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(57) Abstract

A system and method for transmitting a facsimile message to one or more of a plurality of facsimile selective call receivers (40) each
capable of decompressing a facsimile message on the basis of a facsimile codebook which is optimized for an image of a predetermined
fixed resolution. In a processor (20) of the selective call terminal, the image of the facsimile message is segmented into a plurality of
subimages (I1-In). Each subimage is compressed on the basis of the codebook to generate a compressed subimage for each subimage. A
paging protocol signal is generated including information representative of the plurality of compressed subimages. At the selective call
receiver (40), the decoder/controller extracts the information representative of the compressed subimages (CI1-Cln) and decompresses each
compressed subimage on the basis of the stored codebook to display the facsimile message.
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SYSTEM AND METHOD FOR SEGMENTING
IMAGE OF A FACSIMILE MESSAGE
FOR TRANSMISSION TO SELECTIVE CALL RECEIVER

Field of the Invention

The present invention relates to a facsimile selective call receiver,
and more particularly a method and apparatus for transmitting a
facsimile message to a selective call receiver in such a way so as to
minimize memory requirements of the selective call receiver.

Background of the Invention

In a facsimile selective call receiver (pager) or other graphics
portable communication devices, the transmission of images, for
example facsimile messages, requires data compression in order to utilize
the available bandwidth efficiently. The Group III and IV facsimile
standards are defined under the CCITT (Consultative Committee on
International Telegraph and Telephone). These standards for encoding
and compressing data, as well as runlength coding in general, require the
storage of a Huffman codebook in the portable device for decompression
of the compressed image data.

In certain applications, it is desirable to minimize the amount of
RAM or ROM necessary in the portable, by removing the dependence
between codebook size and image resolution. In addition, it is desirable
to avoid storing multiple codebooks in a portable unit to keep the cost of
the device at a minimum.

Summary of the Invention

In accordance with one aspect, the present invention is directed to
a method for transmitting a facsimile message to one or more of a
plurality of facsimile selective call receivers each capable of
decompressing a facsimile message on the basis of a facsimile codebook
which is optimized for an image of a resolution that is less than or equal
to a resolution of the facsimile message to be transmitted, the method
comprising steps of:
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segmenting the image of the facsimile message into a
plurality of subimages;

separately compressing each subimage on the basis of said
codebook to generate a compressed subimage for each subimage; and

generating a paging protocol signal including information
representative of the plurality of compressed subimages;

receiving the paging protocol signal at one or more of the
facsimile selective call receivers;

extracting the information representative of the compressed
subimages; and

decompressing each compressed subimage on the basis of

the codebook.

Further, in a first embodiment, the image is vertically divided into
a plurality of subimages each having a horizontal width less than or
equal to the image resolution of the codebook. In a second embodiment,
the image is compressed line-by-line, and a given runlength of the line is
divided into segments which are less than or equal to the maximum
horizontal resolution of the codebook.

In accordance with another aspect, the present invention is
directed to a facsimile selective call receiver system comprising:

a selective call terminal for connection to a communications
network and having a selective call terminal processor, a base station for
transmitting a paging signal to one or more of a plurality of selective call
receivers, the selective call terminal receiving a facsimile message from a
party desiring to transmit the facsimile message to a particular selective
call receiver and an identifier of the particular selective call receiver, the
selective call terminal processor segmenting an image of the facsimile
message into a plurality of subimages and separately decompressing each
subimage on the basis of a facsimile codebook, decoding the identifier to
determine an address of the particular selective call receiver designated
to receive the fax message, and generating a paging signal including
information representing the compressed subimages; and

at least one facsimile selective call receiver having a receiver for
receiving the paging signal, a processor and a display, the processor
extracting the information representative of the compressed subimages
and decompressing each compressed subimage on the basis of the
codebook for displaying the decompressed subimages on the display.
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Brief Description of the Drawings

FIG. 1 is a block diagram of a facsimile selective call receiver
system in accordance with the preferred embodiment of the present
invention.

FIG. 2 is an electrical block diagram of a facsimile selective call
receiver according to the present invention.

FIG. 3 is an electrical block diagram of a decoder/controller of a
facsimile selective call receiver according to the present invention.

FIG. 4 is a flow diagram illustrating in general the overall image
compression, transmission and decompression process according to the
present invention.

FIG. 5 is diagram illustrating segmentation of a source image into
subimages for individual compression according to a first embodiment
of the present invention.

FIG. 6 is a diagram illustrating decompression of compressed
images stored in memory for display according to the first embodiment
of the present invention.

FIG. 7 is a flow chart diagram illustrating a process for extracting
and compressing subimages according to the first embodiment of the
present invention.

FIG. 8 is a flow chart diagram illustrating a process for
decompressing subimages according to the first embodiment of the
present invention.

FIG. 9 is a diagram illustrating segmentation of a source image for
compression according to a second embodiment of the present
invention.

FIG. 10 is a diagram illustrating a process for extracting and
compressing subimages according to the second embodiment of the
present invention.

FIG. 11 is a diagram illustrating the assignment of codewords for
compressing subimages according to the second embodiment of the
present invention.

PCT/US95/10567
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Description of a Preferred Embodiment

Referring first to FIG. 1, a facsimile selective call receiver (SCR)
system is shown generally at 10 and is suitable for transmitting a source
document via a fax machine 14 to a facsimile (fax) capable SCR 40. The
system 10 comprises a processor 20, a message controller 22, a message
memory 16, a network interface 24, such as the public telephone
switching network (PTSN), a selective call terminal 28, and a transmitter
30 including a base station 32 and antenna 34.

A source document S includes a message region MR in which a
handwritten message is made. The source document S includes other
portions, such as a header, and a pager identification number (PIN)
bubble block (not shown).

The entire source document is encoded and compressed by the fax
machine 14 according to a Group III fax coding scheme which is well
known to one of ordinary skill in the art. The Group III facsimile
machine is defined under the CCITT (Consultative Committee on
International Telegraph and Telephone). The Group III facsimile
standards for encoding and compressing data are performed using the
coding scheme known as the modified Huffman code. The modified
Huffman code uses the standard Huffman code in conjunction with the
modified READ (Relative Element Addressing Designate) code. Once
the information is Group III encoded and compressed, the selective call
terminal 28 is dialed by the fax machine 14 and a connection is made.
Then, the fax message is transmitted by the fax machine 14 to the
message controller 22 via the network interface (PTSN) 24. The message
controller 22 directs the information to the selective call terminal
processor 20 for providing additional processing of the information
suitable for selective call communication. After storing at least a portion
of the information in a message memory 16, the processor 20 and the
message controller 22 process the compressed facsimile message.

It is at this stage that the present invention provides a unique
process for facsimile compression of at least the message region MR
(called the "source image") to the fax SCR 40.
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FIG. 2 illustrates the components of the fax SCR 40. The fax SCR is
similar to a conventional selective call receiver (pager), but further
includes software for decoding and decompressing an incoming
facsimile message embedded in a paging signal. The fax SCR 40
comprises an antenna 64, a receiver 66, a frequency synthesizer 67, a
decoder/controller 68, a code-plug memory including an address
memory 72 and a destination memory 74, selector switches 76, tactile
alert 80, power switch 82, audible alert 84 and display 90. The interaction
of the components shown in FIG. 2 is well known in the art.

FIG. 3 illustrates the decoder/controller 68 in greater detail. A
detailed explanation of these components is not needed for purposes of
understanding the present invention. Briefly, at its heart, the
decoder/ controller 68 comprises a central processing unit 410 which
processes software instructions stored in a ROM 406. Data flow into and
out of the decoder/controller 68 is controlled by input/output (I/O) ports
412 and 413. A timing mechanism for the fax SCR is generated by a
crystal driven oscillator 418. A timer counter 402 is connected to the
oscillator 418 for certain timing functions.

One or more decoders, shown at 420 and 422, are provided to, for
example, decode different portions of a fax message, such as a header
region encoded with ASCII characters. The central processing unit 410
generates display control signals which are used to drive the display 50
(FIG. 2), and to call for generation of alert signals via an alert generator
416. In addition, software for decompressing a facsimile message,
including a facsimile compression code-book is stored in the RAM 404 or
ROM 406.

FIG. 4 shows in general the overall process according to the
present invention. Step 100 represents segmentation of the source image
into subimages and compression of each subimage with the same
codebook. Step 100 is performed by the selective call terminal processor
20 after the facsimile message is received by the selective call terminal
processor 20 and decompressed using standard Group III or IV
decompression techniques. Step 102 represents transmission of the
compressed subimages in a paging protocol signal, which is well known
in the art. As will be explained in more detail hereinafter, the subimages
need not be transmitted in exact order of extraction and compression.
Step 104 represents reception of the compressed images in a fax selective
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call receiver that has detected the designated paging signal. In step 106,
the compressed subimages are stored in a memory of the fax SCR, and in
step 108 the stored subimages are decompressed using a single stored
codebook. Finally, in step 110, the decompressed subimages are displayed
on the display of the fax SCR, either individually or all together.

Turning now to FIGS. 5-8, the first embodiment of the present
invention will be described. In accordance with the first embodiment of
the present invention, at the selective call terminal processor 20, the
decompressed message region MR of the source document SD is
segmented into subimages as shown, for compression with a codebook
which is optimized for the display capability of the fax SCR 40. The
codebook varies for different applications, but a codebook is chosen
which is found to most efficiently compress and decompress images
which are typically sent to a fax SCR. Thus, the codebook is preferably
the smallest capable codebook, so as to occupy minimal memory space in
the portable fax SCR.

FIG. 7 illustrates the methodology for compressing the message
region MR, which is performed by the processor 20 in conjunction with
message memory 16. FIG. 5 illustrates the manner in which the source
image is segmented according to the first embodiment. FIG. 8 illustrates
the methodology for decompressing the subimages in the fax SCR
according to the first embodiment. FIG. 6 is a pictorial representation of
how the received compressed sub-images are stored for decompression.

Referring to FIGS. 5 and 7, a source image, such as message region
MR, is divided or segmented into subimages 11-16. The codebook
compression-decompression technique used in accordance with the
present invention is one dimensional Huffman/runlength encoding.
Thus, the source image resolution is defined by its width, as shown in
FIG. 5. The codebook which is found from a priori tests, represents the
best and maximum resolution that the selective call receiver can handle,
based on display size and resolution. This maximum codebook
resolution is called m and the source image resolution is called N.

In the first step 200 of the procedure, N and m are compared to
determine whether the image resolution is greater than the codebook
resolution. If N is greater than m, then the source image must be
segmented to use the codebook with resolution m. In this case, in step
202, the number of subimages Ns is determined by taking the nearest
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integer greater than or equal to N/m. Also in step 202, the increment
counter n is initialized to 1. Next, in step 204, the subimage In is
extracted from the source image, and in step 206, the subimage In is
compressed using the stored codebook. Each compressed subimage In is
stored in the message memory 16 in preparation for transmission in the
appropriate queue of a paging signal. In step 210, the counter n is
incremented and steps 204 to 208 are repeated. The loop is terminated
when in step 212, the value of n exceeds the number of subimages Ns.

It should be noted that if the source image resolution N is not
greater than the codebook resolution m, then step 202 is skipped and
steps 204-208 are performed once, generating a single compressed file
representative of the source image.

The following example is provided with reference to FIG. 5. In
this example, N equals 640 pixels which is the source image resolution.
The number of lines in the source image is not relevant because the
codebook performs one-dimensional Huffman/runlength coding.
Assume in the example that the codebook resolution m is equal to 120,
indicating that the codebook has codes which can represent a maximum
of 120 runs of black or white.

Ns = [640/120] = [5.33] = 6 subimages. Therefore, the source image
is segmented into 6 subimages. Subimages I1-I5 are 120 pixels wide, and
subimage 16 is 40 pixels wide. Each of the 6 subimages are compressed
and stored separately. Each line of compressed data is terminated by an
"EOL" as is the case in the CCITT Group III spec.

The compressed subimages are incorporated in a paging signal,
with a header that indicates the number of subimages. The subimages,
for example I1-16, are transmitted in order. Alternatively, the subimages
are transmitted out of sequence, and the header includes appropriate
information to identify the sequence of the subimages for detection and
decompression by the selective call receiver. Further yet, as each
subimage is compressed and stored, it can be incorporated in a paging
signal with the appropriate header information.

Turning now to FIGS. 6 and 8, the process for reception and
decompression is illustrated. In step 214, the header is received
including the number of subimages Ns (and possible other header
information such as sequence information), and each of the compressed
subimages are received. The compressed subimages CI1-CI6 are stored in



WO 96/05691 PCT/US95/10567

10

15

20

25

30

35

8

a memory of the SCR, such as RAM 404, as shown in FIG. 6. Next, in
step 216, the position Column_Start and the counter n are initialized. In
step 218, the image In is decompressed using the stored codebook. In step
220, the decompressed image is stored in a video RAM of display driver
414 starting at the position corresponding to the value of Column_Start,
as shown in FIG. 6. In step 22, Column_Start is incremented according to
the resolution of the codebook m, and n is incremented. Steps 218-222
are repeated, until in step 224, it is determined that n is greater than Ns,
in which case the procedure is terminated.

It is not necessary to decompress each subimage entirely for
display. For example, if the display of the fax SCR can only handle one-
half of the number of total subimage lines at a time, then only one-half
of the subimage is decompressed at a time. In addition, not all of the
subimages need be decompressed before the image is displayed. Rather,
any subset of the total number of subimages can be decompressed for
display, while the remaining compressed subimages remain in memory
awaiting decompression.

Turning now to FIGS. 9 and 10, the second embodiment of the
present invention will be described. In this embodiment, the source
image is segmented into subimages on a line-by-line basis. Specifically,
when the run of black or white on a particular line exceeds the codebook
resolution, then the line is broken into subparts which have lengths less
than or equal to the codebook resolution m.

The rule for compressing the source image on a line-by-line basis
where R is the length of a given run and m is the maximum resolution
of the codebook, is as follows:

(A) If a given run R > m, then:

(1) encode a run of m;
(2) append a codeword for a run of
0 of the opposite color (w or b);
(3) letR =R-m; and
(4) goto(A)
(B) Else
encode a run of R.

FIG. 10 illustrates a procedure according to the second
embodiment. In step 300, a line of the source image is obtained for
compression. The number of runs of white are determined in step 302.
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The codebook rule is invoked to encode the run of white with the
appropriate codeword in step 304. The run of black is determined in step
306 and in step 308, the run of black is encoded using the codebook rule.
In step 310, it is determined whether the entire line is coded. If not, then
steps 302-308 are repeated. If so, then instep 312, an "EOL" is appended to
the compressed data (the link of codewords). In step 314, it is determined
whether there are more lines left in the source image, and if so, steps 300-
312 are repeated, and if not, the procedure is terminated.

Reference is made to FIGS. 9 and 11 for an example of the
procedure for compression in accordance with the second embodiment.
In the example, the codebook resolution m is 120. Thus, to code Line 1,
the run of 360w is divided into segments which are 120 or shorter in
length. Thus, the 360w is broken down into 120w + Ob + 120w + Ob+
120w. Thus, the codeword for 360w becomes the combination of the
codewords for each of 120w + Ob + 120w + Ob+ 120w. Similarly, in Line 2,
the run of 480w is divided into segments of 120w + 0b + 120w + Ob +120w
+ Ob + 120w, and the codeword for each of these segments is combined to
form the codeword for the run of 480w. FIG. 11 illustrates an even more
extreme example with the run of 630b.

Decompression of the compressed information according to the
second embodiment follows standard table look-up procedures. When
decompressing the compressed information, the first codeword is
assumed to be that of a white runlength, the second codeword that of a
black runlength, the third codeword that of a white runlength, ..., until
an EOL is found. This is the standard Group IIl decompression
procedure, and is well known in the art.

According to the present invention, the amount of memory space
for storing facsimile codebook information in the portable unit is
minimized, while permitting transmission and reception of images
having greater resolution than the stored codebook can handle.

The above description is intended by way of example only and is
not intended to limit the present invention in any way except as set forth
in the following claims.

What is claimed is:
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LAIMS

1. A method for transmitting a facsimile message to one or
more of a plurality of facsimile selective call receivers each capable of
decompressing a facsimile message on the basis of a facsimile codebook
which is optimized for an image having a resolution that is less than or
equal to a resolution of the facsimile message to be transmitted, the
method comprising steps of:

segmenting an image of the facsimile message into a plurality
of subimages;

separately compressing each subimage on the basis of said
codebook to generate a compressed subimage for each subimage; and

generating a paging signal including information
representative of the plurality of compressed subimages;

receiving the paging protocol signal at a facsimile selective
call receiver;

extracting the information representative of the compressed
subimages; and

decompressing each compressed subimage on the basis of the
codebook.

2. The method of claim 1, wherein the step of transmitting
comprises the step of incorporating information representative of the
number of said plurality of compressed subimages in the paging protocol

signal.

3. The method of claim 2, wherein the step of generating a
paging signal includes generating a header including information
representing the number of compressed subimages.

4. The method of claim 3, wherein the step of generating a
paging signal comprises generating information representative of the
sequence that the compressed subimages are transmitted.

5. The method of claim 1, wherein the codebook has a
maximum horizontal resolution for one-dimensional runlength coding,
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and the step of segmenting comprises vertically dividing the image of
the facsimile message into a plurality of vertical subimages each having a
width less than or equal to the maximum horizontal resolution of the
codebook.

6. The method of claim 5, wherein the step of decompressing
comprises separately decompressing each compressed vertical subimage.

7. The method of claim 6, and further comprising the step of
displaying the decompressed vertical subimages on a display of a
facsimile selective call receiver.

8.  The method of claim 7, wherein the step of displaying
comprises displaying in sequence the decompressed vertical subimages
beginning at a column start position of the display.

9.  The method of claim 7, wherein the step of displaying
comprises displaying a portion of a decompressed vertical subimage
beginning at a particular column of the display.

10. The method of claim 7, wherein the step of displaying
comprises displaying a subset of the plurality of decompressed
subimages.

11. The method of claim 1, wherein the codebook has a
maximum horizontal resolution for one-dimensional runlength coding,
and the step of segmenting comprises dividing each horizontal line of
the image of the facsimile messages into a plurality of line segments each
having a runlength less than or equal to the maximum horizontal
resolution of the codebook.

12. The method of claim 11, wherein a line segment of a
horizontal line of the image of the facsimile message which has a
runlength greater than the maximum horizontal resolution of the
codebook is divided into composing segments having a runlength less
than or equal to the maximum horizontal resolution.
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- 13.  The method of claim 12, wherein the step of decompressing
comprises decompressing the compressed line segments representative
of line segments of the horizontal lines of the image of the facsimile
message.

14. The method of claim 1, and further comprising the step of
displaying the decompressed subimages on a display of a facsimile
selective call receiver.

15.  The method of claim 14, wherein the step of displaying
comprises simultaneously displaying a subset of the plurality of
decompressed subimages on the display.

16. The method of claim 15, wherein the step of displaying
comprises simultaneously displaying a portion of each decompressed
subimage if the resolution of the decompressed subimage is greater than
a resolution of the display.

17. A facsimile selective call receiver system comprising:

a selective call terminal for connection to a communications
network and having a selective call terminal processor, a base station for
transmitting a paging signal to one or more of a plurality of selective call
receivers, the selective call terminal receiving a facsimile message from
a party desiring to transmit the facsimile message to a particular selective
call receiver and an identifier of the particular selective call receiver, the
selective call terminal processor segmenting an image of the facsimile
message into a plurality of subimages and separately decompressing each
subimage on the basis of a facsimile codebook, decoding the identifier to
determine an address of the particular selective call receiver designated
to receive the fax message, and generating a paging signal including
information representing the compressed subimages;. and

at least one facsimile selective call receiver having a receiver for
receiving the paging signal, a processor and a display, the processor
extracting the information representative of the compressed subimages
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and decompressing each compressed subimage on the basis of the
codebook for displaying the decompressed subimages on the display.

18. The system of claim 17, wherein the codebook has a
maximum horizontal resolution for one-dimensional runlength coding,
and the selective call terminal processor means vertically divides the
image of the facsimile message into a plurality of subimages each having
a width less than or equal to the maximum horizontal resolution of the
codebook.

19. The system of claim 17, wherein the codebook has a
maximum horizontal resolution for one-dimensional runlength coding,
and the selective call terminal processor means divides each horizontal
line of the image of the facsimile messages into a plurality of line
segments each having a runlength less than or equal to the maximum
horizontal resolution of the codebook.

20. The system of claim 19, wherein a line segment of a
horizontal line of the image of the facsimile message which has a
runlength greater than the maximum horizontal resolution of the
codebook is divided into composing segments having a runlength less
than or equal to the maximum horizontal resolution.

21. A method for transmitting a facsimile message to one or
more of a plurality of facsimile selective call receivers each capable of
decompressing a facsimile message on the basis of a facsimile codebook
which is optimized for an image of a predetermined resolution, the
method comprising steps of:

comparing the resolution of the image of the facsimile
message with the resolution of the codebook;

determining the number of subimages for segmenting the
image of the facsimile message if the resolution of the image of the
facsimile message is greater than the resolution of the codebook, and if
resolution of the image of the facsimile message is less than or equal to
the resolution of the codebook, compressing the image of the facsimile
message on the basis of the codebook;



WO 96/05691 PCT/US95/10567

10

15

20

25

30

14

segmenting the image of the facsimile message into the
number of subimages determined by said determining step;

separately compressing each subimage on the basis of said
codebook to generate a compressed subimage for each subimage; and

generating a paging signal including information
representative of the plurality of compressed subimages and the number
of subimages;

receiving the paging signal at one or more of the facsimile
selective call receivers;

extracting the information representative of the compressed
subimages; and

decompressing each compressed subimage on the basis of the
codebook.

22. A facsimile selective call receiver for receiving a paging signal
including information representative of a plurality of compressed
subimages which define an image of a facsimile message, the selective
call receiver comprising a processor and a display, the processor
extracting the information representative of the compressed subimages
and decompressing each compressed subimage on the basis of a codebook
for displaying the decompressed subimages on the display.

23. A selective call terminal for connection to a communications
network and having a selective call terminal processor, a base station for
transmitting a paging signal to one or more of a plurality of selective call
receivers, the selective call terminal receiving a facsimile message from
a party desiring to transmit the facsimile message to a particular selective
call receiver and an identifier of the particular selective call receiver, the
selective call terminal processor segmenting an image of the facsimile
message into a plurality of subimages and separately decompressing each
subimage on the basis of a facsimile codebook, decoding the identifier to
determine an address of the particular selective call receiver designated
to receive the fax message, and generating a paging signal including
information representing the compressed subimages.
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