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A facsimile communication system including a first communication station for receiving voiceband facsimile signals and for converting
the received signals to baseband signals, and for transmitting the baseband signals, and a second communication station for receiving the
trar<mitted baseband signals. The first communication station is able to generate a control code which identifies to the second communication
statica .. the first communication station includes enhanced and/or proprietary capabilities.




encountered in nobile satellite systens,

and to allow 20

fac

simle

call recovery procedures to be successfully concatenated with
satellite channel error detection and recovery. nmechani sns.
For a further discussion of facsimile interface units (FlUs),
reference is made to ‘the follow ng docurments which are
i ncor porated herein 25 .~ by reference: U S. Applications Nos. -
07/ 720,990, filed . June 26, 1991: 07/754,785, filed Sept enber 4,
1991; _ and 07/935,787, fil.ed August 27, 1992. Sunmary of.
the I nvention The present - invention provides a
facsimle 30 communi cati on system whi ch includes three extensions
of the facsimle interface unit concept discussed above.
According to a first enbodinent of the i nvention, the
facsimle comuni cati on system i ncl udes ' a techni que for
negotiating in an |nteroperable and 35 backwar d conpati bl e manner
the availability of "enhanced ‘FIU capabilities,  such as
facsimle
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2 conpr essi on w_ithout necessitating | nmarsat type- appr oval . According to
this enbodinent, a "special capabilities control octet" is apper}géaggm';‘%zl I ne
control’ pack?’t‘% 69899 in, for exanple, the I nnarsat-M system 1_’CT_

According to a second enbodi ment of t he i nvention, the transm ssion del ay
toI erance of group 3 facsi mle termnals are extended through the use of

B,
"hi gh speed paci fyj n the | nmarsat-M | nmar sat -
| nmar sat - Aer onaut |i(,: Iﬁ%gﬁ; ?%%§1§2ﬂ:§88| gnal
denodul ation pri.nci.ples. @rﬁ ntion
provi des a systemfor | pr ovi ng faCSI t up rates during

broadcast operat iField AFC¢he RgvieRtiidihs enbodi nent, the system
di sassoci ates the co | cat 1.on befween a fixed eart h station and the
calling PSTN facsim Fglﬂﬁerﬁﬁerﬁﬁntf r SRV eReleR mignidisactied %o ng fansdnddtercen

t he nobil e earthcommindcatdon nspstemf acadn ligy tgamﬂ@lu;arThtg e@rp&%n%nt
of the inventi on sealig3 e fobige %migggg&: SECTE

| nmar sat - Aeronaut i caI syst ens i nvention, there is
provi ded a facsi PRACKIZS Isi ng: a conmuni cation

statiae for -transm ttc;grgugasQ,bangla('z‘,g5 ?i‘ié a0, SHADBY LAt | n]c }t&%t :ﬁ%

including a-facsimle.interface unit recei vi ng Vol ceba
signal's gnd for PERYAAE ng ithe FBRei ‘;éﬂaFGF‘&eb%ﬁ%sW@iwm @a&:lsa.nud.d he

baseband si gnal’ 31nanectface lun:.\tdsgr(eﬂmssal d 'Ifl?éISFﬁW Qohgﬁg’gf tﬁgga'td'e:vtgé.g egne
o oderermned 11 e sikred e T e PRE Raad G okeSminainc S e
- interconnected via the Public Switched Telephone
15 " 'Network (PSTN) 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 successfully
o ?concatenated with satellite’ channel error detectlon
‘-and recovery mechanisms. For a further discussion of
' facsimile interface units (FIUs), reference is made to
the fellowing documents which are incorporated herein
25 by reference: U.S. Applications Nos. 07/720,990, filed
~ June 26, 1991; 07/754, 785, filed September 4, 1991;
“and 07/935,787, filed August 27, 1992.
wo_f_me_w

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 facs:LmJ.le communication system includes

a’ techn:.que for negotlat:.ng in an interoperable and

35 " "backward compatible manner the availability of
enhanced FIU capabilities, such  as facsimile



signals} and appends to the generated |line control packet a predetern1ned
control code identifying at |east one of enhanced and.proprietary

capabi l it} said facsimle interffac SBEEN rusesinoeez BRI EF
e e Pl i dh Fﬁ%gd%h bl ock |ldi AgrAm ¢

k jdi agram of a network
configuration for facsimle transm s§j —Jn enmbodi ment of the
I nventi on; Figures 2(a) and 2

D) are illustrative di agrans for
showi ng the S'fddﬂ&:tz*érs%i% 2 Raswt | enéééésfé&ﬁﬂﬁ!; a‘iﬁﬂ&%ﬁ@l t‘%g?%
|agran1of

enbodi ment of the in 3isap illustrativ
an i n-band st APEFQVE & a£F¢ﬂEd%BﬂtF8lq§HEk cgubodiment ¢ g, 'specialyn
illustrative daa@gbamm:flees | icostonlt r @etettk etisnodippet@iesic C odi Ndnie0 t he

! 299 i ! it ivietile dried the
S iy "Cotrol packdidiied 15, Fok! biahbIh! v Endl SgpAT ERY No the

flad sequence Sygiga. Figure 6 is an illustrative di agram
al so showi ng Accordinyy SEHUERCE $688Rd embodiment of the

invention, the transmissiqn;delay tolerance of group

3 facsimile terminals are é2ténded thréugh the use of

"high speed pacifying" sequences in the Inmarsat-M,

10 Inmarsat-B; Inmarsat-Aeronautical, or other similar

| ‘systems employing facsimile sighal demodulation
principles. o _ ‘

The third embodlment of the 1nvention prov1des a
system for 1mprov1ng facsimile call-set up rates

15 ' during broadcast_ operation. According to this
embodiment, the system disassociates the communication
between a fixed,earth_étation';hd-the_calling PSTN
facsimile terminal from the communication taking place
between the mobile earth stations and mobile facsimile

20 ' terminals. This embodiment of the invention applies

' to the Inmarsat-M, Inmarsa;4B, Inmarsat-Aeronautical
systens. | -
B wpt_lw_!m
Figure 1 is a block diagram of a network
25 cdnfiguration for facsimile transmission according to
an embodiment of the invention:

Figures 2(a) and 2(b) are illustrative diagrams
for showing the structure of a facsimile data channel
according to an embodiment of the inventiqn;

30 ' Figure 3 is an illustrative diagram of an in-band
-strucfure of a line control pécket: _

' Figure' 4 is an illustrative diagram ofa line
control packet modified according to the present
invention; y
35 Figure 5 is an illustrative diagram showing the
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ngure 7 is an illustrative diagramshowi ng an 5 exanpl e of a

si ngl e- page broadcast call protocol; and Figure 8

i | 8st rati vav@PUH¥¥m showi ng an . exarrpll e of a nodi F’FE'GJS”’“"”
S|ngle page broadcast call pr ot ocol . - Description of
the Preferred Enbodi nents 10 . Goup 3 facsimle transmssion
Is currently provided in the Inmarsat system using
facsinmle ... flag seguense WRAILH Fl Us) . As di scussed above, the FIU
concept was ' devel opgdguire 6aliown rﬁﬁhﬁﬂ?ﬁﬁi@@'hlagrﬁu sﬁ %ﬁ Wi
termnals to be %&E r %nnected via the PSTN 15 thro nmars t s
satellite networKks, ﬂ@FﬁFF ffage: ~ - conversion of C?oup 3 facsimle
poi nt -t o- poi nt_ Flgupreot?ocm Saho jldiustratipa rulm@t éHBv{uﬁQd ]
conpengat e o I oleh [ _tLans el ay§ encountere
anPlessatellitee§§g gg ,E 3 EQB&E W agkiﬁpﬁ?s% Xiopr° ocol Fe@Bdery

procedures t.o.be succk SPEQ3Pc%mc§0e%%k§§trative diagrdm sehewingeanhannel

error detection axdmp2eoVvery a modlfledﬂﬁgﬁﬂﬁfenbage broadcas cl?l
perform t hese: fu Wh 31 the FlUs include two pr ot o
Core Protocol, % Permts the 15 - conver si on of the C?oup 3

facsinmle protocBE§_EQ2EnQQ_sELJ2E&JEEEQ%%%EQEEEQ%%%%%%E% reaﬁpzﬁ Ianﬂsgd o
gg?i:?ble Satelllggcsﬁﬁ?u uder gegghégg %%ﬁb%ﬂlgﬁéﬁgls igo Sgrrené _
. provided in the Inmarsat system using facsimile
1nterface units (FIUs). As discussed above, the FIU
concept was developed to allow Yoff-the-shelf"
_ facs1m11e terminals to be 1nterconnected via the PSTN
15 : through Inmarsat's satelllte networks, to permit the
_convers1on of Group 3 facs:mlle point-to-point
_protocols to polnt-to-polnt operatlon, to compensate
for the 1onger transmission delays encountered in
N moblle satelllte systems, and to allow facsimile call
20 ' recovery procedures to be successfully concatenated
~ with satellite channel error detection and recovery
mechanisms. . i

_ _h To perform these functlons, the FIUs include two
) protocols' - a Core Protocol, which permits the
:5 o conver51on of the Group 3 facsimile protocols to the
| :moblle service requirements, and a Facsimile Satellite
Channel Conver51on Protocol, which is used to permit
“fac51m11e user data and control SLgnals to be

_ transmltted over Inmarsat's mobile data channels.
30 '_ ‘The transm1551on of Group 3 facsimile over
h dlgltal satelllte mobile networks requires the
' conversion of volceband fac51m11e signals to baseband
e_waveforms. For the fixed-based facsimile terminal
" equipment (FTE) customer (i.e.s land, coast or
35 - ground), the FIU is normally part of Fixed Earth

3



transmtted over Inmarsat’'s nobile data channels. 30 The

transm ssion of Goup 3 facsimle over digital satellite
nobi |l e ne equires the. - conversion of voice e_gﬁlj mle
signal s t%é}é‘i’eﬁ% waveforms. For the fixed- bage 15%"@(3;?42 :
term nal equi pnent (FTE) custoner- (i.e. land, coast or 35
ground), the FIUis normally part of Fixed Earth

3

6/,
PCT/ Usos/ 09soStat Ton (FES} equippent, (AEShMRy FoFEXamRleno iR the,
exanmpl e, in thetwork confignuratider eSnFiguretl.onAst showur énlFidgarehown in

Figure 1, thd rEdoERddslddaria taey %{;{&nﬁgﬁt%&s?&%ﬁessg[

a Digital Voice FlU, a_Milt exer
Unit and a St%thﬂlgﬂﬁtVBFCBnFPderFBrFFHe 1tiplexer (MUX) and

5 Channel Unit and a Station Control Unit. For the
mobile (1and-mob:|.1e, Shlp, or airborne) customer the
FIU is normally part of Mobile Earth Station (MES)
equipment.’ As shown in F:Lgure 1, the MES also
includes a MUX and Channel Unit, a Digital Voice
10 Codec, a Station Control Unit and a FIU.
As a matter of convention, when a s1gnal is being
transmitted from the "PSTN Facsimilé Terminal Unit
(FTE) to the Mobile FTE, the Fixed Earth Station (FES)
| FIU will be called the demodulating FIU and the Mobile
15 Earth Station (MES) FIU will be oalled the
remodulat:.ng FIU. Similarly, when a s1gna1 is being
transm:.tted in the opposite directlon from the Mobile
FTE to the PSTN FTE, the FES FIU w111 be called the
remodulat:.ng FIU and the MES FIU will be called the
20 demodulatlng FIU. :
| The FIUs perform three basic functlons. First,
FIUs operate on the incoming signal waveforms and
convert these from the voiceband to the baseband
domain for transmission over the digital satellite
25 channel by demodulating the facsimile voiceband
‘signals in the FTE-to-satellite direction.
Subsequently, the FIUs remodulate the digital signals
received over the satellite channel, thus converting
these received signals from the baseband to the
30 " 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
_protoools become compatible with the-transport channel
' 35 ' constraints of the three basic Inmarsat service

. :



frobi | e (land-mobile, ship, or airborne) custonmer the FIU is

normal ly part of Mobile Earth Station (I\/ES) equi pnent . As

shown i n Fi guoe6Mss9 he MES al so , i ncludes a MUX andPEREAINEO6RN; ¢ |

a Digital Voice 10 Codec, a Station Control Unit and a FIU.

As a matter of convention, when a signal is being transmtted
fromthe PSTN Facsimle Termnal Unit (FTE) to the Mdbile FTE,
the Fixed Earth Siaifigyuddtipns. FIUwi Il be called the denodul ating

FIU and the Mbile 15 e |1 ed
t he __renodul a'trt l?grlfl Eﬁ L‘g n?%%f"‘]l’g&vé?en fsslioélngflwcu: ng thé
transnitted in t RIWHpostikiag r et |Bne¢¢m1ne¢/bb$¢% of CODVEF!FEODO t he
PSTN FTE, the FEQddédiirds bem’é |c?£$fa|&%eristzcs of! EﬁEdﬁthbi‘StEEUlénd the

MES FIU will C ed th denpdul atin The
FIUs p formthré’? g L}?%t\"lb?lspre?—??gtfn entfon are FHeg Sﬁ%?ﬁf’é“ﬂn t he

i ncomi ng si gnal ViEhasserembatichents convert these fromthe voiceband
to the baseband do Ss t L git
satellite 25 - cﬁral}lenel %@éﬂa cj}%@:?éﬂ‘ th@eﬁ}sgé‘l&% g'l’ ?%ggand

signals in the mﬁ‘-qxtpmﬁaetm eof éit@eraoh types of fasamseﬁeently,
the FIUs renmpdul ate theighidlig,2l &hanaltheir ‘l:.ransm!iQbef'leddi)éir tbRe

satelljte channel, thus convertin t hese rece signals from
The bfbband to the scratellite Heannel Wit pesocinted figge | Abate

transmt the s:.gnalmg,

The provisions made in order to compensate for

the longer access and transport link transmission

15 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
20 ' point-to-multipoint (or broadcast) operation.

The central feature of the facsimile interface
function is the demodulation and identification of the
types of diffe:ent FTE-originated signals, their

25 _ subsequent treatment and transmission over the
. Saﬁellite channel, and their association with 1line
state signaling packets in the Inmarsat-M system.
~ The FIUs deﬁect all signals on the incoming
teiephbne channel and demodulate these detected
30 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
35 over the satellite channel only the signals that are

5



voi ceband signals to the custoner termnal in the

satellite-to-FTE direction. Finally, the FIUs perform pr ot ocol
conversions so that the Goup 3 facsimle protocol s

conpat i bl ¥A6036%0he transport channel 35 const r ai nt%&s’g}f)’g’wﬁg three'’
basic Inmarsat service S o 4
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configurations. |, ) . . ..o performthe protocol -conversion
functions, theunique in fagsipllg trapsnigsionsjéicewi hhg image deta
conversion  and the pinferhdtion THeghdwtS o LriKd | Edntol _hﬁdﬂalidarpt ocols 5
S eoen o BembicRgekal ALY fich WIEChB Y Mroma mrsentil ™ ang
i nterpretationtatdi feentaint yetgntficant ni Ixedundangy are not
5 . transmitted, but instead are regenerated (by the re-
modulating FIU) in the_satellite—to;FTE direction.
The line state'siénaling'is a key characteristic
of the FIU concept, since the éOrredt ré-ﬁodulation of
different baseband types of control and image signals
10 cannot be made on the basis of user daté alone without
the provision of additional inforﬁétioh pertaining to
the telephone 1line state associated with these ‘
signals. , '
S _ This line state information is conveyed between
15 Inmarsat-M FIUs in a packetized format. There are
seven distinct 1line states used in the Inmarsat
services, as set forth below:

Line State Control . Telephone Line State

Indication .

20 Idle: ' No signal on the
' telephone circuit;
CED Connection: | 2100 Hz Called Station

Identification (CED)
signal on the telephone

circuit; '
Binary Coded Signal 300 bit/s (non-preamble)
Connection: ' . binary coded procedural
signal on the telephone
_ circuit;
Telephone Signaling Telephone signaling
25 Tones: -tones, e.g., ringing

‘tone and busy tone, on
the telephone circuit;

Synchronizing Signal Modem sYnchrbnizing (or
Connection: training) signal on the
telephone circuit;

Preamble.Connéction:- _ 300 bit/s binary coded
preambl® signal on the
telephone circuit; and



signals, and their transmssion over the 10 _ /i ng: satellite
channel \M’th‘H ted line state si gnal i ng; ,
The provi si.0 §%§§%%gln order ‘to compensate for . PCISOS068% r

access and transport link transnission 15 del ays encountered in
nobi |l e systens.in general, and the | nmarsat systemin
particul ar; and The conversion of the CCTT Reconmendati on
T. 30 L Mes$ddlcdinddl fin Pr 01 00! pORALGING hidleayel 48 20
poi nt-to-mul tipoint (or broadcast) operati @ralnlng Check TCF _ 'he centra
feature of the facsimle interface ighdClonORhieS teie dul ation
and identification of the - types eﬁreuﬁ&grent FTE- orl gI nat ed
signals, their 25 subsequent treatnment and transm ssion over

t he . o satelIInethaﬂmmqrsat}Mrnystamsothahduhnméﬁlémﬁﬁb%he ol Us

detectoall Sl o gn po L hor aentesi bl il ate 0F o Ak KBiS
dempdufat e t hesé é%‘?e‘é? d gpannel “whirhniss epsost e&p@é‘seﬂ)dﬂﬁmﬁrmat ion
is possible.: - 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-field Structure of the data channel

10 ' 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

' 1nternally partltlons each of the 72-b1t sub-fields
1nto nine 8-bit data cells (Flg. 2(b)).

15 ' In the Inmarsat-M service, all 2400 bit/s high
speed message s1gnals (i.e., the image information and
tralnlng check-TCF signals) and all non-preamble
signals of the 300 bit/s blnary coded procedural
signaling are transferred to the distant FIU 1n the

20 - form of a demodulated’ d1g1ta1 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

25 : 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.

30 R In the Inmarsat-M system, line-state indications

‘are transmitted over the 2.4 kbit/s data channel as
"line control pa@kets".' Line control packets are
- generated wherever a line state transition occurs, and

7



Such signals include all FTE-to-FTE control signals encoded

according to the V.21 nodul ati on schene and the user inage data
that are gnc according to the : V. 29 or V27t ep~fipysleddd2ON
schenes. %&gﬁ transm.t 35- over the satellite channe?“ y t he

- signals that are : 5
96/ 05690 PCT/ US95/ 09692 -

uni que in facsaﬂva?; esd% Onéhfa Q:’ra @% 1gTR%R daotta 1?%%‘&%?5?6‘3(1 .t he -

i nformati on se contro
signals, such §5F961€t29 ?ﬂ-&ﬁar"—h&r @&h’bﬂéﬂe state) overththe diwittal n

signi ficant éﬁdhﬂdiDCYTheaiﬁ‘dlcﬂeion51n the lind éaﬁﬁbiegacﬁﬂt idistead
are regenerate

in
satellite-to- gﬁg ?BB‘;F'Sﬁ to all associffed %né"l ﬂétét gellsightheg is a
key 8&haracteri satelllte channedf ﬁliraat Fiﬂﬁeﬁﬁmy foleer tite wtir

re-modulation gby 31ine control packet is generated.

' Because these packets. are transmitted in-band
over the _ 2.4 kb:.t/__s_ data thannel, the packets are
'generated' by the. demo_d_nl-ating FIU and removed by the

10 re—modulating FIU. o The I“nmarsat-H line control

' packets are constructed by utJ.lJ.zat:Lon of 18 data
cells divided into two parts as shown in Figure 3. ‘
The first 9 data cells comprise an all "ones" sequence

_ and are used as a lJ.ne control preamble to indicate
15 that the follow:mg 9 data cells contain line state
transition 1nfcrmat:|.on. The next 9 data cells are

'-comprlsed of 18 repetltlons of an appropriate code for
the new line state.

In order to provide a capablllty to 1dent1fy FIU
20 systems equlpped with enhanced or propr:.etary
capabilities (such as, for example, image compression)
the present 1nvent10n prov1des a system so that two
communicating FIUs can 1dent1fy each other in a

backward compatible manner. _
25 ' Accordl_ng to the invention, this is accomplished

" by appending a 'spe_,cia.l capabilities control octet
(SCCO) at the end of selected types of line control
packets. To clarify this feature of the invention, it
should be noted that certain line control packets

30 (such as Idle,. Preamble, CED, .and Synchronizing
Connection) are associated w:.th the regeneration of
signals at the demodulating FIU end. For these line

'contrcls ‘no user data are transmitted over the
satellite cnannel.  Instead, the satellite channel is

35 filled with all binary "zero" data.

8



di fferent baseband types of control and image signals 10 cannot be

made on the basis of user data al one w thout t he f
addi ti onal WP8¢98§% on pertaining to the tel epho?{g‘il sﬁgn@@”(s)t ate
dssociated wth these si gnals. This line state
information is conveyed between 15 Inmarsat-M FI Us in a packetized
formt. There are even distinct line  states used in_the

| nmar sat séPvPEEElc‘é%a's'etﬂF%ratlﬂ‘ bdpgfy "zero" struciyre af 4ie
Cont r ol Tehephoimenhehe céimtbe exploited | bdi aatamyfel) a small |dle:

No signal on the el 0 ciggcuit:
CED Connectjon: -—nount szf&goﬁ‘zna&alloped(g%e S50 £roh®GH' BEuC! €6

| denti ficati on (@;Egther in an orderly manner. - Because thgnaSCEM the

tel ephgne occuples onla, a small part of th%' 'cHirnel capaclty
Bi nary Coded Sign g t/s gnon 1%ea )F Connect i on:
bi nary coded pr oc&§yPHesence, o on-e anced IU, will appegr 2f on

t he tel ephone digital <transmission impairments ci(bitit ,errors)

Tel ephone Si gnal thever, bL@a%QQO%eS'M E-Y vﬁﬁquely def -;[ anqa%usy

tones, e.g.,
t one, on enhanced FIU it will appear as an 1dent1f1catz.on code

10 or1g1nat1ng from an enhanced FIU systen. The
| structure of this special line control packet is shown
in Flgure 4.
' The exact contents of the Special Capabilities
Control Octet can be defined to be any unique worgd,
15- with the exception of the binary "00000000".
| ' In addition to the structure of the SCCO, the
order employed to complete the identification process
must be defined. 1In the Inmarsat-M system, the FIU
- associated with the called FTE system will inform the
20 ~ 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.

S 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 calied FTE of its own enhanced

_ (or proprletary) capablllty status by appending the
30 ' SCCO to each of the follow1ng two 1line control
packets: Preamble Connectlon associated with the DCS
. signal; and Synchronlzlng Connection associated with
the Training check signal (TCF). _
_ The proprietary mode of communication_is entered
35 __';_prior to nmessage ttahsmisSion, so that image

9



t he tel ephone circuit; ' Synchroni zi ng Si gnal Mbdem

synchroni zi ng (or Connecti on: training) signal on
t he ' : t el ephone ci r cUiggrmsesnssez
Preanbl e YO8 on: ~ 300 bit/s binary coded

preanbl e signal on the t el ephone
circuit; and : - 6 WO

96/ 05690 . compressi 1gorit ' - 95/ 09692

Message Conhectign. ston ‘%38§FnPFs Fan. o aE?Iﬁéﬁ.

e nessage . :
Trai ni ng Check TCcFIn order to compensate gor the longer endph@—epfthe

t el ephone delays . encountered in the Ihmarsdtl Ceyktem, signdDn the
R Y83 SO0 LSBT gevercpea g bR b B Bre 1 o1
encB8ded at 8 pprppseafoferextending 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 modulated HDLC "flags" which are sent
from a FIU-1 (Figure 5) to the near-end FTE-1. There
10 are two Key characteristics associated wi£h the usage
| of the flag sequence, namely, the'geheration and the
termination of the sequence. : ‘
The flag sequence is generated from FIU-1
wheénever an anticipated 'respohse frém FTE-2 to a
15 command sent by FTE-1 is not received within a
prescribed time?out'interval._'Thé flag sequence is
then terminated whenever either fﬁe anticipated signal
is received over the satellite channel, or the FIU-1
generated flag sequence has lasted for a prescribed
20 period of time.' When  the actual FTE-2-generated
' signal is received over the satellite channel, this is
concatenated with the FIU-1 flags so as to appear as
one signal to the receiving FTE-1. This process is
illustrated in Figure 5. ' The flag sequence is only
25 invoked in connection with'signals'aSSociated with a
CCITT Recommendation V.21 modulated a preamble. As a
result, the flag séduencé is not effective for cases
with high speed signals”(which'are modulated according
to CCITT Recommendation V.27ter, V.29, V.17, V.33
30 e.t.c). _ '
| ' According to the second embodiment of the
invention, an enhanced ‘nflag" is defined. This
enhanced flag may be called, more appropriateiy, a
"high speed pacifier", and comprises a synchronizing
35 sequence followed by the transmission of CCITT

10



f'::t)rward error correction (FEC) and fram ng. The structure

- data <channel s illustrated in Figures
(ZJE a) t gﬁd 2|( &?550%%90'\/' ' "Fromthe sub-field structure oPCTHSIHWEY
channel 10 it can be derived that the FIUs transnmt and receive
digital signals to and fromthe satellite in bl ocks of 72 bits
(Firgs. 2(a) and 2(b)). The FIU system . internall'y Partlt!ons
each of the 72- Racolifiendad T.4 "FILL'nt charact®rs t (ddila delngry Fi 0.
2(b)). 15 "zeros™ r1 the I nmar sat - M sfer Vi cte al | n§400 bit/s h|t ?Qu i ng
[ EIITB.EII‘]OI’ITB.IOna
chook-TCF 57gnal &) add & U-1 "(Piguseghd expRctABEROD bit /s

bi nary coded pr(;'@é&m a hlqh speedgmlslslagearsﬁgﬂﬂlsfﬂsﬁe@rrgazt Rered St ant
Co S the 20 | the sheelakea daapddia! of:didied W™ Yragdhission) 1100

Furthernore,  the. presence I'gnal’s
Hz tone, the V, z(f%ﬁ@&' tF&F'ﬂr ea‘Pr%I &he modem synchwehizingt segudineeper i od

present in-bet V\Eelllowed by thét er\aaisﬁmgsﬁrgnéf a&‘élz‘ﬂst"y héfoQV‘?%ed from
t he 25 g atln% ﬁo re-nodul at 1.ng ln

state control gg:g‘%\)vhﬁc‘:ﬁ 2 1§aFFF§&VFﬁ baﬁ&‘:&v’éhet ﬁgtua signal?4@0 bit/s
dat a channel . rmmeu i rtshmcbs cdrioatenated w:.ﬁﬁSQ@l'eatQQré'ée'th@%ta

sub- fiel ds ar e hhkleed 4id ¥ been tranégi Lot a!grlld Frvarded £3%the
In the Inmarsat-M system 7 ne- ate Jnarca

receiving (called) FTE-1. It should be noted that the
synchrom.zmg connection 1line control ' indication
' received over the satellite channel is 1gnored in this

' case.

15 The process is illustrated in Figure 6, and this
3process is applicable in all three pertinent Inmarsat
systens: Inmarsat-B, Inmarsat-M, and Inmarsat-

Aeronautical. This process is also applicable to
other facsimile demodulatlon based systems including
20 " the AMSC and AUSSAT mobile satellite systems, the
European G_SM digital mobile radio system and other
digital cellular systems.
| The third embodiment of the invention relates to
.r”a broadcast system. ' According to this third
3 embodiment, a common approach is defined so that the
point-to-point CCITT T.30 protocols can be made to
| operate in a p01nt-tc-mult1p01nt mode (broadcastlng)

. for the Inmarsat-B Inmarsat-M, and Inmarsat-
~ Aeronautical systems. The two key features of these
30 ' 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 thuseassumed that the
s training and image transmissions to the called

11



are transmtted over the 2.4 kbit/s data channel as "line contro

packets". Line control packets are generated wherever "a |ine
state transjtion occurs, and _

VO 96/ 0568 96105690 - PCT/ US95/ 0‘25'6795'?95’“9‘;2

al ways precede the transm ssion of information e (associated with
the new line state) over the digital channel . ‘The indication in

the |i trol I S, then a ied to all associated 8-bit
datea Icglel gogfr?he%@ﬁe *STEs%’E%l?’rY%Y%h%HﬁEEQFFE% i mredi ately fol lLow it

until a new |l ine control packet is generated.

- Because these pac:ﬁétphﬁ&d%{%mﬁ %(} 'tﬂebgag1°°nsggr3{*gd1§§ge{mt hte 2.4

kbit/s data chann ets
denodul ating Fl U aﬁf&!}ae%mneyatﬁ@ by the flxeel Fddulsk ithat Math The

|ngarsat-M |ine et faktest as well as the slowest responding

' ' " mobile FTEs can be"synchronlzed ‘with the
transmlttlng (PSTN) FTE. ﬁ

An example of the protocol - 51gna1 exchanges

‘applicable to point-to-mult:.po:.nt commurucatlon, after

10 call-set up,'ls shown in Figure 7. From this flgure
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. | '
15 o A particular :difficulty thaf is sometimes
| manifested in broadcast communications is the fact
‘that different mobile FTEs are set ﬁo_respond to a
call using a different humber of "rihgs" thus making
calling to the called terminal synchronization
20 -~ difficult, when the DCS 51gna1 is not, recelved within
the expected "time window" of the mobile terminal.
According to this embodlment "an alternative
' protocol is provided, whlch when combined with the
*high speed pacifier", permits the “time window"
2s ' limitation to be eliminated. _ B _
This protocol is shown in Figﬁre 8. The key
feature of the new broadcast protocol is the
coordinated use of capabllltles between the fixed-
based FIU generated DIS and the mobile-based FIU
30 generated DCS. Typically, this implies'that both the
FIU generated DIS and the FIU generated DCS signals
must convey basic’ capabllltles only.

12



‘packets are con

structed by—a%rkrzatloﬁ”‘fﬂig“data cells divided

rol

into two parts as shown in Fj The first 9 qﬁhﬁn
conprise anwg96/0563hes" seq “H ﬁ il “l\““lpnd are used_as. a Ilneégglg%l

preanbl e to indi
state

conprised of 18
line state.

FIU 20 s
capabilities (s

‘present invention provi
FIUs can i dentiPpsehapdot$igna

According to th
speC|§I capabi |
types~of line ¢
i nvention, it

30 (suc
Connection) are

'sate&hlte chann

15

icate 15 | owi ng 9 da
transition |nfornat|on The next 9 dafja cel §PEK6€P

e 2

anﬂqé' HEET NBBEEN

ne

ysteng. egai ppesllmmlerncmmhwxmhomsyspempmonpmsymg-
uch ag, ffdles gxggﬂhﬁnibﬁﬁﬁncwﬁ:ﬁ%' ¥r transmitti

stems muni ca

Eegetitiins of. gn appropri ate code for —BawW.
r to provide a capability to |dent|fy

i ng
a saiad flrsﬁaa@mmm beeakdemer .

encmuamhgon,a t R iSrdts aﬁsegnhiwedinterface \hﬂi@ppﬁ@ﬂl ng a

|t|es gontro ctet % of _sel ect ed

BREFAYing  voiceRang. sfa"Fo“E‘t]frlf i?‘Fﬁ‘ fe

Eheagasgg ﬁ#g%?g e.andED. and Synchroni zi ng

a5500|ate the re eneration of - signal s at
t he denndulatlng FIUaeﬁGCOPQrc?HEgélFP don station inglnddng ansecend

are transmttedacgiffile! R8terface umﬁaf@flﬁé&leﬂm@nehe trghenieréde

gase%ang s:.gnalf.s,I laexgdwftor} atl:.clmve{@ Iﬁ/g %:%annrecefved

baseband signals to voiceband facsimile smgnals,
wherein said first facsimile interface unit
generates a line control packet in response to at
least one predetermined line state traﬁsition in the
;eceived'voice'band facsimile signals, and appends to

“the generated line control packet a control code

identifying at least one of enhanced and proprietary

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 1line control packets identifies a
preamble connection associated with-a DIS signal.
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In particular, the all binary "zero" structure of t he channel can

be epr0|te% ransfer a snall
from one %5@5&9 anot he
5 occupies only a small
Its presence, to a non-enhanced
~transm ssi on i npai mantéh
SCCO is uniquely deTlned;

. I’lle::lf o r%}'lcause GPﬁeSCCO)

capacity,

digital
because t he

rrors)

(
%o %ﬁcs1mile coﬂﬁﬁﬁﬁﬁﬁﬁﬁ?ﬂLlﬁysﬁfpl Hbear as
an identificatdefinedeind claim 1,owhgrein nghef comtral eodemndsd a FI U

system Theun1?$F%X def§ﬁé&céuﬁ§toéoﬂtf§1SQ%ﬁé@ line control packet is

shown gure 4 exact contents of the
Speci al Capabilities . Control Cctet can be defined to be any

uni que word, 15 6. mﬂ&céinm%mmﬁcatlbhesysﬂamw'm&@m@
' a first communication station for transmitting

baseband s1gnals, said first communication station

including facsimile terminal,equipment_and a first

5 facsimile interface unit for receiving voiceband
facsimile signals and for convertihg the received

-voiceband facsimile signals and for converting the

received voiceband facsimile signals to the baseband q

signals; and
10 a second communication station 1ncluding a second
facsimile interface unit for receiving the transmitted
baseband 51gna1s, and for converting the received
baseband s1gna1s to voiceband facsimile signals;
- wherein said first facsimile interface unit is
15 operable to generate, in anticipation of receiving a
high speed message signal 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

A

Recommendation T.4.1.

This Sheet Has Been eﬂlaced
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I'n addition to the structure of the SCCO the or der errpl oyed to

conplete the identification process nmust be defi ned.
| nmar sat - M W09688§90t he FI U . aggociated with the cECTHS 5l’i"f’E”'syst em
Will informthe 20 . FIU associated with the calling FTE end of
its enhanced (or proprietary) capabilities by appendi ng
the SCCO to each of the followng two |ine control packets: CED
Connection; and Preanble  Connection associated with DI S
signal. 5 Followng the reception of the tw special
capabilities control octets, the FIU associated with the calling
FTE systemw || in-turn communi cate to the ‘FI'U associated with
the called FTE of its own enhanced P%ijropri etary) capability
status by appending the 30 SCCO to f the following tw
line control pac =~ Preanbl e Ca88Batlion associated with the
DCS signal ; and bsphi zi ng Conpg@RPpn associ ated with-
the Training check signal (TGF233 _ The£ rietary mdde of
comuni cation is entered 35 prior to skagié ansm SQJ%, o)
that inmage - ] | ¢ %’m
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conpression algorithns can be applied. In op
conpensat e WO9605620| onger end-t o- end 277 del ays encouéﬁ{ejr e@gsgz
tnmarsat system si-gnal el ements have al ready been devel oped
with the specific 5 pur pose of extending the operating timng
t ol erances of group 3 facsimle termnals. These signal elenents
consist of the transnmission.of a repeat ed series of 300 bit/s
V.21 nodul ated HDLC "fl ags" which are sent froma FIU 1 (Figure
5) to the near-end FTE-1. There 10 are two key characteristics
associ ated with the usage equence, nanely, the
generation and the term naFfl)Gq Ztﬁﬂ )sequence
The flag sequence is generated from FIU1 . whenever an
antici pated response fromFTE-2 to a 15 command sent by FTE-1 s
not received within a [|2ms prescribed tine-out interv@4dmide flag
sequence i s then term nated whenever either the anticipated
si gnal i s rlecki 80w 0240 ms jwt240Ms—PHend X, 240 m&e-lil U{1
c| Bit | | E
wiTiming ' g

96 64 1920 192
[¢—E0ms—»|

777777 77777
Data Data / Repeated Repeoted/

Subframe-! | Subframe-2 ,/Sgbf,rgm,e/-l Subframe-Zl

VAR

= 60 ms —>

S After 374
Clu I3 Data Field FEC
Wi{Wlb \\ \ Coding
24 24/32 8 | Flush 384 \s\Flush

S Before

u Data Field FEC

. ~

b N - Coding

24/6l Dummy 288 |6\\Dummy
|<———48 ms-288 bits—»

Sub Sub Sub Sub
Field | Fieid | Field | Field
| 2 3 4

2 T2 72 72
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generated flag sequence has.lasted for a prescribed 20 period of

time. Wh tual FTE-2-generated - signal igc¥eeRiodg@s over
t he satellﬁ?gEQ g%ﬁel, this is 3/7concatenated with the FIU-1 fl ags
So as to appear as’ one signal to the receiving FTE-1. This
process is Il lustrated in Figure 5. The flag sequence is only.
25 I nvoked in connection with s | smaggogi ated with a

CCI TT Reconmendation V.21 nedul ated a ZFS%'N Z tN a resul t,
the flag sequence is not effective for cases , wi th high speed
signals (which are nodylated accordi ng CCl TT Reco ndati on
V.27ter, V.29, V.17, K3 30 4%"‘5) 288 bitd ~ AcCarding 'to
t he _second enbodinent or_tne |nvent|on an_ennancqd "fl ag"
is defined. — This |gyp. Fﬁlarfsnseﬁéﬂdac SGYY - Pmec'Sae-F?eroe ]
appropriately, a spe pacijfier"g ang I'ses

synchroni zi ng 35 se upn(‘P ~Loltowedl by 1he Lran SSiQ of

caTT 72 7210 72 72

" |Data|Data {Data |Data |Data |Data |Data{Data|Data
Cell {Cell {Cell [Cell {Cell |Cell{Cell|Cell|Cell

11213 |4 |5 |67 |89

8 8 8 8 8 8 8 88

3.3ms/
FI6.3

< 144 bits /60ms —
H 9| | 9
|<—— PACKET »le— LINE CONTROL —»
PREAMBLE REPETITIONS
(72 "Ones") (18)

Fi6.4

- 144 bits /60 ms : >

| | ol 9

<« PACKET LINE CONTROL
PREAMBLE T+ REPETITIONS
(72 "Ones") (18)

SPECIAL CAPABILITIES
CONTROL OCTET
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Recomendation T.4 "FILL" characters (all binary y .
In particul 3YO96456% U 1 (Figure 6) expeai/rng to rl’ecé‘gfsg%o%szhi gh
speed nessage signal fromFTE-2 over 5 the satellite channel
initiates the transm ssion (towards FTE-1) of the nodem
synchroni zi ng sequence foll owed by the transm ssion of "zeros"
before the actual, signal is received. Once the actual signal is
received, this is concatenated with the zeros that 10 have al ready
been transmtted and forwarded to the - receiving (called) FTE-1
It should be noted that the synchroni zi ng.connection |ine
control indication -received over the satefjite channel is
ignored in this case. 15 The tpatess is illustrated
in Figure 6, and this process is. applicabl g all three
pertinent | nmarsat systens: | nmarsat -B, W @marsat-M  and
| nmar sat - Aeronautical. This process is afs8 applicable to
ot her facsimle denodul ati on based systens incIudingcQﬁ} t he AMSC and
AUSSAT nobil e satellite systens, the Europeéh GSM digital nobile
radi o system and ot her L_.
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digital cellular systems. The third enbodi nent of the

I nvention relates to a broadcast system Acc | this
third WO 9610%Ahodi nent, a common apprldach is defined SOP{’QQ%Q;{G%%Q
point-to-point CCITT T.30 protocols can be nmade to operate in a
poi nt-to-nul ti poi nt node (broadcasting) . for the Inmarsat-B,

| nmar sat - M and | nmarsat - _ Aeronauti cal systens. The two key
features of these 30 «protocols are the foll ow ng: - The
generation of the DIS, Confirmation to Recei ve (CFR) and
Message Confirmation (MCF) ' si gnal s by e fixed FIU, rather
t han nmobil e FTE. In this process it isullhus assuned that the
35 training and i mage transm ssions to thé&g@l | ed
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“mobi | e FTE are al ways successful . The precise timng of

the responses and | ength of signal s generatggl é&ﬁb{ixed
FI U so t haW®e/a56905 N the fasftst as wel |- as the“sTC
respondi ng : nobile FTEs can be synchronized wth the
transmtting (PSTN) FTE. An exanple of the protoco
signal exchanges applicable to point-to-nultipoint
comuni cation, after 10 a call-set up, is shown in Figure 7.. From
this figure it should be noted that the fixed FIU incorporates a
full CCTT T.30 set of protocols because it conmmuni cat es
directly, rather than transparently, wth the PSTN (or
broadcasting) FTE. 15 A particular difficulty that is
sonmetines - mani fested in broadcast conmunications is the fact
that different nobile FTEs are set to respond to a call using a
di fferent nunber of "rings" thus making calling to the called
term nal synchronization 20 difficult, when the DCS signal is not
received within the expected "time w ndov,, of the nobile
term nal : According to this enbodimag, an alternative
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‘protocol is provided, which when conbined with the "high speed

pacifier” ermts the "tinme w ndow' 25 limtation 9692
elimnat e WO 96/05690 This protocd/7is shown in Fi gurekg,dg&%
feature of the new broadcast protocol is the coor di nat ed use of
capabilities between the f.ixed- based FI U generated DI S and the
nobi | e- based FI U 30 generated DCS. Typically, this inplies that
both the ' FI U genarated .DI'S and t he FI U generated DCS signals.
must convey basic capabilities only.
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13 What is clainmed is: 1. . A facsinile communication unit conprising:
a conmuni cation station for transmtting baseband signals, said -
communij cation station including a facsimle interf —amr T o7 |
SN PEERE
1938 |

voi ceband facsinmile signals and for converting thé RESHY
facsimle signals to the baseband signals; and _ ‘\c/\/(neFEB, ___________
facsimle interface unit generates a predeterm ned PAe~ onty o pa
response to at | east one predetern ned li Re state"r_ranrlsaltlon I n tgeln_
recei ved votdnitedithnl i@tfoulheRssia SR InnarAb & pR ARG, Ao 46 Mt 3L85dikl-Re
control packet a predeterm ned glgbﬁtrol cglge ?@entléy! ng _§t | east onledé)kfa
enhanced andpprigsepabilitiey contrsdobtet"tis appendeddaline ¢antrol prickets isetldu, ffacexamplef the
fzécsi mTIhg fﬁ’%airm_kfsycs%rmuni cation unit as defined in claiml1l, wherein said

~ According to a second embodiment 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 téking place between the mobile earth stations and mobile
facsimile terminals. This embodiment of the invention applies to the Inmarsat-M, Inmarsat-B,
Inmarsat-Aeronautical systems.

According to the invention, there is provided a facsimile communication ﬁnit
comprising:

a communication station for transmitting baseband signals, said communication station
including a facsimile interface unit for receiving voiceband facsimile signals and for converting
the received voiceband facsimile signals to the baseband signals; and

wherein said facsimile interface unit generates a predetermined line control packet in
response to at least one predetermined line state transition in the received voiceband facsimile
signals, and appends to the genérated line control packet a predetermined control code

identifying at least one of enhanced and proprietary capabilities of said facsimile interface unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a network configuration for facsimile transmission
* according to an embodiment of the invention; |
Figurés 2(a) and 2(b) are illustrative diagrams for sho_wfng the structure of a
facsimile data channel according to an embodiment of the invention;
Figure 3 is an illustratiye diagram of an in-band structure of a line control packet;
Figure 4 is an illustrative diagram of a line control packet modified according to the
present invention; ' |

Figure 5 is an illustrative diagram showing the
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interface unit appéndé the control code to only two predeterm ned |ine

control packets. 3., The ftacsi'm|l e conmmunication unit as defined in
[ packet s
tlfles a D connectlo he facsimle connunlcatlo- = as
def| ned in cl ﬁ"ﬂ'jﬂ! Iﬁ te ot her one of the twe=pr ' e
control pack reanbl e connection a§

si gnal . The faCSI m |.e comruni cation unit ag| defi
wherein the control code is a uniquely dafined 8-bj
The facsinile communication unit defined in claim 1} ’TFETE—?he
predet erm ned control code identifies both enhanced and proprietary

capabi | i ti gmapts @abdafi@csinile interface unit.
1. A facsimile communication unit comprising:

a communication station for transmitting baseband signals, said communication
station including a facsimile interface unit for receiving voiceband facsimile signals and for

converting the received voiceband facsimile signals to the baseband signals; and

“wherein said facsimile interface unit generates a predetermined line control packet in
response to at least one predetermined line state transition in the received voiceband
facsimile signals, and appends to the generated line control packet a predetermined control

.code identifying at least one of enhanced and proprietary capabilities of said facsimile

interface unit.

2. The facsimile communication unit as defined in claim 1, wherein said facsimile

interface unit appends the control code to only two predetermined line control packets.

3. The facsimile communication unit as defined in claim 2, wherein one of the two

predetermined line control packets identifies a CED connection.

4, The facsimile communication unit as defined in claim 3, wherein the other one of
the two predetermined line control packets identifies a preamble connection associated with

a DIS signal.

5. The facsimile communication unit as defined in claim 1, wherein the control code is

a uniquely defined 8-bit control octet.

6. The facsimile communication unit defined in claim 1, wherein the predetermined
~ control code identifies both enhanced and proprietary capabilities of said facsimile interface

unit.



14 i i i fined in claim1, wherein
: The facsimle comupication unit as de _ :
Eﬁe pr7edet erm ned control identifies the capability of image conpression.
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7. The facsimile communication unit as defined in claim 1, wherein the predetermined

control identifies the capability of image compressxon



