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PROVISION OF PROPRIETARY AND EHBANCED CAPABILITIES 
IN GROUP 3 FACSIMILE FOR MOBILE SATELLITE 

COMMUNICA'l'IOHS 

F-ield of the Invention 
The present invention is directed-to a facsimile 

communication system, and in particular to Group 3 
facsimile mobile communication systems. 
Background of the Invention : . 

Group 3 facsimile transmission is currently 
·· provided in the Inmarsat system using facsimile 

· ·interface units (FIUs). The FIU concept was developed 
··to allow "off-the-shelf" facsimile terminals to be 

interconnected via the Public Switched Telephone 
15 Network (P_STN) through Inmarsat 's satellite networks, 

to permit the conversion of Group 3 facsimile point­
to-point protocols to point-to-multipoint operation, 
to compensate for the longer transmission delays 

' .. ·· 

encountered in mobile satellite systems, and to allow 
20 ~facsimile call recovery procedures to be successfu~ly 

·concatenated with satellite channel error detection 
' and recovery mechanisms. For a further discussion of 

facsimile interface uni ts ( FIUs) , reference is made to 
the following documents which are incorporated herein 

·25 by reference: U.S. Applications N~s. 07/720,990, filed 
June 26, 1991; 07/754,785, filed September 4, 1991; 

.: and 07/935, 787, filed August 27, 1992. 
Summary of the Invention 

The present invention provides a facsimile 
30 'communication system 'which includes three extensions 

of the .facsimile interface unit concept discussed 
.. above. According . to a first embodiment of the 

invention, the facsimile ·communication system includes 
·: : a:· technique for· hegoti~ting in an interoperable and 

35 backward compatible manner the availability of .... enhanced FIU capabilities, such as facsimile 
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compression " without necessitating Inmarsat type­
approval • Acc.ording to this embodiment, a 11 special 
capabilities control octet" is appended to line 
control packets used in, for example, the Inmarsat-M 
system. 

According to a second embqdiment of the 
invention, the transmission. delay tolerance of group 
3 facsimile terminals are eXtended through the use of 
"high speed pacifying" sequences in the· Inmarsat-M, 
Inmarsat-B, Inmarsat-Aeronautical, or other similar 
systems employing facsimile signal demodulation 
principles. 

The third embodiment of the invention provides a 
system ·for improving facsimile call-set up rates 
during broadcast operation. According to this 
embodiment, the system disassociates the communication 
between a fixed. earth station and . the ·calling PSTN 
facsimile terminal from the communication taking pl.ace 
between the mobile earth stations and mobile facsimile 
terminals. This embodiment of the invention applies 
to the Inmarsat-M, Inmarsa~~B, Inmarsat-Aeronautical 
systems. 
B.::-··~.ef Description of the Drawings 

Figure 1 is a block diagram of a network 
configuration for facsimile transmission according to 
an embodiment of the invention; 

Figures 2 (a) and 2 (b) are _illustrative diagrams 
for showing the s~ructure of a facsimile data.channel 
according to an embodiment of the invention; 

Figure 3 is an illustrative diagram of an in-band 
structure of a line ~ontrol packet; 

Figure 4 is an illustrative diagram ofa line 
control pack~t modified according to the present 
invention; 

Figure 5 is an illustrative diagram showing the 
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flag sequenQe usage: 
Figure 6 is an illustrativ~ diagram also showing 

flag sequence usage; 
· Figure 7 is an illustrative diaggm showing an 

example of a single-page broadcast call protocol: and 
Figure 8 is an illustrative diagram showing an 

example of a modified single-page broadcast call 
protocol, 
Description of the Preferred Embodiments 

Group 3 facsimile transmission is currently 
provided in the Inmarsat system using facsimile 
interface units (FIUs). As discussed above, the FIU 
concept was dEiveloped to allow "off-the-shelf" 
facsimile terminals to be interconnecte~ via the PSTN 
through Inmarsat•s satellite· networks, to permit the 
conversion of Group 3 . facsimile point-to-point 
pro~ocols to point-to-point operation, to compensate 
for the longer transmission delays encountered in 
mobile satellite systems, and to allow facsimile cali 
recovery procedures to be successfully concatenated 
with satellite channel error detection and recovery 
mechanisms. 

To perform these functions, the FIUs include two 
protocols: a Core Protocol, which permits the 
conversion of the Group 3 facsimile protocols to the 
mobile service requirements, and a Facsimile Satellite 
Channel Conversion Protocol, which is used to permit 
facsimile user data and control signals to be 
transmitted over Inmarsat•s mobile data channels. 

The transmission of Group 3 facsimile over 
digital satellite mobile networks requires the 
conversion of voiceband facsimile signals to baseband . ! . . 

waveforms. For the fixed-based facsimile terminal 
equipment (FTE) 
ground) , the FIU 

customer .(i.e. r land, coast or 
is normally part of Fixed Earth 

3 



5 

10 

15 

20 

25 

30 

'35 

W096/05690 PCT/US95/09692 

station (FEsr equipment, as shown, for example, in the 
network configuration of Figure 1. As shown in Fiqure 
1, the FES includes a Facilities Ass_ignment Processor, 
a Digital Voice Codec, a FIU, a Multipi@leer (MUX) and 
channel unit and a station control Unit.·· For the 
mobile (land..;.mobile, ship, or airborne) customer the 
FIU is normally part of · Mobi~e · Earth station (MES) · 
equipment. As shown in Fiqure 1, the MES also 
includes a MOX and Channel Unit, a Digital Voice 
codec, a station control Unit and a FIU. 

As a matter of convention, when a signal is being 
transmitted from the · PSTN · Facsimile Terminal Unit 
(FTE) to the Mobile FTE, the Fixed Earth Station (FES) 
FIU will be called the demodulating FIU ~nd the Mobile 
Earth station (MES) FIU will be called the 
remodulating FIU. Similarly, when. a signal is being 
transmitted in the opposite direction from the Mobile 
FTE 'to the PSTN FTE, the FES FIU wi.11 be called the 
remodulating FIU and the MES FIU will be called the 
demodulating FIU. 

The FIUs perform three basic functions. First, 
FIUs operate on the incoming signal waveforms and 
convert these from the voiceband to the baseband 
domain for transmission over the digital satellite 
channel by demodulating the facsimile voiceband 
signals in the 'FTE-to-satellite direction. 
Subsequently, the FIUs remodulate the digital ~ignals 
received over the satellite channel, thus converting 
these received signals from the baseband to the 
voiceband domain. The FIUs then transmit the 
voiceband signals to the customer terminal in the 
satellite-to-FTE direction. Finally, the FIUs perform 
protocol conversions so that the Group 3 facsimile 

' ' 

protocols become compatible with th&-· transport channel 
constraints of the three basic Inmarsat service 
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configurati~ns. 

To perform the protocol conversion functions, the 

FIUs utilize a predetermined set of conversion 

procedures. The characteristics of th~..J'IU protocols 

addressed by the present invention are the following 

three embodiments: 

The identif icatio~, demodulation and 

interpretation of different types of facsimile 

signals·, and their transmission over the 

satellite channel with associated line state 

signaling; 

The provisions made in order to compensate for 

the longer access and transport lin~ transmission 

delays encountered in mobile systems in general, 

and the Inmarsat system in.Particular; and 

The conversion of the CCITT Recommendation T.30 

point-to-point protocol characteristics to a 

point-to-multipoint (or broadcast) operation. 

The central feature of the facsimile interface 

function is the demodulation and identification of the 

types of different FTE-originated signals, their 

subsequent treatment and transmission over the 

sa_tellite channel, and their association· with line 

state signaling packets in the Inmarsat-M system. 

The FIUs detect all signals on the incoming 

telephone channel .and demodulate these detected 

signals when a baseband representation is possible. 

such signals include all FTE-to-FTE control signals 

encoded according to the v.21 modulation scheme and 

the user image data that are encoded according to the 

V~29 or V27ter modulation schemes. The FIUs transmit 

over the satellite channel only the signals that are 
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unique in fabsimile transmissions (i.e, the image data 
and the informatlon segments of the. control signals). 
Demodulated signals, such as the v.21 signal preamble, 
that contain significant redun~a~2Y are not 
transmitted, but instead are regenerated (by the re­
modulating FIU) in the satellite-to-FTE direction. 

The.line state signaling is a key characteristic 
of the FIU concept, since the correct re-modulation of 
different baseband types of control and image signals 
cannot be made on the basis of user data alone without 
the provision of additional information pertaining to 
the t~lephone line state associated with these f 
signals. 

This line state information is conveyed ~etween 
Inmarsat-M .· FIUs in a packetized format. There are 
seven distinct line states used in the Inmarsat 
services, as set forth below: 

Line state Control 
Indication 

Idle: 

CED Connection: 

Binary Coded Signal 
Connection: 

Telephone Signaling 
Tones: 

Synchronizing Signal 
Connection: 

Preamble connection: 

6 

Telephone Line State 

No signal on the 
telephone circuit: 
2100 Hz Called Station 
Identification (CED) 
signal on the telephone 
circuit: · 

300 bit/s (non..;preamble) 
binary coded procedural 
signal on the telephone 
circuit: 

Telephone signaling 
tones, e.g., ringing 
tone and busy tone, on 
the telephone circuit: 

Modem synchronizing (or 
training) signal on the 
telephone circuit: 
300 bit/s binary coded 
preamble signal on the 
telephone circuit: and 
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Facsimile message or 
Training Check TCF 
signal on the telephone 
circuit. 

In the Inmarsat-M system, the channel employed 
for facsimile transmission consists of a 2.4 kbit/s 
SCPC data channe.l which is .encoded at s kbit/s after 
forward error correction {FEC) and framing. The 
structure of the Inmarsat-M data channel is 
illustrated in Figures 2(a) and 2(b). 

From the sub~f ield structure of the data channel 
it can be derived that the FIUs transmit and receive 
digital signals to and from the satellite in blocks of 
72 bits (Figs. 2 (a) and 2 (b)). The FIU system 
internally partitions each of the 72-bit sub-fields 
into nine a-bit data cells (Fig. 2(b)). 

In the Inmarsat-M service, all 2400 bit/s high 
speed message signals (i.e., the image information and 
training check-TCF signals) and all non-preamble 
signals of the 300 bit/s binary coded procedural 
signaling are tr~nsferred to the distant FIU in the 
form of a demodulated digital data stream. 

Furthermore, the presence of other signals, such 
as the CED 2100 Hz tone, the V.21 modulated preamble, 
as well as the idle period present in-between 
intervals of signal activity is conveyed from the 
demodulating to the re-modulating FIU by means of line 

··state control codes which are carried in-band over the 
·· 2400 bit/s data ·channel. In such instances, the 
associated user data sub-fields are filled with a 
binary all "zero" data. 

In the Inmarsat-M system, line-state indications 
are transmitted over the 2.4 kbit/s data channel as 
"1 ine control packets" • Line c~trol packets are 
generated wherever a line state transition occurs, and 

7 
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always pr~ede the transmission ·of information 
(associated with the new line state) over the diqital 
channel. The indication in the line control packet is 
then applied to all associated 8-bit data cells of the 

. ·-
satellite channel that immediately follow it until a 
new line control packet is qenerated. 

Because these packets .. are trans:mitted in-band 
over· the 2. 4 kbit/s data bhannel., the packets are 
qenerated by the demodulatinq FIU and removed by the 
re-modulatinq FIU. . The Inmarsat-M line control 
packets are constructed by utilization of 18 data 
cells divided into two parts as shown in Fiqure 3. 
The first 9 data.cells comprise an all "ones" sequence 
and are used a:~ a line control preamble to indicate 
that the followinq .9 data cells contain line state 
transition information. The next 9 data cells are 
comprised of 18 repetitions of an appropriate code for 
the new line state. 

In order to provide a capabil.ity :to identify FIU 
systems equipped with enhanced or proprietary 
capabilities (such as, for example, image compression) 
the present invention provides a system so that two 
communicatinq . FIUs can identify each other in a 
backward compatible manner. 

According to the invention, this is accomplished 
by appending a special capabilities control octet 
(SCCO) at the end of selected types .of line control 
packets. ·To clarify this fea·ture of the invention, it 
should be noted_ that certain _line control packets 
(such as Idle, Preamble, CED, and Synchronizing 
Connection) are associated with the regeneration of 
siqnals at the demodulating FIU end. For these line 
controls no user data are transmitted over the 
satellite channel. Instead, the satellite channel is 
filled with all binary "zero" data. 
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In par~icular, the all binary "zero" structure of 

the channel can be exploited to transfer a small 

amount of information (the SCCO) from one FIU to 

another in an orderly manner. Because the scco 
occupies only a small part of the channel capacity, 

its presence, to a non-enhanced FIU, will appear as 

diqital transmission impairments (bit errors). 

However, because the scco is uniquely defined, to an 

enhanced FIU it will appear as an identification code 

oriqinatinq from an enhanced FIU system. The 

structure of this special line control packet is shown 
' 

in Figure 4. 

The exact contents of. the Special Capabilities 

Control Octet can be defined to be any unique word, 

with the exception of the binary 11 0000000011 • 

In addition to the structure of the scco, the 

order employed to complete ~he iden~if ication process 

must be defined. In the Inmarsat-M system, the FIU 

associated with the called FTE system. will inform the· 

FIU associated with the calling FTE end of its 

enhanced (or proprietary) capabilities by appending 

the SCCO . to each of the following two line control 

packets: CED Connection; and Preamble Connection 

associated with DIS signal. 

Following the reception of the two special 

capabilities control octets, the FIU associated with 

the calling FTE system will in-turn communicate to the 

FIU associated with the called FTE of its own enhanced 

(or proprietary) capability status by appending the 

scco to each of the following two line control 

packets: .Preamble Connection associated.with the DCS 

. signal: and Synchronizing Connection associated with 

the Training check signal (TCF). 

The proprietary mode of commuRication is entered 

prior to message transmission, so that image 

9 
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compression algorithms can be applied. 
In order to compensate for the longer end-to-end 

delays . encountered in the Iiimarsat system, siqnal 
elements have already been developed with the specific 

. ~ -
purpose of extending the operating timing tolerances 

of group 3 facsimile terminals. These signal elements 

consist of the transmission of a repeated series of 

300 bit/s v. 21 modulat~d ~Di:.c · "flagsi• which are sent 

from a FIU-1 (Fiqure 5) to the near-end FTE-1. There 
are two key characteristics associated with the usage 

of the flag sequence, namely, the generation and the 
termination of the sequence. 

The flag sequence is generated·. from FIU-1 

whenever an anticipated response from FTE-2 to a 

command sent by FTE-1 is not received within a 
prescribed time;..out interval. ·The flag sequence is -then terminated whenever· either the anticipated signal 
is received over. the satellite channel, or the FIU-1 

generated flag sequence ha.s lasted for a prescribed" 
period of time. When the actual FTE-2-generated 
signal is received over the satellite channel, this is 
concatenated with the FIU~l flags so as to appear as 

one signal to the receiving FTE-1. This process is 
illustrated in Fiqure 5. The flag sequence is only 

invoked in qonnection with signals associated with a 

CCITT Recommendation v.21 modulated a preamble. As a 
. . 

result, the flag sequence is not effective for cases 
with high speed signals (which are modulated according 

to CCITT Recommendation V.27ter, V.29, V.17, V.33 

e.t.c). 
According to the·· second embodiment of the 

invention, an enhanced "flag" is defined. This 
enhanced flag may be called, more appropriately, a 

"high speed pacifier", and comprises a synchronizing 

sequence followed by the transmission of CCITT 
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Recommendati9n T.4 "FILL" characters (all binary 
"zeros") . 

In particular, an FIU-1. (Figure 6) expect~ng to 
.receive a high speed message signal from FTE-2 over ·-the satellite channel initiates the transmission 
(towards FTE-1) of the modem synchronizing sequence 
followed by the transmiss~on of "zeros" before the 
actual signal is received. ~once the actual signal is 
received, this is concatenated with the zeros thJt 
have alr,eady been transmitted . and forwarded to the 
receiving (called) FTE-1. It should be noted that the 
synchronizing connection line control indication 
received over the satellite channel is ignored in this 
case. 

The process is illustrated in Figure 6, and this 
process is applicable in all thre.e pertinent Inmarsat 
systems: Inmarsat-B, Inmarsat-~, and Inmarsat­
Aeronautical. This process is also applicable to 
other facsimile demodulation based systems including 
the AMSC and AUSSAT mobile satellite systems, the 
European GSM digital mobile radio system and other 
digital cellular systems. 

The third embodiment of the invention relates to 
a broadcast system. According to this third 
embodiment, a common approach is defined so that the 
point-to-point CCITT T. 30 protocols can be made to 
operate in a point-to-multipoint mode (broadcasting) 
for the Inmarsat-B, . Inmarsat-M, and Inmarsat­
Aeronautical systems. The two key features of these 
protocols are the following: 

The generation of the DIS, Confirmation to 
Receive (CFR) and Message Confirmation (MCF) 
signals by the fixed FIU, rather than mobile FTE. 
In this process it is thus...-·assumed that the 
training and image transmissions to the called 
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mobile FTE are always successful. 

The pr~cise timing.of the respo~ses and length of 
: : 

signals generated by the fixed.~IU so that both 
the fastest as well as the slowest responding 
mobile FTEs can be synchro11ized with the 
transmitting (PSTN) FTE. 
An example of the ·protocol · signal exchanges 

applicable to point-to..;;multipoint coinmunication, after 
call-set up, is shown in Figure 7. From this figure 
it should be noted that the fixed FIU incorporates a 
full CCITT T. 30 set of protocols because it 
communicates directly, rather than transparently, with 
the PSTN (or broadcasting) FTE. 

A particular difficulty that is sometimes 
manifested in broadcast communications is the fact -that different · mobile FTEs are set. to respond to a 
call using a different number of "r·ings" ·thus making 
calling to the called terminal . synchronization· 
difficult, when the DCS signal is not.received within 
the expected "time window" of the mobile terminal. 

According to this embodiment, an alternative 
protocol is provided, which when combined with the 
"high ·Speed pacifier", permits the ntime window" 
limitation to be eliminated. 

This protocol is shown in Figure 8. The key 
feature of the new broadcast protocol is the 
coordinated use of capabilities between the fixed­
based FIU generated DIS and the mobile-based FIU 
generated DCS. Typically, this implies that both the 
FIU generated DIS and the FIU generated DCS signals 
must convey basic capabilities only. 
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1. A facsimile communication system comprising: 

a first communication station for transmitting 

baseband signals, said first communication· station 

including a first facsimile interface unit for 

receiving voiceband facsimile signals and for 

converting the received voiceband facsimile signals to 

the baseband signals; and 

a second communication station including a second 

facsimile interface unit for receiving the transmitted 

baseband signals, and for converting the received 

baseband signals to voiceband facsimile signals, 

wherein said first facsimile interface unit 

generates a line control packet in response to at 

least one predetermined line state transition in the 

received voice band facsimile signals, and appends to 

the generated line control packet a control code 

identifying at least one of enhancea and p~oprietary 

capabilities of said first facsimile interface unit. 

2 • · The facsimile communication system as 

defined in. claim 1, wherein said first facsimile 

interface unit appends the control code to only two 

predetermined line control packets. 

3. The facsimile communication system as 

defined in claim 2, wherein one of the two 

predetermined line control packets identifies a CED 

connection. 

4. The facsimile communication system as 

defined in claim 3, wherein the other one of the two 

predetermined line control packets identifies a 

preamble connection associated witA-·a DIS signal. 

13 
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5. Th~ facsimile communication system as 

defined in claim l, wherein the control code is a 
uniquely defined a-bit control octet. 

6. A facsimile communication system comprising: 

a first communication station for transmitting 

baseband signals, said f i:c:st communication station 

i"ncluding facsimile terminal· ~quipment and a first 

facsimile interface unit for receiving voiceband 

facsimile signals and for converting the received 

· voiceband facsimile signals and for converting the 

received voiceband facsimile signals to the baseband 

signals; and 

a second communication station including a second 

facsimile interface unit for receiying the transmitted 

baseband signals, and for converting the received 
baseband signals to voiceband facsimile signals: 

wherein said first facsimile interface unit is 

operable to generate, in anticipation of receiving a 
high speed message s·ignal from the second 

communication station, a synchronizing sequence 

followed by FILL characters. 

7. The facsimile communication system, as 

defined in claim 6, wherein the FILL characters are a 

sequence of binary zeros as defined in CCITT 

Recommendation T.4.1. 
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