminal cquipment comprises a video YO inter-
face 110, an andio' VO interface 109, a microphone input
108, a G3-FAX modular jack 107, a V11/RS422 multicon-

nector 106, an RS232C connector 105, 2 mouse jack 104, a -

conference console connector 103, and a camera control and
external device multiconnector 101.

The network interface and communications network con-
trol unit 9 is connected to a digital communications network
through: the D/R 10, and it performs the communication
controls and communication processing between the tele-
conference terminal equipment and the network, such as
&ctablishingacommmﬂmﬁonchanmlwﬂhthcomosite
communicating terminal equipment. The multimedia
multiplexing/demuitiplexing and interterminal signal con-
trol unit 8 performs various controls between the peztinent
terminal equipment and the opposite terminal equipment.
Besides, this control unit 8 demnltiplexes video data, audio
data, data to be multiplexed/demultiplexed, control data, ctc.
from within a received communication frame into the indi-
vidual data types, and it multiplexes such types of data into
a transmission communication frame. The video data men-
tioned above is interface data on the network side of the
picture codec 5, while the audio data is interface data on the
network side of the andio codec 12. The data to be
multiplexed/demultiplexed is intexface data with respect to
the data multiplexor/demnltiplexcr 20. The control data is
transferred between the control unit 8 and the control unit 6.

The data multiplexor/demultiplexor 20 farther demulti-
plexes the data demultiplexed from within the received
communication frame by the multimedia multiplexing/
demultiplexing and interterminal signal control unit 8, into
individual data types in accordance with protocols stipulated
with the opposite communicating terminal equipment
beforehand.

Spedﬁcaﬂy,inamsewhacaﬁamsﬁptﬂatedinCon—
sultative Committee on International Telephone and Tele-
graph (CCITT) Recommendation H. 221 is taken as the
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demultiplexing and interterminal signal control unit 8 trans-
fers FAS or BAS data within the frame to and from the
control unit 26, audio data to and from the audio codec 12,
video data in, e.g., a frame stipulated in CCITT Recommen-
dation H. 261 published January 1990 to and from the
picture codec 5, and data to-be-multiplexed/demultiplexed
to and from the data multiplexor/demultiplexor 20, Besides,
in a case where MLP data is contained in the frame stipu-
lated in Recommendation H. 221, it is transferred between
the control unit 8 and either the control unit 26 or the data
multiplexor/demnitiplexor 20 under the control of the con-
trol unit 26.

‘Hercin, the data‘multiplexor/demuitiplexor 20 demulti-
plexes the data to-be-demultiplexed into G3-FAX data,
computer data, various control data, etc. in accordance with
the protocols stipulated with the opposite communicating
terminal cquipment beforehand, and it delivers the demul-
tiplexed data items to the G3-FAX modular jack 107,
V11/RS422 multiconnector 106 and RS232C connector 105.
Contraciwise, the data muitiplexor/demultiplexor 20 multi-
plexes the data to-be-multiplexed delivered from the
G3-FAX modular jack 107, V11/RS422 multiconnector 106
and RS232C connector 105 and delivers the multiplexed
data items to the mnltimedia multiplexing/demnltiplexing
and interterminal signal control unit 8.

In the case of holding a multipoint teleconference, the
multipoint conversation control 7 performs controls required
for the start and proceeding of the multipoint teleconference.
In contrast, in the case of holding no multipoint
teleconference, the control 7 merely relays data. The VDT
11 is a means for detecting the feed voltage of the pertinent
terminal equipment.

The camera 1 picks up a picture, which is presented as a
display output by the LCD 2. The VSW 4 is a video switch
which changes-over the connection of the picture codec 5
with the camera 1, LCD 2 and video VO interface 110, The
video input/ontput of an external video I/0 device can be
connected with the video VO interface 110.

The picture codec 5 codes a picture signal supplied
through the VSW 4, and delivers the coded signal to the
multimedia multiplexing/demultiplexing and interterminal
signal control unit 8 through the multipoint conversation
control 7. In addition, the picture codec 5 decodes the video
data demultiplexed from the received communication frame
by the control unit 8 and delivers an output through the VSW
4.

The hands-free set 14 is a microphone and a Joudspeaker
for frecing hands. The G3-FAX interface 16 is a modular
Jack to which a group 3 type facsimile can be connected. The
audio input/output of an external audio I/O device can be
connected to the andio KO interface 109. An external
microphone can be connected to the microphone inpat 108.

The ASW 13 is an andio switch which changes-over the
connection of the andio codec 12 with the hands-free set 14,
handset 15, G3-FAX interface. 16, audio I/O interface 109
and microphone input 108. ’

'l‘heandiocodecncodesaspeechsignalsupplied
ﬂnoughﬂchSWlB,anddelivmﬂlecodedsignaltomc
multimedia multiplexing/demultiplexing and interterminal
signal control nnit 8 through the mmltipoint conversation
control 7. In addition, the andio codec 12 decodes the audio
data demultiplexed from the received commumication frame
by the control unit 8 and delivers an output through the ASW

- 13. Incidentally, the audio codec 12 is connected to the

65

'V11/RS422 multiconnector 106 through the V11 D/R 17.
’Ihcdialfnnctionkeys:iarekeysfmacwpﬁngﬂlc'

communication frame, the multimedia multiplexing/  instructions of a user. The telephone control man-machine
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interface 6 controls the ASW 13 in accordance with a key
input from the dial function keys 3, so as to connect the
audio codec 12 with the hands-free set 14, handset 15,
G3-FAX interface 16 or microphone input 108. Besides, the
instruction based on the key input is transfesred to the
multipoint conversation control 7 through the tclephone
control man-machine interface 6. In response to this
instruction, the multipoint conversation control 7 controls
the multipoint teleconference.

The G3-FAX interfacc 16 delivers a signal to-be-
transmitted supplied from the G3. FAX. (group 3 type
facsimile) being: an: dnalog: FAX ‘coniiected to the G3-FAX
connector 107, to the audio codec 12 throngh the ASW 13

10

in the case of treating the FAX data as andio data, while it . -

digitizes the signal to-be-transmitted into a code and delivers: 1

the code to the data multiplexor/demultiplexor 20'in the'case
of treating: the: FAX data as: data to-be-multiplexed.
Contrariwise, when supplied with received data toward the
G3 FAX by the andio codec 12, the G3-FAX interface 16
supplies the: G3-FAX modular jack 107 with the received
data as it is, and when supplied with received data toward the
G3 FAX by the data multiplexar/demultiplexor 20, the
G3-FAX interface 16 decodes the received data into an
analog signal and delivers the analog signal to the G3-FAX
modular jack 167.

The RS232C connector 105 serves as an RS232C
intexface, and it is a connector to which a computer, a word
processor or an electronic blackboard can be connected. This
RS232C connector 165 is connected to the contro) unit 26 or
the data mnitiplexor/demuttiplexar 20 through the bas SW
22. The communication interface ing section 21
matches the data rate of the input/output data of the data
multiplexor/demuitiplexor 20 with that of the input/output
data of the RS$232C interface 105. The communication parts
24 and 25 are ones which the control unit 26 uses in relation
to the RS232C interface 105.

The V11/RS422 multiconnector 106 serves as a V11
interface and an RS422 interface, and it is a connector for
connecting an external device. In this embodiment, an
example in which a confercnce unit is connected will be
described later.

The malticonnector 106 as the RS422 intexface is con-
nected to the control unit 26 through the bus SW 22, The
communication port 23 is one which the control unit 26 nses
in relation to the RS422 interface 106. The multiconnector
106 as the V11 interface is connected to the data
multiplexor/demultiplexor 20.

In compliance with the commands of the control unit 26,
the peripheral device control interfaces 27 and 28 control the
‘various components in the teleconference terminal
equipment, a mouse connected to the mouse jack 104, and
a conferential console connected to the conference console
connector 103. Also, they control an external device such as
external camera through the camera control/external device
multiconnector 101.

Incidentally, the camera control/external device multicon-
nector 101 transfers the command of the control unit 26 to
the external device by means of the no-voltage contact 31.

The details of the pictare codec 5 will be explained below

FIG. 2 illustrates the construction of the picture codec 5.

Referring to the figure, the picture codec § includes an
A/D (analog-to-digital) converter 200, a vidco coder 201, a
still picture coder 202, a variable-length coder 203, a BCH
(Bose-Chaudhuri-Hocquenghem code unit) 204, a PinP
(picture-in-pictare) processor 265, a video decoder 246, a

20
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207, a variable-length decoder 208, a BCH 209, and video
switches 210, 211, 212, 213, 214 and 215.

Thas, in this embodiment, a still picture and video are
treated, but the signals thereof arc digitized by the single
A/D convester 280. This is based on the fact that the still
picture and the video are not usually transmitted at the same
time on account of the limited transmission capacity of a
communication channel employed in a digital communica-
tions network. That is, in order to quickly send the still
picture of large data quantity to the opposite co! icati
terminal equipment, the transmission of the video is usually
suspended during that of the still picture.

Besides, in this embodiment, a still picture and video
which have been received are displayed in a multiplexed
state within an identical frame through the PinP processor
205 to be detailed later, thereby making it more convenient
for use. Moreover, the still pictures and video are muiti-
plexed into the identical frame before analogizing the sig-
nals of the respective pictures, whereby the single D/A
converter 229 suffices for turning the picture data of both the
pictures into analog signals.

Next, the operation of the picture codec 5 will be
explained.

‘When supplied with a picture signal through the VSW 4,
the A/D converter 200 converts the picture signal into a
digital signal. Incidentally, althongh an NTSC signal is
assumed as the picture signal to-be-input in this
embodiment, even a signal conforming to another standard
such as PAL or RGB can be similarly processed. The
digitized picture data is transferred to the PinP processor 205
as the picture data of the pertinent texminal equipment itself.

Under the control of the peripheral device control inter-
face 27, the video switches 210 and 211 deliver the digitized
picture data to either the video coder 201 or the still picture
coder 202, depending upon whether the input picture signal
is for a still picture or video. .

The video coder 201 codes the delivered picture data in
accordance with code rules based on the DCT (discrete
cosine transform) stipulated in CCITT Recommendation H.
261. Also, the still picture coder 202 codes the delivered
picture data in accordance with predetermined code rules.
‘When supplied with the coded picture data through the video
switch 212 from either the video coder 201 or the still
picture coder 202, the variable-length coder 203 turns the
supplicd image data into a variable-length code in accor-
dance with variable-length code rules stipulated in CCITT
Recommendation H. 261. When sapplied with the variable-
Iength code of the image data from the variable-length coder
203, the BCH 204 adds BCH data for eror comrection to the
supplied code into video data and transfers the video data to
the multimedia multiplexing/demultiplexing and intertermi-
nal signal control unit 8 through the multipoint conversation
control 7.

On the other hand, when the BCH 209 is supplied with
video data or still picture data through the multipoint con-
versation control 7 from the muitimedia multiplexing/
demultiplexing and interterminal signal control unit 8, it
checks BCH ‘data for error comection and delivers the
exror-corrected video data or still picture data to the variable-
length decoder 208. This variable-length decoder 208
decodes the delivered pictare data in accordance with the
variable-length code rules stipulated in CCITT Recommen-
dation H. 261. The data decoded by the variable-length
decoder 208 is transferred to either the video decoder 206 or
the still picture decoder 207 through the video switch 218,

D/A (digital-to-analog) converter 229, a still picture decoder depending upon whether it is the video data or the still
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picture data. When supplied with the video data decoded by
the variable-length decoder 248, the video decoder 206
decodesitinawordancewithﬂlecodem]cssﬁpulatcdin
CCITT Recammendation H. 261. Also, when supplied with
the still picture data decoded by the variable-length decoder
208, the still pictare decoder 207 decodes it in accordance
with predetermined code rules such as code rules conform-
ing to the JPEG Joint Photographic Expert Group algorithm
of the ISO International Organization of Standardization
Standard published March 1991. The picture datadecoded
byviduodceoderMastﬂlpicmredwodu'Mism
ferred as received motion picture data or received still
picture data to the PinP processor 205 through the corre-
sponding video switch 213 or 214.

Ifnemsary,tthianrooessorMSpetfonnsaPinP
process to be described later, by the use of the image data of
the pertinent terminal equipment itself transferred from the
A/D converter 208 and the image data decoded by the video
decoder 206 or the still picture decoder 207, and it supplies
the D/A converter 220 with the resulting image data which
has been subjected to the PinP process. The D/A converter
220 converts the supplicd image data into an analog signal,
which is delivered to the video switch 4.

Then, the picture signal is presented as a display output on
theLCD 2 or the like in accordance with the operation of the
video switch 4.

Next, the details of the PinP processor 205 will be
explained.

FIG. 3 illustrates the construction of the PinP processor
205.

Referring to the figure, the PinP processor 205 includes a
self-picture frame memory 301, a still-picture frame
memory 302, a video frame memory 303, MUX’es
(multiplexors) 3605, 306 and 307, a major-frame address
generator 308, a minor-frame address generator 309, a
display frame timing controller 316, and a MUX 311.

Next, the PinP process whichisperformedbythel’in?
processor 205 will be explained with reference to FIG. 4.

Thc“Pian'ocm”isamcessfotpodndng a picture-
in-picnncﬁ'amefromaplmality of pictures. That is, it is a
process for multiplexing and outputting two picture data in
crdmthatdiﬁcrentwtpmpicmmsmaybe displayed in a
major frame area and a minor frame area as illustrated in
FIG. 4. )

In this embodiment, the two picture data are selected from
among the three picture data of the self-picture data trans-
feared from the A/D converter 200, the received still Ppicture
data transferred from the still picture decoder 207 and the
receivedmoﬁonpicmrcdatalransfmedﬁ'omthcvidco
decoder 206, and they are multiplexed and cutput so as to be

displayed in the major and minor frame areas. In the case -

where, in this manner, the PinP process is cartied out by
selecting two from the three picture data of the self-picture
data, received still picture data and received motion picture
data, six types of picture-in-picture frames can be produced
as shown at symbols (a)~(f) in FIG. 4.

ThePianmcmsoftthianrocestl)Spmceedsas
stated below. .

Theé self-picture frame memory 301 stores the transferred
self-picture data therein. The still-picture frame memory 302
stores the received still picture data therein. The video frame
memory 303 stores the received motion picture data therein.
The contents of the individual frame memories are sequen-
tially updated. )

The major-frame address generator 308 generates
addresses for fetching the data of a picture to be displayed

Page 220 of 315

15

20

23

45

50

10

in the major frame area, in display sequence from the frame
memory in which the picture data are stored. While the
major-frame address generator 308 is generating the data
addresses of the above picture cogresponding to the major
frame area, the minor-frame address generator 309 generates
in parallel with the address generation of the generator 308,
addtcssesforfctclﬁngﬂledanofapiduretobedisplayed
in the minor frame area, in display sequence from the frame
memoryinwlﬁdxihcpimlredalaarestmed.Ondﬂs
occasion, the address generation timings of the minoc-frame
address generator 309 are controlled by the display timing
controller 310. Besides, the picture to be displayed in the
minor frame area must be reduced in size as shown in FIG.
4. Therefore, the minor-frame address generator 309 gener-
ates skipped addresses in accordance with a reduction rate so
as to thin out pixels and then fetch the picture data from the
frame memory.

Herein, the addresses generated by the majorframe

address gencrator 308 are afforded throngh the correspond- .

ingMUXSQS,SOGothotheﬁamemmy&l,Mm
SOSinWhichthclﬁcmredatatobedisphyedinlhcmajw
ﬁameareaamshued.[ikwrise,ﬂwaddrwmgenmﬂcdby
the minor-frame address genegator 309 are afforded

the comesponding MUX 385, 306 or 307 to the frame
memory 391, 362 or 303 in which the picture data to be
displayed in the minor frame area are stored,

‘While the minor-frame address generator 309 is generat-
ing the aforementioned addresses corresponding to the
minor frame area, the-MUX 311 selects and delivers the
picmrcdatafctchedfromﬂ)emlnwmcmcryinwhid)ﬂm
pictqrcdautobedisplayedinthenﬁnorﬁmmam
suxed.Atanyotherﬁmc,tthUXMlselectsanddelivm
thcpricunedatafdd:cdfmmthefrmmmmyinwhichﬂm
picture data to be displayed in the major frame area are
storod.Achango—ovurﬁnﬁngfa‘ﬂ:eseopaaﬁonmoduof
tleUXSlliscommlledbythedisplayﬁnﬁngconu'olla
310.

Incidentally, the frame memories of the PinP processar
Mmyweﬂbeshatedfmﬁ'amcmcnxnimWhichﬂlevideo
coder201,stillpictnreoodam, video decoder 206 and
still picture decoder 207 use for the coding and the decoding.

Next,thedetaﬂsofthem-FAxintufacelswmbc

FIG. § llluslntes the construction of the G3-FAX inter-'

face 16.

Refearing to the figure, the interface 16 includes a hybrid
581, a route SW (switch) 502, a codec 503 for the facsimile,
and a FAX sending/receiving call control 504,

When the FAX sending/recciving call control 504 is
informed of the reception of G3-FAX data through the
petipheral device control interface 27 by the contro] unit 26,
it applics a ringer signal to the G3-FAX modular Jjack 107,
In addition, the FAX sendingfreceiving call control 564
detects the off-hook or on-hook condition of the G3 FAX
connected with the G3-FAX modular jack 107 and Teports
the detected condition to the control unit 26 through the
periphesal device contro interface 27, Besides, if necessary,
the control 504 reports the content of dialing in the G3 FAX
connected with the G3-FAX modular jack 107, to the control
unit 26 throngh the peripheral device control interface 27

The hybrid 501 matches the half-duplex interface of the
G3-FAX modular jack 107 with the full-duplex interface of
themutcSWsidc.Inamsewhm:tbemuteSWSOZhas
becninfonncdtothccﬂ‘ectoflreaﬁnglhem—FAXdalaas
data to-be-multiplexed, through the pezipheral device con-
trol interface 27 by the control unit 26, it connects the hybrid
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501 to the audio codec 12 In consequence, the audio codec
12 codes the data sent by the comnected G3 FAX and
transfers the coded data as audio data to the mnltimedia
multiplexing/deronltiplexing and interterminal signal con-
trol unit 8 through the multipoint conversation control 7.

On the other hand, in a case where the route SW 502 has
been infarmed to the effect of treating the G3-FAX data as

andio data; through thie peripheral device control interface; -
27 by the control uait 286, it connects the: hybrid 501 to the *

codecSﬂfortheFAX.'ﬂmFAXeodecSOScodesﬂlescnt
data of the connected G3 FAX in accordaice with the VA

rules, the ADPCM or the like, and transfers the coded data- :
as: data to-be-multiplexed to the multimedia- moltiplexing/:

demaltiplexing and interterminal signal. controf umit 8
through the data mnitiplexor/demultiplexor 20.

In' this manner; according to. this embodiment, the ordi
nary G3 FAXeanbeconnectedtothewleconfmm-
minal equipment and then used without altcring the interface
thereof. Furthermore, the G3-FAX data is coded using the
FAX codec 503 and then treated as the data to-be-
multiplexed, whereby a telephone conversation. is possible
Wiﬂlmemdiocodecnevenduﬂngeommumcanonswmx
the G3 FAX.

Next, the camera comto]/extmml device multiconnector
101 will be explained.

The teleconference texminal equipment according to this
embodiment can have an cxternal camera, an external
monitor, an external microphone/external loudspeaker, etc.
connected thereto by the video VO interface 110, the andio
1O intexface 109, the: microphone input 108, etc.

‘The camera control/external device multiconnector 101 is
a connector for controlling the external camera as well as
illumination therefor, and the external microphone among
the aforementioned: external /O devices. The control
cmploying this muiticonnector 101 is realized in such a way
that the control unit 26 controls the no-voltage contact such
as the relay contact 31 in' compliance with an instruction
from the dial fonction keys 3, an instruction from the
console connected to the conference console connector 103,
or control data reccived from the commaunicating
terminal equipment and transferred throngh the multimedia
multiplexing/demultiplexing and interterminal signal con-
trol unit 8. Incidentally, in the case stated before where the
frame stipulated in CCITT Recommendation H. 221 is
presumed as the communication frame, the control unit 26
receives the control data in the form of the FAS, BAS o
MLP data from the opposite communicating terminal cquip-
ment and controls the no-voltage contact 31 in accordance
with the received control data.

FIG. 6 illustrates the construction of the camera control/
external device multiconnector 101. As shown in the figure,
the multiconnector 101 contains the signals of spare 613;
zooming 612, 611; focusing 610, 649; illumination 608
wiper 607; panning 606,.605; tilting 684; 603;. camers/
microphone changing-over 602; 601; and power source 680.

Using these signals, the control unit 26 can control the
zooming and focusing of the external camera, and the
illumination, 2 wiper, and panning and tilting for the external
camera, through the camera control/external device multi-
connector 181. Also, it can control the change-over between
the camera and the microphone, and the turn-ON/OFF of the
power source of any desired external device through the
multiconnector 101.

Next, the V11/RS422 multiconnector 106 will be
explained. '

The V11/RS422 multiconnector 106 is a connector which
includes a V1linterface and an RS422 interface.
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In this embodiment, it is assumed that the conference unit
to be described later is connected to the V11/RS422 muiti-
connector 106.

‘The RS422 interface within the V11/RS422 multiconnec-
tor 106 is connected with the control unit 26 through the
communication port 23. The control unit 26 transfers control
data to and from the conference unit by the use of the RS422
interface.

The V1linterface within the V11/RS422 multiconnector
106 is connected to the data multiplexor/demultiplexor 20

;. and the audio codec 12. On the basis of the control of the
: control unit 26, the data multiplexor/demultiplexor 20
demnltiplexes control data and data to-be-demultiplexed

supplied from the munltimedia multiplexing/demnltiplexing
and interterminal signal control unit 8, and it delivers the
resulting. data to the V11 interface. Contrariwise, the data
multiplexor/demmitiplexor 20 mnitiplexes control data and
data to-be-multiplexed delivered from the V1linterface,
with FAX data ctc. delivered from the G3-FAX interface 16,
and it supplies the resulting data to the multimedia
mlﬂhplmngldanulhplmng and interterminal signal con-
trol wnit 8. Incidentally, in the case of employing the
aforementioned H. 221 frame as the communication frame,
MPL data can be used as the control data.

Herein, the data which is delivered from the data
multiplexor/demuitiplexor 20 to the Vilinterface is in the
form of the actual burst data demnitiplexed and extracted
from the communication frame, Likewise, the data which is
delivered from: the Vilinterface to the data multiplexor/
demnltiplexor 20 is burst data having the same transfer rate
as that of data contained in the communication frame.

As stated above, in this embodiment, the data area and
control data area of the communication frame can be opened
to the exterior as they are. Accordingly, the V 11 interface
can freely utilize the predetermined data area or control data
area contained in the communication frame.

Here, FIG. 7 illustrates the construction of the V11/R$422
multiconnector 106.

Referring to the figure, parts 708~702 constitute the
RS422 interface, and parts 703~710 the V1linterface.

The RS422 interface includes the lincs of transmission
data 708, reception data 701 and a transfer clock 702. The
V11 interface includes the lines of sending data 703, a
sending burst clock 784 synchronized with sending burst
data, a sending frame sink 70S, receiving data 706, a
receiving burst clock 707 synchronized with receiving burst
data, a receiving frame sink 708, and two types of basic

~ clocks 709, 710.
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Next, the external appearance of the teleconference ter-
minal equipment according to this embodiment are illus-
trated in FIGS. 8(a) and 8(b).

FIG. 8(a) is a perspective view of the terminal equipment
seen obliquely from the front thereof, while FIG. 8(b) is a
rear view of the essential portions thereof showing the
arrangement of connectors.

Now, the constructions of teleconference systems each of
which employs the teleconference terminal equipment
according to this embodiment will be described with refer-
ence to FIG. 9 thru FIG. 13. In these figures, numeral 1600
indicates the teleconference terminal equipment.

FIG. 9 shows the teleconference system which is suitable
for the personal telephonic communications between one
person and another, FIG. 16 shows the teleconference sys-
tem. which is suitable for a teleconference among a smalil
number of people, FIG. 11 shows the teleconference system
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of simplified type which is used for a teleconference, FIG.
12 shows the teleconference system which is suitable for a

regular teleconference, and FIG. 13 shows the teleconfer- * -

ence system which is snitable for a larger teleconference.

As seen from the figures, according to the teleconference
systems in this embodiment, a G3 FAX 900, a computer 901
such as a personal computer or word processor; a2 camera
m,amnﬂorm,anﬁaophoncm,acamuapan-ﬁha
906, a conference console 907, etc. can be connected by the
video /O interface 110, audio J/O interface 109, microphone
input 108, G3-FAX modular jack 107, V11/RS422 muiti-
connector 106, RS232C connector 105, mouse jack 104,
conference console connector 103, and camera control/
external device multiconnector 101. Thus, the teleconfer-
ence systems can be flexibly constructed in accordance with
intended uses. :

In particular, according to the teleconference system in
this-embodiment, the external interface based on the digital
data of the audio codec 12 is included in the V11/R422
multiconnector 106 as stated before. As shown in FIG. 12,
therefore, a digital echo canceler 1200 of high performance
can be disposed outside if it is need.

As shown in FIG. 13, a G3 FAX 900, data processing
devices 901 such as a personal computer or word processor
and an electronic blackboard, a camera 903, a monitor 904,
microphones 905, a camera pan-tilter 906, a conference
console 997, etc. may well be connected through a confer-
ence unit 1300 so as to realize higher degrees of conference
fanctions.

As shown in FIG. 13, the conference unit 1300 includes
a.video controller 1301, an audio controller 1302, a nnit
controller 1303, a video processor 1385 and a power source
unit 1306. The video controller 1391 is connected to the
video WO interface 110 of the teleconference system. The
audio controller 1362, unit controller 1383 and video pro-
cessor 1305 are connected with the V11/RS422 multicon-
nector 106 of the teleconfercnce system through the
unshown data interface unit thereof.

The unit controller 1303 controls any of the constitucnts
of the conference unit 1300 in compliance with an instruc-
tion from the conference console 907, an instruction from
the control unit 26 of the teleconference system as delivered
through the RS422 inteiface, or control data received
through the V11 interface from the opposite communicating
terminal equipment. In addition, the unit controller 1303
transfers data reccived through the V1linterface from the
Vllinterface and the data processing devices 991 such as the
personal computer. or word processor and the -electronic
blackboard.

The video controller 1301 and the still pictare processor
control the change-over between the camera and the
monitor, for example, which are connected to the video VO
interface 110 of the teleconference: systeni: The andio con-
troller 1362 controls' the change-over between. the micro-
& and th eaker, for example, which' are con-
¢ 12 of the-teleconférence system
cc. In addition, the audio controller
1302 pérforms an echo canceling process as may be needed.
The video. processor 1305. performs the control of the

In this manner, according to the teleconference system of
this embodiment, the pertinent terminal equipment can
commnnicate with the conference unit connected to the
opposite communicating terminal equipment through the
mutual direct controls which are performed by the usc of the
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data area and the control data area
devices as stated befare. ’

Asthusfardcscn’bed,amdingtomcﬁntembbdﬁmnt,
it is possible to provide the teleconférence system in which
the still picture and the video can be simuitancously dis-
played on the single screen.. )

Now, the second embodiment of a teleconference terminal
equipment according to the present invention will be
described.,

First, FIG. 14 illustrates the construction of a teleconfer-
ence system which employs the teleconference terminal
equipment according to this embodiment. R

Referring to the figure, the embodiment includes the
teleconfercnce terminal equipment 2001 connected to a
digital communications network, a control keyboard 2002,
microphones 2003, a document photographing stand 2004,
an electronic blackboard 2005 and a video tape recorder
2006.

opened to the cxtqnal

The illostrated teleconference system is- fundamentally
configured of the teleconference terminal equipment 2001,
the control keyboard 2002 connected to the teleconference
terminal equipment 2001, and the microphones. 2003 con-
nected to the teleconference terminal equipment 2001
through the control keyboard 2002. ¥ necessary, the system
is additionally furnished with the document photographing
stand 264, electronic blackboard 2005 and video tape
recorder 2086 by connecting them. to the teleconference
terminal equipment 2001. Besides, as will be described later,
a facsimile machine and a small-sized computer can be
connected to the teleconference terminal equipment 2001 as
Tequired.

As shown in the figure; the teleconference system of this
embodiment features the desktop type teleconference termi-
nal equipment 2001. Owing to the desktop type
construction, when the teleconference terminal cquipment
2001 is carried in with the control keyboard 2002 and the
microphones 2003, a teleconference can be held in an
ardinary conference room or by the use of amere conference
desk. ’ !

The teleconference terminal equipment 2001 will now be
explained. :

FIG. 15 illustrates the external appearance of the telecon-
ference terminal equipment 2001 according to this cmbodi-
ment. Referring to the figure, numeral 2100 indicates the
body of the terminal equipment 2001, numeral 2161 amoni-
tor employing a cathode-ray tube 11 inches in size, nameral
2102 a camera window, numeral 2103 a ringer speaker, and
numeral 2110 a base. Although not seen in the figure, a
speaker window (for a Ioudspeaker 2104) is provided on the
left side of the body 2100, and various terminals are pro-
vided on the rear surface thereof. A built-in camera is
disposed behind the camera window 2102,

Next, FIG. 16A is a side view of the teleconference
terminal equipment 2001, while FIG. 16B is a sectional view
thereof taken along linc A1-A2 in FIG. 15. Here, mecha-
nisms inside the body 2160 arc omitted from the illustra-
tions. .

As shown in FIGS. 16A and 16B, the body 2160 and the
base 2119 are connected by a tilt and swivel mechanism
2121, so that the body 2100 is turnable relative to the base
2110 through predetermined angles in the vertical and
horizontal directions. That is, the body 2100 is turnable
about an arbor 2122 through the predetermined angle in the
horizontal direction, and it is turnable along a slot 2123
through the predetermined angle in the vertical direction.
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Incidentally, numeral 2130 denotes a terminal area where the
various input/output terminals are disposed.

In this embodiment, the camera includes a wide-angle
lens of 57°. By cmploying the wide-angle lens for the
camera in this manner, a plurality of users can be simulta-
neously photographed even when they are a short distance
away. Accordingly, a plurality of conferces at a conference
desk on each communicating side, for example, can hold a
teleconference merely by putting the teleconference termi-
nal equipment 2001 on onc end of the conference desk.
Incidentally, in this embodiment, it is assumed as standard
that several conferces will utilize the teleconference terminal
cquipment 2081 having the 11-inch monitor 2101, at a
position which is about 1.5 meters remote from this tele-
conference terminal equipment. Thus, the wide-angle lens is
sct at 57° so that a horizontal width of 1.5 meters can be
photographed at the aforementioned position. The wide-
angle lens, however, may well be set at any suitable angle,
depending upon the size of the screen of the monitor and the
service conditions of the teleconference terminal equipment.
In general, an angle of about 60° will be desirable.

Meanwhile, the control keyboard 20082 should preferably
be provided separately from the teleconference terminal
cquipment 2001 to enable the smooth progress of the
conference. Alternatively, however, a control keyboard may
well be provided unitarily with a teleconference terminal
equipment. ,

By way of example, FIGS. 17A and 17B illusirate the
external appearance of the teleconference terminal equip-
ment which is unitarily provided with the control keyboard
2002, .

As shown in the figures, in this example, the contral
keyboard 2062 is mounted on the base 2110 between the
body 2100 and this base. Besides, as shownin FIG. 18A, this
control keyboard 2002 is mounted on the basc 2110 by a
turning mechanism 2125. Accordingly, it can be housed
under the body 2100 as shown in FIG. 18B while the
terminal equipment is not used. Moreover, with sach a
turnable control keyboard, cach of the conferees is easily
able to operate the control keyboard during the use of the
terminal equipment.

Although the camera is arranged by the side of the
cathode-ray tube in each of the foregoing teleconference
terminal equipments of the second embodiment, it may well
be arranged above the cathode-ray tube.

By way of example, FIG. 19 illnstrates the external
appearance of a teleconference terminal equipment in which
the camera is arranged above the cathode-ray tube 2161.

Referring to the figare, numeral 2102 indicates a camera
window, behind which the camera is installed. Numeral
2130 indicates a drawer type handle which is attached in
order to facilitate carrying the teleconference terminal
cquipment. In this example, loudspeakers 2164 are arranged
in the front of the teleconference terminal equipment. Also
in this example, the body 2100 and the base 2110 are
connccted by a turning mechanism, whereby the teleconfer-
ence terminal equipment can be freely positioned in the
harizontal direction. Incidentally, the teleconference termi-
nal equipment of this example can be operated through a
wireless remote control from the control keyboard 2002.

Next, FIGS. 20A and 20B illustrate another example of
the teleconference terminal equipment in which the camera
is arranged above the cathode-ray tube 2101.

As clearly shown in FIG. 20B, the depthwise dimension
of the camera arranged behind the camera window 2102 is
short compared with that of the cathode-ray tube 2101. This
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fact is utilized here in the example, and the part of the
teleconference terminal equipment behind the camera win-
dow 2102 is shortened to form a carxying handle 2131.

Now, the internal construction of the teleconference ter-
minal equipment 2001 will be explained.

FIG. 21 shows the internal construction of this telecon-
ference terminal equipment. As shown in the figure, the
internal construction of the teleconference terminal equip-
ment according to the second embodiment is substantially
the same as that of the teleconference terminal equipment
according to the first embodiment described with reference
to FIG. 1 before.

Referring to the figure, numeral 2830 indicates a terminal
which is to be connected to the digital commumications
network. In this embodiment, the digital communications
network is assumed to be the ISDN (integrated service
dlgttalnuwork),andthctcrmnalzsaOtobeamod!ﬂar]ack
having cight pins. Besides, the teleconference terminal
equipment 2001 includes the camera 2807, the monitor
2101, the loudspeaker 2104, a video switch 2806, a video
amplifier 2808, a picture codec 2808, a multimedia
multiplexing/demultiplexing and interterminal signal con-
trol unit 2804, a network interface and communications
network control unit 2803, an audio codec 2810, an echo
canceler 2811, an audio switch 2813, an audio amplifier
2812, a FAX interface 2814, a data intexface 2815, a control
unit 2802 and a power source 2801.

Included as the external YO terminals are video /O
interfaces 2816 and 2817, audio IO interfaces 2818 and
2819, a modular jack 2820 for a G3 FAX (group 3
facsimile), an RS232C connector 2821, and a conmector
2822 for the control keyboard 2002. These connectors and
the above terminal 2830 are arranged on the rear surface of
the teleconference terminal equipment 2001 (refer to FIG.
15).

Herein, the network interface and communications net-
work control unit 2803 is connected to the ISDN through the
connector 2830, and it performs the communication controls
and communication processing between the pertinent tele-
conference terminal equipment and the network, such as
establishing a communication channel with the opposite
communicating terminal equipment. The multimedia
mnlﬁplexing/dunulnplmng and interterminal signal con-
trol unit 2804 performs various controls between the perti-
nent temminal equipment and the opposite terminal equip-
ment. Besides, this control unit 2804 demnitiplexes video
data, audio data, data to be mmltiplexed/demnitiplexed,
control data, etc. from within a received communication
frame into the individnal data types, and it mnltiplexes such
types of data into a transmission communication frame. The
video data mentioned above is interface data on the network
side of the picture codec 2805, while the audio data is
interface data on the network side of the andio codec 2810.
The data to be multiplexed/demuitiplexed is interface data
with respect to the data interface 2815 and the FAX interface
2814. The control data is transferred between the control
unit 2804 and the control unit 2802.

The multimedia multiplexing/demultiplexing and intee-
terminal signal control unit 2804 further demnitiplexes the
data demultiplexed from within the reccived communication
frame, into G3-FAX data, computer data, various control
data,etc.inacoordancewilhprotoools stipulated with the
opposite transmission terminal equipment beforchand, and it
delivers these data to the G3-FAX modular jack 2820 and
RS232C connector 2821 through the FAX interface 2814

‘and data interface 2815, respectively.
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Conversely, the control unit 2884 accepts data to be
transmitted in a maltiplexed state, from the G3-FAX modu-
lar jack 2820 and RS232C connector 2821.

The camera 2807 picks up an image, and the monitor
2101 presents the display output of a picture corresponding
to the image. The video switch 2806 supplies the picture
codec 2805 with an input from the video signal input
terminal 2816, instead of an input from the camera 2807.
Thus, the document photographing stand 2004 as well as an
external camera and the picture codec 2805 can be con-
nected to the video input interface 2816.

The picture codec 2805 codes an input picture signal, and
delivers the resulting coded signal to the multimedia
multiplexing/demnitiplexing and interterminal signal con-
trol unit 2804. In addition, it decodes video data demnlti-
plexed from within a received communication frame by the
control unit 2884 and then delivers the resulting decoded
data to the monitor 2101 and the video output interface
2817. Accordingly, the video tape recorder 2006 can be
connected to the video output interface 2817 so as to record

the contents of the: tdwonfetem Also an external monitct

can be connected, ;
The audio input and “output tmmnals 2818 and 2818 c: can

have the audlo input’ and outputs of extamal audio devices

connected thereto. The audio switch 2813 is one by which

anyofanmpntﬁ-omﬂicGSFAannectedtotheFAX.

interface’ 2814, an' inpat from a-device connected to-the
audio mputmtuface 2819, and an input from the micro-:
phones 2003 coupled: with the contiol keyboard 2002 con-.
nectedtotlwconnectm'Mm!ransfmedtod:candm
codec 2810¢ ﬂn’ougn the echo canceler 2811.

’I‘heaudmcodecZSlOcodwanmpntspeechsxgnal,and
delivers the: resulting coded signal: to the multimedia
multiplexing/demultiplexing and interterminal signal: con-
trol unit 2804.; EMOn,ndecodesaudiodatadmnﬂn
plexed from within a received communication frame by the
control. unit 2864 and-then delivers the resulting decoded
data to'the loudspukeerMandthe audio outpntmtufaee
2818 through the echo:canceler 2811 s well as the andio
amplifier 2812 The audio output interface 2818¢has, for
example, the audlomputtcmumlofthe ideo tapc recorder
2806 connected thereto: The ccho canceler 2811 performs an
echo canccling process between the speech signal decoded
from the audio data and the speechsxgnaldahvu‘edfmmlhe
andio switch 2813; thereby preventing/the o¢currence of
howling durmg communications. Inmdcnl:ally ‘the howling
may well be prevented by rcp]acmg the echo:canceler 2811
with an echo suppeessor which suppressesia selected one of
the output from the audio ampliﬂer 2812 or the input to the
andio switch 2813.

The FAX interface 2814 delivers a signal to-be-
transmitted supplied from the G3 FAX being an analog FAX
connected to the G3-FAX modular jack 2820, to the andio
oodecZSlOmﬂlecaseoftrmh.ngtheFAXdﬁhasandm
data, while it digitizes the signal to-be-transmitted into a

code and delivers the code to the multimedia multiplexing/

demunltiplexing and intertenminal signal control unit 2864 in
the case of treating the FAX data as data to-be-multiplexed.
Contrariwise, when supplied with received data for the G3
FAX by the audio codec 2810, the FAX interface 2814
supplies the G3-FAX modular jack 2820 with the received
data directly, and when supplied with received G3 FAX data
by the multimedia multiplexing/demultiplexing and interter-
minal signal control unit 2804, the FAX interface 2814
decodes the received data into an analog signal and delivers
the analog signal to the G3-FAX modular jack 2820.
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The RS232C connector 2821 serves as an RS232C
interface, and it is a connector to which a computer, a word
processar or an electronic blackboard can be connected. This
RS232C connector 2821 is connected to the control unit
2802 or the multimedia multiplexing/demultiplexing and
interterminal signal control unit 2804 through the data
interface 2815.

The control unit 2802 performs serial data communica-
tions with the control keyboard 2002. Besidcs, it performs
varicus controls for the constituents of the teleconference
terminal equipment 2001, for example, the display control of
a menu picture to be described later, on the basis of data
transferred from the multimedia multiplexing/
demultiplexing and interterminal signal control unit 2804
and data transferred from the control keyboard 2802.

Meanwhile, the picture codec 2805 codes and decodes
picturcs in conformity with algorithms stipulated in CCITT
Standatd,H.ZGl.Hcrein,itmbereducedinsizeby
applying recent highly-packaged circuit technology. A pic-
unecodeclsnnplemcnwdmthtwomcmtboaxdseach
having a size nearly equal to the A5-format in, for example,
a commercially-available video telephone set HV-100 (trade
name) mamufactared by Hitachi, Ltd. In the future, such
picture codecs will be increasingly reduced in size. .

Accordingly, the teleconference terminal equipment of
this embodiment can be satisfactorily realized with the
dimensions mentioned before in relation to FIG. 15 and
FIGS. 16A and 16B, for the 1l-inch cathoderay tube.
Moreover, these dimensions afford a size which is suited to
installation of the terminal equipment on a desk or to

Next, the control keyboard 2002 will be explained.

FIG. 22 shows the external appearance of the control
keyboard 2082. As shown in the figure, the control keyboard
2002 is in the shape of a sector. Various keys are arranged
on the upper snrface of this contral keyboard, while termi-
nals 2910 for connecting microphones and also terminals for
cables for connections with the teleconference terminal
equipment 2001 are disposed on the rear surface, Besides, a
built-in microphone 292 is arranged in the front of this
control keyboard.

The keys disposed on the upper sarface of the control
keyboard 2092, and functions which are designated by these
keys will be listed in Tables 1 and 2 below:

TABLE 1

Names Qutlines of Functions

START Transmit fiunc: dialking.

Presct func: Inpat acknowledging dial.

REDIAL Retransmitting o last called address.

SPD DIAL Mﬂnﬁngnmmmadhbydngmgblqo

MUTE Tumning off transmission. speech, and transmitting mrte.

CANCEL Delehnghxmpntkﬂu(Aho,uﬂnghelp)

CcoM Alternating HOOK siates.

MENU Registering, setting and acknowledging TEL directory,
operation mxxks, eic.

VIDEO Nm—mpﬂnd.(!hamg-wermﬂumﬂm
sending.
Cmpnnd.whmmdpwmmdm&

MONPIP M picture (coded pictare) on
Wlnlcmlhﬁm-m

FREEZR Mmmofﬂmmm

AUDIO speech b handset input

SRC smdmmunlnpeechmpnt.

VIDEO Changing-over transmission picture between accessory

SRC mutmpltmdmumlvuhum

HELP Displaying help infc ion on fonction keys, etc.

SAMSUNG EXHIBIT 1013



5,689,300

19
TABLE 1-continued
Names Outlines of Functions
FAX Connecting FAX and TEL circuit for
DATA Toming ON/OFF RS232C port for dats com. between both
TELE T Zooming out built-in camera. (Hard)
. WIDBJ!  Zooming in built-in camera. (Hard)
voL T Increasing sound volume of loudspeaker. (Hard)
voL ! Decreasing somnd volume of loudspeaker. (Hard)
TABLE 2
Names Outlines of Functions
CURSOR T Spare, tilt T.
CURSOR{  Spare, tilt 1.
CURSOR —  Spare, pan —.
CURSOR «  Spare, pan «—.
FIC Q SEL Changing-over quality of transwmnission pictare in 3
stages (STD/FAST/DETAIL).
HS Ch-nm-ovehxkpnlunﬂhm
LOC/RMT  Changing-over LOCAL/REMOTE for penning, tilting,
zooming or focusing coutrol.

Typical keys will be explained. In FIG. 22, numeral 2901
indicates a volume control for controlling the sound volumse
of the loudspeaker 2104 built in the teleconference terminal
equipment 2601. Numeral 2902 indicates keys for control-
ling the zooming functions of the camera 2807. Denoted by
numeral 2943 are numerical-keys and fanction keys which
sexrve to control the communication functions of the tele-
conference terminal equipment 2801, and which are equiva-
lent to those of an ISDN terminal nt. In this
embodiment, however, the numerical-keys arc shared with
alphabet keys. Keys 2904 serve to control a pan-tilter which
is sometimes installed for the camera 2867 of the telecon-
ference terminal equipment 2891, Besides, keys 2905 serve
to change-over the picturc qualities of pictures to-be-
transmitted, a key 2906 serves to change-over the input of
the built-in camera 2807 of the teleconference terminal
equipment 2001 and the input of the external camera set on,
for example, the document photographing stand 2004 as a
transmission picture, and keys 2907 and 2998 scxve to
change-over transmission data from. video or audio data to
inpat data from the facsimile machine and small-sized
computer connected to the teleconference terminal equip-
ment 2001, respectively. Further, indicators, such as an LED
2909 for indicating the connection of the power supply, are
provided on the upper surface of the control keyboard 2002.

" FIGS. 23A and 23B show the internal construction of the
control keyboard 2002. )

As shown in FIG. 23A, the control keyboard 2002
includes a switching regulator 3001 by which a supply
voltage fed from the telcconference terminal equipment
MIBdlsuibutedmthcinm“dmlpa:tsnfﬂﬂsoomrd
keyboard, key switches 3002 which constitute the various
keys stated before, and LED’s 3003. In addition, it includes
a CPU 3007 which controls the key switches 3002 and the
LED’s 3083 while pesforming the serial data communica-
tions with the teleconference terminal cquipment 2001 by
the use of data clock pulses supplied from this teleconfer-
ence terminal equipment. Also included are the built-in
microphonc 2920, the microphone jacks 2910 for connect-
ing the external microphones 2003, a microphone mixer.
3005 for mixing an input from the built-in microphone 2929
and inputs from the cxternal microphones 2803, and the
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volume control 2901 for adjusting the sound volume of the
loudspeaker of the teleconfercnce terminal equipment 2001,
Shown at numeral 3006 arc terminals for cables 3010 which
Iead to the teleconference terminal equipment 2001,

As seen from the figures, the connections. between this
control keyboard 2002 and the teleconference terminal
equipment 2001 arc collectively cffected by the single
composite cable 3010. Besides, an output from the micro-
phone mixer 3005 is sent to the teleconference terminal
equipment 2001 through a transformer of 600 ohms by the
use of a shielded cable 3011 which is disposed within the -
composite cable 3010 as shown in FIG. 23B.

Next, the document photographing stand 2004 will be
explained.

FIG. 24 shows the external appearance of the document
photographing stand 2004.

Roughly. speaking, the document photographing stand
2004 is constmcted of a work surface 3101, a lower link
3102, an upper link 3103 and the camera 3104, Besides, an
LED 3105 is embedded in the central part of the platen 3161
to-be-photographed, and camera controlling keys 3106 are
disposed at one corner of the work surface 3101. The camera
controlling keys 3106 include zooming control keys (wide
angle/telescopic), an autofocusing function enabling key and
a manual focusing controlling key for the camera 3104.

The lower link 3102 is pivotally mounted on the wark
surface 3101, the upper link 3103 is pivotally mounted on
thelowerhnksloz and the camera 3104 is pivotally
mounted on the upper link 3103. Thus, the camera 3104 can

photograph; not only a document. set on the work surface
3101, but also spaces before and behind the work surface
3101. Accordingly, when the blackboard 2005 is amanged
behind the work surface 3101 as.shown in FIG. 14 referred
to before, characters, patterns etc. written and drawn on this
blackboard can be photographed and transmitted except
during the photographing of the document.

The LED 3105 embedded in the central part of the work
surface 3101 sexves to facilitate the positioning of the
document to-be-photographed. More specifically, when an
illuminator is provided in this manner, the central point of
photographing can be readily cstablished using the trans-
mitted light even for paper or the like which is placed on the
work surface 3101 for photographing. Herein, LED's may
well be disposed at the four comers of a photographing.
region on the work surface 3101 for a document of standard
size (for example, Ad-format or BS-format). Owing to the
transmitted light beams of such LED’s, the desired region of
a document larger than the standard size can be established
and photographed moge casily than with a conventional
work surface on which the four corners are marked.

Inthcdtmngs FIGS. 25A and 25B are a side view and
a rear view, respectively, of the document photogmphmg
stand 2004.

As shown in FIG. 25A, the length 1 of tlxe lower link 3102
is set 50 as not to exceed the length L of the work surface
3101, and the length m of the upper link 3103 is st so as to
be shorter than the length 1 of the lower link 3102. Besides,
as shown in FIG. 25B, the width N between both the arms
of the lower link 3162 is set greater than the width n between
both the arms of the npper link 3103: Accordingly, as seen
from a front view, a side view and a plan view depicted in
FIGS. 38A, 38B and 38C, respectively, the lower link 3102-
can be folded onto the work surface 3101, and the upper link
3103 can be folded inside the lower link 3102. 'Thus, the
document photographing stand 2004 can be carried or stored
in a compact state.
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Alternatively, the document photographing stand 2084
may well be constructed as illustrated in FIGS. 26A, 26B
and 26C.

FIG. 26A shows the state in which the stand 2004 is
carried or stored. FIGS. 26B and 26C show the situation in
which an upper link 3103 is turned relative to a lower link
3102. Numeral 3301 indicates stoppers to restrict the turn-
ng.

Further, the document photographing stand 2684 may
well be constructed in a simpler form as illustrated in FIG,
27.

The example shown in FIG. 27 is configured of a work
surface 3101, a camera 3104 and a single Hink 3401. The link
3401 can be lengthened and shortened by a slide mechanism,
and the camera 3104 is connected to the link 3401 so as to
be freely turnable relative to this link.

Finally, the man-machine interface of the teleconference
system will be explained. During a teleconference, the
received picture of the opposite communicating side is
usually displayed on the screen of the monitor 2161, When
the monitor/PIP key of the control keyboard 2002 stated
before is depressed, the teleconference terminal equipment
2001p'esentsamincrﬁ'ameatthcrightmetdme
moniter 2101 and displays the self-picture thereof photo-
graphed by its own camera 2807, as illustrated in FIG. 28,
Further, when the monitor/PIP key is depressed in this state,
the teleconference terminal equipment 2001 displays the
self-picture on the whole monitor screen, and when the key
is depressed again, the teleconference terminal cquipment

25

2801 brings the screen back into the usnal state and displays -

the picture of the opposite communicating side on the whole
monitor screen. Such a picture-in-picture display process
has been desaribed in connection with the first embodiment,
and shall not be detailed here.

In addition, the teleconference terminal equipment 2001
guidesopu‘aﬁonsandrcpc:lsmn:ntstaﬂsesbylheuseof
the display of the monitor 2101.

FIG. 29 illustrates the situations of the opezation guidance
and status report utilizing the monitor 2101.

lmainFlG.ZDdcnotcsﬂxedisplayof!hemonitct
2101 upon connection of the power supply. The current time
is indicated at the left upper comer part of the display screen
of the monitor 2101.

When the start key of the control keyboard 2002 is
depressed in this state, the monitor display is changed as
shown at b in FIG. 29, and a message promoting for a dial
input is indicated. Subsequently, when the numerals of the
telephone No. of the opposite communicating side for the
teleconference are input with the numerical-keys of the
control keyboard 2002, they are successively indicated as
shown at ¢ in FIG. 29. Next, when the start key is depressed
again by the operator of the control keyboard 2002 upon
acknowledging the indicaed telcphone No., the teleconfer-
ence terminal equipment 2001 establishes a channel with the
ISDN to transmit the input No., and it presents a display to
indimﬁctbatitiscallingﬂ:coppositetu-nﬁnalas shown at
din FIG. 29. Then, when commnnications with the opposite
terminal have begun, only the elapsed time since the begin-
ning of communication is indicated as shown ateinFIG. 29.

On the other hand, in a case where a signal or ringing
arrives at the teleconference terminal equipment 2001 dur-
ing a non-communicating period, a display to the effect that
the signal has arrived is presented together with the tele-
phone No. of the transmitting source as shown at f in FIG.
29.

Morcover, the teleconference terminal equipment 2001

according to this embodiment offexs other varions functions
in a menu form.
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FIG. 30 illustrates menus which are displayed on the
monitor 2101,

When the menu key among the control keys is depressed
when the power supply is connected or during the
communications, that is, in the display state shown at a or &
inFlG.ZD,ﬂ:emainmcnnshownatainFIG.Mis
displayed. . :

In the menu a in FIG. 30, patterns are icons which are
provided in comespondence with the offered functions. The
icon 3701 serves to start a telephone directory function, the
icon 3702 serves to start the fonction of setting any of the
various statuses of the teleconference terminal equipment
2001 such as the communication mode and display mode
thereof, the icon 3703 sexves to start the fanction of adjust-
ing the time of a timepiece built into the teleconference
terminal equipment 2001, the icon 3765 serves to start the
function of handling information items (opposite commn-
nicating sides, telephone Nos, fees, etc.) on past

' communications, and the icon 3706 serves to select whether

ar not the time displays shown in FIG. 29 are presented.
Besides, the icon 3704 serves to end the menu. The respec-
tive icons are displayed in an arrangement corresponding to
the arrangement of the numerals 16 of the numerical-keys
of the control keyboard 2602, and the depxession of the key
at the corresponding position starts the function which is
offered by the pertinent icon.

By way of example, when the telephone directory func-
tion is started by depressing the numerical-key “1”, a menn
as shown at b in FIG. 38 is displayed. Morxe specifically, the
Same pattern as the icon having started this function is
indjcated at the uppermost part, and the names and telephone
Nos. of the opposite communicating persons already regis-
tered arc indicated in an area 3711. The user scrolls the
indication within the area 3711 by designating an icon 3713
or 3714 through the depression of the numesical-key at the
corresponding position and then appoints the opposite com-
municating person whose information is to be handled, by
designating a select icon 3715 through the depression of the
numerical-key at the corresponding position. An icon 3716

‘is used for returning to the menu picture a in FIG. 30.

Here, when the select icon 3715 is designated, a menu
shown at ¢ in FIG. 30 is displayed. The patterns of the icon
which has started the corresponding function and the icon
which was indicaledatﬂleuppmnostpartofthcparent
menn ofﬂﬁsmcnuareindicatedatthcuppmmstpm, and
all information items registered for the selected communi-
caﬂngpetsonaxcindimmdinanmml.A'l‘ELiconNZZ
serves to designate a transmission to the opposite commn-
nicating person indicated in the area 3721. When the
numerical-key corresponding to this icon is depressed, the
teleconference terminal equipment 2001 calls the: selected
communicating person in accordance with the registered
information and ends the menu processing steps, to shift to
the display shown at d in FIG. 29. An icon 3724 in the meng
cin FIG. 30 serves to alter the registered information by way
of example. More specifically, when the n ical-key
corresponding to this icon is depressed, the function of, for
example, altering the registered information is indicated, and
a new menu corresponding to the function is displayed. In
the new menu, n input fonctions are similardy
assigned to the keys of the control keyboard 2002 so as to
accept the user’s inputs of information. Herein, by way of
example, alternatives to an input character are sequentially
changed-over in accordance with a predetermined input key.
Meoreover, the conversion of inputs into Chinese characters
can be realized by extending the function of a predetermined
input key.
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Meanwhile, in a case where the register icon 3702 has
been in the main menu a in FIG. 30, a menu
shown at d in FIG. 39 is displayed. In this menu d in FIG.
30, the current statuses of the teleconference terminal equip-
ment 2001 arc indicated in an arca 3731. The user designates
any indicated item and also designates an alter icon 3732 in
accordance with steps similar to those of the operation of the
menu bin FIG. 30, whereby the status of the designated item
can be changed to another alternative registered beforchand.

In this regard, in a case where the teleconference terminal
cquipment 2801 has been called amidst such a hierarchic
menn process, a display to the effect that a signal or ringing
has amrived is presented in an area 3733.

For reference, FIG. 31A thru FIG. 38C in the accompa-
nying drawings illustrate the six views, etc. concerning the
teleconference terminal equipment 2001 depicted in FIG.
15, the control keyboard 2002 depicted in FIG. 22 and the
document photographing stand 2004 depicted in FIG. 24.

" FIGS. 31A, 31B, 31C and 31D are a front view, a rear

10

15

view, a plan view and a bottom view, respectively, of the »

teleconference terminal equipment 2001. The terminals
2816~2822 and 2830 are disposed in the area 2130 shown in
FIG. 31B. FIGS. 32A and 32B are aright side view and a left
side view, respectively, of the teleconference terminal equip-
ment 2001. Numeral 2104 in FIG, 32B indicates the position
of the built-in loudspeaker.

FIG. 33 is a perspective view of the control keyboard
2002. Numeral 2929 in this figure indicates the position of
the built-in microphone. In addition, FIGS. 34A, 34B and
34C arc a front view, a plan view and a bottom vicw,
respectively, of the control keyboard 2002. Besides, FIGS.
35A, 35B, 35C, 35D, 3SE and 35F are a right side view of
the control keyboard 2002, a left side view thercof, a rear
view thexeof, a schematic sectional view thereof taken along
line A~A' in FIG. 34A, a schematic sectional view thereof
taken along line B-B' in FIG. 34B, and a schematic sectional
view thereof taken along line C-C' in FIG. 34B, respec-
tively. In FIG. 35C, numeral 2910 represents the texminals
for connecting the external microphones.

Next, FIGS. 36A, 36B, 36C and 36D are a front view, a
right side view, a plan view and a bottom view, respectively,
of the document photographing stand 2084. In addition,
FIGS. 37A and 37B are a rear view and a left side view,
respectively, of the stand 2004.

As referred to before, FIGS. 38A, 38B and 38C are the
front view, the side view and the plan view, respectively, of
the document photographing stand 2604 in the stored con-
dition. As shown in these figures, the stand 2004 has its
constituents folded up into a compact form.

As described above, according tothe second embodiment,
it is possible to provide the desktop type teleconference
terminal cquipment which is small in size and which is
easily portable.

‘What is claimed is:

. A document photographing stand, comprising:

a work surface for placing a document thereon;

a lower link which is pivotally mounted on said work

surface;

an upper link which is pivotally mounted on said lower

link;

a camera which is pivotally mounted on said upper link;

and

a marker for emitting a spot light;

wherein said lower link and said upper link are respec-

tively turnable relative to said work surface and to said
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lower link up to a position at which said camera is
supported above said work surface;

said camera, at said position at which said camera is
supported above said work surface, photographs a
reflection from a front srface of said document placed
on said work surface; and

said marker, being inlaid on said work surface in one of
a central position and a comer position of an area to be
photographed by said camera, displays a spot mark on
said front surface of said document placed on said work
surface by the spot light which has becn emitted from
said marker and has passed through said document
form a back surface of said document to said front
surface of said document.

2. An equipment for a teleconference in which a few
persons utilize the equipment, and for exchanging pictures
and video of persons in real time through a digital commu-
nication channel, comprising:

communication control mecans for transmitting and
receiving multiplexed video data, user data, facsimile
data and audio data through said digital communication
channel;

mnltiplex/demnltiplex means for mulnplexmg and demul-
tiplexing the video data, aser data, facsimile data and
the audio data to be transmitted by said communication
control means and having been received by the same,
respectively;

a picture codec which decodes a picture signal from said
video data demultiplexed by said muitiplex/
demnltiplex means and then delivers said picture signal
as an output, and which codes an input picture signal
to-be-coded into said video data and then transfers said
vide data to said rultiplex/demultiplex means;

a camera which includes a lens having an approximately
60° field of view, and which supplies said pictore codec
with a picture s:gnalofplckbdnp-plcmte as the picture
signal to-be-coded;

an extemalv:dcomputl:nnmalwhwhmcexves a video
signal from outside of the equipment and which sup-
plies said picture codec with the video signal as the
picture signat to-be-coded;

a display unit which displays a picture represented by the
picture signal decoded by said picture codec;

an external video terminal which outputs the
picture signal decoded by said picture codec to outside
of the equipment;

an audio codec which decodes a speech signal form said
audio data demultiplexed by said multiplex/
demultiplex means and then delivers said specch signal
as an output, and which codes an input speech signal
to-be-coded into said audio data and then transfers said
audio data to said multiplex/demultiplex means;

a lond speaker which emits speech based on said speech
signal decoded by said audio codec;

an external audio output terminal which outputs said
speech signal decided by said andio codec to outside of
the equipment;

an external data input/ontput terminal which receives user
data from outside of the equipment and which transfers
the received user data to the multiplex/demnitiplex
means, said external data input/output terminal output-
ting user data demultiplexed by said multiplex/
demultiplex means to outside of the equipment;
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an external facsimile signal input/output terminal which

receives facsimile signal form outside of the equipment
and which transfers the facsimile data represented by
the received facsimile signal to the multiplex/
demultiplex means, said external facsimile signal input/
output terminal outputting facsimile signal represented
by the facsimile data demuitiplexed by said multiplex/
demnltiplex means to outside of the equipment; and

a housing in which said communication control means,
said multiplex/demultiplex means, said pictare codec,
said camera, said display unit, said andio codec, said
loudspeaker, said external video input terminal, said
external andio output terminal, said external video
nal and said external facsimile signal input/output
terminal are housed, and which has a size permitting
said equipment to be placed on a table and removed by
a person.
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3. Equipment for teleconference as defined in claim 2,

wherein ’

said camera includes an automatic focns means for letting
the camera be on focused on the few persons who
utilize said equipment.

4. Equipment for teleconference as defined in claim 2,

wherein

when said cquipment is placed at an end of a table, said
camera picks up the picture of the few persons who are
sitting on the opposite end of the table and are about 1.5
meters from the equipment. )

S. Equipment for teleconference as defined in claim 2

wherein

said display unit has an 11 inch screen for displaying the
picture. .

* % * k *
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COMMUNICATION SYSTEM WITH DIRECT
LINK TO SATELLITE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to communications using a satellite
network.

2. Background of the Invention

Currently, mobile communication terminals such as cel-
Iular phones wirelessly communicate with base stations
which in turn may connect a call to geographically distant
Iocations through satellites. However, when cellular phones
are too distant from a base station, a communication path
cannot be completed between the cellular phone and the
base station leaving a caller undesirably stranded without
ability to communicate.

Conventional cellular phones cannot communicate
directly with satellites when too distant from the base
stations partially because the power required to reach a
satellite is beyond the capability of a cellular phone. In
addition, if sufficient power is available, the electromagnetic
energy ouiput from the cellular phone antenna may be
harmful to the user of the cellular phone as well as to others
who are in close proximity to the cellular phone.

SUMMARY OF THE INVENTION

This invention provides a communication system that
permits a satellite phone to communicate with the satellite
directly. An exemplary embodiment of the communication
system may link a satellite phone with either another satel-
lite phone or a ground based communication system con-
nected to conventional telephone stations. When a user of a
satellite phone dials a number corresponding to another
satellite phone, the satellites of a satellite network identifies
a destination satellite that can reach the called party’s
satellite phone.

The called party’s satellite phone remains in a standby
mode and receives an alert signal from the destination
satellite indicating that a call is pending. The called party’s
satellite phone alerts the called party and if the called party
answers the call, the called party satellite phone directs an
antenna beam toward the destination satellite to complete
the communication path between the calling and called
parties.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in detail with reference to the
following drawings, wherein like numerals represent like
elements and wherein:

FIG. 1 is a diagram of a communication system using
direct satellite links;

FIG. 2 is a diagram of a portable satellite phone commu-
nicating via satellite with a ground based communication
system;

13
G

40

50

FIG. 3 is a diagram of a portable satellite phone commu- °

nicating with another portable satellite phone;

FIGS. 4A—4D show a fan beam and the fan beam cross-
sections;

FIG. 5 is a diagram showing possible communication
satellites;

FIG. 6 is a block diagram of a portable satellite phone
unit;

FIG. 7 is a block diagram of a steering information
detector;
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FIG. 8A shows a diagram of a portable satellite phone
having a folded planar phased array directional antenna;

FIG. 8B shows a folded planar antenna phased array that
may be used in the portable satellite phone of FIG. 8A;

FIG. 8C shows a relationship of a shield to the folded
planar antenna phased array of FIG. 8B;

FIG. 9A shows a portable satellite phone having a volu-
metric phase array directional antenna;

FIG. 9B shows a cylindrical volumetric phased array
antenna that may be used with the portable satcllite phone
shown in FIG. 9A;

FIG. 10 shows a diagram of a portable satellite phone
having a hat phased array antenna;

FIG. 11 is a block diagram of sensors for a proximity
detector;

FIG. 12 is a block diagram of an alarm device;

FIG. 13 is a block diagram of an antenna controller of the
portable satellite phone shown in FIG. §;

FIG. 14 shows a flowchart for a communication process
using portable satellite phones;

FIG. 15 shows a portable satellite phone changing com-
munication paths between two satellites by snapping the
antenna beam from one satellite to another satellite;

FIG. 16 shows a portable satellite phone changing com-
munication paths from one satellite to another satellite by
forming a bridging beam;

FIG. 17 shows a process of the portable satellite phone
forming and adaptively maintaining an antenna beam
directed at a satellite;

FIG. 18 shows a portable satellite phone process for
responding to objects that interfere with a beam path of the
portable satellite phone; and

FIG. 19 is a diagram of a communication system that
includes phased array antennas that are mounted on fixed
structures.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a communication system that includes
portable satellite phones 102 and 104 communicating with a
satellite network 100. The portable satellite phones 102 and
104 form aotenna beams 106 and 108 that are directed
toward satellites of the satellite network 100. The portable
satellite phones 102 and 104 receive Global Positioning
System (GPS) signals 110 through GPS receivers included
in the portable satellite phones 102 and 104. Satellites of the
satellite network 100 may communicate with calling and
called parties directly through the portable satellite phones
or through a ground based comimunication network 200 to
complete a communication path. Whether a called party is
reached through either the portable satellite phone 102 or
104 or the ground based communication network 200 is
determined by known methods such as specially assigned
numbers. If a conventional telephone number is used, the
ground based communication network 200 may connect to
terminal 202 (which may be a telephone station or other
devices such as a facsimile device) or to mobile units 204
such as cellular phones to reach the called party.

‘When a calling party uses the portable satellite phone 102
and calls a called party by dialing a conventional telephone
number, the portable satellite phone 102 selects a satellite of
the satellite network 100 and forms an antenna beam
directed to the selected satellite, as shown in FIG. 2. The
selected satellite either directly or through other satellites of
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the satellite network 109 links to the ground based commu-
nication network 200 by well known methods and completes
the communication path between the portable satellite phone
102 and a telephone station such as terminal 202 of the
called party that is coupled to the ground based communi-
cation network 200.

‘When the calling party dials a number assigned to the
portable satellite phone 104, for example, the portable
satellite phone 104 is alerted of the call by a destination
satellite of the satellite network 100, as shown in FIG. 3. The
destination satellite and the selected satellite may be the
same satellite if the portable satellite phone 104 is reachable
by the selected satellite. Otherwise, the selected satellite
must link to the destination satellite (perhaps throngh yet
other satellites) to complete the communication path to the
called party’s portable satellite phone 104.

Normally, the portable satellite phone 104 is placed in a
standby mode and may receive alert signals from satellites
serving the geographical area where the portable satellite
phone 104 is located. When the portable satellite phone 104
detects an alert signal from the destination satellite, the
portable satellite phone 104 alerts the called party that an
incoming call is received. When the called party activates
the portable satellite phone 104 by turning it on, the portable
satellite phone 104 forms an antenna beam directed at the
destination satellite and establishes a connection to complete
the call.

The portable satellite phones 102 and 104 communicate
with satellites directly by forming highly directed antenna
beams directed at a specific satellite. In this way, the amount
of power required to communicate with a satellite is
reduced. In addition, because the electromagnetic energy is
concentrated in a narrow antenna beam, the area affected by
the electromagnetic energy is reduced, thus reducing the
possibility of harmful effects to persons that may be in the
neighborhood of the portable satellite phone.

The portable satellite phones 102 and 104 must accurately
determine their individual position/bearing-attitude and the
position of the selected or destination satellite to form the
antenna beam. The portable satellite phones 102 and 104
determine their own positions (latitude and longitude) by
sensing GPS signals 110 transmitted by either GPS satellites
or satellites of the satellite network 100.

The portable satellite phones 102 and 104 include a
database of satellite positions and a schedule of when a
specific satellite may be within the range of the portable
satellite phones 102 and 104. The portable satellite phones
102 and 104 include clocks so that accurate satellite posi-
tions may be determined at any time. Thus, the portable
satellite phones 102 and 104 may be able to determine the
positions of possible satellites that can provide the desired
communications links. Also, alternatively, satellites may
transmit tracking signal or specific position information to
assist the portable satellite phones 102 and 104 to locate a
satellite’s exact position.

In addition to their position, the portable satellite phones
102 and 104 determine a bearing (direction such as North,
South, East or West) and attitude (direction relative to
vertical) of the portable satellite phones 102 and 104. Based
on the positions/bearings/attitudes of the portable satellite
phones 102 and 104 and the positions of the satellites, the
portable satellite phones 102 and 104 determine the exact
relative position between the portable satellite phones 102
and 104 and the selected/destination satellite so that an
antenna beam may be formed directed at the desired satel-
lite.
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For less expensive versions of the portable satellite
phones 102 and 104, bearing and attitude detection could be
omitted. For these simpler portable satellite phones 102 and
104, the portable satellite phones 102 and 104 must be
positioned so that an antenna beam may be directed to a
satellite for communication. In particular, the portable sat-
ellite phones 102 and 104 may be maintained in an erect or
vertical position and need be orientated approximately in a
proper bearing to allow the portable satellite phones 102 and
164 to form an antenna beam toward a satellite, for example.

For this simple case, based on the geographical position
of the portable satellite phones 102 and 104 determined from
the GPS position coordinates, the portable satellite phones
102 and 104 may indicate to the user which bearing to
orientate the portable satellite phones 102 and 104. For
example, the portable satellite phones 102 and 104 may have
four LEDs to indicate North, South, East and West or even
finer even more precise indications.

For the above lower cost embodiment, the portable sat-
ellite phones 102 and 104 may form a fan beam 120 having
generally rectangular or eliptical cross-sections, as shown
in FIGS. 4A—4D using portable satellite phone 102 as an
example. The fan beam is directed at an elevation angle
determined by the GPS coordinates of the portable satellite
phones 102 and 104 and the satellite position and has a fan
angle that provides a large relative bearing range between
the satellite and the portable satellite phones 102 and 104.
The fan angle may be any value limited only by the user’s
body (head) so that physical harm from exposure to the fan
beam is avoided. A fan angle range of about 60 to 120
degrees would be preferred. Thus, the fan beam 120 permits
the portable satellite phones 102 and 104 to communicate
with a satellite without depending on exact bearing and
attinde information. .

When the above low cost embodiment is turned on and the
fan beam reaches a satellite, a dial tone is generated to
indicate to the user that a communication path is established.
However, if a satellite cannot be reached, a dial tone is not
generated. The user may reorientate the portable satellite
phones 102 and 104 in a different bearing until the commu-
nication path is established and a dial tone is generated.

The portable satellite phones 102 and 104 are provided
with proximity detectors. When an object, such as a person,
comes within a predetermined distance of the antenna beam
and/or the portable satellite phones 102 and 104, the portable
satellite phones 102 and 104 may either reshape or redirect
the antenna beam to avoid the object or reduce the trans-
mitted power of the antenna beam to avoid causing harm to
the object.

In addition, the portable satellite phones 102 and 104 may
also activate an alarm to warn the object or the user of the
portable satellite phones 102 and 104 to avoid the antenna
beam. When a user of the portable satellite phone 102, for
example, moves the portable satellite phone 102 in an
orientation where the antenna beam is blocked by the user or
objects that cannot be moved, the portable satellite phone
102 may use the alarm to request the user to reorientate the
portable satellite phone 102 so that an antenna beam may be
properly directed away from the interfering object and
toward the desired satellite.

FIG. 5 shows possible communication satellites that may
be a part of the satellite network 100. A geostationary earth
orbit (GEO) satellite 304 is a satellite that is placed in an
orbit so that the satellite maintains a fixed position relative
to the surface of the earth 300. A medium altitude earth orbit
(MEO) and low altitude earth orbit (LEO) satellites 306 and
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308 are satellites that may be in motion relative to the
surface of the earth. These satellites are closer to the surface
of the earth 300 as compared to the GEO satellitc 304.
Because of the shorter distance to the surface of the earth
300, less power is required to establish communication
using the MEO and LEO’s, however, the portable satellite
phones 102 and 104 must account for the changing positions
of the satellites and occasionally transition from a first
satellite to a second satellite when the first satellite position
moves out of range of the portable satellite phones 102 and
104.

A highly elliptical orbit (HEO) satellite 310 forms an
elliptical orbit around the earth 300 as compared to the
approximately circular orbit formed by the other satellites. A
GEO-helio synchropous orbit (BradCo) satellite 311 is posi-
tioned in an orbit around the sun 302 and maintains a fixed
position relative to the earth 300. An intermediate circular
orbit (ICO) satellite 312 is positioned in a circular erbit
around the earth 300 at an altitude in between the MEO and
LEO 306 and 308 and the GEO 304 satellites. All of the
above satellites 304-314 may be utilized to form the satellite
network 100.

FIG. 6 shows a block diagram of the portable satellite
phone 102. The portable satellite phone 102 includes an

antenna controller 400 connected to a directional antenna 2%

402. A steering information detector 404, a proximity detec-
tor 406, an alarm device 408 and other portable satellite
phone elements 410 are all coupled to the antenna controller
400.

‘When the antenna controller 400 receives an instruction
from the other portable satellite phone elements 410 to
establish communication with the satellite network 100, the
antenna controller 400 selects a satellite of the satellite

network 100 and determines 2 position of the satellite by ,

consulting the database contained in the portable satellite
phone 102. The antenna controller 400 may also select a
satellite by scanning for available satellites within reachable
range. A set of preassigned communication channels may be
assigned for satellites to broadcast their positions and avail-
ability information. Satellites newly added to the satellite
network may use these channels to announce their avail-
ability especially to portable satellite phones 102 having
older databases. The antenna controller 400 also determines
the position/bearing/attitude of the portable satellite phone
102 via the steering information detector 404. Based on the
position of the selected satellite and the position/bearing/
attitude of the portable satellite phone 102, the antenna
controller forms an antenna beam that is directed toward the
selected satellite using the directional antenna 402 to estab-
lish a communication path to the selected satellite.

During call setup and after the communication path with
the selected satellite is established, the antenna controller
monitors for beam blockage by objects such as a person
using the proximity detector 406. When the proximity
detector 406 detects a person within a predetermined dis-
tance from the communication path, the antenna controller
400 may take one of several alternative actions to avoid
harming the person that may be caused by the electromag-
petic energy transmitted by the directional antenna 402.

The antenna controller 400 may reduce the power level
transmitted by the directional antenna 402 to avoid harming
the person. If the power level is reduced below a level
required for communication with the selected satellite, the
antenna controller 400 alerts the user of the portable satellite
phone 102 through the alarm device 408. The antenna
controller 400 may also determine whether the antenna
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beam may be reshaped so as to avoid harming the person or
whether another satellite may be selected to avoid harming
the person.

For example, a circular cross-section antenna beam pat-
tern may be modified into an asymmetric cross-section to
reduce the received power level at the person while main-
taining the power density in the satellite direction. The
actual antenna beam patterns necessary to satisfy these
conditions will vary depending on the angular separation
between the satellite and the intercepting person, as well as
the person’s distance from the phone’s antenna.

FIG. 7 is a block diagram of the position detector 404. The
steering information detector 404 includes an attitude sensor
900, a GPS receiver 904 for receiving GPS signals and a
gyrocompass 906. The above components are coupled
together via a signal bus 908. The attitude sensor 900
determines the portable satellite phone 102’s orientation
relative to vertical or “plum line”. The GPS receiver 904
receives GPS signals generated by the Global Positioning
System indicating the position of the portable satellite phone
102. The gyrocompass 906 determines the azimuth and
bearing of the portable satellite phone 102. The steering
information detector 404 is coupled to the antenna controller
400 through the signal bus 908.

The directional antenna 402 may be any electronically
steerable antenna. A class of phased array antennas is
preferred. In general, a phased array of independent antenna
clements may be configured in a linear, planar or volumetric
array. Such an antenna may be electronically directed or
steered by controlling the amplitude and phase of signals
applied to each of the antenna elements. For example, an
antenna beam of a planar array of uniformly spaced antenna
elements can be steered in angular space by applying a
signal to each of the antenna elements having a fixed time
shift relative to the antenna elements. The shape of the
antenna beam may be controlled by applying signals to each
of the antenna elements having varying amplitudes relative
to the other antenna elements. The amplitude of the signals
applied to each antenna element may be weighted by mul-
tiplying by a respective weight value. An antenna beam
pattern may be broadened or elongated by reducing or
climinating (weight equals 0) elements along an axis of the
planar array.

FIG. 8A shows a folded planar phased array antenna 602
disposed on the back and top sides 604 and 606 of a portable
satellite phone 600. FIG. 8B shows the folded planar phased
array antenna 602 having antenna elements 608 uniformly
disposed on the back side 604 and antenna elements 610
uniformly disposed on the top side 606 of the folded planar
phased array antenna 602. The back and top sides 604 and
606 of the folded planar phased array antenna 602 act as a
single planar array when the top antenna elements 610 are
phase shifted by 90 degrees (in the plane perpendicular to
the back and top sides 604 and 606) relative to those on the
back side 604. The folded planar phased array antenna 602
has slightly better directionality than a planar array.

FIG. 8A shows a shield 609 that shields a user from the
electromagnetic energy transmitted by the folded planer
phased array antenna 602. As shown in FIG. 8A, the shield
609 is disposed between the folded planar array antenna 602
and an ear piece so that the user is shielded from the
electromagnetic energy especially when the antenna phone
602 is positioned next to the user’s head. The shield may
include any metallic material and may be electrically
grounded with respect to the folded planar array antenna
602.
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The antenna gain and antenna directionality are propor-
tional to a number of elements in the phased array antenna.
At Ka band frequencies of 17-30 and 40 Ghz, the wave-
length approaches 1.0 cm. A conformal antenna with quarter
wavelength element spacings would occupy approximately
5x5 cm which can accommodate a 20x20 element array at
these frequencies. A folded planar phased array located on
the top and back sides 606 and 604 of the folded phased
array antenna 602 may provide 20x8 elements on the top
side 606 (~2x5 cm) and 20x20 elements on the back side
604 (~5x5 cm).

FIGS. 9A and 9B show another embodiment of a portable
satellite phone 700 having a volumetric phased array
antenna 702. As shown in FIG. 9B, the phased array antenna
702 includes a cylindrical antenna body 704 having antenna
elements 706 uniformly disposed on the surface of the
cylindrical body 704.

FIG. 10 shows an antenna phone 650 having a hat phased
array antenna 652. The hat phased array antenna 652 is a
volumetric phased array antenna where the space enclosed
by the sides of the hat phased array antenna 652 is filled with
antenna clements (not shown). The front surface 662 is a
metallic shield, for example. The shield 662 may be dis-
posed between the antenna array elements 670 and a user’s
head and may be a planar metallic shield embedded in the
portable satellite phone 650.

For higher end Ka band frequencies and assuming a
quarter wavelength spacing, the maximum number of
antenna elements 670 and 706 for volumetric antennas 652
and 702, respectively, is approximately 64 times the cubic
volume (in units of cm® ) of the antennas 652 and 702. The
hat phased array antenna 652 on the top of the antenna phone
650 may have with a. volume of roughly (2x25 cm or 20
cm®) and may have over 1000 antenna elements 670.

Antenna array selection may depend on 1) high frequency
electronics required for electronic steering; 2) electromag-
netic properties of the antenna; and 3) dielectric and shield-
ing structure. Ideally the spatial diversity of a volumetric
array and a largest number of antenna elements 670 and 706
is most desirable. An antenna array with the largest gain and
best directionality may be the most preferred.

FIG. 11 shows a block diagram of the proximity detector
406. The proximity detector 406 may include an infrared
device 910, an optical device 912, a sonar device 914 and a
motion detector 916. The above components are coupled via
bus 918 which also couples the proximity detector to the
antenna controller 400. The function of the proximity detec-
tor 406 is to determine a distance of the object from the
portable satellite phone 102 along the communication path
formed by the directional antenna 402 that may interrupt the
communication path or be harmed by electromagnetic
energy transmitied by the directional antenna 402. In
addition, a distance of the object from the communication
path may also be determined. These distances together with
a known antenna pattern of the antenna beam formed by the
directional antenna 402 may be used to reduce the trans-
mission power of the directed antenna 402 or adapt the
antenna beam pattern to prevent physical harm to the object.

The infrared device 910 detects the presence of a human
being by sensing an increase in the infrared energy relative
to the background. The infrared device 910 is useful for
detecting the presence of a person in a target area such as a
peighborhood of the communication path formed by the
antenna beam. The motion detector 916 detects the presence
of an object formed by detecting a motion of the object.
Similar devices common in home security systems use a
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plurality of infrared detectors or use sonic beam echoes to
indicate the presence of a moving object.

The sonar device 914 may determine a distance and
bearing of the object relative to the satellite antenna 102 and
the antenna beam. The somar device 914 may operate
similarly to medical imaging devices or sonic tape-
measuring devices commonly used in the building industry.
A sonic pulse is emitted by the sonar device 914 and the
round trip delay of the sonic pulse reflected from the object
may be used to determine the distance and bearing of the
object relative to the portable satellite phone 102.

The optical device 912 may also be used for determining
range and bearing. Two lens systems may be provided to
determine a focal distance to the object based on the parallax
of the two lens systems. Optical parallax is commonly used
in cameras for auto focusing. Parallax inherent in two lens
systems are adjusted until the object is in focus. Since lens
position is directly proportional to the distance to the object,
this method may be applied to the proximity detection
problem on the portable satellite phone 102 to directly
measure a distance to the object. After dark, natural light
may be supplemented with periodic flashes of light to
periodically check for objects and determine their distance
from the antenna beam.

A preferred embodiment of the proximity detector 406 is
a combination of the optical device 912 that provides
accurate ranging and the sonar device 914 that may provide
general detection of the presence of an object as well as
distance and bearing information.

FIG. 12 shows a block diagram of the alarm device 408.
The alarm device includes a visual alarm device 920, an
audio alarm device 922 and an external alarm interface 924.
The above components are coupled to a signal bus 926
which also couples to the antenna controller 400.

The visual alarm device may include lights such as LEDs
mounted on the portable satellite phone 102. The lights may
be configured so that the lighting of a particular LED
indicates a waming of possible physical harm while the
lighting of another LED may indicate an inoperative con-
dition. In addition, the LED may be placed on the portable
satellite phone 102 to indicate to the user a suggested posture
change to change the position of the portable satellite phone
102.

The audio alarm device 922 may generate audio alarm
signals directly into the receiver of the portable satellite
phone 102 instructing the user to either change the position
of the portable satellite phone 102 or informing the user that
an object is about to interfere with the antenna beam and
cause a loss of communication with the satellite. The audio
alarm device 922 may also include an audible alarm separate
from the alarm generated in the receiver of the portable
satellite phone 102. Such an audible alarm may alert a
person (for example, the object) other than the user of the
possible exposure to unacceptable levels of electromagnetic
energy.

The alarm device 408 also includes an external alarm
interface 924 that may be coupled to other alarm devices
physically separate from the portable satellite phone 102.
The external alarm interface 924 may include an infrared
link to other alarm devices that may either warn or physi-
cally prevent an object from entering into an area that may
be physically harmful. )

FIG. 13 is a block diagram of the antenna controller 400.
The antenna controller 400 includes a processor 500, and a
memory 502. The antenna controller 410 include interfaces
to other components of the portable satellite phone 102. The
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interfaces are as follows: steering information detector inter-
face 504, directional antenna interface S06, proximity detec-
tor interface 508, alarm device interface 510 and interface to
other portable satellite phone elements 512. All of the above
components are coupled together via a signal bus 514. Each
of the interface components 504-512 contain the necessary
devices required to interface with each respective device.
For example, the directional antenpa interface 506 includes
all the electronics necessary to receive and transmit signals
through the directional antenna as well as the necessary
components required to form antenna beams in a desired
direction.

The database that contains the satellite positional infor-
mation is stored in the memory 502. Other information
required for controlling and interfacing with each of the
components of the portable satellite phone 102 as well as
programs required for the processor 500 may also be stored
in the memory 502.

‘When an instruction to establish a communication path is
received from the other portable satellite phone elements
410 through the interface to other portable satellite phone
elements 512, the processor 500 responds by determining
whether the user is a calling party or a called party. If the
user is a calling party, the processor searches the database in
the memory 502 and selects an appropriate satellite of the
satellite network 100 based on criteria such as cost, satellite
position, etc. If the user is a called party, the processor 500
searches the database to determine a position of the desti-
nation satellite. Alternatively, the processor 500 may also
receive information from the destination satellite during a
call set up process.

After a satellite position is determined, the processor 500
interfaces with the steering information detector 404 through
the steering information detector interface 504 to determine
the position/bearing/attitude of the portable satellite phone
102. When both the satellite position and the position/
bearing/attitude of the portable satellite phone 102 are
determined, the processor 500 sends appropriate control
information to the directional antenna 402 through the
directional antenna interface 506 to direct an antenna beam
toward the selected/destination satellite.

After the communication path to the selected/destination
satellite is established, the processor 500 adaptively main-
tains the antenna beam directed to the selected/destination
satellite by monitoring the satellite position as well as the
position/bearing/attitude of the portable satellite phone 102
and adjusts the direction of the antenna beam by sending
appropriate parameters to the directional antenna through
the directional antenna interface 506. The processor 500
may also receive positional information from the selected/
destination satellite to assist the processor 500 in directing
the antenna beam.

During the call setup process and for the duration of the
communication with the satellite, the processor 500 acti-
vates the proximity detector 406 to determine whether there
are objecis, such as people, within a predetermined distance
from the antenna beam. When the proximity detector detects
an object, the processor 500 determines the distance and
bearing of the object based on the information received from
the proximity detector 406. The processor 500 then takes
alternative action such as redirecting the antenna beam, to
another satellite for example, to prevent physical harm to the
object, modify the antenna beam pattern to reduce a power
level at the object while still communicating with the
selected destination satellite, reduce the power transmitted
by the directional antenna 402 and/or sending appropriate
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commands to the alarm device fo oulput a waming of
possible harm or loss of communication.

FIG. 14 shows a process of communication using the
portable satellite phone 102. In step S1000, a calling party
dials a number using the portable satellite phone 102. When
the calling party dials a number, the processor 500 of the
portable satellite phone 102 receives an instruction from the
other portable satellite phone elements 410 to establish
communication with an appropriate satellite. Then the pro-
cess goes to step S1002. :

In step S1002, the processor 500 accesses the database
stored in the memory 502 to determine which satellite of the
satellite network 100 is most appropriate for the number
dialed by the calling party. The satellite selection may be
based on criteria such as cost, position of the satellites, and
the capability of the satellite and the portable satellite phone
102 to establish a complete communication path from the
portable satellite phone 102 to the called party. After the
appropriate satellite is selected, the process goes to step
$1004. :

In step S1004, the processor 500 determines the position
of the portable satellite phone 102 by accessing information
from the position detector 404 through the position detector
interface 504. After determining the position of the portable
satellite phone 102, the processor 500 determines the proper
direction of an antenna beam and sends appropriate control
information to the directional antenna 402. through the
directional antenna interface 506. Then the process goes to
step S1006. .

In step $1006, the processor determines whether commu-
nication with the selected satellite has been successfully
established. If the communication with the selected satellite
has not been established, the process goes to step S1012. If
the communication is successfully established, the process
goes to step S1008. In step S1012, the processor 500
increments a count and then goes to step S1014. In step
$1014, the processor 500 determines whether the count has
exceeded a maximum. If the count exceeded a maximum,
the process goes to step S1036 and outputs an ending
message to the calling party that communication cannot be
established. Then the process goes to step S1038 and ends
the communication process. If the count has not exceeded a
maximum, the process returns to step S1012.

In step S1008, the selected satellite receivés information
from the portable satellite phone. 102 and determines the
appropriate destination satellite if the destination satellite is
other than the selected satellite. Then the process goes to
step $1010. In step $1010, the destination satellite (which
could be the selected satellite) determines whether the
oumber dialed by the calling: party is the number for the
portable satellite phone, portable satellite phone 104, for
example. If the number is the number for the portable
satellite phone 104, then the process goes to step S1022 to
reach the called party by directly contacting the portable
satellite phone 104. Otherwise, if the pumber dialed by the
calling party is the number connected to a ground based
communication network 200, then the process goes to step
S1016. :

In step S1022, the destination satellite outputs a signal to
alert the calied party that a call is pending. Then the process
goes to step S1024. In step S1024, if the portable satellite
phone 104 is in standby mode (e.g., not busy), then the
portable satellite phone 104 alerts the called party that a call
is pending. Then the process goes to step S1026.

In step $1026, the process waits for a predetermined time
for the called party to answer the call through the portable
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satellite phone 104. If the called party answers the call
within the predetermined amount of time, the process goes
to step S1032. Otherwise, the process goes to step S1030. In
step S1030, the destination satellite informs the selected
satellite that the called party has failed to answer the call.
The selected satellite in turn informs the calling party that
the call is not answered in an ending message. Then the
process goes to step S1038 and ends the communication
process.

In step S1032, the portable satellite phone 104 establishes
communication with the destination satellite by determining
the position of the destination satellite and the position of the
portable satellite phone 104 and forms a directed beam to the
destination satellite. Then the process goes to step S1034. In
step S1034, the calling party and the called party are
connected in a call. After the call is completed, the process
goes to step S1038 and ends the communication process.

In step S1016, the destination satellite establishes com-
munication with a ground based communication network
200. Then the process goes to step S1018. In step $1018, the
ground based communication network connects the call to a
terminal such as a teminal 202 or a mobile phone 204 of the
called party and goes to step S1020. In step S1020, the
process waits for a predetermined amount of time for the
called party to answer the call. If the called party answers the
call then the process goes to step S1028. Otherwise, the
process goes to step S1030. In step S1028, the calling party
and the called party are connected in a call. After the call is
completed, the process goes to step S1038 and ends the
communication process.

After the portable satellite phones 102 and 104 establish
communication with the respective satellites, each of the
respective portable satellite phones 102 and 104 continues to
monitor the positions of the portable satellite phones 102
and 104 and the respective satellites. The respective proces-
sors 500 continue to adaptively adjust the direction of the
antenna beams so that the antenna beams are aimed at the
respective satellites irrespective of the movement of the
calling or called parties and the movement of the respective
satellites. :

In the event that the selected destination satellites are
other than GEO satellites,” the possibility exists for the
respective satellites to move out of range of the respective
portable satellite phones 102 and 104. If the selected/
destination satellites move out of range, the portable satellite
phones 102 and 104 must identify another satellite to
continue the communication path by consulting the respec-
tive databases. so that the call may continue without inter-
ruption. After identifying another satellite, the portable
satellite phones 102 and 104 may transition from the original
or first selected/destination satellites to the new or second
selected/destination satellites by either a snap beam tech-
nique or a bridge beam technique.

FIG. 15 shows a diagram of the snap beam technique that
may be used to transition or “hand-off” from a first satellite
802 to a second satellite 804. As shown in FIG. 14, the
portable satellite phone 800 communicates with the first
satellite 802 through antenna beam 806. Before the first
satellite 802 goes out of range, the portable satellite phone
800 determines the position of the second satellitc 804 and,
at an appropriate moment, transitions the communication
path from antenna beam 806 to antenna beam 808 in the
direction of 810. Thus, the antenna beam is snapped from a
direction of antenna beam 806 to a direction of antenna
beam 808 transitioning the communication path from the
first satellite 802 to the second satellitc 804.
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FIG. 16 shows a second possible method for transitioning
between a first satellite 812 and a second satellite 814. The
portable satellitc phone 820, for example, communicates
with the first satellite 812 through antenna beam 822. When
the first satellite 812 is moving out of range, the portable
satellite phone 820 locates the second satellite 814 and
converts the antenna beam 822 into a bridge beam 824 that
permits communication with both the first and second sat-
ellites 812 and 814. When the communication path transition
from the first satellite 812 to the second satellite 814 is
completed, the bridge beam 824 is converted to a narrow
beam 826 aimed directly at the second satellite 814. Thus,
the transition between the first and second satellites 812 and
814 may be achieved without interrupting the communica-
tion between the calling and the called parties.

For hand-offs between LEO, ICO or MEO 308, 306 and
312 satellites, the beam bridging technique is generally more
widely applicable, since no precise timing coordination
between the satellite network 100 and the antenna phones
800 and 820 is required. A bridging beam can be directed at
both sateliites 800 and 820 for seconds or minutes to ensure
a seamless hand-off. The smap beam hand-off between
adjacent satellites 802 and 804, for example, requires some
timing coordination between the satellites 802 and 804 and
the portable satellite phones 800 and 820. Alternately, the
snap beam technique with the satellites 802 and 804 bridg-
ing the signal across both satellites 802 and 804 would
obviate the need for precision hand-off timing.

FIG. 17 shows a flowchart of the process of transitioning
between a first satellite and a second satellite by the portable
satellite phone 102. In step S2000, the portable satellite
phone 102 receives an instruction to establish communica-
tion with a satellite. Then the process goes to-step S2002. In
step S2002, the processor 500 determines whether the user
is a calling party or a called party. If the vser is a calling
party, the processor 500 goes to step S2004. Otherwise, the
first satellite is the destination satellite and the processor 500

_goes to step S2006. In step S2004, the processor 500 selects

a first satellite from the satellite network 100. Then the
processor 500 goes to step S2006.

In step S2006, the processor 500 determines the first
satellite position and goes to step S2008. In step S2008, the
processor 500 forms and adaptively maintains an antenna
beam directed at the first satellite. Then the processor 500
goes to step S2010. In step S2010, the processor 500
establishes communication with the first satellite and goes to
step $2012. In step S2012, the processor 500 determines
whether it is necessary to switch to a second satellite. If it is
necessary to switch to a second satellite, the processor 500
goes to step S2014. Otherwise, the processor 500 goes to
step $2030. In step S2030, the processor determines whether
the communication between the calling and called parties is
completed. If the communication between the calling and
called parties is completed, the processor 500 goes to step
§$2032 and ends the process. Otherwise, the processor 500
returns to step S2012.

In step S2014, the processor 500 determines a second
satellite position. Then the processor 500 goes to step S2016.
In step S2016, the processor 500 determines whether to
utilize the snap or beam bridge process. If the processor 500
decides to use the snap beam process, the processor 500 goes
to step $2024. Otherwise, the processor 500 goes to step
S2018. :

In step S2024, the processor 500 concludes the commu-
nication with the first satellite. The processor 500 may
determine the timing for concluding the communication
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with the first satellite and begin the snap hand-off process or
alternatively, the processor 500 receives a synchronization
signal from the first satellite that initiates the snap hand-off
process. The the processor 500 goes to step S2026. In step
82026, the processor 500 forms and adaptively maintains an
antenna beam directed at a second satellite. Then the pro-
cessor 500 goes to step S2028. In step S2028, the processor
500 establishes communication with the second satellite and
goes to step S2030.

In step S2018, the processor 500 expands the antenna
beam directed toward the first satellite into a bridging beam
between the first and second satellites and goes to step
$2020. In step S2020, the processor 500 transitions the
communication from the first satellite to the second satellite
and goes to step $2022. In step S2022, the processor 500
narrows the bridging beam into an antenna beam directed at
the second satellite and adaptively maintains the antenna
beam toward the second antenna. Then the processor 500
goes to step S2030.

FIG. 18 shows a flowchart of a response of the portable
satellite phone 102 to an object that comes into a beam path
neighborhood of the antenna beam. In step S3000, the
processor 500 forms an antenna beam and establishes com-
munication with a satellite. Then the processor 500 goes to
step S3002. In step S3002, the processor SO0 activates the
proximity detector along a beam path neighborhood. A beam
path neighborhood is determined by a predetermined dis-
tance from the antenna beam and the portable satellite phone
102. Then the processor 500 goes to step S3004.

In step S3004, the processor 500 determines whether an
object has entered into the beam path neighborhood. If an
object has not entered into a beam path neighborhood, the
processor 500 goes to step S3008. Otherwise, if an object
has entered into the beam path neighborhood, then the
processor 500 goes to step S3006. In step S3008, the
processor 500 determines whether the communication
between the calling and called parties has completed. If the
communication has completed, the processor 500 goes to
step S3016 and ends the process. Otherwise, the processor
500 returns to step S3004.

In step S3006, the processor 500 determines whether
alternative antenna beam paths are available. If alternative
beam patbhs are available, then the processor 500 goes to step
$3010. Otherwise, the processor 500 goes to step S3012. In
step S3010, the processor 500 reshapes the antenna beam to
move the communication to a new beam path so that the
beam path neighborhood avoids the object that entered the
original beam path neighborhood. This process may include
switching to another satellite. Then the processor 500 goes
to step S3004.

In step $3012, the processor 500 reduces the beam power
of the antenna beam and then goes to step S3014. In step
S3014, the processor 500 activates the alarm device to alert
the user and/or the object that entered into the beam path
neighborhood of potential harm. Then the processor 500
goes to step S3004.

FIG. 19 shows a diagram of a communication system that
includes fixed phased array antennas 908, 910, 926 and 928
that are fixed to permanent structures 904, 906, 922 and 924,
respectively. The permanent structures 904 and 906 are
located in the Northern Hemisphere such as the United
States 902, while the permanent structures 922 and 924 are
located in the Southern Hemisphere such as in Australia 920.
Phased arrays 908 and 926 may be planar phased arrays
mounted on structures such as houses and phased arrays 910
and 928 may be volumetric phased arrays mounted on
towers such as for terrestrial wireless transmitters/receivers.
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The fixed phased array antennas 908, 910, 926 and 928
may form directed antenna beams. For example, the phase
array antenna 908 may form beams 916 and 918; the phased
array antenna 910 may form antenna beams 912 and 914; the
phased array antenna 926 may form beams 934 and 936; and
the phased array 928 may form beams 930 and 932. The
phased array antennas 908, 910, 926 and 928 form the
respective directed beams toward satellites such as satellites
938, 940, 942 and 944 that may have orbits along the equator
950. Other satellites that have other orbits may also be
reached by the fixed array antennas 908, 910, 926 and 928.

The above-described phased array antenna systems that
are attached to permanent structures may be used for satel-
lite cable TV and broadband terrestrial links such as multi-
media direct satellite and wireless cable. Using the elec- -
tronically steerable phased array antennas 908, 910, 926 and
928, installation of the phased array antenna facilities may
be simply locating the antennas in a general direction facing
the satellites. Thus, the phased array antennas 908, 910, 926
and 928 eliminate the need for complex mechanical instal-
lations where the antennas must be carefully aimed at
destinations and sources. These fixed phased array antennas
provide at least two unique benefits: simple, auto-steering
during installation for ease of use, and terminal access to
multiple satellite services.

In addition, the antenna systems may either receive users’
location/address (latitude and longitude) or alternatively use
built<in GPS localization to compute a correct steering
direction to electronically steer antenna beams for optimum
reception. Further, the electronically-steered antennas can be
redirected under user control for aiming antenna beams at
selected satellites to take advantage of terrestrial service
nodes. Thus, using a single electronically-steered antenna
system permits the user to receive service for multiple
systems.

Moreover, fixed phased array antennas 908, 910, 926 and
928 that transmit signals using directed or non-directed
beams may also apply proximity detection of objects that
may be harmed by the electromagnetic energy. If objects are
detected, alternative actions may be taken by redirecting the
antenna beam, reducing the power of transmitted electro-
magnetic energy and/or activating an alarm to wamn of
possible harm.

While this invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art. In particular, while portable satellite
phones 102 and 104 have been described by way of
example, this invention is applicable to other devices such as
cars and airplanes that may bencfit from forming highly
directed antenna beams to conserve power and to reach
destinations such as other satellites or other receiving
devices. In addition, although the above embodiments are
described in conjunction with a portable satellite phone, the
invention is applicable to other devices such as facsimile
devices.

For simple embodiments, the portable satellite phones
102 and 104 may include a simple compass and level to
assist users in orientating the portable satellite phones 102
and 104. These simple instruments provide rough attitude
and bearing information for the user so that the portable
satellite phones 102 and 104 may be properly and approxi-
mately orientated at night or in a dense fog situation, for
example. Also, the alarm device 408 may include a mechani-
cal alarm such as a vibrator. This additional alarm mode
enables hearing and/or vision impaired users to be alerted of
antenna beam interference conditions.
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Also, the alarm device 408 may include a mechanical
alarm such as a vibrator. This additional alarm mode enables
hearing and/or vision impaired users to be aleried of antenna
beam interference conditions.

Accordingly, preferred embodiments of the invention as
set forth herein are intended to be illustrative, not limiting.
Various changes may be made without departing from spirit
and scope of the invention as defined in the following
claims.

What is claimed is:

1. A communication system operating with a satellite
network comprising:

a communication terminal coupled to the satellite net-

work; and

a portable terminal that includes a directional antenna,

wherein the portable terminal communicates with the
communication terminal by directing an antenna beam
of the directional antenna toward the satellite network
based on information generated by the portable termi-
nal.

2. The communrication system of claim 1, wherein the
portable terminal tracks the satellite based on a position of
the satellite and portable terminal steering information
including a position, a bearing and an attitude of the portable
terminal.

3. The communication system of claim 2, wherein the
portable terminal determines the portable terminal steering
information based on Global Position System signals and
detected portable terminal steering parameters.

4. The communication system of claim 2, wherein the
portable terminal determines the satellite position by one of
a database of the portable terminal and data transmitted by
the satellite. )

5. The communication system of claim 4, wherein the
database includes orbital-path data for non-geostationary
satellites, the portable terminal determining a position of the
non-geostationary satellites based on the orbital-path data
and a clock of the portable terminal.

6. The communication system of claim 2, wherein a
communication between the portable terminal and the sat-
ellite is hand-off to a communication between the portable
terminal and another satellite.

7. The communication system of claim 6, wherein the
hand-off is performed by one of snapping the antenna beam
and bridging the antenna beam.

8. The communication system of claim 7, wherein the
snapping the antenna beam is performed after one of the
satellite and the another satellite transmits a time-sync
signal. .

9. The communication system of claim 1, wherein the
satellite network comprises at least one satellite.

10. The communication system of claim 8 wherein the at
least one satellite includes at least one of a geostationary
earth orbit satellite, a medium altitude earth orbit satellite, a
low altitude earth orbit saiellite, an intermediate circular
orbit satellite and a geo-helio synchronous orbit satellite.

11. The communication system of claim 9, wherein the at
least one satellite includes at least two satellites, the at least
two satellites communicate with each other to form a first
portion of a2 communication path between the portable
terminal and the communication terminal.

12. The communication system of claim 11, wherein one
of the at least one satellite communicates with a ground
based communication network to form a second portion of
the communication path between the portable terminal and
the communication terminal.

13. The communication system of claim 12, wherein the
ground based communication network is a telephone switch-
ing network coupled to a plurality of fixed terminals and a
plurality of movable terminals.
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14. The communication system of claim 13, wherein the .
ground based communication network is a data switching
network connected to a plurality of data terminals.

15. The communication system of claim 11, wherein one
of the at least one satellite communicates with the commu-
nication terminal directly to form a second portion of the
communication path between the portable terminal and the
communication terminal.

16. A method for operating a communication system,
comprising:

coupling a portable terminal with a satellite network via

an antenna beam of a directional antenna; and
establishing communications between the portable termi-
nal and a communication terminal.

17. The method of claim 16, further comprising tracking
the satellite based on a position of the satellite and portable
terminal steering information including a position, a bearing
and an attitnde of the portable terminal.

18. The method of claim 17, further comprising handing-
off from a communication between the portable terminal and
the satellite to a communication between the portable ter-
minal and another satellite.

19. The method of claim 18 wherein the handing-off step
comprises one of snapping the antenna beam and bridging
the antenna beam.

20. The method of claim 19, wherein the snapping step
comprises transmitting a time-sync signal by one of the
satellite and the another satellite.

21. The method of claim 17, further comprising deter-
mining the portable terminal steering information based on
Global Position System signals and detected portable ter-
minal steering parameters. :

22. The method of claim 17, further comprising deter-
mining the satellite position by one of a database of the
portable terminal and data transmitted by. the satellite. -

23. The method of claim 17, wherein the database
includes orbital-path data for non-geostationary satellites,
the portable terminal determining a position of the non-
geostationary satellites based on the orbital-path data and a
clock of the portable terminal.

24. The method of claim 16, wherein the satellite network
comprises at least one satellite.

25. The method of claim 24, wherein the at least one
satellite includes at least one of a geostationary earth orbit
satellite, a medium altitude earth orbit satellite, a low
altitude earth orbit satellite, an intermediate circular orbit
satellite and a geo-helio synchronous orbit satellite.

26. The method of claim 24, further comprising forming
a first portion of a communication path between the portable
terminal and the communication terminal, wherein the at
least one satellite includes at least two satellites, the at least
two satellites communicate with each other to form the first
portion of the communication path.

27. The method of claim 26 further comprising forming a
second portion of the communication path between the:
portable terminal and the communication terminal by link-
ing with a ground based communication network.

28. The method of claim 27, wherein the ground based
communication network is a telephone switching network
coupled to a plurality of fixed terminals and a plurality of
movable terminals.

29. The method of claim 27, wherein the ground based
communication network is a data switching network con-
nected to a plurality of data terminals.

30. The method of claim 26, further comprising forming
a second portion of the communication path between the
portable terminal and the communication terminal by link-
ing directly with the communication terminal.

*® k¥ * %
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57} ABSTRACT

A, video-to-facsimile signal converter includes means
for receiving and converting a video signal representing
a continuous tone video image to a facsimile signal for
transmission to and reception by a facsimile receiver for
simulation of the continuous tone video image. An ana-
log-to-digital converter receives and converts an analog
video signal to digital video data which is captured by
a video data two-field buffer. A digital signal processor,
in conjunction with 2 memory Iook-up table, processes
the captured video data by: interpolating the video data
from the video resolution up to a higher facsimile reso-
lution; selectively enhancing the image by sharpening
image edges; precompensating the interpolated video
data by altering its contrast transfer function; and dith-
ering the interpolated and precompensated video data
to produce video pel data blocks which correspond to
the original video pixel data blocks and have similar
composite gray-scale values. A facsimile encoder then
encodes the interpolated, precompensated and dithered
video ‘data in accordance with the CCITT Group 3
facsimile standard. A MODEM and data access ar-
rangement couple the facsimile-encoded signal onto a
telephone line for transmission to and reception by a
facsimile receiver for simulating the original continuous
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1
VIDEO-TO-FACSIMILE SIGNAL CONVERTER

BACKGROUND OF THE INVENTION

1. Field of the Invention 5

The present invention relates to video signal proces-
sors, and in particular, video signal processors for re-
ceiving and converting a video signal having multiple
bits per pixel and representing a continuous tone video
image to a facsimile signal having a single bit per pixel
for transmission to and reception by a facsimile machine
for producing a hard copy representation of the contin-
uous tone video image.

2. Description of the Related Art

As the sophistication and capabilities of video system
components such as video cameras and tape recorders
-have increased and their costs have decreased, uses for
such components to capture and retain visual images in
the form of video signals have increased in both number
and form. Two uses in particular have become substan-
tially more widespread. One use involves the capture
and retention -of visual images for use at a later time.

—

0

"Video signal recorders, such as video tape recorders,

video cassette recorders or video disks, have served 25
quite well for such uses. Another use involves the cap-
ture and transmission of video images for use-at a dis-
tant, e.g. remote, location. This type of use has gener-
ally required some means of signal transmission to con-
vey the video signal representing the visual image to the 30
remote location. Such means of signal transmission
typically include the use of some form of hard-wired
video signal transmission medium, such as co-axial ca-
ble, or a radio frequency (“RF”) transceiver. The for-
mer if often unwieldy or impractical, particularly over 35
long distances, while the latter is often expensive and
subject to-restricted and heavily regulated RF spectrum
allocations. !

Other means for conveying video signals which has
been used with some success are telephone networks. 40
By converting the subject video'sigial to:a digital video. .-
signal consisting of video pixel data and coupling it onito
a telephone line via a modulator-demodulator
("MODEM”), the video information can be: transmit-
ted, albeit slowly, to many possible locations. At the 45
receiving end, the video pixel data can be retrieved with
another MODEM ard processed as needed for viewing
on a video monitor or storage on video tape. Alterna-
tively, the video pixel data, if transmitted in accordance
with an appropriate data standard, can be received bya sp
facsimile machine and “reproduced” in the form of a
hard copy printont.

However, such “reproduction” by a facsimile ma-
chine is not-accurate. A video signal representing a
continuous tone video image, when digitized, contains 55
video pixel data (e.g. eight bits) representing the gray-
scale values, or contrast range, of the continuous tone
video image. However, a facsimile machine is capable
of reproducing pel data (j.e. single bit) only, which may
be thought of as a single bit per pixel. Accordingly, 60
some form of “thresholding” is often performed to con-
vert the video pixel data to video pel data for use by the
facsimile machine. However, this generally results in a
reproduced video image having a flat or grainy appear-
ance. One technique which has been used with varying 65
success to avoid this flat image appearance is “dither-
ing.” In “dithering,” for each selected group of original
pixels a group of corresponding pels is produced, which
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as a group, has a composite gray-scale value similar to
that of the original group of pixels.

Accordingly, it would be desirable to have a video-
to-facsimile signal converter for receiving and convert-
ing a video signal representing a continuous tone video
image to a facsimile signal suitable for transmission to
and reception by a commercial facsimile machine for
more accurately “reproducing” the continuous tone
video image by way of a hard copy printout.

SUMMARY OF THE INVENTION

A video-to-facsimile signal converter in-accordance
with the present invention receives and converts a
video signal representing a continuous tone video image
to a facsimile signal suitable for transmission to and
reception by a facsimile receiver for simulating the
continuous tone video image. The present invention
includes means for selective data interpolation, image
processing, signal contrast alteration, pixel-to-pel data
signal conversion and encoding, as well as means for
providing appropriate control signals for each of these
operations. - :

The data interpolator, in accordance with a conver-
sion control signal, receives and interpolates a pixel data
signal representing the continuous tone video image by
converting the size of the video image to a size appro-
priate for a facsimile printout. The image processor
means selectively processes the pixel data signal to pro-
vide the desired image (e.g. sharpened, negative, con-
tour-mapped) for printing out on a facsimile machine.
The signal contrast alternation means, in accordance
with a conversion control signal, receives and selec-
tively alters the interpolated pixel data signal to selec-
tively alter its contrast transfer function. The pixel-to-
pel data signal converter, in accordance with a conver-
sion control signal, receives and converts the interpo-
lated- and selectively altered pixet data signal to a pel
data signal. The pel data signal has a composite gray-
scale value when viewed over a block of pels which
closely approximates the composite gray-scale value
over the corresponding block of pixels. The encoder, in
accordance with.a conversion control signal, encodes
the pel data signal according to a selected facsimile
encoding standard to produce a facsimile standard sig-
nal. A preferred embodiment of the present invention
uses a digital signal processor as the means for selective
data interpolation, image processing, signal constrast
alteration, pixel-to-pel data signal conversion and en-
coding, with a memory as the means for providing
appropriate control signals for each of these operations,

These and other features and advantages of the pres-
ent invention will be understood upon consideration of
the following detailed description of the invention and
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram of a video sys-
tem using a video-to-facsimile signal converter in accor-
dance with the present invention. .

FIG. 2A is a functional block diagram of a video-to-
facsimile signal converter in accordance with the Ppres-
ent invention.

FIG. 2B is a flowchart representing the video-to-fac-
simile signal conversion performed by the video-to-fac-
simile signa! converter of FIG. 2A.

FIG. 3A is a functional block diagram of an exem-
plary bilinear interpolation operation for the video-to-
facsimile signal converter of FIG. 2A.
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FIG. 3B is a functional block diagram of an exem-
plary bicubic interpolation operation for the video-to-
facsimile signal converter of FIG. 2A.

FIG. 3C illustrates the frequency domain response of
an_exemplary bicubic interpolation operation for the
video-to-facsimile signal converter of FIG. 2A.

FIG. 3D illustrates the time domain response of an

5

exemplary bicubic interpolation operation for the

video-to-facsimile signal converter of FIG. 2A.

FIG. 4A illustrates the frequency response of an ex-
emplary image enhancement operation for the video-to-
facsimile signal converter of FIG. 2A. .

FIG. 4B illustrates the two-dimensional filter coeffi-
cients for an exemplary image enhancement operation
for the video-to-facsimile signal converter of FIG. 2A.

FIG. 4C illustrates the relative time domain responses
for the video-to-facsimile signal converter of FIG. 2A
with and without an image enbancement operation.

FIG. 4D illustrates the composite frequency re-
sponses for the video-to-facsimile signal converter of
FIG. 2A with an mterpolanon operation only, and with
both interpolation and image enhancement operations.

FIG. 5A illustrates an exemplary contrast alteration
curve representing the transfer function of the contrast

10

15

20

alteration operation of the video-to-facsimile signal 25

converter of FIG. 2A.

FIG. 5B is a functional block diagram of an exem-
plary contrast alteration means for the video-to-fac-
simile signal converter of FIG. 2A.

FIG. 6 is a functional block diagram of the operation 30

of an error diffusion algorithm used for a pixel-to-pel
data conversion operation for the video-to-facsimile
signal converter of FIG. 2A.

DETAILED DESCRIPTION-OF THE
INVENTION

Referring to FIG. 1, a video system 100 using a
video-to-facsimile signal converter in accordance with
the present invention includes a video signal processing

35

section 102, a video signal conversion section 104 and a 40

user interface 105. As discussed further below, normal
operation of the video system 100 will include use of a
video source 106. a video monitor 108 and a facsimile
receiver 110.

The video processor section 102 includes a: video 45

switch 112; analog-to-digital converter (“ADC”) 114;
phase-locked loop (“PLL") 116; frame-to-fields separa-
tor 118; two-field buffer 120; fields-to-frame combiner
122; first-in, first-out memory (“FIFO”) 124; and digi-
tal-to-analog converter (“DAC”) 126. The video switch
112 reccives a plurality of video input signals 1284,
1285, 128¢, which can be video signals in accordance
with a number of formats (e.g. NTSC or PAL in color
or monochrome), and a switch control signal 113. Any
of these video input signals 128, 1285, 128c can come
fromi virtually any type of video source 106. The video
source 106 can be of many different types, such as a
video camera 1064, video tape recorder 1065, video disk
player 106¢ or a demodulator 106d which receives some
form of over-the-air video broadcast signal. The switch
contro! signal 113, received from the video signal con-
version section 104 (discussed further below)," deter-
mines which video input signal 128, 1285, 128¢ is se-
lected.

The selected video signal 130 from the video switch
112 is received by the ADC 114 and PLL 116. The PLL
116, based upon its input video signal 130, generates a
synchronization signal 131 for the ADC 114. The ADC
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4
114 samples (at a sampling frequency Fs of approxi-
mately 9.7 MHz) and converts its input video signal 130
to a 8-bit wide digitized monochrome video signal 132.
Each 8-bit word within this signal 132 represents a
pixel, and therefore provides a 256-value gray-scale.

The digitized video signal 132 is received by the
frame-to-fields separator 118. The frame-to-ficlds sepa-
rator 118 allows the two fields which make up a video
frame 10 be treated separately. Video data 134 repre-
senting both fields can be stored in the two-field buffer
120, and can provide a deinterlaced frame image. Alter-
natively, video data 134 representing one field (either
odd or even) can be selected and used as the representa-
tion of the original video image. The buffered two-field
video data 136 is received by the fields-to-frame com-
biner 122 for selective recombination. This allows for
the display of cither a correct, i.e. interlaced, two-field
frame or a frame made up of two copies of one field
(odd or even).

The video frame data 138 is received by the FIFO
124 and DAC 126. The FIFO 124 receives and stores
several selected lines (as desired) from this video frame
data 138 and provides corresponding, selectively de-
layed output video data 140 on a first-in, first-out basis.
The DAC 126 converts the digital video frame data 138
to an analog video signal 142 for reception and display
on'a video monitor 108. This allows the user of the
system 100 to view the video information which is being
processed by. the video processing section 102 and con-
verted by the video converting section 104.

Although “in ‘the preferred embodiment described
hcrem the dlgmzed 13 d_subsequently processed
i I{reprsent monochrome

ADC 114 can Altemanvcly be:designed to sample and
convert -@n analog color input video signal“130 to a
digital color signal. For example, this digital: ¢olor sig-
nal can include three 8-bit:wide digitized video signals
(in serial ‘or-parallel) which reépresent red, green and -
blue video information. Each group of three 8-bit words -
within ‘'such a’color signal -would represent the red,
green and blue color components 6f'a pixel; The color
components-could be those of any system used to repre-
sent color; ‘such- -85 RGB, YUV (PAL) or CYMK.

The.yideo converter section 104, includes a: digital
signal processor (“DSP")“150; ‘program memory (€.g.
EPROM) 152 data memory (e £. RAM) 154; facsimile
MODEM156; RS-232 interface 158; and a'data access
armngcment (“DAA") 160.°A ‘data bus 162 is: dAncluded .
for receiving the data 140 from the FIFO 124 (in the
video processing section 102, as discussed above) and
for transferring -data among the DSP 150, program
memiory 152, data memory 154, facsimile MODEM 156
and RS-232 interface 158. An address bus 164 is in-
cluded to allow the DSP 150 to address the FIFO 124,
program memory 152 and data memory 154, as desired.

The data 140 from the FIFO 124, transferred via the
data bus 162, is received by the DSP 150 for processing.
As discussed further below, the DSP 150 processes this
data in accordance with instructions rectived from the
program memory 152 and data received from the data
memory 154 via the data bus 162 and address bus 164.
Once processed, the data is transferred via the data bus
162 to the facsimile MODEM 156 or 'RS-232 interface
158.

The RS-232 interface 158 encodes data received by it

and provides:an’RS:232 dg gnal 166 for external use.

The facsimile MODEM 156, convens (e g- modulates) -
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data received by it for transmission over a telephone
line. The facsimile MODEM 156 provides this con-
verted s:gna] 168 to the data access arrangement 160,
which in turn provides an appropriately coupled fac-
simile signal 170 for transmission over a telephone net-
work 172. As discussed further below, a facsimile re-
ceiver 110, when appropriately addressed, receives a
signal 174 from the telephone network 172 containing
the video information to be simulated in the form of
hard copy printout.

whichi can be: useﬂ mclnde -an

network’ frequencies:

The user interface 105 can be composed as desired of
various devices. In a preferred embodiment, a numeric
keypad and liquid crystal display (*LCD”) are used,
respectively, for inputting data or instructions and dis-
playing data or status information. Alternatively, other
devices can be used as desired, such as an alphanumeric
keypad and a CRT video display screen.

Referring to FIG. 2A, the DSP 150 provides means
for mterpolanon 202, image processing 210, pixel-to-pel
conversion 206 and facsimile standard encoding 208 of
the video data 140 received from the FIFO 124. Inter-
nal data bus interfaces 2124, 2125, 212¢, 212d and ad-
dress bus interfaces 2144, 2145, 214¢, 2144 provide ac-
cess to and from the external data bus interface 1622 and
address bus interface 164a, respectively. This access
allows the DSP 150 to receive instructions from the
program memory 152 and data from the data memory
154, as well as address the memories 152, 154, As dis-
cussed further below, in a preferred embodiment, the
interpolator 202, image processor 210, pixel-to-pel con-
verter 206 and facsimile standard encoder 208 represent
operations of software modules which are executed by
the DSP 150 (discussed further below).

The interpolator 202 receives the video data 140 via
the data bus 162 and data bus interfaces 162a, 212a and
interpolates it in accordance with instructions received
from the program memory 152 via the data bus 162 and
data bus interfaces 162b, 1622, 212a (discussed further
below). The image processor 210 selectively receives
the interpolated data via the data bus interfaces 2124,
212d and processes it in accordance with instructions
received from the program memory 152 via the data bus
162 and data bus interfaces 1625, 1624, 212d (discussed
further below). The interpolated and image-processed
data is transferred, via the data bus 162 and data bus
interfaces 2124, 162a, 162¢, to the data memory 154 for
alteration of its contrast range, i.e. dot gain correction
(discussed further below).

In accordance with instructions and data received
from the program memory 152 and data memory 154
via the data bus 162 and address bus 164, respectively,
the interpolated, image-processed and. contrast-altered
data is then retricved from the data memory 154 via the
data bus 162 and data bus interfaces 162¢, 162q, 2125,
and processed by the pixel-to-pel converter 206 for
conversion to pel data (discussed further below). The
pel data, i.e. dithered data, is transferred to the data
memory 154 for temporary storage prior to its encoding
by the facsimile standard encoder 208.

In accordance with instructions and data received
from the program memory 152 and data memory 154
via the data bus 162 and address bus 164, respectively,
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the pel data is then retrieved from the data memory 154
via the data bus 162 and data bus interfaces 162c, 1624,
212¢, and encoded according to a facsimile standard.
The facsimile standard-encoded pel data is then sent to
the data bus 162 for transfer to the facsimile MODEM
156 or RS-232 interface 158.

In a preferred embodiment of the present invention,
the facsimile standard encoding 208 is done in accor-
dance with CCITT Group 3 (Recommendations T.4
and T.30). The time sequence of the facsimile standard-
encoded pel data is as shown below in Chart 1.

CHART |
In-message

< procedure >
Phase Cl
Phase C2
Message

étnnsmmon ;
&~——Facsimile procedure >,

Facsimile call

Phase B Phase E

<
~

LActivity progress s,

During phase B of the above-identified time se-
quence, the initiation of and handshaking for the facsim-
ile message can be performed in accordance with the
capabilities of the sending and receiving equipment as
outlined in Recommendation T.30, part of which is
shown below in Table 1.

~
>

TABLE 1
_CCITT Group 3 Facsimile Standard_
From Receiver From Transmitter
Bit No. DIS/DTC DCS
1 Transmitter - T.2 crpenuon
2 Receiver - T2 -T2
operation
3 T.210C = 176 T210C = 176
4 Transmitter - T.3 operation
5 Receiver - T.3 op Receiver - T.3
operation
6 Reserved for future T.3
operation features
7 Reserved for future T.3
operation features
8 Reserved for future T.3
operation features
9 Trapsmitter - T.4 operation
10 Receiver - T.4 operation Receiver - T4
: operation
11,12  Data signalling rate Data signalling rate
0.0) V27 ter fallback mode 2400 bit/s V.27 ter
©1) V27ter 4800 bit/s V.27 ter
(10 V29 9600 bit/s V.25
(1,1) V27terand V.29 7200 bit/s V.29
13 Reserved for new modulation
. system
14 Reserved for new modulation
system
15 Vertical resolution = Vertical
1.7 line/mm resolution = 7.7
line/mm (200 dpi)
16 Two dimensional coding Two dimensional
capability coding
17,18 Recording width capabilities Recording width
(0,0) 1728 picture elements along 1728 picture
scan line length of 215 mm 3= elements along
1% scan line length
of 215 mm + 1%
(0,1) 1728 pictore elements along 2432 picture
scan line length of 215 mm = elements along
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TABLE I-continued
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TABLE I-continued

CCITT Group 3 F:

imile Standard

From Receiver

From Transmitter

CCITT Group 3 Facsimile Standard

From Receiver

From Transmitter

Bit No. DIS/DTC DCS 5 BitNo. DIS/DTC DCS
1% scan line length 40 Extend field Extend field
2048 picture elements along of 303 mm + 1%
scan line ) f 255 +
g o of 235 mm - Referring to FIG. 2B, a simplified software flowchart
2432 picture elements along depicting these operations in accordance with the fore-
s line length of 303 mm + 10 going discussion is illustrated. This flowchart represents
(1,0) 1728 picture elements along 2048 picture ghe sequence of operations Perfomed by _th; DSP 150
scan line length of 215 mm = elements along in accordance with instructions stored within the pro-
1% and scan line 255 mm gram memory 152 (discussed further below).
ﬁ&“‘;:;’h“:;“gsﬂg L, % The interpolation operation discussed above inserts
1% - 15 new pixel data in between existing pixel data by interpo-
(1,1)  Invalid Tnvalid lating adjacent pixel data, typically in a bilinear (two-di-
19,20 an:ntym recording fength mm recording mensional linear) or bicubic (two-dimensional cubic)
capab fashion. The two-dimensional interpolation (bilinear or
23’?; G:ﬁ(ﬁ:m g G:ﬁgm) bicubic) is performed in two one-dimensional passes, i.c.
(1,0) A4 (297 mm) and B4 (364 mm) B4 (364 mm) 20 first horizontally (inter-pixel) and then vertically (inter-
(1)  Invalid o Invalid line). For example, in the case where 512 pixels on each
2L 22 Minimum scan ine time Minimum scan line are to be expanded to 1728 pixels, the original 512
oo zouplbmhms .tys IB A 17 n:l::elvcf 20:&15 e - pixels are first interpolated horizontally to produce
" Ty3=Taes 1728 pixels with a concommittant reduction in the indi-
©0,1) 40 ms at 3.85 I/mm: 40 ms 25 vidual pixel spacing (i.e. to 5111727), as depicted below
Tr7 = Tags in Chart 2. )
©,1,0) 10 ms at 3.85 1/mm: 10 ms
T17 = Tass .
(1,00) 5 msat3.85 I/mm: Sms CHART 2 .
Ty = Tags 1 2 3 511 512
©11) 10msat385 I/mm: 30 INPUT [ } \—/ /—1 ]
Tya= 4 T3ss PIXELS
(1L1,0) 20 ms at 3.85 1/mm: .
Tr7=1Tsss 1 2 3 4 1727 1728
(1,0,1) 40msat 3.85 I/mm: OUTPUT  |—|——|——/ f—}—]
Ly g"’ = g;;rssg 0 PIXELS | l
1, ms st 3.85 1/mm: * ms 35 —>! <—511/1727
Ty3 = Ta, .
24 Extend ﬁelzs Extend field
25 2400 bit/s handshaking 2400 bit/s For bilinear interpolation of each interpolated pixel
26 Uncompressed mode ',';::;’“‘;';id mode N, where Ne{0,1,2, . . . ,1727}, adjacent input pixels P
2 Eror comrection eade Error comrection wode 4, 20d P+1 are used, where P=INT[N(511)/1727)}, and
28 Setto“D" Frame size 0 40 INT(X/Y)=integer value of the quotient X/Y. Thus, in
;—- 25;4 octets the case of the 1000th pixel, i.e. N=1000, pixel 295
. = 04 octets (INT{1000(511)/1727)] =295) and pixel 296
B Reervedfor Gt opabilty  Rewposfocon . ANTI1000(511)/1727)]+1=296) are used. Since the
on PSTN capability on PSTN quotient [1000_(51_.1)/1727)]=295.8_9, the interpolation
31 Unassigned can be done within the DSP 150 via the simpie compu-
32 Extend field Extend field tation:
33 V:luhty of bits 17: 18 Rword::ng w?dﬂ:
©  Bits 17, 18 are valid Reca ’g‘ﬁ;""‘h N=(PIXEL #295X1—0.89)+-(PIXEL #296)0.89)
bits 17, 18
() Bits 17, 18 arc invalid Recording width indi- 30 Alternatively, a look-up table within the data mem-
m by this field ory 154 can be used, wherein a finite number of interpo-
) ormation Iation coefficients can be stored for vse as needed. An
34 Recording width capabili Middle 1216 elements - s . : :
1216 pimsre elements .;;:.);; of 1728 pictu:em exemplary table of bilinear interpolation coefficients for
scan line length of 151 mm = elements the present invention are listed below in Table 2. In the
1% 55 foregoing example for N=1000, entry #7 from Table 2
35 gggtgge‘:lf:;:ﬂg e :fc‘t clements would be used, i.e. coefficients 0.109375 and 0.890625,
scan line length of 107 mm =  elements selected as follows: ’
1% .
36 Recording width capabilit Invalid . .
1726 pictire clemeats along €0 @+ - INGI/ITT] = 296 — (1000111720
scan line length of 151 mm = =296 - 29589
1%
37 Rc‘v.:ording width capability Invalid =0n
1728 picture clements along
s,t;m line length of 107 mm = O.11(¥ of cocfficient entries) = 0.11(64)
3’ R:served for future recording 65 =71
width capability . _
39 Reserved for future recording Nearest integer to 7.11 = 7
width capability
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where: -
N=(PIXEL #295)(0.109375)+- (PIXEL
#296)(0.890625) )
TABLE 2
BILINEAR INTERPOLATION COEFFICIENTS
Entry Ly Lp Entry Ly Lp
0 00 1.0 2 05 0.5
1 0015625 0984375 0.515625 0484375
2 003125 096875 0.53125 046875
3 0.046875 0953125 35  0.546875 0453125
4 0.0625 0.9375 : 0.5625 04375
5 0078125 0.921875 0.578125 0421875
6 009375  0.90625 0.59375 0.40625
7 0.109375  0.890625 - 0.609375 - 0.390625
8 0.125 0.875 40 0.625 0.375
9  0.140625 0.859375 0.640625  0.359375
10 0.15625 0.84375 0.65625 1 0.34375
0171875 0.828125 0671875  0.328125
0.1875 0.8125 0.6875 03125
0203125 0.796875 45 0703125  0.296875
021875  0.78125 0.71875 0.28125 -
15 0.234375  0.765625 0.734375 0.265625
025 s 0.75 0.25
0265625 0.734375 0.765625 0234375
028125 0.71875 50 Q.78125 0.21875
0296875 0.703125 0.796875 0.203125
20 03125  0.6875 0.8125 001875
0328125 0.671875 0.828125 0171875
034375  0.65625 0.84375 0.15625
0.359375  0.640625 55 0.859375  0.140625
. 0.375 0.625 0.875 0.125
25 0.390625 0.609375 0.890625 0.109375
040625  0.59375 0.90625 0.09375
0421875 0.578125 0921875  0.078125
04375  0.5625 @ 09375 0.0625
0.453125 0.546875 0953125 0.046875
30 046875 053125 096875  -0.03125
31 0484375 0.515625 63  0.984375 0.015625

Referring to FIG. 3A, the operation of an exemplary
bilinear interpolator 202« is depicted. Incoming, non-
interpolated pixel data 332, received via the data bus
interface 212q, is horizontally interpolated by a horizon-
tal linear intérpolator 334. The horizontally interpo-
lated pixel data 336 is received and vertically interpo-
lated by a vertical linear interpolator 338. The horizon-
tally-and vertically interpolated pixel data 340 is then
available for transfer to the data memory 154 for témpo-
rary storage, as discussed above. The pixel coefficients
P1, P2, L1, L2 (discussed above) are selectively pro-
vided in accordance with instructions and addressing
received via the data bus interface 212z and address
interface 214 from the program memory 152 and data
memory 154.
Referring to FIG. 3B, the operation of an exemplary
bicubic interpolator 2025 is depicted. Incoming, non-
interpolated pixel data 362, received via the data bus
interface 212a, is horizontally interpolated by a horizon-
tal cubic interpolator 364. The horizontally interpolated
pixel data 366 is received and vertically interpolated by
a vértical cubic interpolator 368. The horizontally and
vertically interpolated pixel data 370 is then available
- for transfer to the data memory 154 for temporary stor-
age, as discussed above. The pixel coefficients P1, P2,
P3, P4, L1, L2, L3, 14 (discussed further below) are
selectively provided in accordance with instructions
and addressing received via the data bus interface 2124
and address interface 2142 from the program memory
152 and data memory 154.
It should be understood that the time delays repre-
sented by the “pixel delay” blocks in FIGS. 3A and 3B
are not required as discrete elements or operations if the
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the data memory 154 at the appropriate times. Further,
the time delays represented by the “line delay” blocks
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horizontally interpolated pixel data is temporarily
stored in and retrieved from the data memory 154 at the
appropriate times.

_Using the example discussed above for bilinear hori-
zontal interpolation of 511 pixels to 1728 pixels, bicubic
horizontal interpolation of interpolated pixel N uses
adjacent input pixels P—1, P, P+1 and P42, where
P=INT[N(511)/1727)], and INT(X/Y)=integer value
of the quotient X/Y. Thus, in the case of the 1000th

pixel, ie N=1000, pixel 294
(INT[1000(511)/1727)] —1=294), pixel 295
(NT[1000(511)/1727)]=295), pixel 296
(NT[1000(511)/1727)] + 1=296) and ~ pixel 297

(INT[1000(511)/1727)]+ 2=297) are used.

The bicubic interpolation coefficients are stored in
the data memory 154 for access and use by the DSP 150
as needed. An exemplary table of bicubic interpolation
coefficients for the present invention are listed below in
Table 3. In accordance with the discussion above for
the example of N==1000, entry #7 from Table 3 would
be used, i.e. the four coefficients —0.0072528, 0.100095,
0.978025 and —0.070867 (selected as shown above). .

TABLE 3
BICUBIC INTERPOLATION COEFFICIENTS
Entry Cu4 Cp Ce Cp
0 00 00 1.0 00
1 —0.000150545 0.0125718  0.999548 —0.0119695
2 —0.000601546 0.0257377 0.998194 ~0.0233
3 —00013511  0.0394882  0.99593¢ —0.0340764
4 ~0.00239604 00538123  0.992789 —0.0442049
5 —000373195 0.0686975 0.988748 —0.0537132
6 -000535317 0.0841302 0983823 ~—0.0626003
7 —0.0072528  0.100095 0.978025 —0.070867
8 ~0.00942276 0.116575 0971363 —0.078515
9 —00118537 0.133553 . 0963848 —0.0855479
10 -00145353  0.15101 0955496 ~0.0919704
—00174559  0.168924 0.94632 —0.0977885
—0.0206028  0.187275 0.936338 -0.10301
—00239622  0.206039 0.925566 —0.107643
—00275194  0.225192 0.914025 —0.111698
15 ~00312586 024471 0.901734 ~0.115185
—00351631  0.264565 0.888716 -0.118118
—00392151  0.284731 0.874995 ~0.12051
—0.0433963  0.305179 0.860593 —0.122376
~0.0476873  0.325881 0.845537 -0.12373
20 -0.0520681  0.346806 0.829853 —0.124591
~0.0565178  0.367923 0.813569 —0.124975
—00610151 0389202 0796713 —0.124901
—0.065538 0.41061 0.779316 —0.124388
—00700639 0432114  0.761406 ~—0.123456
25 —~0.0745699  0.453682 0.743015 —0.122127
—00790326 0475278 0.724175 ~0.120421
—0.0834282  0.496871 0.704918 ~0.118361
—00877326 0518424  0.685278 ~0.115969
-0.0919218  0.539904 0.665287 —0.113269
3o —0.0959713  0.561275 0.64498 -0.110284
—0.0998566 0.582503  '0.62439 —~0.107037
—0.103553 0603553  0.603553 ~0.103553
=0.107037  0.62439 0.582503 ~0.0998566
=0.110284 0.64498 0.561275 —0.0959713
35 —0.113269 0665287  0.539904 ° —0.0919218
~0.115969 0.685278 0.518424 —0.0877326
—0.118361 0.704918 0496871 ~0.0834282
—0.120421 0.724175 0475278 —0.0790326
39 =0.122127  0.743015  0.453682 —0.074569%
40 ~0.123456  0.761406 0432114 —0.0700639
41 —0.124388  0.779316 041061 ~-0.065538
—0.124901 0.796713 0.389202 —0.0610151
—0.124975 0.813569 0.367923 ~0.0565178
—0.124591 0.829853 0.346806 —0.0520681
45 —0.12373 0.845537 0.325881 ~0.0476873
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TABLE 3-continued .
BICUBIC INTERPOLATION COEFFICIENTS
Entry Cy Cp Cc Cp
—0.122376 0860593  0.305179  —0.0433963
~0.12051 0874995 0284731  —0.0392151
—0.118118 0888716  0.264565  —0.0351631
~0.115185 0901734 024471 —0.0312586
5  ~0111698 0914025 0225192  —0D.0275194
—0.107643 0925566 0206039  —0.0239622
—0.10301 0936338  0.187275  —0.0206028
—0.0977885  0.94632 0.168924  —0.0174559
~0.0919704 0955496  0.15101 —0,0145353
55  —00855479 0963848  0.133553  —0.0118537
—0.078515 0971363 0116575  —0.00942276
—0.070867 0978025  0.100095  —0.0072528
~0.0626003 0983823  0.0841302 —0.00535317
~00537132 0988748  0.0686975  —0.00373195
6  —0.0442049 0992789 00538123  —0.00239604
—0.0340764 0995939 00394882 —0.0013511
—0.02333 0998194 00257377  —0.000601546
63  —00119695 0999548 00125718  —0.000150545

Referring to FIG. 3C, the filtering effect of the bicu-

10

15

bic interpolation in the frequency domain is shown, The -

. amplitude versus frequency function is similar to that of

alow-pass filter. During bicubic interpolation, the prod-
uct of this function and the function representing the
frequency response of the incoming pixel data provides
the ontput, i.e. interpolated, pixel data.

Referring to FIG. 3D, the filtering effect of the bicu-
bic interpolation in the time domain is shown. Also
shown are the graphical relationships between the input
pixels and the corresponding interpolation coefficients’
values. Here in FIG. 3D, input pixels A, B, C, and D
would correspond to pixels 294, 295, 296 and 297, re-
spectively, as discussed in the example above. During
bicubic interpolation, the convolution of this function
and the incoming pixel data provides the outpuit, i.c.
interpolated, pixel data (Ca-
V4+CpVp+CcVc+CpVp).

The image processing 210 performed can be of sev-
eral various types, such as video data inversion, contour
mapping or contrast manipulation. Video data inversion
would provide for a “negative” image. Contour map-
ping would involve the application of mu]tlple thresh-
olds to the video data for providing an image with more
ofa steppod gray-scale, or for a]lowmg the detection of
changes in a scene being monitored using simple com-
parison techniques. One form of contrast manipulation
can involve the changing of the video data contrast
transfer function to expose image details otherwise hid-
den in shadows or a dark scene.

In a preferred embodiment of the present invention,
the image processing 210 performed is image enhance-
ment, which is done in two dimensions. As seen in FIG.
4A, the one-dimensional frequency response of the
image enhancement is amplification of data signal am-
plitudes at the frequencies closely adjacent to half of the
sampling frequency (Fs/2) of the ADC 114. As seen in
FIG. 4B, a two-dimensional filter is used where, in both
the horizontal and vertical filtering, the current input
pixel data undergoing enhancement is multiplied by a
coefficient of 2.0 and the immediately adjacent horizon-
tal and vertical pixels’ data are each multiplied by a
coefficient of —0.25. The sum of these products pro-
vides the image-enhanced pixel data.

Referring to FIG. 4C, the effect of the image en-
hancement can be seen in the time domain. The edges of
an image are sharpened in the sense that data amplitude
transitions are rendered more steep, i.e. faster. The ef-
fect in the frequency domain, as shown in FIG. 4D, is to
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increase the frequency at which the response begins to
roll of, i.e. increase the effective low-pass filter band-
width ‘as compared to that of interpolation only (dis-

cussed above).

Referring to FIG. 5A, an exemplary output versus
input transfer function is illustrated graphically for the
contrast alteration, or dot gain correction, process per-
formed by the DSP 150, program memory. 152 and data
memory 154, as discussed above (FIG. 2A). As seen in
FIG. 5A, the transfer function, normally a linear output
versus input relationship, is selectively altered to cause
input pixel information having medium gray-scale val-
ues to be darkened. This type of altered transfer func-
tion can be computed or derived semi-empirically to
give the best results with a gray-scale ramp input as the
test image. Further, this type of altered transfer function
represents the inverse of the typical nonlinear charac-
teristics of a typical facsimile printing mechanism,
thereby providing a form of precompensation for the
video image data to be printed thereby.

Referring to FIG. 5B, a preferred unplementatmn of
the aforementioned contrast alteration process includes
a look-up table 452 which is constructed within a por-
tion of the data memory 154. The interpolated pixel
data 454 is received via the address bus 164 and address
bus interface 164c and serves as the input address(es) for
the look-up table 452. The accessed data 456 has values
which are in accordance with the desired transfer func-
tion, as discussed above (FIG. 5A). This data 456 is
conveyed via the data bus interface 162¢ to the data bus
162 for transfer to the DSP 150 and conversion by the
pixel-to-pel converter 206 as discussed above (FIG.
2A). .

It should be understood that, since the look-up table
452 uses only a portion of the data memory 154 and that
portion need not necessarily begin at address location
*“zero,” the input addresses, i.e. the interpolated pixel
data 454, can include an address offset. The address
offset would increment the address values appropriately
to access that portion of the data memory 154 constitut-
ing the look-up table 452. The address offset can be
generated and added to the interpolated pixel data 454
by the DSP 150, with the result placed onto the address
bus 164.

As initially discussed above, the pixel-to-pel con-
verter 206 receives and converts pixel data to pel data.
This process, often referred to as “dithering,” can be
performed in accordance with a number of techniques.
Three techniques, as discussed below and represented in
Matrices 1-3 below, involve using a: 45" Classical
Screen (Matrix 1); Line Screen (Matrix 2); or Spiral-
Dot Screen (Matrix 3). A more detailed discussion re-
garding these techniques can be found in R. Ulichney,
“Digital Halftoning,” pp. 77-126, MIT Press 1987 (in-
corporated herein by reference).

Referring to Matrix 1 below, the 45° Classical Screen
mimics the 50-100 lines per inch screen traditionally
used in printing a continuous tone image in newspapers
or magazines. The triangularly-shaped nimerical arrays
are replicated over the entire image, thereby giving a
superimposed screen which alternates from light to
dark, 50-100 times per inch. The number within the
numerical arrays are threshold values to which the 8-bit
pixel’s gray-scale value are compared one at a time to
resolve 19 (Matrix 1(a)) or 33 (Matrix 1(b)) gray levels.

The incoming pixel data is compared with the corre-
sponding threshold value within the superimposed
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threshold numerical array, and if the pixel value is less
than the threshold value, a black dot is printed. Con-
versely, if the pixel value is greater than the threshold
value, no black dot is printed. In this way, each pixel
(8-bit) is converted to a pel (1-bit) which the receiving
facsimile machine 120 (FIG. 1) can print out either as a
black dot, or as the absence of a black dot. The resulting
image, now seen through the superimposed Classical
Screen, consists of pels, i.e. 1-bit pixels.

) MATRIX I:
Threshold Arrays for 45° Classical Screens
@M = 3 (19 levels of gray with 8-bit pixel values
over range of 0-255)

R
27115 243 .
3440|187 2m 216
134 162 148|121 94-108]134
24329081 13 27

ilﬂ6754

134

() M = 4 (33 levels of gray with 8-bit pixel values
over range of 0-255)

147
. 78 {217 225 .
16 85{209 248 240 .
54 62 116|186 202 194 140}
147 163 155 132]109 93 101 .124] 147
25233 178 39 31 23 718
.20 1Ml 41 & 16 .

240l 70 4
147

Referring below to Matrix 2, the Line Screen oper-
ates similarly to the Classical Screen, except that the

10

15

25

30

35

superimposed screen is at 0°, rather than 45°. This will 40

produce a final image which is more coarse, but will
reduce the transmission time since the facsimile stan-
dard encoding (discussed further below) operates along
lines. The Line Screen tends to concentrate dots along

lines, whereas the Classical Screen concentrates them in 45 . -

2 45° orientation.

MATRIX 2:

Threshold Array for Line Sereen _
(37 levels of gray with 8-bit pixel values over
range of 0-255)

249 235 221 214 228 242 249
166 152 138 131 145 159 166
83 6% 55 48 62 76. 83

- 42 28 14 7 21 35 42...
125 111 97 90 104 118 125
208 194 180 173 187 201 208
249 235 221 214 228 242 249

Referring below to Matrix 3, the Spiral-Dot Screen
operates in accordance with the foregoing discussion,
with the soperimposed screen oriented at 45°. This
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screen tends to create circular regions of varying inten-
sity, similar to a picture oriented in a typical newspaper.

MATRIX 3:
Threshold Array for Spiral-Dot Screen

(26 levels of gray with 8-bit pixel values over
range of 0-255)

207 217 206 236 246 207

167 158 )48 138 128 16,7
207 217 226 236 246 207

The foregoing screen approaches in accordance with
Matrices 1-3 compare each unmodified pixel within the
image with a threshold value which varies depending
upon the current pixel’s position within the video im-
age. Referring below to Matrix 4, a preferred embodi-
ment of the present invention uses a technique in which
error diffusion is performed in accordance with the
Floyd-Steinberg error propagation theory. Floyd-
Steinberg error diffusion differs from the foregoing
screen approaches in that while each pixel is compared
to a fixed threshold, the pixel value being compared

‘consists of its original value plus an error value propa-

gated from surrounding pixels. When the current pixel
value is greater than the threshold, the error value is
equal to 255 subtracted from the current pixel value. If
the current pixel value is less than the threshold, the
error value is zero. :

MATRIX 4: Error Filter Values

(),

Floyd and Steinberg (1975)
(vectangular grid)
(" represents the current pixel)

Referring to FIG. 6, the pixel-to-pel converter 206
performs pixel-to-pel conversion in accordance with
the Floyd-Steinberg theory, which can be visualized as
shown. The pixel data (interpolated, contrast-altered
and selectively image-enhanced), received from the

data memory 154 (FIG. 2A) via the data bus interface

212, is converted to pel data using a threshold 502,
error filter 504, input adder 506 and output adder 508.
As seen above in Matrix 4, to propagate the pixel error
in accordance with the Floyd-Steinberg theory, 7/16ths
of the error value is added to the next pixel on the same
line, 3/16ths of the error value is added to the pixel on
the line below and one pixel position to the left, 5/16ths
of the error value is added to the pixel directly below,
and 1/16th of the error value is added to the pixel below
and to the right, as shown. The effect of the Floyd-
Steinberg error diffusion is to approximate a gray-scale
value, or tone, within a region by producing the approx-
imate number of black dots which correspond to the
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gray-scale value of the original image, with the dots
spread as randomly as possible so that no particular
structure is visible. :
As initially discussed above, the facsimile standard
encoding of the pel data is in accordance with the
CCITT Group 3 (Recommendation T.4) facsimile stan-

5

dard. In a preferred embodiment of the present inven-

tion, the facsimile standard encoder 208 (FIG. 2A) also
performs one-dimensional modified Huffman encoding
upon the pel data. One-dimensional modified Huffman
encoding is advantageous in that small numbers of bi-
nary digits can be used to represent long runs of black
or white pels.

Each line of data is composed of a series of variable
length code words, each of which represents a run
length of either all white or all black picture elements.
The white and black runs alternate, and a total of 1728

picture elements represent one typical horizontal scan”

line of 215 mm length. To maintain synchronization, all
data lines begin with a white run length code word.
However, if the actual scan line begins with a black run,
2 white run length of zero will be sent. The black or
white run lengths, up to a maximum of one scan line
(1728 picture elements or “pels”) are defined by the
code words in Tables 4 and 5 below.

The code words are of two types: (1) Terminating
Codes; and (2) Make-Up Codes. Each run length is
represented by either a Terminating Code word, or a
Make-Up Code word followed by a Terminating Code

20

25

16
TABLE 4-continued
Terminating Codes
‘White run Black run
length Code Word length Code Word
37 00010110 37 000011010101
38 00010111 38 000011010110
39 00101000 39 000011010111
40 00101001 40 000001101100
41 00101010 41 000001101101
.42 00101011 42 000011011010
43 00101100 43 000011011011
44 00101101 44 000001010100
45 00000100 45 000001010101
46 00000101 46 000001010110
47 00001010 47 0000010101 1%
48 00001011 48 000001100100
49 01010010 49 000001100101
50 01010011 50 000001010010
51 01010100 51 000001010011
52 01010201 52 000000100100
53 00100100 53 000000110111
54 00100101 54 000000111000
55 01011000 55 000000100111
56 01011001 56 000000101000
57 01011010 57 00000101 1000
58 o1011011 ) 58 000001011001
59 01001010 59 000000101011
60 01001011 60 000000101100
61 00110010 61 000001011010
62 00110011 62 000001100110
63 00110100 63 000001100111

Run lengths in the range of 64-1728 pels are encoded

word. Run lengths in the range of 0-63 pels are encoded 30 first by the Make-Up Code word from Table 5 repre-

with their appropriate Terminating Code word. from
Table 4. As shown in Table 4, there are different code
words for black and white run lengths.

TABLE 4

Terminating Codes
White run Black run
length Code Word length Code Word

1} 00110101 1} 0000110111

1 000111 1 010

2 o111 2 11

3 1000 3 10

4 1011 4 011

5 1100 5 0011

6 1110 [ 0010

7 nn 7 00011

8 10011 8 000101

9 10100 9 000100

10 00111 10 0000100

11 01000 11 0000101
12 001000 12 - 0000111
13 000011 13 00000100

14 110100 14 00000311
15 110101 15 000011000
16 101010 16 0000010111
17 101011 17 0000011000
18 0100111 18 0000001000
19 0001100 19 00001100111
20 0001000 20 00001101000
21 0010111 21 00001101100
22 0000011 22 00000110111
23 0000100 23 00000101000
24 0101000 24 " 00000010111
25 0101011 25 00000011000
26 0010011 26 000011001010
27 0100100 27 000011001011
28 0011000 28 000011001100
29 00000010 29 000011001101
30 00000051 - 30 000001101000
31 00011010 31 000001101001
32 00011011 32 000001101010
33 00010010 33 000001101011
34 00010011 34 000011010010
a5 00010100 35 000011010011
36 00010101 36 000011010100
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senting the run length which is equal to or shorter than
that reguired, followed by the Terminating Code word
from Table 4 representing the difference between the
required run length and the run length represented by
that Make-Up Code.

TABLE 5
Make-Up Codes
White run Black run
length Code Word _ length Code Word
64 11011 64 0000001111
128 10010 128 000011001000
192 010111 192 000011001001
256 0110111 256 000001021011
320 00110110 320 000000110011
384 00110111 384 000000110100
448 01100100 448 000000110101
512 01100101 512 0000001101100
576 01101000 576 ° - 0000001101101
640 01100111 640 0000001001010
704 011001100 704 0000001001011
768 011001101 768 . 000000100F 100
832 011010010 832 0000001001101
836 . 011010011 896 0000001110010
960 011010100 960 0000001110011
1024 ol11010101 1024 0000001110100
1088 011010110 1088 0000001110101
1152 011010111 1152 0000001110110
1216 011011000 1216 0000001110111
1280 011011001 1280 0000001010010
S 1344 011011010 1344 000000101001 1
1408 011011011 1408 0000001010100
472 010011000 . 1472 0000001010101
1536 010011001 1536 0000001011010
1600 010011010 1600 0000001011011
1664 011000 1664 - 0000001100100
1728 010011011 1728 0000001100101
EOL 000000000001 EOL 000000000001

Run lengths greater than 1728 pels are encoded first
by the Make-Up Code word from Table 6 representing
the run length which is equal to or shorter than that
required, followed by the Terminating Code word from
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Table 4 representing the difference between the re- 2432 000000011101

i 2496 * 000000011110

qmrec! 6\:1 éilageth and the run length represented by that 55 i
TABLE 6 5 As discussed above, the program memory 152 (FIG.
Note: For machi M;“h'i*'c‘;l’ Codes Jarger paper 1) provides the instructions for the DSP 150 to carry
widths while maintaining the standard horizontal out its data processing functions (FIGS. 2A and 2B). An
resolution the following Make-Up Code set is exemplary listing of the software for providing those
provided: ‘instructions in accordance with the foregoing discus-
Run length Make-Up 10 sion and figures is included below in Appendix A pre-

(black and white) Codes ceding the claims.
1792 00000001000 ' Various other modifications and alterations in the
};:g m{ :g’l’ : structure and method of operation of this invention will
1984 000000010010 be apparent to those skilled in the art without departing
2048 000000010011 15 from the scope and spirit of this invention. Although the
2112 000000010100 invention has been described in connection with spe-
R cotonan cific preferred embodiments, it should be understood
2304 000000010111 that the invention as claimed should not be unduly lim-
2368 000000011100 ited to such specific embodiments. -
APPROIX BEST AVAILABLE COPY

ASSEMBLY CODE FOR CORE PROCESSING FOR VIDEO TO FAX CONVERSION.
(Using the ADSP2105 DSP chip).

Operation;

External -hardware captures 4 lines (4x512) or 4 columns (4x480) of pixels,
depending on whether rotation is disabled, or enabled. The data is
stored in a static 2kx8 FIFO. If rotation is enabled, the data needs

to be deinterleaved from its 4-byte vertical grouping; this is done

as data is transferred from the SFIFO to SRAM.

The 4 lines of data are interpolated from 480 to 1728 (or 1576);
whenever a new line is required, it is read from the SFIFO into the
circular 4x480 (or 4x512) .buffer addressed by i7. For simplicity,

4 new lines are grabbed after each transfer into SRAM. (Note; sometimes,
several lines are read from the SFIFO, as at the start of a frame or
when decimation is required for A6 size).

The 4 interpolated lines are held in the circular buffer addressed by is.
These are accessed to create the final interpolated fax width and length
resolution lines, which are stored in a 2x1728 (or 1576) circular buffer
addressed by il. This buffer is only reguired for Floyd-Steinberg error
diffusion.

Optional image enhancement (under user control can then be performed).
This consists of a 2-D filter with a high-frequency boost to
enhance edges.

The pixels are then contrast-adjusted, using a look-up table, to
compensate for nonlinearities in the fax machine at the receiving
end.

Each interpolated fax resolution pixel is dithered, either by line or
classical screen (simple comparison) or with Floyd-Steinberg error
diffusion, at which point the white/black runlength is incremented.;
If the color toggles at the current pixel, the runlength up to the
current pixel is encoded using Huffman 1-D encoding. If the :
number of new code bits plus the code bits left over from the last
encoding operation is 16 or more, the 16 most-significant are moved
to the huffman-encoded output buffer, where they can be picked up
whenever there is a modem _inter:upt.

Index registers;
io width interpolation coeffs, 128 entries, stored in ext RAM or
length interpolation coeffs, 128 entries, stored in ext RAM

il 2 interpolated lines, for error diffusion (2x1728 or 2x1576),
always operate on the old half, and propagate onto the new half
i2 Floyd-Steinberg or screen coeffs, 4 or more, stored internally
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i3 dot gain correction, 256 entries, stored in ext RAM
is bit count for Huffman encoding, also ext RAM huffman code

table

{364 words, 128 each for white and black, 54 each for white and

" black makeup)

is5 current fax output line (i.e fax resolutions), 4x1728 or 4x1576
i6 huffman encoded output buffer, several kwords

i7 . current vicdeo input line (i.e video resolutions), 4x480 or 4x512
Modify vaiue. . .r inlex registers;

mo 0

ml 1

m2 -1 -

m3 128/3 = 32 (required for interpolation coeffs)

nd 1728 (or whatever line to line offset is)

ns ~-1728

ne 480 (or 512 depending on rotation on or off) BEST AVAILABLE COPY
n? ~480 (or =512)

Length values for index registers;

10 1k (? length of buffer for fax output)

11 4x480 or 4x512, for video input data

12 4x1728 or 4x1576, for intermediate fax width resolution lines

13 2x1728 or 2x1576, for Floyd-Steinberg error diffusion buffer

cntr 1728 or 1576 (the number of pPixels to be interpolated to).

cntr

decrements, and is used to index lines or columns of pixels, so that

the first pixel is at an address offset into SRAM of 1728,

rather

than at 0. ecntr is used both during transfer from static FIFO to

SRAM, and during interpolation.

iiitttiit**.ﬁ’i*iﬁ**t;t*****ii*t*ttﬁitttti**t*i***iﬂ*i*iit**
INTERPOLATION

Bicubic interpolation, with the data stored externally in

SRAM, the width interpolation coefficients stored internally
in program RAM, and the length interpolation coefficients
transferred from external RAM or EPROM to internal program RaM
at the start of each new fax output line (this means both
coefficient and data loading during each MAC instruction, since
the PMD and the DMD busses are used).

Data and coefficients are in 1.15 format, of which only the 8
nsb are significant (the lower 8 are zeroced at power on and are
generally ignored).

2-pass, with interpolation in the width direction, then in the
length direction, is more efficient (requires fewer instructions)
than 1-pass, which is a 4x4 kernel at each output pixel. However,
it does require storage of 4 fax-width lines.

Calling parameters; :
cntr current fax width pixel number
phase w fax width phase increment
Return paranmeters;

tit'ti!**ttt*.t*ﬁt*ttii*i*tiiit*i*tittittt*l*iiii**ii*i****t

Fax width interpolation;

This loop may be reguired more than once if decimating, or at
the start of a field. It converts the input line (at 480 or 512)
to fax w (1728 or 1576), using cubic interpolation. The
interpolated lines are stored in the circular buffer addressed
by i5, which is 4 lines (4x1728 or 1576) long. Take data from
buffer i7, and store it in buffer is. .
tf.iit*tit!it’til**i*i*i***tiili*ﬁititii’*i*t*ﬂii*ti*****tit

}

cntr=dm(fax w); fax_w=1728 or 1576 .
is=dm(interp_prev); iS=previous pointer to buffer
(i.e. will add new line after last
" new line)
ayO=dm(input_prev); ay=prev pointer to input i7 buffer
do width until ce; loop for fax width
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mxO=cntr; . - cntr=current output pixel number
myO=phase w; phase_w=phase increment, from RAM
. mr=nx0*my0; current output pix location
arsmri+ay0-1; mri=integer part = nearest input pixel

- on the left-hand side of current output posn
i7=ar; i7 points to the first interp pixel
ay0=w_interp_st+31; ax=address of 31th entry in coeff table

(the right-most posn of the first coeff to be

used) :
SrOo=mr0 lshift by -11; shift fract part of output pix location from
. 16 bits to 5 bits (value is 0 to 31, which
equals 128/4)

ar=ay0-sr0; ar=address of interp coeff for first pixel
(i.e.. 0 to 31th entry in coeff table)
io=ar; i0 points to tirst interp coeff (in internal
program RAM)
nr=0,mx0=dm(i7,ml) ,my0=pm(i0,m1); mx=first pixel, my=first coeff
cntr=3;
i do H_i!'lt until ce; loop 4 times .
v_int: mremr+mx0*my0,mx0=dm(i7,m1) ,myO=pm(io,m1) ; multiply-accumulate i:
. width direction
if nv sat mr; saturate if necessary
width: dm(i5,m1)=mr1; store interpolated value in i5
dm(interp_prev)=iS5; store bointer to i5 for next time around
dm(input_prev)=i7; store pointer to i7 for next time around R

**tii***i**iii***ti*fiii***ittti*ti*i*i*ti*ii*******i**ti***‘

Fax length interpolation

This loop is reguired once per fax line out. It converts from 4 lines
(stored in buffer i5) of width fax w, to cne line (stored in buffer i1l)
of width fax w. The loop is fax_w long (i.e. do entire line of fax
resolution width at the one time]. Before storing interpolated back
into il buffer, use the dot gain lookup table (i3) to give the

correct gray-scale image. .
iititittt*!it.ilii*i**tiiiiiiiit*ii**tiiti**ti*i**tiiti*_*tit

} .
cntradn(fax w); fax_w=1728 or 1576
il=dm(interp_prev); il=previous pointer to buffer
iS=dm(iS- start adr); i5=beg of 4x1728 intermediate buffer
ayO=dm(len_coef_start_adr); ayO=start of length coeffs

mx0=cntr; entr=current output pixel number
nyO=phase 1; . phase_l=phase increment, from RAM
nr=mx0+*my0; current output pix location
af=ay0+31; ar=address of 31th entry in coeff table
(the right-most posn of the first coeff >: ce
used)

sy0O=mr0 lshift by -11; shift fract part of output pix location frz=a
16 bits to S bits (value is r to :1, which
equals 128/4)

ar=af-sr0; ar=address of interp coeff f. rirst pixel.
(i.e. 0 to 31th entry in coeff table)

io=ar; i0 points to tirst interp coeff (in internal
program RAM)

ar=Am(io,m3); move -the 4 length coeffs into int prog RAM

pn(1l_coeff0)=ar;

ar=am(io,m3);

po(l_coeffl)mar;

ar=dm(io,m3);
pm(l_coeff2)=ar;
ar=dm(i0,m0);
po(l_coeff3)mar;

do width until ce; loop for fax width

nr=0,mx0=dm(i5,m4) ,my0=pn(c0) ; mx=first pixel, my=first coeff
Br=nr+ax0+*my0,nx0=dm(i5,n4) ,myO=pm(cl) ; multiply-accumulate in
. Br=pr+mx0%nmy0,mx0=dm(i5,m4) ,myO0=pmn(c2); width direction
nr=nr+ax0*ny0, mx0=dm(i5,n5) ,myO=pm(c3) ;
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modify(is5,mS);
modify(is5,m5);
modify(i5,ml1);

.if mv sat mr;

5,235,432

bring i5 back to 1st line in iS5

3EST AVAILABLE copy
24

step i5 to the next pixel on the 1st line

saturate if necessary

LR Edd LAl T L T e Y S T 2 L T eI )

IMAGE ENHANCEMENT

Similar to interpolation, except 2-D kernal, with amount

of enhancement possibly under user control.

Not written yet.

BRAARRR AR ARRA AR R RNk D RAR R AR AR AR R Rk ke ke kot kR Rk kbR kk

ARARARARAANARRR AR R AR AR AR AR RS RN R R R RRAI AR R AR R AR AR RR ARk

DOT GAIN CORRECTION (CONTRAST ADJUSTMENT)
AERRRAR AR ARRRRRRRR AR AR AR RARRRRRRARR R R AR R AR kR DRk h AR R ARk

}

width:

{

ayO=dm(dot_gain start); ayO= start of dot gain lookup table in ext R:
shift right by 8 because use only 8 bits

srO=mrl lshift by -8;

ar=gro+ay0;
i3=ar;

wri=dm(i3,mo0);
am(il,ml)=mri;

dm(interp_prev)=il;

compute address for lookup table
store in index register
get corrected value

store interpolated valus in i1

store pointer to il for next time around

RARERRRANR AR DR R RRRRRRAARR AR A RN RARRR AR DR R R AR R AR Rk kb dh R AR d
DITHERING

Compare to a threshold; if > threshold, then pixel is white, if <

threshold, pixel is black. .
data is in 1.15 format, so when a pixel exceeds the FS

throshold, 255 is subtracted from it (actually 255%256).
Usinj 1.15 format allows saturation logic to work properly.

Note;

Calling parameters;

prev -—1

=0
i1

Return parameters;

Do entire line of fax _w pixels.

if previous bit was black (<thresh)
if previous bit was white (>thresh)

Just~calculated interpolated pixel

Do dithering and encoding.

tRt*.***it*ilittiiti&:*iﬁi*tti&*t*iiﬁ**i*iiiiiiiii*****iit*l

}

was_b:

il=dm(fs_prev);

cntr=dm(fax w); .
do loopl until ce;

ayOs=dn (thresh) ;
axO=dn (prev) ;

abs (ax0) ;

if neg jump was_b;
if pos jump was_w;

axO=dm(il,mo0);
ar0=ax0-ayo0;

if 1t jump still b;
arO=ax0-255+256;
if av sat ar;

av=0;
dm(il,m0)=aro0;
dnm(prev)=mo;
ax0=182;

jump encode;

still b:modify (i4,m1);

jump diffuse;
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il=previous pointer to buffer with
interpolated, dot-gained pixels

iterate fax w times

ayO=threshold

recall prev from int RAM

to get AS status

axO=current pixel from RAM

ar0>0 if white, <0 if black
(status is latched until below)
still black, otherwise white

create error value
saturate if necessary
clear overflow bit
store in RAM

change prev to 0 (white)

offset for black codes = 182
toggling from black to white

increment black run count
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was_w: axO=dm(il,mo0);
ar0=ax0-ayo;

- if ge jump still w;
ax0=0;
dm(prev)=n2;
jump encpde;

still_w: arO=ax0-255+256;
if av sat ar;
av=0;
dm(il,m0)=aro;
modify (i4,m1);
jump diffuse;

BEST AVAILABLE COPY
5,235,432 26

axO=current pixel from RAM
ar0>0 if white, <0 if black
(status is latched until below)
still white

offset for white codes = ¢
change prev to -1

toggling from white to black

create error value
saturate if necessary;
clear overflow bit
store in RAM
increment white count

{ .
tttit**ii?*'iiiiiii*!iit**iiititit*ti*tt**ttl!*l*il**i!tt*ii

ENCODING

1-D huffman encoding, with table stored 'in RAM as 185 2-word entries,
with 1st word = bit count for code word, 2nd word = code. Calculate the
address into the huffman table as if it were 1-word entries, then
adjust for 2-word entries before adding the table starting address.

Calling parameters;
axo
i4
prev

huff_bits_left
prev_code

Return parameters;
fax buffer

offset for white/black codes (0 or 182)
bit count

already toggled, so 0 if black, -1

if white :

code word is left-justified in sril, with
this number of bit posns free to the rhs
bits left over from previous code, left-
Justified

new 16-bit encoded value added (if
appropriate)

Iiti*iiti!t*.*.iii!it*tti*it**i*iititiitttt.ltﬁi*iii’i*lt*ti

}
encode: si=i4;

sro=1shift si by +6;

ayO=gji;

af=pass 0;

ar=groi+0;

if gt af=64;

axi=63;

ar=axl AND ayo;
N af=ar+af;

ar=axo+af;

sr0=1sghift ar by -1;

ayO=dm(huff start);
ar=sro+ay0;
iq=ar;

sri=dm(prev_code);
simdm(id,m1);

check to see if need makeup codes

(i4=run length > 63)

logical shift by 6 = divide by 64

ay=run length

af=0

need sign status

if sr0>0, need offset to makeup codes
* mask for run length

mask run length < 64

ar=run length + makeup

ar=run length + makeup + b/w offset

Sro=2xar, because table = 2-word entr

ay=huffman code table start address

offset into huffman code table

store huffman pointer in index reg

sri=code bits left from prev codeword
si=Huffman code word from RAM

sr=sr or lshift si, ayO=dm(huff_bits_left); left shift si and

ax0=am(i4,mo0);
ar=ay0-ax0;

if neg jump huff_out;
dm(huff bits left)=aro0;

or with present sr
read in code word length from RAM
new code word length in sr
if pos, still have bits posns spare

# of bit posns free for next code

dn(prev_code)=sri; srl=code bits to save until next word >
jump diffuse; ' ‘(35
huff out: ax0=i6; check that not overwriting buffer; a» Y
pointer for writing buffer et}

ay0O=fax buf_out; ay=pointer for reading buffer o0
ar=ax0-ayo0; s
if eq jump fax_buf_error; if equal, about to overwrite buffer; <
jump to error-handling routing ~

(wait until buffer enpties) <

dm(i6,m1)=sxrl; write srl to fax output buffer 5
aro=16+aro0; ar0 is ~ve, result is spare bit posn: o]
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dn(huff bits left)=aro;
dm(prev_code)=sro;
jump diffuse;

28

# of bit posns free for next code
sro=code bits to save until next wor:
jump to error diffusion

i
l*iittil*iitt*iii***iiii*****!t***tt*t*i*i***ttli*ﬂQ**li****

ERROR DIFFUSION

Floyd Steinberg error diffusion;
o 7
3 S 1
Calling parameters;

il=current pixel (value or value-255)

i2=start of error coeffs
Return parameters;
i2=start of error coeffs

Qtii‘*ttiitiliii.l*t*i**.itii*iitili*iit'ii*t*i*iii‘ﬁti!t‘l*

}

diffuse:mxO=dm(i5,m1);

: nyO=dn(i2,m1);
mr=dn(is,mo0) ;
Ar*ar+ax0*myo,
if mv sat mr;
dmn(i5,md)=nmr;

RyO=dm(i2,m1);

mr=dm(i5,mo0);
nr=nr+mx0*myo0,
if mv sat mr;
dm(i5,»l)=mr;

myO=dm(i2,m1);

mr=dm(i5,m0) ;
nramr+mx0*my0,
if mv sat mr;
dm(i5,ml)=nmr;

myO=dm(i2,m1);

nr=dm(i5,mo0) ;
Rr=mr+mx0*my0 ;
if mv sat mr;
dm(i5,m5)=nr;
loopl: i3=first fs_compt;

£fs_prev=il;

What is claimed is:

1. A video-to-facsimile signal converter for receiving
and converting a video signal representing a continuous
tone video image to a facsimile signal for transmission

to and reception by a facsimile receiver for simulation 50

of said continuous tone video image, said video-to-fac-
simile signal converter comprising:
data interpolator means for receiving an interpolation
instruction signal and in accordance therewith
receiving and interpolating a pixel data signal rep-
resenting a continuous tone video image, wherein
said received pixel data signal includes at least one
pixel data block having a plurality of image pixel
data with a composite pixel data block gray-scale
value which represents a gray-scale value on a
contrast transfer function for-said continuous tone
video image;
data alteration means for receiving and selectively
altering said interpolated plurality of image pixel
data within said interpolated pixel data signal to
selectively alter said contrast transfer function
gray-scale value;
pixel-to-pel data converter means for receiving a
conversion instruction signal and in accordance
therewith receiving and converting said interpo-
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mx=current error

my=error mult (7/16)

mr=next pixel, m0O=0p

mr=next pixel+error, my=error mult(3/1

saturate if necessary

store next pixel in RAM (or use
ax0>pry)

mr=pixel from next line

- mr=pixel+error, my=error mult(5/16)

saturate if necessary
store in RAM

mr=pixel from next line
mr=pixel+error, my=error mult(1/16)
saturate if necessary

store in RAM

mr=pixel from next line
mr=pixel+error;

saturate if necessary

store in RAM, iS=current pix next time
set i3 back to point to the first comr

store current pointer to RAM for use
next time

# lated and selectively altered pixel data signal to a

pel data signal, wherein said pel data signal in-
cludes at least one pel data block having a compos-
ite pel data block gray-scale value, and wherein
said composite pixel data block gray-scale value
and said composite pel data block gray-scale value
are selectively similar;
encoder means for receiving an encoding instruction
signal and in accordance therewith receiving and
encoding said pel data signal in accordance with a
selected facsimile encoding standard to produce a
facsimile standard signal; and
instruction source means for providing said interpola-
tion, conversion and encoding instruction signals.
60 . 2- A video-to-facsimile signal converter as recited in
claim 1, wherein said data interpolator means comprises
-a digital signal processor coupled to said instruction
source means for receiving said interpolation instruc-
tion signal and in accordance therewith receiving and
65 interpolating said pixel data signal.

3. A video-to-facsimile signal converter as recited in
claim 1, wherein said data alteration means comprises a
memory look-up table for receiving said interpolated
plurality of image pixel data within said interpolated
pixel data signal as input addresses therefor and for
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outputting said interpolated and altered pixel data signal
as output data therefrom.

4. A video-to-facsimile signal converter as recited in
claim 1, wherein said pixel-to-pe] data converter means
comprises a digital signal processor coupled to said
instruction source means and said data alteration means
for receiving said conversion instruction signal and in
accordance therewith receiving and converting said
interpolated and altered pixel data signal to said pel data
signal.

5. A video-to-facsimile signal converter as recited in
claim 1, wherein said encoder means comprises a digital
signal processor coupled to said instruction source
means for receiving said encoding instruction signal and
in accordance therewith receiving and encoding said
pel data signal in accordance with CCITT Group 3 to
produce said facsimile standard signal.

6. A video-to-facsimile signal converter as recited in
claim 1, further comprising video signal receiver means
for receiving a video signal representing said continu-
ous tone video image and providing said pixel data
signal.

7. A video-to-facsimile signal converter as recited in
claim 6, further comprising video signal source means
for providing said video signal representing said contin-
uous tone video image.

8. A video-to-facsimile signal converter as recited in
claim 6, wherein said video signal receiver means com-
Prises an analog-to-digital converter and a video data

buffer coupled to said data interpolator means for re- 30

ceiving, digitizing and buffering an analog video signal
representing said continuous tone video image, and for
providing said pixel data signal.

9. A video-to-facsimile signal converter as recited in

claim 1, further comprising signal converter means for 35

receiving and converting said facsimile standard signal
to.a facsimile transmission signal for transmission to and
reception by a facsimile receiver:

" 10. A video-to-facsimile signal converter as recited in

claim 9, wherein said signal converter means comprises 40

a facsimile MODEM coupled to said encoder meaus for
receiving and modulating said facsimile standard signal
to provide said facsimile transmission signal for trans-
mission to and reception by a facsimile receiver.

11. A video-to-facsimile signal converter as recited in 45

claim 8, further comprising telephone network interface
means for receiving and coupling said facsimile trans- -
mission signal into a telephone network for transmission
to and reception by a facsimile receiver.

12. A video-to-facsimile signal converter as recited in 50

claim 11, wherein said telephone network interface
means comprises a data access arrangement coupled to
said signal converter means for receiving and coupling
said facsimile transmission signal onto a telephone line.
.. 13. A video-to-facsimile signal converter for receiv-
ing and converting a video signal representing a contin-
uous tone video image to a facsimile signal for transmis-
sion to and reception by a facsimile receiver for simula-
tion of said continuous tone video image, said video-to-
facsimile signal converter comprising;
digital signal processor means for receiving a pixel
data signal representing a continuous tone video
image, wherein said received pixel data signal in-
cludes at least one pixel data block having a plural-
ity of image pixel data with a composite pixel data
block gray-scale value which represents a gray-
scale value on an original contrast transfer function
for said continuous tone video image, and for re-
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ceiving a plurality of conversion instruction signals
and in accordance therewith:

interpolating said plurality of image pixel data,

outputting said interpolated plurality of image pixel
data, )

receiving a plurality of selectively altered image pixel
data which corresponds to said interpolated plural-

* ity of image pixel data and has a selectively altered
contrast transfer function gray-scale value which is
selectively dissimilar to said original contrast trans-
fer fanction gray-scale value, ‘

dithering said plurality of selectively altered image
pixel data to produce a pel data signal including at
least one pel data block having a composite pel
data block gray-scale value, wherein said compos-
ite pixel data block gray-scale value and said com-
posite pel data block gray-scale value are selec-
tively similar, and
encoding said pel data signal in accordance with a

selected facsimile encoding standard to produce
a facsimile standard signal;

look-up table means for receiving said outputted,
interpolated. plurality of image pixel data and for
providing said plurality of selectively altered image
pixel data; and .

memory means for providing said plurality of conver-
sion instruction signals. ’

14. A video-to-facsimile signal converter as recited in
claim 13, further comprising video signal receiver
means for receiving a video signal representing said
continuous tone video image and providing said pixel
data signal. _

15. A video-to-facsimile signal converter as recited in
claim 14, further comprising video signal source means
for providing said video signal representing said contin-
uous tone video image. - )

16. A video-to-facsimile signal converter as recited in
claim 14, wherein said video signal receiver means com- -
prise an analog-to-digital converter and a video data -
buffer conpled to said digital signal processor means for
receiving; digitizing and buffering an analog video sig-
nal representing said continuous tone video image, and
for providing said pixel data signal. ]

17. A video-to-facsimile signal converter as recited in
claim 13, further comprising signal converter means for
receiving and converting said facsimile standard signal
to a facsimile transmission signal for transmission to and
reception by a facsimile receiver.

18. A video-to-facsimile signal coriverter as recited in
claim 17, further comprising telephone network inter-
face means for receiving and coupling said facsimile
transmission signal into a telephone network for trans-
mission to and reception by a facsimile receiver.

19. A video-to-facsimile signal converter as recited in
clain 18, wherein said- telephone network interface
means comprises a data access arrangement coupled to
said signal converter means for receiving and coupling
said facsimile transmission signal onto a telephone line.

20. A video-to-facsimile signal converter as recited in
claim 17, wherein said signal converter means com-
prises a facsimile MODEM coupled to said digital sig-
nal processor means for receiving and modulating said
facsimile standard signal to provide said facsimile trans-
mission signal for transmission to and Teception by a
facsimile receiver.

21. A video-to-facsimile signal conversion method for
receiving and converting a video signal representing a
continuous tone video image to a facsimile signal for
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transmission to and reception by a facsimile receiver for
simulation of said continuous tone video image, said
video-to-facsimile signal conversion method compris-
ing the steps of receiving a plurality of conversion in-
struction signals and in accordance therewith:
receiving a pixel data signal representing a continu-
ous tone video image, wherein said pixel data signal
includes at least one pixel data block having a plu-
rality of image pixel data with a composite pixel
data block gray-scale value which represents a
gray-scale value on a contrast transfer function for
said continuous tone video image;
interpolating said pixel data signal;
selectively altering said interpolated plurality of
image pixel data within said interpolated pixel data
signal to selectively alter said contrast transfer
function gray-scale value;
converting said interpolated and sclectively altered
pixel data signal to a pel data signal, wherein said

15

pel data signal includes at least one pel data block 20

having a composite pel data block gray-scale value,
and wherein said composite pixel data block gray-
scale value and said composite pel data block gray-
scale value are selectively similar; and

encoding said pel data signal in accordance with a
selected facsimile encoding standard to produce a
facsimile standard signal. ’
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22. A video-to-facsimile signal conversion method as
recited in claim 21, further comprising the steps of:

receiving an analog video signal representing said

continuous tone video image; and

digitizing and buffering said analog video signal to

provide said pixel data signal,

23. A video-to-facsimile signal conversion method as
recited in claim 21, wherein said step of converting said
interpolated and altered pixel data signal to said pel data
signal comprises dithering said pixel data signal.

24. A video-to-facsimile signal conversion method as
recited in claim 21, further comprising the step of con-
verting said facsimile standard signal to a facsimile
transmission signal for transmission to and reception by
a facsimile recejver.

25. A video-to-facsimile signal conversion method as
recited in claim 24, farther comprising the step of cou-
pling said facsimile transmission signal into a telephone
network for transmission to and reception by a facsimile
receiver.

26. A video-to-facsimile signal conversion method as
recited in claim 24, wherein said step of converting said
facsimile standard signal to a facsimile transmission
signal for transmission to and reception by a facsimile
receiver comprises modulating said facsimile standard
signal to provide said facsimile transmission signal.

*
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AIIowance (PTOL-85)

(b) D The submitted fee of $____isinsufficient. Abalanceof$. . s due.
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Abandonment
L. This application is abandoned in view of applicant's failure to submit a reply to the Office

Action mailed on 10/3/03 within the required period for reply.
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commetits on tha amount of time you mquiro o completa Wia ferm andlor uggeations fuw ieuuting Uils burden, shown be sent o the Ghiet Informarien omeer,
U.S. Patent and Traderark Offica, U.8. Deparitnent of Commerce, P.O. Box 1450, Alexandrla, VA 22312.1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patonts, P.O. Box 1450, Alexandria, VA 2234 31450,

1 you need assistance in compieting tne rorm, ¢l 1-800-FTO-9199 and select option 2.
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Approved for use through 11/30/2011. OMB 0651-0035
h b U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE
nder the\Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY Application Number 09/790,381 )
OR Filing Date 4/11/2002

REVOCATION OF POWER OF ATTORNEY First Named Inventor David A. Monroe

WITH A NEW POWER OF ATTORNEY Title Multiple video display configurations and r
AND Art Unit 2612

CHANGE OF CORRESPONDENCE ADDRESS | Ex@miner Name POKRZYWA, JOSEPH R

Attorney Docket Number { 069834.000038

I hereby revoke all previous powers of attorney given in the above-identified application.

D A Power of Attorney is submitted herewith.

. OR
| hereby appoint Practitioner(s) associated with the following Customer 76731
stor
Number as myfour attorney(s) or agent(s) to prosecute the application
identified above, and to transact all business in the United States Patent
and Trademark Office connected therewith:
OR
D } hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above, and
to transact all business in the United States Patent and Trademark Office connected therewith:

Practitioner(s) Name Registration Number

Please recognize or change the correspondence address for the above-identified application to:
The address associated with the above-mentioned Customer Number.
OR

D The address associated with Customer Number:
OR
Firm or
Individual Name
Address

City | State | | Zip ]

Country

Telephone | Email |

| am the:

D Applicant/Inventor.

R i ire i t. See 37 CFR 3.71

Statomont, LZZZ?’S?Z? 3 ;%Eb')n;ngn'PTO/SB@)dbrﬁmed herewith or filed on_020901/0708
&\ / % SIGMRE of Applicant or Assignee of Record

Signature VW Date 1~20~ 79 i

Name David Ay Monroe | Do ceinew s Telephone | BDZ . S73 4 4 Z_

Title and Company E-Watch Inc. ! :

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below*.

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depeénding upon the Individual case. Any comments on
the amount of time you require to complete this form and/or suggséstions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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' PTO/SB/B1 (01-09)
Approved for use through 11/30/2011, OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

K/ Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control humber.
‘ QWT& -mpi)? POWER OF ATTORNEY Application Number '09/790,381 \
! OR ‘ Filing Date 4/11/2002

| REVOCATION OF POWER OF ATTORNEY |-First Named inventor | David A. Monroe

WITH A NEW POWER OF ATTORNEY | Tte Apparalus for capluring, converting and tra
AND Art Unit 2622
Examiner Name POKRZYWA, JOSEPH R

\CHANGE OF CORRESPONDENCE ADDRESS Attornay Docket Number | 07-0202

i hereby revoke all previous powers of attorney given in the above-identified application.

[[] APoweraf Attomey is submitted herewith. : .

OR
| hereby appoint Practitioner(s) associated with the following Customer 76731
Number as my/our attorney(s) or agent(s) to prosecute the application . ] .
Identified above, and to transact all business in the United States Patent
and Trademark Office connected therewith:
OR
D | hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above, and
to transact all business in the United States Patent and Tradamark Office connected therewith: N

Practitioner(s) Name Registration Number
RIMNIDI RSN
Ui\ UL

=

Please recognize or change the correspondence address for the above-identified application to:
The address associated with the above-mentioned Customer Number.
OR
D The address associated with Customer Number:
OR

Firm or
Individual Name|

Address

City ; : 7 [ State ] [Zip].
Country : .
Telephone : | Email |
1 am the:
D Applicant/inventor.

OR

" Assignee of record of the eptire intereét. See 37 CFR 3.71.
Statement under 37 CFR ?’3& (Form PTO/SB/96) submitted herewith or filed on 020501/0708

SIGNATURE of Applicant or Assignee of Record

Signature \\ Date 2/ 2[201|

Name DavidW.'Mdnroe Telephone | 270.3499.2000
Title and Company E-Watch Inc.

NOTE: Signatures of all the inventors or assignees of racord of the entire Interest or thelr representative(s) are required. Submit multiple forms if more than one
signature is required, see below*.

*“Total of 1 forms are submitted.

This coltection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file {and by the
USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collaction is estimated {o take 3 minutes to complete,
Including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form andfor suggestans for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA - 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS, SEND TO: Commissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450, .

If you need assislance in completing the form, call 1-800-PTO-9199 and select option 2,
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INVENTOR INFORMATION

Inventor One Given Name:: David A
Family Name:: Monroe

Postal Address Line One:: 740 Lindolﬁ Center

Postal Address Line Two:: 7800 IH 10 West
City:: San Antonio

State or Province:: Texas

Country:: USA

Postal or Zip Code:: 78230

City of Residence:: San Antonio

State or Province of Residence:: Texas
Country of Residence:: USA

Citizenship Country:: USA

CORRESPONDENCE INFORMATION

Name Line One:: Stephen F. Schlather

Name Line Two:: Bracewell & Patterson, L.L.P.
Address Line One:: 711 Louisiana, Suite 2900

City:: Houston

State or Province:: Texas
Country:: USA

Postal or Zip Code:: 77002
Telephone One:: 713.221.1339
Fax One:: 713.221.2141

Electronic Mail One:: sschlather@bracepatt.com

APPLICATION INFORMATION

Title Line One:: Apparatus For Capturing, Converting And
Title Line Two:: Transmitting A Visual Image Signal Via A
Title Line Three:: Digital Transmission System

Formal Drawings?:: No

Application Type:: Utility

Docket Number:: 69834.000024
Secrecy Order in Parent Appl.?:: No
REPRESENTATIVE INFORMATION

Registration Number One:: 45081
Registration Number Two:: 26540

Source:: PrintEFS Version 1.0.1
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APPARATUS FOR CAPTURING, CONVERTING AND TRAN SMITTING
A VISUAL IMAGE SIGNAL VIA A DIGITAL TRANSMISSION SYSTEM

Inventor: David A. Monroe
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Effective October 1, 2000

PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

&6785%000027

CLAIMS AS FILED - PART |

SMALL ENTITY OTHER THAN
(Column 1) Column 2 TYPE [] OR SMALL ENTITY
TOTAL CLAIMS /7 RATE FEE RATE FEE
FOR NUMBER FILED NUMBER EXTRA BASIC FEE] 355.00 OR|[BASIC FEE] 710.00
TOTAL CHARGEABLE CLAIMS minus 20= |* X$ 9= 8=
7 * e $ )99 |oR| X$1
INDEPENDENT CLAIMS  minus 3 = - — —
/ 1] X40= or] X80=
MULTIPLE DEPENDENT CLAIM PRESENT D
+135= OR] +270=
If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL <5 3|or TOTAL
CLAIMS AS AMENDED - PART Ii OTHER THAN
CLAIMS HIGHEST
ADDI- ADDI-
< REMAINING NUMBER
E - AFTER PREVIOUSLY PEE—?EL\“T RATE |TIONAL RATE [ TIONAL
i AMENDMENT PAID FOR v FEE FEE
= .
g Total * Minus ** = X$ 9= or| X$18=
I'u i *k =
<E: Independent Minus X40< oR X80
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM |:|
+135= OR] +270=
TOTAL TOTAL
ADDIT. FEE OR ADDIT. FEE
(Column 2)  (Column 3)
3 HIGHEST
o REMAINING NUMBER PRESENT ADDI- ADDI-
'E i AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
i AMENDMENT PAID FOR FEE FEE
= .
2 Total Minus ** = X$ 9= or| Xs18=
u_l .
Independent |« Minus P =
S | obeneEn X40= or| xso=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+135= OR|{ +270=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
Column 1 Column 2)  (Column 3)
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER : PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
E S| AMENDMENT | e PAID FOR 1 FEE FEE
% Total * Minus ** = X$ 9= OR X$18=
g Independent |« ' Minus wowk =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM |:|
N +135= OR | +270=
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. o TOTAL
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20.” ADDI.'II-'.OI;I-EAIJE OR ADDI.I;.OFTEA‘E_

***If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3.”
The "Highest Number Previously Paid For’ (Total or Independent)

is the highest number found in the appropriate box in column 1.

FORM PTO-875
(Rev. 8/00)
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