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ABSTRACT

System and method for minimizing data bottlenecks
in Low Data Rate Networks (LDRNs) that communicate facsimile
transmissions. An LDRN 1s a facsimile network having a
transmission data rate less than the data rate of the FAX
machines serviced by the network. The system and method can
be implemented in any type of LDRN, including analog and
digital wired LDRNs, as well as analog and digital wireless
(e.g., cellular) LDRNs. The system and method involve
processing the facsimile transmissions in order to make the
data rates of the LDRN and the FAX machines compatible,

thereby minimizing any potential facsimile data bottlenecks

that may occur in the LDRN due to 1ts slower data rate.
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FACSIMILE DATA TRANSMISSION OVER A LOW DATA RATE NETWORK
WITH FILL BIT REMOVAL AND REINSERTION

BACKGROUND OF INVENTION

This application 1s a divisional of copending
5 Canadian Application Serial No. 2,176,591 filed
November 15, 1994.

FIELD OF INVENTION

The present invention relates to facsimile data
transmission. More particularly, the present invention
10 relates to a system and method for minimizing a data
bottleneck that may arise during facsimile data

transmissions over networks operating at data rates lower

than the facsimile data rate.

DESCRIPTION OF THE RELATED ART

15 Facsimile (fax) machines have come into widespread
use. In 1980, the International Telegraph and Telephone
Consultative Committee (CCITT) adopted the Group 3 fax
standard. The CCITT recommendations (standards) T.30 and
T.4 define Group 3 facsimile service, also known a Group 3

20 FAX and G3 FAX. The recommendation is for “Group 3
facsimile apparatus”. Group 3 facsimile apparatus includes
fax machines, computers with fax modems and appropriate
software, as well as other products. As referred to herein,

the term “FAX machine” applies to any Group 3 facsimile

25 apparatus.

T.30 defines the messages used by Group 3 FAX

machines to communicate with one another. This
communication includes fax call identification, fax

parameter negotiation, training (to verify that higher data

30 rates can be used over a telephone connection), page
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transmittal, confirmation of reception, and call release.
T.4 defines several ways to encode i1mages on a page of a

document to be transmitted by a facsimile network.

T.30 was written for facsimile service provided
over a wired telephone network, or a Public Switched
Telephone Network (PSTN). In such a network, delays are
fixed between transmission and reception during a call.
Moreover, the data rates supported by the network are always
as fast as the facsimile data rates sent over the network.
In this environment, T.30 requires strict time constraints
between transmissions and responses occurring between

communicating FAX machines.

Such time constralints can be difficult to meet
when Group 3 facsimile transmissions are attempted over data
channels with different characteristics than a wired

telephone network. For example, in the
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wireless environment (e.g., a cellular network), two conditions exist that
do not arise during a wired telephone network fax transmission. First,
the wireless environment has varying delays between transmission and
reception. Second, the data rates over a wireless network are typically

5 less than a wired network and may be less than the rate of fax data
‘transmissions.

- When the data rate over the wireless network is less than the fax
transmission rate, a data bottleneck will occur between the transmitting
FAX machme and the receiving FAX machine (1.e., at the transmission

10 side of the wireless network), causing delay in the fax transmission.
Other, non-wireless facsimile networks-may also have such a limited data
rate and may thus incur data bottlenecks when perfofming facsimile
transmissions. The delays associated with such limited data rate
networks can cause T.30 time-outs to expire, resulting in the transmitting

15 FAX machine hanging up during a facsimile call before data
transmission is complete. These data channels will be referred to as Low
Data Rate Networks (LDRNSs), in which the data rates are lower than the
fax transmission data rate.

In light of the foregoing, a need exists for an LDRN that can

20 transmit fax data and at the same time minimize data bottlenecks that
.may anse 1n the LDRN during fax transmissions.

SUMMARY OF THE INVENTION

25 Accordingly, the present invention is directed to a system and
method for minimizing a data bottleneck in an LDRN.

Additional features and advantages of the invention will be set forth

In part in the description that follows, and in part will be apparent from

the description, or may be learned by practice of the invention. The objects

30 and advantages of the invention will be realized and attained by the

system and method particularly pointed out in the written description and
claims in this application, as well in the appended drawings.

To achieve the advantages of the invention and in accordance with

the purpose of the invention, as embodied and broadly described herein,

35 the invention is a method for minimizing a data bottleneck in a Low Data

Rate Network (LDRN) having a data storage buffer. The method includes

two steps. First, a data stream is transmitted from a facsimile (FAX)

machine to the LDRN, the data stream being divided into blocks, and the
blocks being divided into frames. A number of bytes of the data stream are
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temporarily stored in the data storage buffer. Second, the
LDRN requests the FAX machine to re-transmit at least one of
the frames, the number of the frames to be re-transmitted

being a function of the number of bytes of the data stream

stored in the data storage buffer.

More particularly, the invention may be summarized
as a method for minimizing a data bottleneck in a Low Data
Rate Network (LDRN), said LDRN having a first side and a
second side, said LDRN being coupled to a first facsimile
(FAX) machine and a second FAX machine, said first and
second FAX machines being capable of negotiating a value
corresponding to a Minimum Scan Line Time (MSLT), said
method comprising: scanning and encoding a data stream into
a plurality of data lines using said first FAX machine;

processing said scanned and encoded data stream, 1including

inserting at least one fill bit i1nto each of said plurality
of data lines having a bit value (Liijne) less than said MSLT
value, whereby said bit value for each of said plurality of
data lines of said processed data equals or exceeds sailid
MSLT value; transmitting said processed data from said first
FAX machine to said first side of said LDRN at a fax
transmission data rate R:i.x; second processing said
transmitted data, including removing from each of said
inserted data lines sald at least one fill bit; second
transmitting said second processed data from said first to
said second side of said LDRN; third processing said second
transmitted data, i1ncluding reinserting into each of said
data lines said at least one fill bit; and third
transmitting said third processed data from said second side

of said LDRN to said second FAX machine.

It is to be understood that both the foregoing

general description and the following detailed description
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are exemplary and explanatory only and are not restrictive

of the invention, as claimed.

The accompanying drawilings are 1included to provide
a further understanding of the invention and are
incorporated i1in and constlitute a part of this specification,
to illustrate embodiments of the invention, and, together
with the description, to serve to explain the principles of

the i1nvention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatical representation of a wired PSTN
facsimile network.

Fig. 2 1s a diagrammatical representation of a wired Low Data Rate
Network coupled to a PSTN.

Fig. 3 1s a diagrammatical representation of a Low Data Rate
Network for facsimile transmission.

Fig. 4 1s a flow-diagram 1illustrating the steps involved in a method
for minimizing data bottlenecks in accordance with the present invention.

Fig. 5 15 a flow-diagram illustrating the steps involved in another
method for minimizing data bottlenecks in accordance with the present
immvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to the present preferred
embodiments of the invention, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like
parts. A basic facsimile transmission includes several steps. The first
step 18 called setup, during which a calling FAX machine dials the
telephone number of a called FAX machine. The called FAX machine
answers the ring signal initiated by the calling FAX machine by going off-
hook, therebv waking up the rest of the called FAX machine.

The next step is a pre-message procedure. Here, the called FAX
machine first sends a digital identification signal to the calling FAX
machine identifying the called FAX machine's capabilities. In response,
the calling FAX machine automatically sends a digital command signal
describing to the called FAX machine the fax parameters that will be used
for this facsimile transmission. The calling FAX machine uses its own
capabilities and those of the called FAX machine to determine these
parameters (i.e., uses the highest common set of facsimile parameters).
These parameters include the speed of transmission of page data, the
encoding format for the image data, whether standard features such as
error correction will be used, as well as non-standard facilities that may
be used by particular facsimile machine manufacturers. The calling
FAX machine also trains with the called FAX machine to verify that the
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highest available transmission speed will work. If not, the machines
slow down until they find the {fastest speed that does pass training.

The final three steps are message transmission, post-message
procedure, and call release. Following the pre-message procedure is

message transmission, during which the calling FAX machine
transmits to the called FAX machine a data stream corresponding to

information contained on a document page. The called FAX machine, in
turn, confirms reception of each page. Following message transmission
1s post-message procedure, which occurs after each page has been sent.
During this step, the calling FAX machine sends a signal to the called
FAX machine indicating that transmission of a page 1s complete and
whether other pages are still to be sent, and in response the called FAX
machine sends a message confirmation signal indicating the page was
successfully receivec. Cali release occurs after &ll pages of the document
have been transmittea byv the calling FAX machine. In this step, the
calling FAX machine sends a disconnect signal, and both FAX machines

disconnect from the telephone line and terminate communication with
one another.

Fig. 1 illustrates a typical, hard-wired facsimile network 10
operating over a Public Switched Telephone Network (PSTN). A first (or
calling) FAX machine 12 1s connected over the PSTN 14 to a second (or
called) FAX machine 1€. The two FAX machines 12, 16 cormmunicate
with one another, as described above, by means of analog signals sent over
the PSTN 14. The signals are considered analog, even though many parts
of a PSTN may be digital. In this PSTN facsimile network 10, the data
rates supported by the network are always as fast as the facsimile data
rates to be sent over the network. Accordingly, data bottlenecks do not
occur during fax transmissions made over such PSTN f{acsimile
networks.

A wired network, however, may also incorporate a Low Data Rate
Network (LDRN). As illustrated in Fig. 2, an LDRN 22 may be used in
combination with a PSTN 14, creating an LDRN/PSTN network 20. In the
wired PSTN/LDRN network 20, a first (or calling) FAX machine 12 and a
second (or called) FAX machine 16 are connected over the PSTN 14 and
the LDRN 22. The two FAX machines send and receive analog signals via
the PSTN 14 and LDRN 22, although the LDRN 22 can be either analog or
digital, a digital LDRN requining circuitry to convert the transmitted
signals from analog to digital and vice versa. When the calling FAX
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machine 12 i1s transmitting, data will arrive at the LDRN 22 at a fax
transmission (or data) rate. This data then leaves the LDRN at & slower
rate to be transmitted across the LDRN. This results in data collecting at

‘the side of the LDRN receiving the data from the calling FAX machine.

Such data collection continues until the calling FAX machine 12 finishes
iransmitting data, after which the data build-up (or bottleneck)
diminishes in the LDRN 22 until all of the data is transmitted across the
LDRN. During this time, the calhing FAX machine 12 waits for a
confirmation signal from the called FAX machine. If the bottleneck
causes too much delay, the calling FAX machine will hang up before the
confirmation signal i1s sent.

In a wireless environment, an analog wireless network or digital
wireless network mav be used, each of which has g first and a second side
for transmission and reception of fax data. When implementing fax
lransmission and reception over & digital wireless network, an example of
which 1s shown 1n Fig. 3, the network 30 must demodulate the analog fax
transmission on each side, send it across the network in digital form, and
then modulate 1t back into an analog signal on the other side of the
network. Each side of the digital wireless network can be equipped with &
FAX modem 32, 36, which performs these functions within the network
30. Modem is short for MOdulator/DEModulator.

As with the PSTN/LDRN network 20, when a digital or analog
wireless network operates at a data rate less than that of a fax
transmission (that is, the network is an LDRN), g bottleneck will occur at
the input side of the network. Bbecause the date rate in the wireless LDRN
is lower than the facsimile transmission data rate, data bottlenecks will
arise and escalate during fax data transmissions. As in the LDRN/PSTN
network 20, these bottlenecks may become so large in an analog or digital
wireless network as to cause the calling FAX machine to terminate the
call before it has completed its data transmission.

Accordingly, in any LDRN fax network, data bottlenecks can occur.
Such bottlenecks impede the flow of data across the network and can be

disastrous if they become large enough to cause fax transmissions to
prematurely terminate.

Therefore, in accordance with the present invention, a system and
method are provided for minimizing data bottlenecks in a facsimile
LDRN. The remainder of this description explains methods and system
for data bottleneck minimization as embodied in a digital wireless
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network having an LDRN, such as that shown in Fig. 3. These methods
can be likewise implemented in an analog wireless network or the
PSTN/LDRN network 20, whether analog or digital. An exemplary

embodiment of the digital LDRN svstem of the present invention 15 shown

5 1in Fig. 3 and is designated generally by reference numeral 30.
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Referring to Fig. 3, the system for minimizing a data bottleneck 1n a
digital LDRN includes a first FAX machine 12, a first FAX modem 32, a
digital LDRN 34, a second FAX modem 36, and a second FAX machine 16.
The first FAX machine 12 and the first FAX modem 32 can be coupled to
one another through a wired telephone network, as can be the second
FAX machine 16 and the second FAX modem 36. Both FAX modems 32,
36 are, in turn, coupled to the digital LDRN 34. Preferably, the FAX
modems are inciuded within the LDRN 34. The details of this system are
described below.

In this svstem, the first FAX machine 12 and the second FAX
machine 16 are conventional facsimile machines, preferably Group 3
FAX machines, as defined under the standards of the International
Telegraph and Telephone Consultative Committee (CCITT).
Alternatively, the svstem of the present invention could be implemented
using Group 1, Group 2, or Group 4 FAX machines. To so implement the
cvstem, the methods described herein would have to be altered to the
extent necessary to account for the different CCITT recommendations or
standards (e.g., T.2, T.3, or T.6) for those FAX machine groups.

The first FAX machine 12 and the second FAX machine 16 are both
capable of transmission and reception. Accordingly, both FAX machines
are capable of sending as well as receiving analog signals. Because
Group 3 fax machines are compatible with standard telephone lines, 1.e.,
a PSTN, the first and second FAX machines 12, 16 can be installed merely
by plugging them into a telephone jack. If a PSTN is not used, a private
voice or digital channel is needed.

As shown in Fig. 3, the first and second FAX machines 12, 16 are
connected over standard telephone lines (PSTN) to the first and second
FAX modems 32, 36, thereby enabling the FAX machines to send and
receive analog signals to and from the FAX modems. The first FAX
modem 32 and the second FAX modem 36 are used to demodulate the
analog facsimile transmissions being sent by the FAX machines 12, 16.
In this way, both FAX modems convert the analog facsimile
transmissions into digital form. In addition, both FAX modems 32, 36 are
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used to modulate the digital facsimile signals transmitted over the digital
LDRN 34, converting those digital signals back into analog facsimile
signals for transmission to the FAX machines 12, 16.

As noted above, the first FAX modem 32 and the second FAX

modem 36 are preferably located within the LDRN 34. Alternatively, the

FAX modems could be located, for example, at the same location having
the FAX machines 12, 16, or anywhere else between the FAX machines
and the LDRN 34. In either of these latter implementations, a private
digital channel is needed for communication between the LDRN 34 and
the FAX modems 32, 36.

For the remainder of this description, the digital LDRN 34 wall be
referred to as having a first side and a second side, the two sides being in
communication with one another cver the LDRN. For simplification, the
first s1de will be referrea to as including the first FAX modem 32 and
other circuitrv and software contained within the digital LDRN 34.
Similarly, the second side will be referred to as including the second FAX
modem 36 as well as other circuitry and software contained within the

LDRN 34. As will be apparent to those skilled in the art, additional FAX
modems and FAX machines can be coupled to the LDRN, which is
capable of simultaneously transmitting many digitized facsimile signals.

In accordance with the present invention, a method and system
incorporating the Error Correction Mode (ECM) defined in CCITT T.30
and T.4 can be used to minimize a data bottleneck in the digital LDRN 34.
The ECM is part of T.30 (i.e., it is standard in the T.30 Recommendation),
but is an optional feature on a Group 3 FAX machine. This means that
FAX machine manufacturers need not implement ECM to be Group 3
compliant. Nevertheless, if ECM is used during a fax call (i.e., both
machines have the capability and negotiate to use it), ECM can be used by
the LDRN 34 to keep a fax call from being prematurely terminated, i.e.,
timing out, due to a data bottleneck.

One way to reduce the data bottleneck using ECM is to use the flow
control mechanism designed into ECM. This mechanism allows the
called FAX machine (either the first FAX machine 12 or the second FAX
machine 16) to hold-off the calling FAX machine (again, either the first or
second FAX machine 12, 16) for a period of time. This is part of the T.30
standard.

Alternatively, ECM may be used 1n conjunction with a
retransmission function to minimize data bottlenecks. In the ECM, data
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contained on a document page to be transmitted from one FAX machine to
another 1s divided 1nto blocks. Each block 1s further divided into a number
of frames. There can be 256 or 64 frames per block (negotiable between the
FAX machines) and up to 256 blocks per page. Between transmission of
each block of data, the called FAX machine can request the calling FAX

‘machine to re-transmit frames within the current block. The called FAX

machine can do this up to four times per block. In normal operation,
such retransmission requests are only performed when a block is received
with errors, or where the block is completely missed by the called FAX
machine.

This retransmission function, however, can be used by the LDRN 34
to delay the calling FAX machine while the LDRN 34 sends data over the
LDRN. In such & method, & data stream corresponding to the data
contained on the document page 1€ transmitted in analog form from the
first FAX machine 12 to the first FAX modem 32 (i1.e., the first side of the
LDRN 384), where the data stream is converted into digital form. When the
data rate from the first FAX machine 12 is greater than the data rate of
the LDRN 34, some of the data in the data stream will accumulate in some

type of memory device (e.g., a data transmit buffer) included in the first
side of the LDRN 34.

In order to prevent such data accumulation, the digital LDRN 34
can be uced to keep the first FAX machine 12 busy by requesting it to re-
transmit data frames that were received correctly by the LDRN. The
particular frames the LDRN 34 requests to be re-transmitted is arbitrary.
The number of frames requested for retransmission can be calculated
using an algorithm that minimizes the bottleneck effect when the LDRN
34 operates at a slower data rate than the facsimile transmission. The
following formula is used to minimize the bottleneck effect:

(1) NRETX-Frarnes = INT[(Toverhead + (LBott]eneck/R'fax))/(LFrame/R‘LDRN)]°

In equation (1), NRETY Frame: COTTEsponds to the number of frames
that the LDRN 34 will request the calling FAX machine to re-transmit.
INT indicates that the number of re-transmit frames is an integer value,
rather than a fractional value. In addition, T ycrheag 18 8 fixed value
determined empirically, accounting for the time it takes to request
retransmission, for the time needed by the FAX machine to setup for the
retransmission, and the time to transmit the confirmation signal for the
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requested retransmission. T ..rhead G0€S Not include, however, the time
required to actually re-transmit the requested frames. Ly, itieneck

corresponds to the amount of data stored in the LDRN/modem data
transmut bufier still to be sent over the LDRN 34, and R¢,, corresponds to

 the data rate of the facsimile transmission. L; . . is the amount of data in

a single fax data frame, and Ry pgryn 18 the data rate of the digital LDRN 34.

The goal 18 to have the transmitting fax machine begin
transmitting & new block of data just as the bottleneck empties at the
LDRN 34. This would minimize the delayv created by having an LDRN
data rate less than the fax transmission data rate.

The calculation 1n equation (1) 1s performed and thus
retransmission of data frames requested, however, only upon satisfaction
of an initial condition. Namely, the number of re-transmit data frames to
allow the LDRN 34 toc empty 1ts cata buffer (Ng i1jeneck) must be greater
than & fixed integer value (N_;.). This prevents unnecessary
retransmission of data frames (1.e., when the bottleneck effect is not
substantial enough to warrant retransmission). NBgttleneck 1S
calculated as follows:

(2) NBott]eneckleT[(TBottleneck/Tfrarne )]
:INT[(LEottieneCk/RfaJ( )/(Lframe/RLDRN)] )

where L iienecks Daxs Lframes 81NG Rpprn are the same variables as those
described with respect to equation (1.

Referring now to Fig. 4, a flow-diagram is provided illustrating the
ECM retransmiscion method. The process begins in step 42, at which
point a block of data from a page of the document being transmitted by the
first FAX machine 12 is received in the first side of the LDRN 34. Using
this block of data, the next step 43 is to calculate Ny i1eneck USINE equation
(2). Upon performing this calculation, the next step 44 involves
comparing Ngottleneck 10 Nmin- I NBottleneck 18 greater than N_ ;. , as show
in step 45, NreTx.fremes 15 Calculated using equation (1), and a send
confirmation signal 1s sent from the first side of the LDRN 34 to the first
FAX machine 12, requesting that the first FAX machine re-transmit the
NreTy.frames: 1he particular data frames that the LDRN requests to be re-
transmitted is arbitrary; only the number of frames, 1.e., NReTx frames 18

significant.
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On the other hand, if in step 44 Np,iijeneck 15 less than N_;.,
retransmission of data frames will not be requested by the LDRN 34.
Rather, as shown in step 46, the LDRN will send a confirmation signal to
the first FAX machine 12 without a retransmission request, and the

5 procedure will be repeated with the next block received.

1 As will be apparent to those skilled in the art, the methods for
minimizing data bottlenecks using the ECM can be implemented with
circuitry included in the LDRN 34, the FAX modems 32, 36, or both.
Preferably, the circuitry will use LSl and/or VLSl components.

10 Alternatively., the method can be implemented with software, or some
combination of software and circuitry.

A second embodiment of the present invention involves employing
compression methods to increase the rate at which data is transmitted by
an LDRN t¢c minimize data bottlenecks in the LDRN. As with the ECM
methods, the compression methods can be implemented with hardware,

bt
n

software, or a combination of the two.

"The T.4 recommendation or standard includes different encoding
formats. As part of the facsimile negotiation between two communicating
facsimile machines, this encoding format is set to either one-dimensional

20 or two-dimensional (1-D or 2-D). Referring again to Fig. 3, in the
compression scheme, the digital LDRN 34 forces the FAX machines 12, 16
to use the 1-D formst, while the LDRN 34 uses the more efficient 2-D
format to tranemit a stream of data from one side of the LDRN to the other
side. Now in the 1-D mode, the first FAX machine 12, for example, can
2%  gend a data stream encoded in the 1-D image data format to the first side
of the digital LDRN 34. Once received at the first side, the data stream 1s
digitized and uncompressed. The LDRN then re-encodes the
uncompressed data stream into the 2-D image data format and transmits
the re-encoded data stream from the first side over-the-air to the second
30 side of the LDRN 34. Once received at the second side, the transmitted
data stream is again uncompressed, is re-encoded back into the 1-D image
data format, and is converted back into analog form. The second side of
the LDRN 34 then sends the re-encoded analog data stream to the second
FAX machine 16. The second FAX machine 16 decodes the data stream

35 and outputs it in a format readable by a user.
Alternatively, the compression method can be implemented using
image processing, in which a non-standard image data format (or 1mage
encoding) is used over the digital LDRN 34. In this alternative
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compression scheme, the first FAX machine 12 sends a data stream
encoded in a standard 1mage data format (1-D or 2-D) to the first side of the
LDRN 34. The first side decompressed and digitizes the data stream,
converting it into a bit mapped 1mage having image data. This bit

- mapped image 1s then processed, thereby reducing the amount of 1mage

data. The amount of reduction should correspond to the difference in the
fax data transmission rate and the LDRN data rate. Such image
processing may involve remapping the image into fewer pixels (i.e., an
image having reduced resolution). No matier the image processing
scheme used, the amount of 1mage data will be less than the onginal
amount sent from the first FAX machine 12 by an amount accounting for
the data bottleneck at the first side of the daigatal LDRN 34.

The processed bit mapped data 1= then compressed and transmitted
from the first side of the LDRN 34 tc the second side of the LDRN. At the
second side, the transmitted data 18 uncompressed and reverse pr'bcessed,
whereby in the second side of the LDRN, the uncompressed bit mapped
data is re-encoded into the original T.4 image data format (1-D or 2-D). In
this way, the original stream of data sent from the first FAX machine 12
18 substantially recreated. This recreated data is converted back into

analog form and sent from the second side of the LDRN 34 to the second
FAX machine 1€.

In a third embodiment of the present invention, lines of facsimle
image data are dropped, such that the dropped data lines are not sent
from the first to the second side of an LDRN thereby minimizing data
bottlenecks. In this method, & short indication signal is sent, for
example, from the first side to the second side of the LDRN 34, indicating
that a line of data was dropped. On the second side, the LDRN inserts a
data line to replace and/or replicate the dropped data line. The inserted
line can be a repeat of the data line preceding the dropped line, or can be a
line that is created by performing an image processing function on the
previous N lines, N being some predetermined number. As with the ECM
and compression methods, this method can also be implemented with
hardware, software, or a combination of the two.

Various algorithms can be selected for deciding which lines of data
to drop. First, every Ntb line could be dropped. In this case, a data stream
would be transmitted from the first FAX machine 12 to the first side of the
LDRN 34, the data stream comprising several data lines. Once received
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in the first side, the data stream would be processed and every Ntb line

dropped.

Second, a flexible equation can be used to determine how many
contiguous data lines are to be transmitted before dropping the next line.

Here, the data stream can be transmitted from the first FAX machine 12

to the first side of the LDRN 34, the data stream again comprising data
lines. Once received at the first side of the LDRN, the data stream is
processed, including determining the contiguous data lines,
Ncontiguous, to be transmitted between dropped lines, Neontiguous being
calculated according to the following equation:

(3) Ncomiguous = Nmin-sent T INT[(Ndrop-window * Runiform(o’l)]‘

In equation (8), N i .cqt COrresponds to a minimum number of contiguous
undropped data lines, Ny op.window COTTESPOnds to a window of droppable
data lines, and Ry,iforg(0,1) is a function that outputs uniformly
distributed real values between 0 and 1.

Nin-sent @804 Narop wingow are chosen such that, on average, the data
bottleneck at the LDRN 84 ic minimized. These values must also be
celected to minimize the impact on the quality of the fax data image. In
order to satisfv these requirements, separate values can be selected for
pairs of (N jin.cent Narop-window) COTTESpOnding to difierent facsimile image
encoding formats, different LDRN data rates, and different fax
transmission data rates. A lookup table can be employed for each of the
(N min-sent> Ndrop.window/) Pairs in order to implement selection of such
values.

No matter which algorithm is employed, once processed, the data
cstream is transmitted from the first side of LDRN 34 to the second side
along with the indicator signals. As noted above, each indicator signal
corresponds to a dropped data line. In the second side of the LDRN 34, a
new data line will be inserted for each of the dropped lines, as descnbed
above.

Referring now to Fig. 5, a flow-diagram is provided depicting the
use of equation (3) to determine which data lines to drop. As shown in
step 51, a counter, N, is initially set to zero, for which Ny ;, cent
represents a minimum threshold of contiguous undropped data lines that
must be met before a line can be dropped. Also in step 51, Neontiguous 18

calculated per equation (3). After completing step 91, a data line 1s
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received in the first side of the LDRN 34 from the transmitting FAX
machine, as depicted in step 52. Next, N_.,, 1s incremented in step 53,
after which N, 18 compared t0 N niicuous 10 Step 54.

According to step 54, if N equals N . ;ou.us the currently
received data line is dropped, and an indicator signal is generated
indicating that a data line was dropped from the LDRN data transmit
buffer, as shown in step 55. If, however, N ., does not equal N¢ontiguous:
the currently received data line 1s stored into the LDRN data transmit
buffer, indicated by step 56. Following execution of step 55, step 51 is
repeated, resulting in N, being reset to zero and N tjouone Deing
recalculated. Following execution of Step 56, however, the loop is
continued, returning to step 52 and repeating that step as well as steps 53
and 54.

Alternatively, a data bottieneck in the LDRN 34 can be minimized by
dropping data lines based on the current depth of the data bottleneck and
the length of the incoming data lines. By dropping the longest data lines,
the benefit of dropping data lines 1s maximized. In accordance with this
method, a Line Length Threshold (L_;,) will be establisbed, such that
when the length of a data hine exceeds L _ .., the data line will be dropped
in the LDRN. Referring again to Fig. 3, in this method, a data stream is
transmitted from the first FAX machine 12 to the first side of the digital
LDRN 34. The data stream, corresponaing to image data being scanned
from a document page by the first FAX machine 12, has a number of datsa
lines, each of which has a line length (i.e., an amount of data
corresponding to the number of data bits contained in each data line).
Once received by the first side of the LDRN 34, the data stream is
processed, including dropping each of the data lines for which the line
length exceeds L_;,-

The algorithm in the LDRN 34 setting L_ ;. can be fixed or dynamic.
Where L_ ;. is fixed, in the first side of the LDRN each of the incoming
data lines are compared to the fixed L_;, value, and any data lines
exceeding L_;  are discarded. The value corresponding to the fixed L,
differs {for different facsimile data rates and different LDRN data rates.
Values corresponding to such a differing L ;, can be implemented in an
L iy lookup table.

In a dvnamic system, L, ;, will vary based on the current depth of
the data bottleneck data transmit buffer in the first side of the LDRN 34.
To calculate dynamic L_;-, an algorithm 1s used. This algorithm employs



CA 02429746 2003-06-09

74769-57G

10

b |
(Jt

20

30

35

16

the amount of data, Ly ,11enecks StOTed 1n the data transmit buffer, such that
L i, 1S @ decreasing function of Lygieneck (1-€., Ly decreases as Lygitleneck
increases), and thus more lines get dropped as the bottleneck grows.
Accordingly, as the LDRN gets farther and farther behind in i1ts data
transmission, Lp;, will decrease, resulting in shorter and shorter data
lines being dropped. Conversely, as the LDRN data bottleneck becomes
smaller, L_;, will increase, causing only longer data lines to be dropped.

After being processed, the data stream, minus the dropped lines, is
transmitted from the first side to the second side of the LDRN 34. Along
with the processed cata, short indicator signals will be transmitted, each
of which corresponds to and indicates a dropped data line. Once received
at the second side of the digmtal LDRN 34, the second side will insert a data
line for each of the dropped data lines. Determination of when and
whether to insert the cata line follows {rom tne transmitted indicator
signals. As discussed above, the inserted line can be a repeat of the last
data line preceding the dropped data line, or the second side of the LDRN
can create a data line to insert by performing image processing on N data
lines preceding the dropped data line.

In a fourth embodiment of the present invention, another method
for minimizing data bottlenecks in an LDRN involves dropping fill bits in
one side of the LDEKN and reinserting them in the other. Two FAX
machines communicating with each other are capable of negotiating &
value corresponding to a Minimum Scan Line Time (MSLT). The MSLT 1s
a conventional feature of T.30, compensating for slower paper
feeding/scanning mechanisms within FAX machines. When a data line
encodes into only a few bits (e.g., a blank line), the transmission time for
these bits can be less than the MSLT. In the event this occurs, the
transmitting FAX machine inserts fill bits at the end of the data line
causing the transmit time for that data line to be at least as long as the
MSLT.

In this fill bit method, the MSLT can be used to minimize the data
bottleneck in an LDRN. Referring again to Fig. 3, the first and second
FAX machines 12, 16 first negotiate a value corresponding to the MSLT.
The transmitting machine (e.g., the first FAX machine 12) then scans

and encodes the image data appearing on a document page into data
lines. Next, the first FAX machine 12 processes the scanned and encoded
data, including inserting fill bits into each of the data lines in which the
number of bits is less than that value corresponding to the MSLT value.
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Such processing causes the transmission time for each of the encoded
data lines to equal or exceed the MSLT. The processed data is then
transmitted to the first side of the LDRN 34, where it is again processed.

In this second processing step, all of the fill bits are removed from the
hilled data lines.

| The data, minus the fill bits, 1s then sent from the first side of the
LDRN 34 to the second side of the LDRN. There, the data is processed a
third time, including reinserting the removed fill bits into their
corresponding data lines. When and whether the second side of the
LDRN 34 will insert fill bite into & data line 1s determined according to the
following equation:

(4 Tline - LlinefRfax =

where Ty, equals the transmit time for the fax data line, Ly, equals the
amount of data in the fax data line, and KR{,, equals the facsimile
transmission data rate. For each data line, if Ty;,, < MSLT, fill bits are
inserted by the second side of the LDRN 34 before the end of the data line,

thus increasing Ljjne and Tijpe until Tyjhe 1s greater than or equal to the
MSLT.

Accordingly, the data lines will have reattained their filled status
as they were transmitted from the first FAX machine 12 to the first side of
LDRN 34. These newly filled data lines, as well as the rest of the scanned
image data, is then sent from the second side of the LDRN to the second
FAX machine 16. In this way, none of the fill bits is sent over the LDRN,
thus saving time in transmitting the facsimile image. As with the other
embodiments described herein, this fill bit method can be implemented in
the LDRN 34 and/or FAX modems 32, 36 using hardware, software, or
some combination of the two.

Those skilled in the art will recognize that the methods and
apparatus described herein can be implemented on a variety of facsimile
networks. Such networks would include not only digital wireless
networks, but also analog wireless networks. Indeed, the methods and
apparatus described herein can be implemented in any LDRN over which
facsimile images are transmitted and in which data bottlenecks can occur
during such transmissions.

Accordingly, it will be apparent to those ckilled in the art that
various modifications and variations can be made in the apparatus and
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process of the present invention without departing from the spint or scope
of the invention. Thus. 1t 1s intended that the present invention covers the
modifications and varniations of this invention, provided they come within
the scope of the appended claims and their equivalents.



10

15

20

25

CA 02429746 2003-06-09

747769-57G

195

1. A method for minimizing a data bottleneck in a Low
Data Rate Network (LDRN), said LDRN having a first side and
a second side, said LDRN being coupled to a first facsimile
(FAX) machine and a second FAX machine, said first and
second FAX machines being capable of negotiating a value
corresponding to a Minlimum Scan Line Time (MSLT), said

method comprising:

scanning and encoding a data stream into a

plurality of data lines using saild first FAX machine;

processing said scanned and encoded data stream,
including inserting at least one fill bit into each of said
plurality of data lines having a bit value (Ljjre) less than
salid MSLT wvalue, whereby said bit value for each of said
plurality of data lines of said processed data equals or

exceeds salid MSLT wvalue;

transmitting said processed data from said first
FAX machine to said first side of said LDRN at a fax

transmission data rate Reix;

second processing said transmitted data, including
removing from each of said inserted data lines said at least

one fill bit;

second transmitting said second processed data

from said first to said second side of said LDRN;

third processing sailid second transmitted data,
including reinserting into each of said data lines said at

least one fill bit; and
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third transmitting said third processed data from

said second side of said LDRN to said second FAX machine.

2 . The method recited in claim 1, further comprising
determining whether to perform the third processing step,

the determining step including the following subsets:

calculating, for each of the second transmitted
data lines, a transmit time (Tijne) according to the following

equation:

Tl ine':I—'l ine/Rfax 7

wherein Resx 18 saild fax transmission data rate; comparing,
for each of the second transmitted data lines, Tiine to MSLT;
and 1f Tjjpe 18 less than MSLT, performing the third

processing step.
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