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REAL-TIME FACSIMILE TRANSMISSION OVER 
DIGITAL NETWORKS 

FIELD OF THE INVENTION 

[0001] This invention relates to facsimile transfer over 
digital networks, and, more particularly, to the transfer of 
facsimiles over digital networks in real-time, dealing With 
delays caused by the netWorks. 

BACKGROUND OF THE INVENTION 

[0002] Various protocols exist for transmission and receipt 
of facsimiles over loW-delay analog voice-grade telephone 
lines. One such protocol is Group 3 (G3), de?ned in T30 
(“Recommendation T.30 (07/96)—Procedures for document 
facsimile transmission in the general switched telephone 
network”), Which is hereby incorporated herein by reference. 
T30 is an International Telecommunication Union (ITU) 
recommendation dealing With facsimile transfer over a tele 
phone netWork. This recommendation de?nes three different 
protocols for facsimile transfer knoWn as Group 1 (GI), 
Group 2 (G2), Group 3 (G3). Only the Group 3 protocol is 
in common use today. 

[0003] While the G3 protocol is de?ned for analog trans 
mission, the backbone netWork for modern telephone sys 
tems is generally digital. Accordingly, G3 facsimile is often 
carried over a digital telephone netWork using recommen 
dations speci?ed in ITU G.766, Which is hereby incorpo 
rated herein by reference. The ITU G.766 recommendation 
describes hoW analog signals are demodulated, forWarded 
over the netWork and remodulated at the remote end of the 
call. 

[0004] In addition to being used With the PSTN (Public 
SWitched Telephone NetWork), G3 facsimile is also used 
over satellite and other digital netWorks. Even in non-PSTN 
netWorks, the techniques described in G766 can generally 
be used, although they must be modi?ed appropriately to 
suit the characteristics of the netWork. 

[0005] The Protocol Analysis (PA) technique described in 
G766 is Widely used in non-PSTN netWorks. This technique 
requires that the Facsimile Interface Unit (FIU, i.e., the 
hardWare/softWare component of a netWork that provides an 
interface betWeen a compatible facsimile machine and a 
netWork) folloW the G3 facsimile protocol so it can use the 
correct voiceband modems to demodulate signals from and 
remodulate signals to the G3 facsimile machine. 

[0006] Various problems exist When trying to use G3 
facsimile over digital netWorks, the main problem being the 
additional delay added to the connection by the nature of the 
digital netWork. For example, if a satellite link is used in the 
digital netWork, this adds approximately 250 ms of delay in 
both directions of signal travel. 

[0007] A call through a digital netWork betWeen tWo 
Widely separated geographic locations may pass through 
several netWork components that introduce additional delay 
as compared to a direct analog connection betWeen tWo 
facsimile machines. The delay problem becomes more acute 
When G3 facsimile is sent over a packet-sWitched netWork. 
Typically, these netWorks have no upper bound on delay. 
Further, the delay betWeen any tWo packets is not predictable 
due to various netWork events. Unlike a modern PSTN, data 
passing through a packet netWork experiences variable and 
unpredictable delays. 
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[0008] The G3 facsimile protocol Was designed for loW 
delay analog telephone connections and it contains no 
explicit Ways to tell a facsimile machine to Wait longer than 
some time period for protocol interactions to occur. The G3 
facsimile protocol speci?es several timers Which may expire 
(timeout) if the delay is high. The most-used timer is one 
used for commands and responses. When an FIU transmits 
a command, it starts the timer and Waits for a response 
message. If the timer expires, it retransmits the command 
and starts the timer over again. As soon as the facsimile 
machine starts receiving a response, it stops the timer. The 
facsimile machine ends the call after three retransmissions 
Without reply. 

[0009] In a high-delay situation, the retransmission of the 
command by the facsimile machine Will often occur around 
the same time that the response to the original command is 
arriving over the netWork, resulting in a collision betWeen 
the second copy of the command (being transmitted by the 
facsimile machine) and the reply to the ?rst copy of the 
command arriving over the netWork. This situation is shoWn 
in FIG. 1 Wherein timeout occurs Without the originating 
facsimile machine (FTE) receiving a reply from the desti 
nation FTE 10-2. The retransmission from the originating 
FTE 10-1 collides With the reply from the destination FTE 
10-2. The response of a facsimile machine to a protocol 
collision is vendor-speci?c and not predictable, and often 
results in failure to transfer a document. 

[0010] ITU recommendation G.766 speci?es one tech 
nique for handling delay situations and this is that the FIU 
Will start to send so-called “?ll data” Which is formatted to 
look like the normal preamble signal before a valid message. 
This ?ll data is sent to the FTE if a reply to a command has 
not arrived after several seconds but before a protocol 
timeout (triggering a retransmission) Will occur at the FTE. 
FIG. 2 shoWs an example of the use of ?ll data. As shoWn 
in FIG. 2, the originating FTE 10-1 starts a timer at the end 
of its transmission. Then, before the timeout period expires, 
the FIU 14-1 starts sending preamble ?ll signals to the 
originating FTE 10-1 in anticipation of receiving a message 
over the netWork. When the FTE 10-1 starts receiving the ?ll 
data, it stops the protocol timer currently in progress. The ?ll 
data is sent by the FIU 10-1 in anticipation of receiving a 
reply to the original command over the netWork. 

[0011] This delay compensation technique does not Work 
Well in several situations, including, for example: 

[0012] The response message can be delayed so long 
that the total length of FIU-generated ?ll plus the 
response message exceeds the limits of the G3 
facsimile protocol and the FTE thus rejects the 
message. 

[0013] The response message does not arrive over the 
netWork at all. This could happen for many reasons 
including that the message Was lost in the netWork or 
that the original command Was corrupted during 
remodulation to the remote FTE. 

[0014] The FTE violates the G3 facsimile protocol 
speci?cation by failing to Wait the full, speci?ed 
timeout period before starting retransmission. 

[0015] Another problem is variable delay over the netWork 
during page data transfer. G3 facsimile uses synchronous 
voice-band modems and, once transmission starts, a steady 
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supply of page data is required for successful transmission. 
If the arrival of page data over a network is delayed 
unpredictably, this Will create gaps in the remodulated data 
stream Which Will produce corruptions in the printed page 
image. One solution to this problem could be to increase the 
amount of buffering at the destination FIU 14-2 so that it can 
send data from the buffer during periods Where no netWork 
data is available. There are, hoWever, tWo problems With this 
solution: 

[0016] 1. The amount of buffering required is equal to 
the sum of all instantaneous delays throughout the 
call. Since these delays are unpredictable, it is 
impossible to establish an upper limit to the amount 
of buffering required for any call. 

[0017] 2. Additional buffering of this kind increases 
delay. 

SUMMARY OF THE INVENTION 

[0018] It is desirable to provide a facsimile system With 
the folloWing features: 

[0019] The system can perform document transfer 
betWeen G3 facsimile equipment over digital net 
Works of unlimited, variable and unpredictable 
delay. 

[0020] The system has adaptability on a per-call basis 
to netWork connections of different capacity. 

[0021] The system has interoperability With a broad 
spectrum of G3 facsimile equipment currently in use. 

[0022] The system requires no changes to normal 
PSTN operator procedures for sending G3 facsimile 
documents. 

[0023] The system provides little or no disruption to 
the appearance of the printed document. 

[0024] Accordingly, this invention provides G3 facsimile 
through digital netWorks of high or unpredictable delay. The 
techniques of this invention are insensitive to delay and still 
have a high degree of compatibility With the diverse popu 
lation of G3 facsimile equipment currently in use. There is 
little or no alteration of the facsimile document as a result of 
using this invention. 

[0025] In one general aspect, this invention is a protocol 
for transferring G3 facsimile over a digital netWork of 
unlimited delay. The protocol compensates for an unlimited 
and unpredictable amount of delay through a digital net 
Work. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The above and other objects and advantages of the 
invention Will be apparent upon consideration of the fol 
loWing detailed description, taken in conjunction With the 
accompanying draWings, in Which the reference characters 
refer to like parts throughout and in Which: 

[0027] FIG. 1 shoWs a command/response in a long-delay 
situation; 
[0028] FIG. 2 shoWs the use of ?ll data to prevent 
retransmission; 
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[0029] FIG. 3 shoWs a typical con?guration of a facsimile 
system according to the present invention; 

[0030] 
[0031] FIG. 5 shoWs the page data transmit states at the 
destination FIU using this invention; 

FIG. 4 shoWs a call using this invention; 

[0032] FIG. 6 shoWs a particular protocol situation at the 
destination end of the call Where a different page transmit 
rate is negotiated compared to the originating end of the call; 
and 

[0033] FIG. 7 shoWs a particular protocol situation at the 
destination end of the call Where the FTE requests retraining. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EXEMPLARY 

EMBODIMENTS 

[0034] This invention operates in an environment such as 
shoWn in FIG. 3 Wherein originating facsimile terminal 
equipment 10-1 connects to a digital netWork 12 via fac 
simile interface unit 14-1 (FIU). The FIU 14-1 is the 
hardWare/softWare component of the netWork 12 that pro 
vides an interface betWeen the FTE 10-1 and the netWork 12. 
Also connected to the netWork 12 are a plurality of other 
FTEs including FTE 10-2 (connected to the netWork 12 via 
FIUs). FTE 10-2 is connected to the netWork 12 by FIU 
14-2. Preferably each FTE is a Group 3-compatible fac 
simile machine. The digital netWork 12 is a netWork 12 such 
as the Internet or the like. 

[0035] The functional units associated With the FTE that is 
transmitting (scanning) a document being transferred are 
referred to as originating units, e.g., originating FTEs and 
originating FTUs. Functional units associated With the FTE 
that is receiving (printing) the document being transferred 
are referred to as destination units, e.g., destination FTEs 
and destination FTUs. 

[0036] In the folloWing description, FTE 10-1 Will be 
considered the originating FTE and FIU 14-1 the originating 
FIU. FTE 10-2 Will be considered the destination FTE and 
FIU 14-2 the destination FIU. 

[0037] A facsimile call is made up of ?ve phases (A-E). 

[0038] In Phase A (Call setup or establishment), the tele 
phone call is placed from the originating FTE to the desti 
nation FTE. The call can be made automatically or manually. 

[0039] In Phase B (pre-message procedure), the destina 
tion station (FTE) responds With signals identifying its 
capabilities. The calling station then sends signals to indicate 
the mode of operation to be used during the call (e.g., 
transmission speed, resolution, page siZe, image coding 
method etc.) That is, in phase B there is negotiation of 
optional protocol features and veri?cation of high-speed 
data transfer capability. 

[0040] In Phase C (in-message procedure and message 
transmission) there is procedural signaling and the transmis 
sion of the facsimile image. procedural signaling includes, 
e.g., a modem training sequence from the sending FTE 
(station) that alloWs the receiving station to adapt its modem 
to the telephone line characteristics. If the receiving station 
(destination FTE) trains successfully and is ready, it 
responds With con?rmation to receive (CFR) signal. Upon 
receipt of the CFR signal, the sending station sends the 
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facsimile image at the negotiated higher speed. That is, 
generally, in phase C there is transfer of a page of the 
document using high-speed modem. 

[0041] Phase D (post-message procedure) includes signal 
ing for end-of-message, end-of-page transmission and con 
?rmation of page acceptance. 

[0042] 
[0043] In phases B, C, and D, the signals are communi 
cated at 300 bps using high-level data link control (HDLC) 
until a higher speed is negotiated. 

In Phase E the call is terminated. 

[0044] During these ?ve phases the folloWing signals are 
transmitted. 

TERMINOLOGY AND SIGNAL NAMES 

[0045] The folloWing signals are transmitted using the 
loW-speed (300 bits per second (bps)) V21 modem: 

[0046] DIS: Message from the destination FTE speci 
fying the optional G3 features it is capable of sup 
porting. 

[0047] DCS: Message from the originating FTE 
specifying the optional G3 features that Will be in 
force for this call. 

[0048] MPS: Sent by the originating FTE after each 
page (except the last) of the document. 

[0049] EOP: Sent by the originating FTE after the 
last page of the document. 

[0050] MCF: Response from the destination FTE to 
an MPS or EOP signal indicating successful recep 
tion of the page. After sending this signal, the 
destination FTE expects to receive page data. 

[0051] RTP: Response from the destination FTE to an 
MPS or EOP signal indicating successful reception 
of the page but retraining of the voice-band modems 
is necessary. 

[0052] RTN: Response from the destination FTE to 
an MPS or EOP signal indicating unsuccessful 
reception of the page and that retraining of the 
voice-band modems is required. 

[0053] NSF: Message from the destination FTE 
specifying proprietary, vendor-speci?c or non-T.30 
features that it is capable of. 

[0054] CFR: Aresponse by the destination FTE to the 
TCF signal indicating that reception of the TCF 
signal Was good. After sending this signal, the des 
tination FTE expects to receive page data. 

[0055] FTT: Aresponse by the destination FTE to the 
TCF signal indicating that reception of the TCF 
signal Was bad. After sending this signal, the desti 
nation FTE expects to receive the DCS and TCF 
signals. 

[0056] The folloWing signals are transmitted using the 
high-speed (2400-9600 bps) V27 or V29 voiceband modem 
(In other embodiments other speeds and protocols may be 
used. E.g., rates of up to 14,400 bps and standards such as 
V.17 and V29 may be used): 
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[0057] TCF: A signal from the originating FTE to 
verify that proper reception of page data by the 
destination FTE is possible. The TCF signal alWays 
folloWs the DCS signal. 

[0058] Page data: Coded digital representation of the 
scanned page transmitted by the originating FTE. 

[0059] The folloWing terminology is used herein 

[0060] Training The process Where a DCS/T CF is sent 
and a CFR or FTT is replied. A good or successful 
training has a CFR reply and a bad or unsuccessful 
training has an FTT reply. This does not refer to the 
V-series voice-band modem training process. 

[0061] Bad TCF A T.30 TCF signal that is constructed 
by the destination FIU 14-2 so that the destination FTE 
10-2 Will reply With FTT instead of CFR. 

[0062] DIS Packet A packet sent over the netWork 12 
from the destination FIU 14-2 containing information 
from the DIS signal received from the destination FTE 
10-2. 

[0063] DCS Packet A packet sent over the netWork 12 
by either FIU indicating that a successful training has 
occurred With the adjacent FTE. 

[0064] Page Data Packet Apacket sent over the netWork 
12 by the originating FIU 14-1 containing a portion of 
page data. 

[0065] MPS Packet A packet sent over the netWork 12 
by the originating FIU 14-1 signifying end of a page. 

[0066] EOP Packet A packet sent over the netWork 12 
by the originating FIU 14-1 signifying the end of the 
last page of the document. 

[0067] The folloWing terminology used herein derives 
from ITU Recommendations T30 and T4 Which govern 
Group 3 facsimile. 

[0068] FIF Facsimile Information Field. In the loW 
speed signals DIS and DCS, the FIF ?eld if the signal 
contains several octets of information about T.30 capa 
bilities and negotiated optional features. 

[0069] Scan Line A unit of coded page image data 
consisting of all image elements along a single hori 
Zontal line of the page. 

[0070] CodeWord Image elements Within a scan line are 
described by codeWords Which represent one or more 
picture elements along a horiZontal scan line. 

[0071] Preamble At the start of all V21 transmissions, 
a sequence of HDLC ?ag octets. 

[0072] Error Correction A selective-reject protocol 
de?ned for Group 3 that alloWs a Mode (ECM) desti 
nation FTE to request a retransmission of selective 
parts of page image data that Was received in error. 

[0073] Frame Check In the framed data transmit modes 
of T.30 (Which use HDLC Sequence TICS) formatted 
data), each frame is terminated With a bit sequence that 
is the result of a computation performed on all previous 
data in the frame. The receiver of a frame performs the 
same computation on the data it receives and compares 
its result With the FCS contained in the frame. If they 
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are identical, the frame has been received Without error. 
If they are different, one or more errors are present in 
received data and the entire frame cannot be trusted. 

DETAILED OPERATIONAL DESCRIPTION 

[0074] With reference noW to FIGS. 3 and 4, in order to 
send a facsimile from originating ETE 10-1 to destination 
ETE 10-2, the originating ETE 10-1 starts the call normally 
by dialing the phone number of the destination ETE 10-2. 
Some protocol through the netWork 12 takes place Whereby 
a connection is made to the destination EIU 14-2. As the 
destination EIU 14-2 goes on-line, it is made aWare of the 
maximum alloWed data rate through the netWork 12 in 
bits-per-second. 

Activity at the Destination End of the Call 

[0075] The destination EIU 14-2 noW starts ringing the 
destination ETE 10-2. The destination ETE 10-2 eventually 
ansWers the ringing and sends to the originating ETE 10-1 
the normal G3 protocol signals, including the DIS frame 
(FIG. 4, S4-1). The NSF frame is discarded by the desti 
nation EIU 10-2 to prevent negotiation of non-standard 
modes of operation betWeen the ETEs involved in the call. 

[0076] Upon receipt of the DIS frame from the destination 
ETE 10-2, the destination EIU 14-2 edits the contents of the 
DIS frame. These edits include the folloWing: 

[0077] The data signaling rate ?elds are changed to re?ect 
the loWer of either the maXimum alloWed netWork data rate 
or the original data signaling rate in the DIS frame from the 
destination ETE 14-2. This limits future rate negotiations by 
the originating EIU 14-1 and ETE 10-2 to the maXimum data 
rate de?ned by the netWork 12 and the capabilities of the 
destination ETE 10-2. For example, if the destination ETE 
10-2 reports a rate capability of 9,600 bps but the netWork 
12 can only support 5,000 bps, the data signaling rate ?eld 
Will be changed from 9,600 bps to 4,800 bps (Where 4,800 
bps is the highest G3 rate that is less than 5,000 bps). 

[0078] The destination EIU 14-2 noW sends over the 
netWork 12 a DIS packet containing the edited Facsimile 
Information Field (EIE) ?elds from the DIS frame received 
from the destination ETE 10-2 (FIG. 4, S4-2). In the 
loW-speed signals DIS and DCS, the EIE ?eld if the signal 
contains several octets of information about T.30 capabilities 
and negotiated optional features.) 

[0079] At the same time, the destination EIU 14-2 pro 
ceeds With the normal G3 protocol phase B in order to 
prevent protocol timeouts at the destination ETE 10-2. The 
neXt step in the G3 protocol is for the destination EIU 14-2 
to send a DCS frame to the ETE folloWed by a TCE signal. 
HoWever, the DCS packet has not yet arrived from the 
originating EIU 14-1. The destination EIU 14-2 therefore 
prevents successful completion of G3 protocol Phase B until 
the DCS packet arrives over the netWork 12 from the 
originating EIU 14-1. It must do this While observing normal 
G3 protocol rules, thus preventing G3 protocol timeouts 
from occurring at the destination ETE 10-2. The folloWing 
technique is used to achieve this result: 

[0080] The destination EIU 14-2 sends a made-up DCS 
frame to the ETE (FIG. 4, S4-3). The EIE ?eld of this DCS 
frame is made to be compatible With the DIS signal previ 
ously received from the ETE. 
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[0081] After the made-up DCS and With appropriate G3 
protocol timing and modem signaling, the destination EIU 
14-2 sends to destination ETE 10-2 a bad TCE signal (FIG. 
4, S4-4). The TCE signal is not composed of binary Zero bits 
as per the G3 protocol, but is instead composed of alternat 
ing binary one and Zero bits, thereby making it bad. 

[0082] Since the TCE signal Was constructed of an 
improper format, the destination ETE 10-2 interprets the 
TCE signal as badly-received and replies With an ETT frame 
instead of a CER frame (FIG. 4, S4-5). The destination ETE 
10-2 Will therefore eXpect another DCS/T CE cycle and Will 
not proceed to Phase C of the protocol Where it Would eXpect 
page data. This cycle of DCS/bad-TCE/ETT is repeated 
(FIG. 4, S4-6), With the EIU 14-2 observing proper G3 
protocol timing and signaling, until the destination EIU 14-2 
receives a DCS packet over the netWork 12 from originating 
ETE 10-1 (via originating ETU 14-1). The amount of time 
that the ETE can be kept in Phase B using this technique is 
inde?nite. 

[0083] When a DCS packet arrives over the netWork 12 
(FIG. 4, S4-7), the destination EIU 14-2 continues the G3 
protocol With the destination ETE 10-2 until it reaches a 
point Where the destination EIU must send a DCS signal to 
the destination ETE. The destination EIU then sends the 
contents of the DCS packet received over the netWork 12 
instead of the made-up DCS signal (FIG. 4, S4-8). EolloW 
ing the DCS, the destination EIU sends a good TCE in the 
proper format as speci?ed by the G3 protocol and at the data 
rate speci?ed in the DCS signal (FIG. 4, S4-9). Since the 
TCE has the proper format, the destination ETE 10-2 replies 
With a CER frame (FIG. 4, S4-10). 

[0084] The originating EIU 14-1 the starts the forWarding 
page data from the netWork 12 to the destination ETE. This 
page transmission process is described beloW. 

[0085] After sending a page and the associated end-of 
page signal, the originating EIU 14-1 receives the end-of 
page acknowledgment from the ETE. If the end-of-page 
signal received over the netWork 12 is an MPS signal, the 
EIU then starts the page transmit process from the begin 
ning. If the end-of-page signal is EOP, the originating EIU 
14-1 then sends a DCN message to the ETE and the call is 
over. 

Page Transmit Process at Destination EIU 

[0086] The process Whereby the destination EIU 14-2 
transmits page data to the destination ETE 10-2 maintains a 
steady How of valid scan line data to the ETE Whether or not 
any data has been received over the netWork 12. (Recall that 
a scan line is a unit of coded page image data consisting of 
all image elements along a single horiZontal line of the 
page During times of moderate delay, the process sends the 
data it has received over the netWork 12 but With additional 
?ll as alloWed by T4, the purpose of the ?ll is to increase the 
amount of time it takes to transmit the scan line to the 
destination ETE 10-2. In the case of extremely long gaps in 
data received over the netWork 12, the process manufactures 
scan line data Which has a valid format but Which Was not 
part of the original document. The insertion of this kind of 
made-up data is minimiZed by the process. 

[0087] At the appropriate time in the G3 protocol, the 
destination EIU 14-2 must start transmitting page data to the 
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destination FTE 10-2 With the appropriate G3 protocol 
timing and signaling. While the destination FIU is sending 
page data to the destination FTE, several conditions that 
must be handled, including: 

[0088] 1. The destination FIU 14-2 must start sending 
page data for a neW page but no page data has arrived 
over the netWork 12 yet from the originating FIU 
14-1. The destination FIU handles this situation by 
sending so-called stalling lines to the FTE. Stalling 
lines are valid scan lines manufactured by the des 
tination FIU and transmitted to the destination FTE 
When no valid scan lines have been received from the 
netWork 12. A stalling line prints as a White scan line 
and is ?lled (see beloW) so that it requires a consid 
erable amount of real-time to transmit to the desti 
nation FTE. 

[0089] 2. The destination FIU 14-2 is in the midst of 
sending page data but the How of data from the 
originating FIU 14-1 is interrupted or unsteady 
before the page is complete. The FIU handles this 
situation either by sending stalling lines (described 
above) or by sending so-called ?lled lines to the 
destination FTE. Filled lines are scan lines received 
over the netWork 12 but modi?ed by the destination 
FIU by adding additional Zero bits after the end of 
valid data in the scan line but before the end of the 
scan line itself. Thus, the Zero bits are inserted after 
the last non-EOL codeWord of the scan line but 
before the EOL codeWord that ends the scan line. 
Transmission of a ?lled line requires considerably 
more real time than Would transmission of the same 
un?lled line, hoWever, there is no change to the 
printed image of the scan line. 

[0090] When the Destination FIU 14-2 begins transmitting 
a neW page to the destination FTE, it Will begin by sending 
stalling lines until some data has accumulated. 

[0091] Stalling lines and ?lled lines provide extra time for 
data to arrive over the netWork 12 While still providing the 
destination FTE 10-2 With properly formatted scan lines on 
a real-time basis. Filled lines are used When the destination 
FIU 14-2 detects a sloWdoWn in the arrival of data over the 
netWork 12 as an attempt to alloW more received data to 
accumulate. When the accumulated data received from the 
netWork 12 has been exhausted due to unexpected delays, 
stalling lines are generated by the destination FIU to satisfy 
the destination FTE While more data from the netWork 12 
accumulates. 

[0092] Where possible, the destination FIU may start 
sending stalling lines before accumulated received data is 
actually exhausted if the destination FIU detects that an 
all-White scan line has been already received. In this case, 
the received White line Will be printed folloWed by addi 
tional White lines due to stalling lines, resulting in a less 
noticeable disruption to the printed image compared to 
stalling lines being inserted in non-White parts of the image. 

[0093] The destination FIU 14-2 has four major states 
When transmitting page data to the destination FTE 10-2. 
These states are shoWn in FIG. 5 and are named Top Page 
Stalling State, (ii) No Fill State, (iii) Fill State, and (iv) Stall 
State. The process for sWitching betWeen these states 
smoothes out arrival of data from the netWork 12 and 

Sep. 27, 2001 

minimiZe disruption of the printed page image Which can 
occur due to the insertion of stalling lines. The process uses 
a number of variables and constants including: 

[0094] 1. The number of complete, unprinted scan 
lines that have been received from the netWork 12, 
referred to here as CurLines; 

[0095] 2. A ?rst constant, referred to here as LoW 
Lim; 

[0096] 3. A second constant, referred to here as 
HighLim; and 

[0097] 4. Athird constant referred to here as ViZLim. 

[0098] The relationship betWeen these three constants is: 

O<VizLim§LOWLim<HighLim 

[0099] The selection of values for these constants is dif 
ferent for each application. Factors that affect the value 
selection include the amount of memory available for buff 
ering of page data and the requirements for the maximum 
amount of time that an outage should persist Without cor 
ruption of the printed page image. 

[0100] With reference noW to FIG. 5, When, according to 
the G3 protocol, the destination FIU 14-2 must begin 
sending page data to the destination FTE 10-2, the process 
is started. At this point, if CurLines is greater than or equal 
to LoWLim, No Fill state is entered OtherWise, Top Page 
Stalling state is entered. 

[0101] The states and transitions shoWn in FIG. 5 are as 
folloWs: 

[0102] Top Page Stalling State (FIG. 5, S5-1) 
[0103] Activity: Send stalling lines to the FTE 

[0104] Exit: Go to No Fill state When CurLines is greater 
than or equal to LoWLim 

[0105] N0 Fill State (FIG. 5, 55-2) 

[0106] Activity: Send scan lines received over the netWork 
12 to the FTE 

[0107] Exit: Go to Fill state When CurLines is less than 
LoWLim. 

[0108] Fill State (FIG. 5, S5-3) 

[0109] Activity: Send ?lled lines to the FTE 

[0110] Exit: Go to No Fill state When CurLines is greater 
than HighLim. Go to Stall state When CurLines is Zero. 

[0111] Stall State FIG. 5, S5-4) 

[0112] Activity: Send stalling lines to the FTE 

[0113] Exit: Go to Fill state When CurLines is greater than 
or equal to LoWLim. 

[0114] When the EOP or MPS packet is received over the 
netWork 12, the FIU proceeds to send all remaining, buffered 
scan lines to the FTE Without additional ?ll (FIG. 5, S5-5). 

[0115] The process is based on the number of scan lines 
received over the netWork 12 rather than simply the amount 
of data page data received over the netWork 12 because the 
delay techniques (that is, ?lled lines and stalling lines) are 
only executed on scan line boundaries. Knowing the amount 
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of received data is irrelevant unless the location and number 
of scan lines Within the data stream is also knoWn. 

Processing Unusual Conditions at the Destination 
FIU 

[0116] Throughout the protocol, the destination FIU 14-2 
folloWs the G3 protocol and its associated error handling. 
There are a number of special situations that may occur 
Which require special, speci?c handling by the destination 
FIU 14-2. 

[0117] It may happen that during the ?rst completion of 
Phase B of the protocol, the FIU Was not able to train the 
FTE at the page data rate speci?ed in the DCS received over 
the netWork 12. In this case, the FTE replied to the TCF With 
FTT (FIG. 6, S6-1) and the FIU attempted training at loWer 
rates, one of Which Was successful (FIG. 6, S6-2). When the 
FTE indicates successful training, the FIU sends a DCS 
packet over the netWork 12 (FIG. 6, S6-3) to notify the 
originating FIU 14-1 of the rate that Was actually negotiated. 
For clarity, FIG. 6 only shoWs the start of a call. 

[0118] If the destination FTE 10-2 replies to an MPS 
signal With RTP or RTN signal (FIG. 7, S7-1), the destina 
tion FIU 14-2 must return to Phase B of the protocol and 
retrain the destination FTE. The destination FIU starts the 
training procedure at the same rate as previously negotiated 
(FIG. 7, S7-2). If the destination FTE does not accept 
training at that rate (signi?ed by replying to the TCF signal 
With FTT), the destination FIU tries progressively loWer 
rates (FIG. 7, S7-3) until the destination FTE replies With 
CFR (FIG. 7, S7-4). The destination FIU then sends a DCS 
packet to the netWork 12 to indicate to the originating FIU 
14-1 that a neW rate has been negotiated. 

[0119] If, for any reason, the end-to-end netWork 12 
connection breaks before the EOP packet has been received, 
the FIU folloWs the G3 protocol to end the document 
transfer in a Way that the FIU should report an incomplete 
document transfer. 

Activity at the Originating End of the Call 

[0120] The originating FIU 14-1 Waits for arrival of the 
DIS packet over the netWork 12. When the DIS packet 
arrives (FIG. 4, S4-11), the originating FIU sends, to the 
originating FTE, the initial G3 protocol signals as if the 
originating FIU Were simply another FTE itself. The stan 
dard G3 protocol Phase B proceeds (FIG. 4, S4-12) and the 
originating FIU eventually accepts training by ansWering 
CFR to the TCF signal (FIG. 4, S4-13). At this point, the 
originating FIU forWards a DCS packet containing the PIP 
of the most-recently received DCS frame from the destina 
tion FTE 10-2 over the netWork 12. 

[0121] When the originating FTE starts transmitting page 
data, the originating FIU forWards this data over the netWork 
12 as it is received from the FTE (FIG. 4, S4-14). 

[0122] The originating FTE eventually stops transmitting 
page data and then transmits an appropriate end-of-page 
signal (FIG. 4, S4-15). In some preferred embodiments, if 
the end-of-page signal is an MPS, the FIU does not reply to 
the ?rst MPS but Waits until the FIU repeats the MPS signal. 
The FIU replies With MCF to the second MPS (FIG. 4, 
S4-16). Delaying the acknowledgment of the page in this 
Way has the effect of alloWing the destination FIU 14-2 and 
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FTE to complete their end-of-page protocol in case there 
Were any unexpected netWork 12 delays during page trans 
mission. Note that it is a G3 protocol requirement that a 
device repeat the previous message in the event that there is 
no reply. This delayed acknowledgment is preferred in cases 
When the originating FTE or FIU believes that there is some 
netWork congestion. 

[0123] The end-of-page signal for the last page of a 
document Will be EOP instead of MPS. The FIU replies With 
MCF to the ?rst EOP received (FIG. 4, S4-17). When the 
FIU transmits the DCN frame, the call is over. 

Special Techniques for Error Correction Mode 

[0124] Error Correction Mode (ECM) is an optional 
method of sending page data that can result in a mistake-free 
printed page. In ECM, the page data is broken up into 
smaller chunks knoWn as packets or frames. These packets 
are numbered in sequence and protected With an error check 
sequence so that the receiver can knoW Whether the packet 
Was received correctly. 

[0125] There are tWo Ways for handling a call using ECM 
as described in the folloWing paragraphs. 

[0126] In the ?rst method, the originating FIU 14-1 de 
frames the ECM data from the originating FTE 10-1 and 
sends it over the netWork 12 as ordinary non-ECM data. The 
destination FIU 14-2 folloWs all previously described pro 
cesses, including those for stalling and ?lling, but packages 
all page data sent to the FTE in ECM frames. To handle a 
request for retransmission from the destination FTE 10-2, 
the destination FIU 14-2 must keep a copy of all frames sent 
to the destination FTE 10-2 until they are acknoWledged by 
the destination FTE 10-2. 

[0127] In the second method, the originating FIU 14-1 
forWards ECM frames over the netWork 12 exactly as they 
Were received from the originating FTE 10-1. The destina 
tion FIU 14-2 changes its stalling and ?lling processes so 
that they are based on the number of complete, untransmit 
ted (to the destination FTE 10-2) ECM frames received over 
the netWork 12. The destination FIU 14-2 does not look at 
the scan line data Within the frames and does not knoW 
Where scan line boundaries are. 

[0128] The previous de?nition of ?lled lines is changed in 
the case of ECM to mean that additional ?ags are transmitted 
betWeen ECM frames. The previous de?nition of “stalling 
lines” is changed in the case of ECM to mean that ECM 
frames containing nonsense data and With an intentionally 
bad FCS are transmitted to the destination FTE 10-2 if there 
are no buffered ECM frames available in the destination FIU 
14-2. Since the frames have a bad FCS, they Will be ignored 
by the destination FTE 10-2 but they Will prevent timeouts 
due to lack of received data at the destination FTE 10-2. 

[0129] The de?nitions of the constants LoWLim and 
HighLim given above are changed to refer to the number of 
buffered (but not yet transmitted to the destination FTE 
10-2) ECM frames. The constant ViZLim is not used in the 
method of handling ECM since the FIU Will not intention 
ally corrupt the printed page image. 

[0130] Thus, in the Send ?lled lines state of FIG. 5 
(reference number S5-3), a long sequence of ?ags is gen 
erated by the destination FIU 14-2 after each ECM frame 
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that it sends to the destination FTE 10-2. This effectively 
extends the amount of time it takes to send each ECM frame. 
Similarly, in the Send stalling lines state of FIG. 5 (reference 
number S5-4), ECM frames are sent to the destination FIU 
14-2 but they contain nonsense data and are terminated With 
a bad FCS. 

[0131] As noted above, each FTE is a G3 facsimile device. 
As such, each FTE can be a stand-alone facsimile machine, 
a general or special purpose computer (e.g., a PC and the 
like) or any other device incorporating a processor running 
a G3 facsimile machine. Further, this invention can be 
implemented in softWare, hardWare or any combination 
thereof. The invention can be on a dedicated machine, and 
ASIC and the like. When implemented fully or partially in 
softWare, the invention can reside on any memory or storage 
medium, including but not limited to a ROM, a disk, an 
ASIC, a PROM and the like. 

[0132] Thus, real-time facsimile transmission over digital 
netWorks is provided. One skilled in the art Will appreciate 
that the present invention can be practiced by other than the 
described embodiments, Which are presented for purposes of 
illustration and not limitation, and the present invention is 
limited only by the claims that folloW. 

What is claimed: 
1. In a system Wherein an originating facsimile terminal 

equipment (FTE) Which operates according to the G3 pro 
tocol connects to an intermediate digital netWork of 
unknoWn and unpredictable delay via an originating fac 
simile interface unit (FIU) and Wherein a destination FTE 
Which operates according to the G3 protocol and connects to 
the netWork via a destination FIU, a method of providing 
facsimile communications comprising: 

(a) the originating FTE sending data to the destination 
FTE via the originating FIU and the destination FIU; 

(b) the originating FIU sending the data to the destination 
FIU; 

(c) While the destination FIU is Waiting for data from the 
originating FTE, the destination FIU sending a made 
up data to the destination FTE to prevent protocol 
timeouts of the destination FTE, Wherein the destina 
tion FIU sends made-up data to the destination FTE 
until the destination FIU has accumulated some data 
from the originating FTE; 

(d) the originating FTE, at the end of sending a page of 
data, sending an end-of-page signal to the destination 
FTE via the originating FIU; 

(e) the originating FIU delaying acknoWledgment to the 
originating FTE of the end-of-page signal; and 

(f) in response to the delayed acknoWledgment, the origi 
nating FTE sending an another end-of-page signal to 
the destination FTE via the originating FIU, thereby 
alloWing the destination FIU and the destination FTE to 
complete their end-of-page protocol, Wherein: 

(i) the data being sent by the originating FTE is 
scan-line data of a document being sent, and Wherein 
the made-up data comprises data Which has a valid 
format and Which Was not part of the original docu 
ment, 

(ii) the destination FIU sends the made-up data to the 
destination FTE When the destination FIU has not 
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received a scan line from the originating FIU, and 
Wherein the made-up data comprises a valid scan 
line, 

(iii) the destination FIU sends the made-up data to the 
destination FTE When the destination FIU has 
received at least some of a scan line from the 

originating FIU, 
(iv) the made-up data comprises some of the received 

scan line and additional data, 

(v) the kind of made-up data sent to the destination FTE 
depends on the number of complete, unprinted scan 
lines that have been received by the destination FIU 
over the netWork; and 

(vi) the sending made-up data comprises: 

(1) When the destination FIU detects a sloWdoWn in 
the arrival of data over the netWork, sending ?lled 
lines to the destination FTE, and 

(2) When the destination FIU detects unexpected 
delays in the arrival of data, sending stalling lines 
to the destination FTE. 

2. In a system Wherein an originating facsimile terminal 
equipment (FTE) connects to an intermediate digital net 
Work via an originating facsimile interface unit (FIU) and 
Wherein a destination FTE connects to the netWork via a 
destination FIU, a method of providing facsimile commu 
nications comprising: 

(a) the originating FTE sending data to the destination 
FTE via the originating FIU and the destination FIU; 

(b) the originating FIU sending the data to the destination 
FIU; and 

(c) While the destination FIU is Waiting for data from the 
originating FTE, the destination FIU sending a made 
up data to the destination FTE to prevent protocol 
timeouts of the destination FTE. 

3. A method as in claim 2 Wherein the data being sent by 
the originating FTE is scan-line data of a document being 
sent, and Wherein the made-up data comprises data Which 
has a valid format and Which Was not part of the original 
document. 

4. A method as in claim 3 Wherein the destination FIU 
sends the made-up data to the destination FTE When the 
destination FIU has not received a scan line from the 
originating FIU, and Wherein the made-up data comprises a 
valid scan line. 

5. A method as in claim 4 Wherein the destination FIU 
sends made-up data to the destination FTE until the desti 
nation FIU has accumulated some data from the originating 
FTE. 

6. A method as in claim 4 Wherein the destination FIU 
sends made-up data to the destination FTE until the desti 
nation FIU receives an all-White scan line, the method 
further comprising, When the destination FIU receives an 
all-White scan line, sending to the destination FTE additional 
White scan lines. 

7. A method as in claim 3 Wherein the destination FIU 
sends the made-up data to the destination FTE When the 
destination FIU has received at least some of a scan line 
from the originating FIU, and Wherein the made-up data 
comprises some of the received scan line and additional 
data. 
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8. A method as in claim 3 wherein the kind of made-up 
data sent to the destination FTE depends on the number of 
complete, unprinted scan lines that have been received by 
the destination FIU over the network. 

9. A method as in claim 8 wherein the sending made-up 
data comprises: 

(a) when the destination FIU detects a slowdown in the 
arrival of data over the network, sending ?lled lines to 
the destination FTE, and 

(b) when the destination FIU detects unexpected delays in 
the arrival of data, sending stalling lines to the desti 
nation FTE. 

10. A method as in claim 2 further comprising: 

(d) the originating FTE, at the end of sending a page of 
data, sending an end-of-page signal to the destination 
FTE via the originating FIU; 

(e) the originating FIU delaying acknowledgment to the 
originating FTE of the end-of-page signal; and 

(f) in response to the delayed acknowledgment, the origi 
nating FTE sending an another end-of-page signal to 
the destination FTE via the originating FIU, thereby 
allowing the destination FIU and the destination FTE to 
complete their end-of-page protocol. 

11. A method as in claim 2 further comprising, in an error 
correcting mode (ECM) in which page data is broken up into 
frames, the destination FIU 

(d) packaging into frames all page data sent to be sent to 
the destination FTE; 

(e) sending all page data to the destination FTE as the 
packaged frames; 

(f) keeping a copy of each packaged frame sent to the 
destination FTE; and 

(e) in response to a request from the destination FTE for 
retransmission of a frame, sending a copy of the 
requested frame. 

12. A method as in claim 11 wherein the destination FIU 
keeps a copy of each packaged frame sent to the destination 
FTE until the frame is acknowledged by the destination 
FTE. 

13. In a system wherein an originating facsimile terminal 
equipment (FTE) connects to an intermediate digital net 
work via an originating facsimile interface unit (FIU) and 
wherein a destination FTE connects to the network via a 
destination FIU, a method of receiving a facsimile commu 
nication comprising, by the destination FIU: 

(a) receiving data from the originating FTE; and 

(b) while waiting for data from the originating FTE, 
sending a made-up data to the destination FTE to 
prevent protocol timeouts of the destination FTE. 

14. A method as in claim 13 wherein the data being sent 
by the originating FTE is scan-line data of a document being 
sent, and wherein the made-up data comprises data which 
has a valid format and which was not part of the original 
document. 

15. A method as in claim 14 wherein the destination FIU 
sends the made-up data to the destination FTE when the 
destination FIU has not received a scan line from the 
originating FIU, and wherein the made-up data comprises a 
valid scan line. 
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16. A method as in claim 15 wherein the destination FIU 
sends made-up data to the destination FTE until the desti 
nation FIU has accumulated some data from the originating 
FTE. 

17. A method as in claim 15 wherein the destination FIU 
sends made-up data to the destination FTE until the desti 
nation FIU receives an all-white scan line, the method 
further comprising, when the destination FIU receives an 
all-white scan line, sending to the destination FTE additional 
white scan lines. 

18. A method as in claim 14 wherein the destination FIU 
sends the made-up data to the destination FTE when the 
destination FIU has received at least some of a scan line 
from the originating FIU, and wherein the made-up data 
comprises some of the received scan line and additional 
data. 

19. A method as in claim 14 wherein the kind of made-up 
data sent to the destination FTE depends on the number of 
complete, unprinted scan lines that have been received by 
the destination FIU over the network. 

20. Amethod as in claim 19 wherein the sending made-up 
data comprises: 

(a) when the destination FIU detects a slowdown in the 
arrival of data over the network, sending ?lled lines to 
the destination FTE, and 

(b) when the destination FIU detects unexpected delays in 
the arrival of data, sending stalling lines to the desti 
nation FTE. 

21. A method of receiving a facsimile communication at 
a destination facsimile terminal equipment (FTE) from an 
originating FTE via an intermediate digital network, 
wherein the destination FTE connects to the network via a 
destination FIU, the method comprising, by the destination 
FIU: 

(a) receiving data from the originating FTE; and 

(b) while waiting for data from the originating FTE, 
sending a made-up data to the destination FTE to 
prevent protocol timeouts of the destination FTE. 

22. A method as in claim 21 wherein the data being sent 
by the originating FTE is scan-line data of a document being 
sent, and wherein the made-up data comprises data which 
has a valid format and which was not part of the original 
document. 

23. A method as in claim 22 wherein the destination FIU 
sends the made-up data to the destination FTE when the 
destination FIU has not received a scan line from the 
originating FIU, and wherein the made-up data comprises a 
valid scan line. 

24. A method as in claim 22 wherein the destination FIU 
sends made-up data to the destination FTE until the desti 
nation FIU has accumulated some data from the originating 
FTE. 

25. A method as in claim 22 wherein the destination FIU 
sends made-up data to the destination FTE until the desti 
nation FIU receives an all-white scan line, the method 
further comprising, when the destination FIU receives an 
all-white scan line, sending to the destination FTE additional 
white scan lines. 

26. A method as in claim 23 wherein the destination FIU 
sends the made-up data to the destination FTE when the 
destination FIU has received at least some of a scan line 
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from the originating FIU, and wherein the made-up data 
comprises some of the received scan line and additional 
data. 

27. Amethod as in claim 24 Wherein the kind of made-up 
data sent to the destination FTE depends on the number of 
complete, unprinted scan lines that have been received by 
the destination FIU over the netWork. 

28. Amethod as in claim 23 Wherein the sending made-up 
data comprises: 

(a) When the destination FIU detects a sloWdoWn in the 
arrival of data over the network, sending ?lled lines to 
the destination FTE, and 

(b) When the destination FIU detects unexpected delays in 
the arrival of data, sending stalling lines to the desti 
nation FTE. 

29. A method as in any of claims 2-28 Wherein the 
originating and the destination facsimile terminal equipment 
operates according to the G3 protocol. 

30. A method as in any of claims 2-28 Wherein the 
netWork is of unknoWn and unpredictable delay. 

31. In a system Wherein an originating facsimile terminal 
equipment (FTE) connects to an intermediate digital net 
Work via an originating facsimile interface unit (FIU) and 
Wherein a destination FTE connects to the netWork via a 
destination FIU, the destination FIU comprising: 

(a) means for receiving data from an originating FTE via 
the netWork; and 

(b) means for, While the destination FIU is Waiting for 
data from the originating FTE, sending a made-up data 
to the destination FTE to prevent protocol timeouts of 
the destination FTE. 

32. In a system Wherein an originating facsimile terminal 
equipment (FTE) connects to an intermediate digital net 
Work via an originating facsimile interface unit (FIU) and 
Wherein a destination FTE connects to the netWork via a 
destination FIU, a FIU programmed to perform: 

While the FIU is Waiting for data from an originating FTE, 
the FIU sending a made-up data to a destination FTE to 
prevent protocol timeouts of the destination FTE. 

33. An FIU as in claim 32 Wherein the data being sent by 
the originating FTE is scan-line data of a document being 
sent, and Wherein the made-up data comprises data Which 
has a valid format and Which Was not part of the original 
document. 

34. An FIU as in claim 33 Wherein the FIU is programmed 
to send the made-up data to the destination FTE When the 
destination FIU has not received a scan line from the 
originating FIU, and Wherein the made-up data comprises a 
valid scan line. 

35. An FIU as in claim 34 Wherein the destination FIU 
sends made-up data to the destination FTE until the FIU has 
accumulated some data from the originating FTE. 

36. An FIU as in claim 35 Wherein the FIU is further 
programmed to send made-up data to the destination FTE 
until the destination FIU receives an all-White scan line, the 
method further comprising, When the destination FIU 
receives an all-White scan line, sending to the destination 
FTE additional White scan lines. 

37. An FIU as in claim 32 Wherein the FIU is programmed 
to send the made-up data to the destination FTE When the 
FIU has received at least some of a scan line from the 
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originating FIU, and Wherein the made-up data comprises 
some of the received scan line and additional data. 

38. An FIU as in claim 32 Wherein the kind of made-up 
data sent to the destination FTE depends on the number of 
complete, unprinted scan lines that have been received by 
the FIU over the netWork. 

39. An FIU as in claim 38 Wherein the sending made-up 
data comprises: 

(a) When the destination FIU detects a sloWdoWn in the 
arrival of data over the netWork, sending ?lled lines to 
the destination FTE, and 

(b) When the destination FIU detects unexpected delays in 
the arrival of data, sending stalling lines to the desti 
nation FTE. 

40. An FIU as in any one of claims 32-39 Wherein the 
originating and the destination facsimile terminal equipment 
operates according to the G3 protocol. 

41. An FIU as in any one of claims 32-39 Wherein the 
netWork is of unknoWn and unpredictable delay. 

42. In a system Wherein an originating facsimile terminal 
equipment (FTE) connects to an intermediate digital net 
Work of unknoWn and unpredictable delay via an originating 
facsimile interface unit (FIU) and Wherein a destination FTE 
connects to the netWork via a destination FIU, Wherein the 
originating and the destination facsimile terminal equipment 
operates according to the G3 protocol, a memory medium 
comprising softWare programmed to provide facsimile com 
munications by: 

(a) the originating FTE sending data to the destination 
FTE via the originating FIU and the destination FIU; 

(b) the originating FIU sending the data to the destination 
FIU; 

(c) While the destination FIU is Waiting for data from the 
originating FTE, the destination FIU sending a made 
up data to the destination FTE to prevent protocol 
timeouts of the destination FTE; 

(d) the originating FTE, at the end of sending a page of 
data, sending an end-of-page signal to the destination 
FTE via the originating FIU; 

(e) the originating FIU delaying acknoWledgment to the 
originating FTE of the end-of-page signal; and 

(f) in response to the delayed acknoWledgment, the origi 
nating FTE sending an another end-of-page signal to 
the destination FTE via the originating FIU, thereby 
alloWing the destination FIU and the destination FTE to 
complete their end-of-page protocol, and, in an error 
correcting mode (ECM) in Which page data is broken 
up into frames, 

(g) packaging into frames all page data sent to be sent 
to the destination FTE; 

(h) sending all page data to the destination FTE as the 
packaged frames; 

(i) keeping a copy of each packaged frame sent to the 
destination FTE; and 

in response to a request from the destination FTE for 
retransmission of a frame, sending a copy of the 
requested frame, 

Wherein the data being sent by the originating FTE is 
scan-line data of a document being sent, and Wherein 
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the made-up data comprises data which has a valid 
format and which was not part of the original docu 
ment, and 

wherein the software is further programmed such that the 
destination FIU sends the made-up data to the destina 
tion FTE when the destination FIU has not received a 
scan line from the originating FIU, and wherein the 
made-up data comprises a valid scan line, and 

wherein the software is further programmed such that the 
destination FIU sends made-up data to the destination 
FTE until the destination FIU has accumulated some 
data from the originating FTE, 

wherein the software is further programmed such that the 
destination FIU sends made-up data to the destination 
FTE until the destination FIU receives an all-white scan 
line, the memory medium further comprising, when the 
destination FIU receives an all-white scan line, sending 
to the destination FTE additional white scan lines, and 

wherein the kind of made-up data sent to the destination 
FTE depends on the number of complete, unprinted 
scan lines that have been received by the destination 
FIU over the network, and wherein the sending of 
made-up data comprises: 

(a) when the destination FIU detects a slowdown in the 
arrival of data over the network, sending ?lled lines 
to the destination FTE, and 

(b) when the destination FIU detects unexpected delays 
in the arrival of data, sending stalling lines to the 
destination FTE. 

43. In a system wherein an originating facsimile terminal 
equipment (FTE) connects to an intermediate digital net 
work via an originating facsimile interface unit (FIU) and 
wherein a destination FTE connects to the network via a 
destination FIU, a memory medium comprising software 
programmed to provide facsimile communications by: 

(a) the originating FTE sending data to the destination 
FTE via the originating FIU and the destination FIU; 

(b) the originating FIU sending the data to the destination 
FIU; and 

(c) while the destination FIU is waiting for data from the 
originating FTE, the destination FIU sending a made 
up data to the destination FTE to prevent protocol 
timeouts of the destination FTE. 

44. A memory medium as in claim 43 wherein the data 
being sent by the originating FTE is scan-line data of a 
document being sent, and wherein the made-up data com 
prises data which has a valid format and which was not part 
of the original document. 

45. A memory medium as in claim 44 wherein the 
software is further programmed such that the destination 
FIU sends the made-up data to the destination FTE when the 
destination FIU has not received a scan line from the 
originating FIU, and wherein the made-up data comprises a 
valid scan line. 

46. A memory medium as in claim 45 wherein the 
software is further programmed such that the destination 
FIU sends made-up data to the destination FTE until the 
destination FIU has accumulated some data from the origi 
nating FTE. 

47. A memory medium as in claim 45 wherein the 
software is further programmed such that the destination 
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FIU sends made-up data to the destination FTE until the 
destination FIU receives an all-white scan line, the memory 
medium further comprising, when the destination FIU 
receives an all-white scan line, sending to the destination 
FTE additional white scan lines. 

48. A memory medium as in claim 43 wherein the 
software is further programmed such that the destination 
FIU sends the made-up data to the destination FTE when the 
destination FIU has received at least some of a scan line 
from the originating FIU, and wherein the made-up data 
comprises some of the received scan line and additional 
data. 

49. Amemory medium as in claim 44 wherein the kind of 
made-up data sent to the destination FTE depends on the 
number of complete, unprinted scan lines that have been 
received by the destination FIU over the network. 

50. Amemory medium as in claim 49 wherein the sending 
of made-up data comprises: 

(a) when the destination FIU detects a slowdown in the 
arrival of data over the network, sending ?lled lines to 
the destination FTE, and 

(b) when the destination FIU detects unexpected delays in 
the arrival of data, sending stalling lines to the desti 
nation FTE. 

51. A memory medium as in claim 43 wherein the 
software is further programmed to provide facsimile com 
munications by: 

(d) the originating FTE, at the end of sending a page of 
data, sending an end-of-page signal to the destination 
FTE via the originating FIU; 

(e) the originating FIU delaying acknowledgment to the 
originating FTE of the end-of-page signal; and 

(f) in response to the delayed acknowledgment, the origi 
nating FTE sending an another end-of-page signal to 
the destination FTE via the originating FIU, thereby 
allowing the destination FIU and the destination FTE to 
complete their end-of-page protocol. 

52. A memory medium as in claim 43 wherein the 
software is further programmed to provide facsimile com 
munications by, in an error correcting mode (ECM) in which 
page data is broken up into frames, 

(d) packaging into frames all page data sent to be sent to 
the destination FTE; 

(e) sending all page data to the destination FTE as the 
packaged frames; 

(f) keeping a copy of each packaged frame sent to the 
destination FTE; and 

(e) in response to a request from the destination FTE for 
retransmission of a frame, sending a copy of the 
requested frame. 

53. A memory medium as in claim 52 wherein the 
destination FIU keeps a copy of each packaged frame sent 
to the destination FTE until the frame is acknowledged by 
the destination FTE. 

54. A memory medium as in one of claims 43 to 53 
wherein the originating and the destination facsimile termi 
nal equipment operates according to the G3 protocol. 

55. A memory medium as in one of claims 43 to 53 
wherein the network is of unknown and unpredictable delay. 

* * * * * 


