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present i nvé¥Pi88M138% ates to a nodem and data 5 = communi cati on system
particularly envisaged for use in (HF) transm ssion nedia although it is

al so very well suited to operate in higher frequency nmedia. FIELD OF THE

I NVENTION I n general, data comunicatign_in non directive nmediumsuch 10 as
air is conducted over relatively short distances and at relatively high
speed and relatively high frequency. Thegfggm of data communication
channel s enployed in air tend to limt THNE Ol stances that can be

transversed, usually to #bdeémOkndi gata @mnmcq@wsigm and the likeg .
Larger 15 conmuni cation di stances have been attalned wt ower frequency
conmuni cati on channels, such as, forDesgrgpeIoNery high frequency (VHF).
Typically, prior art nodens have been designed to operate at VHF or ultra
hi gh frequen@he \g§sant nigvenhionf redates ¢o 20 nodem andjudateal nedi a such
as tel ephone and coaxial cables. Such prior art nodens.were desi gned.
primarily toqgmmun#gﬁkkpmrsmShagsuenrspsudartweeawyaaqqﬁuqunnﬁeuumS(anu
characteristics of the electromagnetic nedia used by the prior art nodens
are subst ant it HaAnFRIFRIAMImedE2 RAtROHEPadt dOmMHAT AGOh Rkl FFLFedi koi s

conplicated by constantly, var and unreligble electrical conditions and
characterlstHﬁ?raﬂnxﬂp(ﬁ%ﬁﬂ?gaEgSﬂBePﬁélG&@lﬁurst noi se, flutter fading,

frequency drift, delay distortipp, 8r BUbbl ryvEfirIon

In general, data communication in non directive medium such

10 as air is conducted over relatively short distances and at
relatively high.speed and relatively high frequency. The
form of data communication channels employed in air tend to
‘limit the distances that can be transversed, usually to line
of sight, as'in microwave links and the like. Larger

15 communication distances havé been aﬁtained with lower
frequency communication channels, such as, for example, very
“high frequency (VHF).

Typically,'érior art.mddéms have been designed to operate at
VHF or ultra high frequency (UHF) ér'microwave frequencies QJ

20 or over guided media such as telephone and coaxial cables. -

Such pfior art modems were designed primarily to attain good
ransmission speed. The electrical conditions and
characteristics of the electromagnetic media used by the
prior art modems are substantially constant.

25 In contrast communication over HF media is complicated by
constantly varving and unreliable electrical conditions and
characteristics. These complications include burst noise,

flutter fading, frequency drift, delay distortion or multi



- pathing and a generally greater |evel of_noise than other nore conventi onal
medi a. Such noi se includes uncorrel ated® random noi se originating :

+ Teceiver T nput PeRGR 158 W Hertattlot R Mol SF HROERR Bel i iner

processes. Thi 5,001 38l &r¥lyTAl AN dudrl sk 1 £:6 1QISE - uob 5L 2L 50

i ncl udes corre randon nol se originating from atnospheri.c di sturbances,

adj acent Cha““glan%ﬁxs%oti%|é<cﬂiﬂﬂﬂéﬁ&d‘%ﬁéﬁﬁ%é&ﬁg}-if‘f‘om Tﬁ‘iﬁaf@éﬁﬁle}f-fc

characterised by 10" strong burst w se occurences and nmanifests I1'tse I n

thg form of shajktardadice®n® PUHOPrdPodil ih SHARL | RSSIVEN ihSusi ghétmal
Conventi onal nodem designs are generally incapable of conpensating for the

‘conpl exi ti gs oprbEessedisy and interaEdidmntiseqidmipithdmabdbidcesses.
conventi onal nodens to HF use have generally been unsuccessful. The
attraction of Thdemeddsiegnist Ginfilmdito imrddiindtie] mhithe noesn tNellse
bet ween base and renote or nobile term nals over |ong distances (in excess
of 10,000 kns) adsd anciudes corsielarted cagwiin avhise apiginatirey frah a.
Anot her attraction of HF nmedia is | ess costly installations and |ess
crowded conmuniatapsphelsisd disdwahanceshe adiaseant hannel mrescrriivovery
of .transm tted data and privacy. of such data. 25 . . S SUMVARY
OF THE | NVENTI &snikéopr 8edse anfehbootikeoyi s nridem dhehpgacterised by
comruni cati on system | oyahl e -on hi gh frequency channels, to commni cate
data over 8l aBFFERY PORG TMaEEn AESUTRTCRE, A MRS TF rct ST CHR 0Fh ho

resent invention there, .. -3- .. : . , .
p.. form of short and strong periods of noise superimposed on

Nt the signal.
Conventional modem designs are gehérally ihcapablé of
éompensatipé.fdr the_compiexities of HF_média and

15 consequently attempts to modify ¢oﬁventi6nal modems to HF
ﬁse have‘éenerally been_unsuq@essful. o
The attraction of modem design to HF media is that data may
be transmitted between base and remote or mobile terminals
ovver long distancés.(in ekcess éf 10,000 xms) and at a

20 considerable cost advantage to other media. |
Another'attréétion of HF media is less costly installgtions
and less crowded communication band.
Howéver,:thé pfqblém to daté has been reovery of transmitted
‘data and privacy of such data. |

25 SUMMARY OF THE INVENTION
The present inventiop prévides a quem and data -
Communiéation system employable.ﬁn.hiéh fréqﬁgndy éhénne;s
to commﬁnicate data over relativeiy long distances.

In accordance with one aspect of the presenﬁ invention there



I's provided a nDden1for a data connunlcatlon apparatus, said nodem bei ng
arranged for connection between a source of band linited audio tone signals
~and a host conputer, the nodem characterised in that it- conprises: 5 A)

a data receiver having: a) a band pass f43d4 er having an input arranged to
“be connected to the source of band linited audio-tone signals;. b) . a
squaring circuit peovidetied modem dorrpat datat nemmunicbasmnpappararbpsr. to
produce a Subﬁsig hBbbl BAYREC alRURgBl0 &gk 6BRRELEIBA Boblvdehl ol Lobfrcl oups -

of cycles w't Zero Crossings, sali roups faorm ogi-c bits of data.
~ wi.th changes of baadeléaﬁWGénaadﬂsgtgap ﬁﬂgﬁaéﬁda&dlégpgﬁF %GWPPJFEE and ¥ .

'ESL?OEO?:ﬁEP'ggﬁomogégafhﬁ&gbﬁﬁrlied Fﬁ?ﬁhahyitscohpdaBGS'C) - -an audio
nect.e 0 an e squaring circuit and configured
to devel op a Bdunt & AFtCaFRFEITPT: h@ AN93 del ay between consecutive zero

crossings in ghe sanbafidr paiseofilter hdyving anbanguitdakrrangedwtooie gured -

o recel ve {he caual.cly o Ui Akao R 9ol TTn1288 BBl kB Mo cOUNt's

( “whelr~UTeE ave oneo changes of state froma.
| ogi cal high sdgaaﬂeglcal Iom1or vice versa; e)- a bit rate timer.
confi gured t opgevelop s i rehit COnpectad it nSUatPat BECHhedt Si gnal

21 bgrcalor S“ﬁgpw%e%'sv%f@&e%ﬁa Froayes A suoRbt AT, Bftelagt o 10
rlefg(r)”gbve :ﬁgigrﬂlfg?ﬁmsihgsfaamuﬁm st orbulps mfdcmlfaSguﬂdm to :
-_gf state coul & Bégurze&- es r%%[ \Q%%Em Wt N :-he gc%’!'ﬁ:gﬂ ylbg?io%? S,tf;{lgnggz
as to est abl | datei wiwhs changsis @foﬁ%ﬁﬁ"@@ﬂ &n; 091031 high and a° = - .-
logical low value and said logic bits of data forming " NS
15 = logic bytes of data; : _
c) '_ .an audio period timer connected to an output of the
squaring circuit and configured to. develop a count
indicative of the time delay between consecutive zero .
' crossings in. the same direction. .
20 da) a bandwidth window configured to receive the count
L from the audio period timer and to filter: the counts to
detect when the bits of data have one. of the changes of _
| state from a logical high to a logical low or vice versa,
‘e) ‘a bit rate timer configured to develop a further
25 count and to issue an interrupt signal to predict when
the bits -of data could change state from a logical high
to a 1ogica1 low or vice versa. '
.f) ‘a bit rate synchronisation means responsive to said
- changes of state of the data bits and configured to alter
| 30 the bit rate. timer when the. predicted time at which said
changes of state could occur does not coincide with the
actual changes of state, so as to establish bit-wise '
- synchronous communication. . T s '
g) a byte synchronisation means responsive to a
35- particular string of bits to. establish byte-wise
| synchronous communication. and S :
h) an error detection means configured to detect errors




g) a byte synchroni sation neans responsive to a 35 particular string of
bits to establish byte-wi se synchronous comuni cation; and h) an. error
detection neans configured to detect errors -4- in said bytes and to
flag such detected errors with an error codg-or codes; and B) a data
transmtter
5 signal s for dinasséaidsbytedcand aisnflagdsuchnddtectdd ermas fwitlerardreans

-connected to regeiye %&%ﬁ'é‘&déé?”&ﬂ&‘e generator neans to filter out hi g_h.

frequency conponents

havi ng;

.a) generator neans to generate cycles of square wave

romthe generated cycles to produce a bandlimted

audig frequencyBl oned sAqta tramsmitter hayingiordance with a further aspect
af the present ayvengeRerdt6r nédnd € gribra iy AUEEF Eudie WafeEM

characteri
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invention there is provided a data communication system
characterised in that it compriées a transceiver, a
computer means'and'a modem connected therebetween, the
modem being characterised in that it comprises:

A)
a)

a data receiver having: .
a band pass filter having an input arranged to be

connected to the source of band limited audio tone
signals; ' o

b)
band

a squaring circuit connected to an output of the
pass filter to produce a substantially sqﬁare wave -

signal comprising a plurality of groups of cycles with '
rapid zero crossings, said groups forming logic bits of

data

with changes of state between a logical high and a

logical low value and said logic bits of data forming
‘logic bytes of data; ' _

c)

an audio period timer connected to an output of the

squaring circuit andlconfigured to develop a count
indicative of the time delay between consecutive zero
crossings in the same direction;

d)

a bandwidth window configured to receive the count

from the audio period timer and to filter the counts to
detect when the bits of data have one of the changes of
state from a logical high to a logical low or vice versa;
e) a bit rate timer configured to develop a further
count and fo issue an interrupt signal to predict when
the bits of data could chahge state from a logical high
to a logical low or vice versa;



c) an audi o period tiner connected to an output of the squaring circuit
and configured to develop a count indicative of the tinme delay between
consecutive zero crossings in the sane direction; 30 d) a bandwi dth
wi ndow configured to receive the count framgdhe audi o period timer and to
filter the counts to detect when the bits of data have one of the changes
of state front&)log|aabihlghtbosqnbhgnnabakdwnomeunsereepsasivh to aaliid

rate timer congbgﬁégg %ﬁéafafk ? éi&s QBHHEPQQQ thhS%B? iQFron1a-:;

interrupt signa n the ta cou stafe
1 ogical high t&hg bé§|€&¢el@@mgﬁ whea ¢ge5§redictgd time a§ Hhﬁchaﬁéid o

synchronlsatloahgg a5 b&sEQ%&EN%thdS%b@u&haﬂagsnet gbaheiak bﬁ%hd%h@ bits
and conflggred to a te the bi't rate :tiner when t %ﬁiﬁhfﬁgd tlne at mhlch

sai d changgs ofctt gs, 0L stakes ﬁ&taéoﬁﬂcﬁﬁea Tswisg:i yal

changes of staeyncaeomusomﬁhliceltibnt Wi se ‘synchronous connuni cation; g)

a byte synchro satlo Xqﬁag %§ngghxgokomgaggr&gggﬁg&iﬁ§r%ag of bits to

est abli sh byte se sy ouscomruni.cat I on an error
det ecti on neanDaG&ﬁbDéﬂmeﬁtFénsepﬁbPi§5rGpsesﬁab&lahbyyes-uﬁseto flag such

detected errorgywbhgoﬁaugreghmggggagaoggdgﬁa and. B) .. a datatransmitter
havi ng; gener at or - neans- toe%tgerate C cles of sg are wave 15 si gnal s

for data L?ts P3 bedPr SRTRF: AEF RR Bpans| genflgured; tp.fekechs eTTRRECt ed
to receive theinysbea byteethadgcnefaagrsuehndetecteaterrons wigh an

error code. or: codes. and :
B) ‘a: data transmitter having, B _ '
a) generator means to generate cycles . of square wave N
15 signals for data bits.to be. transmitted, and ' -
~ b) low pass filter means connected to.: receive the
ﬁcycles from the. generator means to- filter out. high
frequency components from the’ generated cycles to produce
- a bandlimited audio frequency tone signal.

O



“frequency conponents fromthe generated cycles to produce a bandlinited
audi o frrequency tone signal. _6- frof the generator neans to filter out

i gh frequency gsmﬂsngante&ar@o%e% W10 e hae s AL ape

bandlimted au o frequ t oné/ si preésen ntlon\M

her ei naf t er becgﬁﬁsﬁéﬁﬁg kaﬁtihe Qf&ﬁé@’%%ﬁﬁifersggoéﬁéﬁat ot her s

communi cati on an annel s a houg is to

coul d be used. bgﬁhEEmpgggRgﬁﬁthf@@éﬁ@ﬁc?Rag%ggzs[@eagﬁesent i nvention w ||
refer

now_be descrlbed by way of exanple,” wt nce to the acconpanying

drawi ngs, in L@he“brébenchﬁUéﬁtichﬁw&lﬁ'Qﬁ&eqwﬂﬂtﬂf‘ﬂeiﬁégﬂﬁibed with
communi cation systemin accordance with one aspect of the present invention

conpri si ngsa npaesiculaeceedarence kb FsBuHrhebmaupdeatdlond R rAratels
invention; 15 Figure 2 is an exenplary arrangenent of the data
communi cat i on sysheughf iEi gsr olpeFupdeesiood zhatebeherd dmivddra arsdd f or
use with the nodemof Figure 1; Figure 4 is a block diagramof a data

recei ver - of the nodem 20 RIEFgDEéCB;PEEQUr@FSTHE @g@ﬁgﬁﬁ§y1of an audi o

storage stack of-the data receiver of Figure 4; Figure 6 i.s a diagramof a .
digital audio Eeetmeesentniwentiannddwlangwabel descaibesot ibah wasaef of the

data recei-ver of 25 Figure 4. Figure 7 is_a diagramof a bjit rate
synchronlsatldﬂxi%atg' with referénce to the accompanylng drawings, in

10 which:~
Figure 1 is a block diagram of a data communlcatlon system
St ~ 'in accordance with one aspect of the present invention
comprising a modem ;n accordance with a further aspect of
the present invention;
15 Figure 2 is an exemplary arrahgememt'of the data
communication system of Figure 1; |
Figﬁre 3 is a-prererred data.prctoccl for use witm the modem
of Figure 1; |
Figure 4 is a block diagram ofna data receiver of the modem
20 of Figure 1; |
Flgure 5 is a dlagram of an aud;o storage stack of the data
| receiver of Figure 4; | |
Figure 6 is a diagram of a digital audio software bandwidth
window and a'ciock extracticn means-of the-data receiver of
25 Figure 4. . | | | | |
| l'-Figure 7 is aadiagram of a'bit rate synchronisatiom means
and a logic data decoder of the data receiVer cf Figure 4;
.Figure 8 is a-diagram of a receiver frequency offset error

~ correction means of the,data:receiver of Figure 4;



and a | ogic-data decoder of the data receiver of Figure 4; Figure 8 is a

di agram of a receiver frequency of fset error correction neans of the data
recei ver of Figure 4; -7--Figure 9 is a graph of bit rate .

synchroni sation for the bit-rate synchroni.sation means of Figure 7, show ng
fast and slow regions. of |ockup with- rederved. l-ogic bits, phase error

bei ng. shown on the ordinate axis-and time in 3ms d|V|S|ons belnqishomn
onthe absci ssBLEWFY; 9FF§uPe9{BPPs°§ PFW]ﬁ@tel&y&%%&%&%ﬁﬁﬁiﬁﬂ(ﬁ°¢n 1@l €
byte synchraoni sation gcesses for the dat? recelver of  Fi ure 4 Fi é?*g%'
is atinmng di BRYFanFHre 59R1§3F698|H§afdr hE1GHER Tecd %5

Flgure 12is a Iock dLa F am.o ansni tte

é Figure 13 i% %.dF%%f ofra E°8BBPOWF%§ E°8§g§eée%&@%ﬁ(9+ arfs H1e t?ﬁfor'f;
2 . s
Qe Lransm kiRt Gh8vhTed el BHRTndfel udslutd WL BN AKIRILHGs -

chart oflgt d@f&éoghagﬁlgﬂ ggg E Ec:gggnékigctlon for the data receiver

of Figure 4 an respond! ng Lgures 5-and‘6; Figure 16 i.s-a flow chart

of byte reconspidgiéofigots! 20tem2fg éihérdﬁcgﬁaﬁgl‘aﬁé& e A adeaRjeer of

~Figure 4 and corTesponding‘to Figure 7; Figure 17 is"a-flowchart of byte :
synchroni sati Oéyﬁ@ﬁréﬂﬁsél&lanr gebegkes§ brgune datandebiedwedr b anduk afe
flow charts of Treception.of ‘a 25 transnission block by the data receiver:
of Flgure 4. [Iiiﬁ%éﬂlI)hﬁFaTtEmlﬂyE&Iaébhm of task serv1c1ng for the data

t.he denlof Fi gur e

: recelver of quure 4.

e

lb-'Flgure 12 ls a block dlagram of a data transmltter of the 5\4
| modem of Flgure 1, . | |
.Flgure 13 lS a dlagram of an audlo loglc data generatlon_od
means of the data transmltter of Flgure 12. _
Figure 14 lS a dlagram or an audlo loglc data encoder of the
15 data transmltter of Flgure 12,_;;_“_' |
| -'Flgure 15 is a flow chart of blt synchronlsatlon and bit
1Ireconstructlon for the data recelver of Flgure 4 and
: correspondlng to Flgures S and . 6.
_Flgure 16 ls a flow chart of byte reconstructlon or loglc -.i;
20 data decodlng for the data recezver of Flgure 4 and |
'corresoondlng to Flgure 7 |
_;Flgure 17 is a flow chart of byte synchronlsatlon for: tne
data recelver or Flgure 4; and R
Flgure 18 and 19 are flow charts of receptlon of a
125 ftransm;ssxon block by tne data recelver of Flgure 4

DESCRI”TION OF THE IVVENTION

In Flgure 1 there is shown a data communlcatlon system 10
-::ompr151ng an antenna 14, to collect and radiate szgna1s and-

connected to a. radlo transceiver lG,tO-recelve and transmit



“I'n Figure 1 there is shown a data conmuni cati on system 10 conpri sing an
antenna 14, to collect and radiate S|gh£:§znmiconnected to a radlo
.transceiver 16 to recei sm.t t.he SI nals and dem 1

interface the FB8i §18P3 §céPge 53§%M%%1§9 tQﬁe °t?ﬁ§¢$?elv?ﬁ

t he present e antenna 14 i conaﬁ to collect and radiate

‘hi gh frequency gkﬂf aﬁlg o8 ﬁﬁq?W§ﬁﬁ ‘cation channels, such
f I di

enbodi ment | f%ﬁ*‘%opmgf‘ﬁ b e ia%&ef'wna&“’iu fifur et o

t hewt R t

convent lonal | aESeSry At SRSt P Tpsadeatl e, %d}?ees%a%%p%‘??or

conmuni cat §on greEo¥ALfecakaBRCIchanelsS U MNIGH Whddid, 1415 odem 18

of the present invention is designed to conpensate for the espec Ty

difficult trangpbsghgioardaneeeniied 16§ idat a O\ale ek BRENEAIANE, . in
channel's. Accordingly, the nodem18 is readlly applicable in use with other-

comuni cation #REi 8oraUelE asHFf @ragseEiver lEndciturleb i nt gl Dy Wé h
anpl i tude nodulation (AM or VHF or UHF with Frequency Modul ation (FM or

| and |ines-or the Erkquef@i&le impdde HFY Gamd. serefedaitdycotearadfim and a
data transmitter 18b. The data receiver 18a is fed with-an audi o signal
generated at atranspeivealéf ishe coaveatiomallransdeiomr of dhefsimplex
signal collected by the antenna 14. The data receiver 18a is connected to

t he host cb%pusenqie sédei haad (853 Svpsutfor copmuaiicatgens RIeR IOk
exanpl e an RS232 serial input port or an STD conputer bus standard port or
an | BM conput efhanBed€andar d port or the like, through

L _
h It is. to be understood that the modem 18 of the present

invention is designed to compensate for the especlally
_difficdlt transmission and reception of data over HE
15 oommunication.channels. Accordingly, the modem 18 is
_ readily aoplicable in use with other communication media,
such as, for example, HF citizen band (CB) radio with
amplitude modulation (AM) or VHF or UHF with Frequency
Modulation_(FM) or land lines or the.like.
20 The modem 18_compriSes a data receiver l8a and a data
Sl transmitter 185. The data receiver l8a is fed with an audio
s;gnal generated at an output 1l6a of the transceiver 16 by
demodulatlon of an HF signal collected by the antenna 14.
The data receiver 18a is connected to the host_computer 20
25 via an.inptt output (I/O)'port ZOa-suchras, for example an
RS232 serial.input port or an STD computer bus standard port.
or an IBM computer bus standard port or the l;ke. through
which the host computer 20 receives data derived from the HF

signal.



whi ch- t he host conputer 20 receives data derived fromthe HF signal. The
host conputer 20 is connected to the data transmtter 18b via the I/O port
20b and transfers data to the data transmitter 18b thereby. The data -

.~ transnitter .18b i's connected to an inputy L6b of the transceiver 16 to send
5 - encoded data for transmission by the transceiver 16. The signals
appearing at thaeOWodt chifputet t3® inmdnrdireat coothe datgutneysmititer
| ogi ¢ data signal respectively corresponding to.received audio logic data
and transnit auadiboviaodgine dAC pdi: Flefandbizgnsfarsudiatal bgi theagata
signal s have frequencies of about half of the. audio bandw dth of the radi
‘transceiver ‘16 transmidttey L@B0EherebiConhe alaty transeitterghdbi £§ of
data are designated by an audio frequency .of .about: 1585 Hz -and | ogi cal | ow
bits of 15 dacanme@mu@wamd-w%ri%mcﬁ% #%W%V%obﬁ t218epd  The .
frequency representations of the |ogical high and l.ow bits being gbout 170
Hz apart. SSucenrcodqseddtes .ﬂ%émm b¥ the n‘@rm?eﬁ\]’?ﬁl hothe

bilit f t I d toqd
Thot ot her 1 cBon e AnReT LI TOAR it 149 S °chR, LARREPLER:

D comr | sos. 5 eacq“eti’éréerq‘%ivgi e, e q%%%ency 995; e e
| hi gh bit 5 .
(about 315 15 a%rr?a%%%%‘}ﬁ SR f’l&if‘%ﬁﬁ?@%%l%ﬁ? t‘-‘?%%‘#‘ﬁ%im ed

by 4 cycles ofa%%géli%égghéhégﬂxnn 2.83 ns duration). - S |nportant
that the two

10 Preferably, the -audio loqlc data slgnals have frequencles okJ
' about half of the audio’ bandwzdth of the radlo transcezver
=_-].6, i. e.:about 1500 Hz. | | ' | | | | |

Convenlently, loglcal hlgh b1ts of data are de51gnated by an |
raudlo frequency of about 1585 Hz and loglcal low bits of
15 ‘data are deszqnated bY an audio frequency of about 1415 Hz.-:f
' The frequency representatlons of the logical high and low |
"f:'blts belng about 170 Hz anart. Such frequenc1es-have been_‘J'
.chosen as belng well WLthln the capabzllty of conventlonal
" radio transceivers. = o . o ) o B
20 It is to'be7understooddthat other frequenci representations'
could be used. | o |
- In the context of the present embodrment each bit of data -
~ 'has a length of about 3 ms duratlon and" comprlses ‘a o
:plurallty of cvcles of audlo frequency._ For example,.a
;'25 'loqlc hlqh b1t is convenlently represented by 5 cycles of
1585 Hz-audro (about~3 15 ms duratlon) whllst a loglc low
© bit is convenlently represented by 4 cycles of 141: Hz audio

-

(about ;.83 ms: duratlon).. It is meortant that the ‘two

:frequencies,'one each for logical hlgh'and logical low bits .



“frequenci es, ' one each for |ogical high logical Low bits - 10 - be
evenly spaced about the n0nina| 1500 Hz osen, so as to give an equal

Lerror i muni typogbahiyl g dtybgﬁzt e ﬁa,ﬁ@een s bEslefN0sENakoce

85 Hz. ‘A 3 n® uratlon A°5q1 ¢ osen as a 5
conproni se bet yggl Ehte&ﬁ%&de%&%rbthM%ﬁﬁﬁeﬁﬁpHdéﬁflé&@&é?rbgﬁ§at'ﬁé§ea£€e

desired for gréater speed and larger durations are desired for nore

reliable bit rggaveny. hesh e ethilUiciids@rs tdPbe B8 lipdi ¢ data bits coul d be
used. Further, 1n the context of the present enbodinent a byte of 10 data

comrises 7 dana3binss dard t3 oparticy ludiz dEva oaltaiimid ead diwsen psraty
bits is discussed hereinafter. In Figure 2 there is shown a data
communi cat 5on cetpoohi22 betpeesi ibdta Spesdilandy kift tlecdvearstrklieys 16 and
t he nodens 18. Respective ones of the radio transceivers 16 are 15
connected to r8mpétervdurasiocns wire desdred £amgneatabsperd andubargeres
of host conputer 20. The types of host conputers 20 may include personal
type host conpéesations axeadesdgeds foe mesls |veldabie thilt cegpeerivst Other
.conputers 28, nmainfrane type host caonputers 30 and the |ike. The mobi l e 20

or portable tyé\éfﬁ‘ééﬁ’néo#ﬁm she 3995y dakd Rics sauddide used.

transm ssi on/ control .units

| | hand _h |d
messagi ng key PRHFBREpl & GHFt§°§ﬁ8§%L§%F&@§p5&% Int%%#%ggg%ﬁﬁgn e
t k 22 be t t 2 lat | t di , h
e ot or “obfi: RefRLrSTPELRRR0Y Haa” Babtanel ) Martek WY, O aﬂfgitiiﬁc
apparatus 10 'QaigﬁlggigﬁrEfzgheTBepEEQQgsbigsaﬁ% WY HLd DR A A P,

transm ssion
N4 In Figure 2 there is shown a data communlcatlon network 22

'comprising a plurality of the transceivers 16 and the modems
18. Respectiée ones of the radio transceivers 16 are
15 connected to respective ones of the modems 18 an& therebf to
 various typeé of host computer 20. The types of host
computers 20 may include personal type host computers 24,
- data ldggers-ZG, mobile or portable_ﬁype host computers 28,
- mainframe type host computers 30 and the like. The mobile
"zb or portable type host'computers 28 may inélude radio data
kﬁ‘. : 'transmiSSionléontfol unité, mobile-prinﬁer units,
-ntell;gent hand held messaging key pad/dlaplay units and
the lxke.
In the data communication network 22 data may be transmitt ed
25 over relgtzvely great dlstances, such as inter continental
diStanceé, and between any éf'thgfdata coﬁmunicatioﬁ
apparatus.lo.in.thé-network 22.L52
The modems 18 are designed téiéperatg on transmission

formats including SELCALL point to point contact (i.e. a:é



fornats |nclu

d|ng SELCALL point to point .contact (i.e. are you there

status), SELCALL + TEXT including short message text (quick transm ssion)
and MESSAGE TEXT of any |length. Since-HE:coemmunication nedia are difficult

~environnent f
transm ssi on
PRE- AMBLE PA,
. bytes HD1, th
BLOCK - HEADER
al so conpri se
transcei ver 1
'protocol have
| eadi ng del
3 duratlon '3
30 tHDL - fir
byteﬁduratlon
0 = 3840
18 uses data
The former

and have a datda

transm ssi on
The pre-anble

Wil apam@y

20

or communi cation of ‘data a preferred-data protocol for 5.

big ksndife ssbasubkenSBRCALDPedTEXThéndaudipgosaosit gemwagees a

followed. by a FIRST START ST1 byte, then FI RST BLOCK HEADER

arext SEEONEK STARISHY 661602, andh¥ESSAGRTAENACKIET aDy H@NISEGOND

bytes HD2 as shown in Figure 3: The data protocol 10

SinemdF commupicaviers| mediagasnadhEfgcyitt paviggngent Por W

6 for transm ssign. Typically the _conponents of the data

Ay} ¢ B AR 9fnﬁﬂ§ar&ngé§~enrﬁﬁ dWEANPrONﬁR°1(§§F tLDY‘;i

Yransmission blogss TRIF bef, peensdave 1poes-; ?faa"glﬁeta

st bl ock header durati

Drolosky "EARELL 98578, BBe-amen BaoEolabiad by S Pike¥ Ynzr
100 e SERERTEPRET pRBRLCHEANER! bO0os DL cheR 18 Begpgen

%i%d %3 %*?Qgtﬁhﬁ% pa?d 9&2%&”8%' QHa SisgbaiD B3.deRoCkS:

ngt " zero, st the atter are used for

qg:/fvﬁé eeslakﬁzl A50LRBhON A (FREEAEE 3L EXITnal d8EACArdtdEoL « -
referably conprises 6 bytes of data of the form 1010101

ﬂﬁﬁ(édéﬁeébﬁﬁrbEeoioleaSUQB delay LDY follow1ng enablzng of

the radlo transcezver 16 for- t&ansm1331on._~
-Typically_the:components_qz_tng”datajp;o;ocdl have the

following timiag ranges:

£LDY - leading delay . 50. 150 500
 t2A_r_p:eéamblejduratipn S 180 .
. £ST1 - first start byte duration 30
;tHDi_-_firsﬁ block headef duration' _.a. - 210
~ tST2 - second_atart_byte duration . . 30 .
£DP -;data:ppéketidurationr. L jo_'-3a4p._ 7650
- tHD2 ‘,5¢°°§a=$1°¢k header duration - . = 210 |

25

Tha modem'ls_uses data in SHOkT_transmission_blogks'ahd in
.LbNG”transmiSSionublpckg. . The former are used aslcalling
‘blocks and;cqnfirmation signalling_blqcks:and have a data
éackét'léngth of zero, whilét the ;affer_are,usedjfor
ﬁransmission oflvariable3da:a-information_(méssage text o:_

SELCAL text) .

~ MIN :fMEAN” MAX (ms)

e

r11he pre-amble PA oreferanlv comprxses 6 bytes of data of the

form 1010101 wi-ia garity calculated_to be 010. Suc“

&

__gj



- 12 - pre-anble PA structure is preferred to maxi m se the nunber of
transitions fromhigh to lowto aid in bit synchronisation for the nodem
.18, as discussed hereinafter. Were t RelAuftber of such transitions is |less :

than the 5 ' t & which th dem 18 achi.ey bit - .
synchr oni sat | T EIUBHT oEb oA RGEYE FelacHERz RhEd Fps Padinien e opmber

mpri uni . h f QL ' 1 hex f.or, SHORT BLOCKS and
03 Pex for LONE Bcties eifhE Plp Biaft 9B)08vsTe AEE.48455F the rodem 16 to
10 aid in byt ONi ] £ or.inconkni. ' . <o ke fir.st k
R A e T R
sender identi i e s B iga i ifigcat i on
code DI D of -tV\Vi) yét gtg:,lé:a si ng eaét%%rsl %X/fgésé%kqséaigagggghgg‘%glur{r:h?yte

D-CHK 15 5 angya fipadlercixdopkes mbyiRith Cille R5GERT 28! ¥chlilGelRYbat i N the
bl ock headers HD1 and HD2 are 1s conpl-enmented-so that their bit pattern

does not conf Idyrichidnnddeicn ats bukeessdiasng] pl2esdbgencnder
identification code SID identifies the nodem 18 20 which is transmtting.

It i s envisagethd hirdthessantesyteesTlf compr DBesodeuiBuanpyeenpsugch as
fleet code of two bits such that only nodens 18 with identical fleet codes
may comuni catfiar Eneantelsti ndl i lvex i fent SEORTAt BLOCKSdendl D3i tHext ifbire £O0NGe .
modem 25 18 to which the data is desired to be transmtted. It is

envi saged t hatBLQ&KJestThmt Forst dehdrtikuteofTtolle Dsednhy tbepmodema 1§r tap
~code of two bits such that a plurality of the nodens 18 are desired to be
transm tt éd t RIATHS RER/SHIREIFIT2ELNPr fersinFomingorpgeivrdydaga type

of : _ - . o 5
L ' The first block header of bytes HD1l conveniently comprises 7

bytes of data including a sende;_idéntification code SID of
two bytes, a destination identification code DID of two
'byté§, a single status byte STAT, a data checksum byte D-CHK
15, and a hegder'checksum byte H;CHK: | . |
Preferably, thé bytes in.the bldck'headers HD1 and HD2 are
lts complemented so that their bit pattern does ﬁot conflict"
with the start bytes sT1 and STé.
The sender-;dentificétion code SID identifiés the modem 18
| 20 whichlis transmitting. It is envisaged that the sender

identificatibn code SID ﬁay comprise a fleet code of two

bits sﬁch that onl§ modems'18fwith'idehtical fleet codes may

communicate. o _.

The aestination.i&entificatioﬁ code DID identifies the modem
25 18 to'whichlthe data is desired'tp be trénsmitted; It is

anvisaged.tﬁat fhe_destination:i&entificatioﬂ code DiD”maf

comprise a.-group code of two bits such that a plurality_of

-the modemsilg.are desired té;be transmitted to.

The status byte STAT comprises bi s to identify the type of



V.

- 13 - transm ssion block TB which is to be transmtted. For exanple
whet her the transm ssion block TBis a start of nessage call or a start of
nmessage confirmation or an end of nmessage call or an end of nessage
confirmation or a SELCALL 5 - call bleck3or a SELCALL confirmation .or an
END conmand or al ternative data block |ID.status or. a data pocket valid -
confirmation ararsmissdon Thiodit ABcwbikBusDEGHEe] §x rangmiittedot afed -
exclusive 0 Red checksum of “data i n the ‘data pocket . DP of the transm ssion
10 bl ock TB. example twhethensthestoanprbsriagn biogkSMBRIsBROSkarerf is no -
data and t he data checksum D-CHK has a value of 000. \Were only a single
byte of data|ﬂ?%iﬁQQaQ#hhs%?t%eﬁtFFtnﬁy Bésﬁégelﬁoﬂﬁérﬂéﬁé°éh@6k§@m
byte of a SHORT bl ock. 15 The header checksum H CHK is similarly a_7 blt;
- rot at ed exd1xﬂ§§§4§@xF%%%c?§uﬁ? 80¢ Bf EPFSEge 69Péér@6ﬁPQPnQJ an SERHGALL.

head f bl ock h d

Similar “Rl;l tﬁ(%a%ﬂ SLEErr 4 PREERRL o REOEk, 105 220200 £ib7Lk gm%t SR
i.ent ted 0 L bl ock

e e L AR 4R 'E%é?gi‘?%? SPerptoope 475a980 pEgREE! 3@&%2?;?

byte ST1 |S|ug Jf%g%%§¥kﬁh§9f erent the first bl ock-header HDl1. - The - -

second start by uses ési.gnated bytes to the first start

- byte ST1 so.as 5&9 é’a‘ta'a?éeaéentbaénichesbw?kbheagsea@@a w&emgavar @p%hy
recei ved. -The data pocket. DP: appears.only-in a LONG block. Preferably data

packets DP's harigsm %ol d&e4tin EHehdasa i:e&exanpl ef %ﬁ& kyaasmalssiongh
other | engt hs coul d -be used, say for )
- 10 block TB'E Where tne transmlsslon block TB Ls a SHORT BLOCK ;)
lthere ls no data and the data checksum D—CHK has a value of
.Where only a slngle byte of data is to be transmltted it may
.be put in the data checksum D-CHK byte of a SdORT block.
15 The header checksum H-CHK lS slmllarly a 7 blt rotated
d exclus;ve ORed checksum, but of all the bytes contalned in
_ the.header HDl_for_the present_transmlss;onlblock.
The second start'byte ST2 is simllar to the first start byte-
é | ;. : -__ STl except that SHORT blocks are convenlently des;gnated 02 —
| 20 _hex and LONG blocks are deslgnated 04 hex so as to be fhj"
| dlstlngulshable from the flrst start byte STl. If the . f*rst
start byte STl ls-not recelved then nor_ﬂlllxthe.llrst block
_header HDl. The second starthbyte;siz_uses different
-aeslgnated bytes to the rirstlstart_byte STl_so-as to y
| 25 Lndlcate that the_block header;HOl:was_notpproperly
| received.it.: 'L | | : | y | |
The data pocket DP apoears only Ln a LONG block. .Preferably

data packets DP s have a flxed length, such as, for example,

128 bytes although other lengths could be used, say for



- 14 - exanple, between 2 and 255 bytes. The second bl ock header HD2 is
identical to the first block header HD1 to give two chances for the nodem
;18 to receive a valid error. free block header. |If a valid block header is
5 . not received the transmission block TB nust be descarded since it nmay
have not been exampigod Hetiweestehtansh 255 thete®mdem 18 in question. In the
data protocol each byte has a parity of 3 bits to allow individual bytes to
be checked foTher F@ceshdfadlyfarder i ripridenticrl ctpetheTAisst dlock
represents a first level of error detection for the data conmmunication
system 10 of twedsredDd foEiite dive changas i idx prhe medemelr APnERCRLER 2

tally of all |oqi.c. bi i t hi 7. 0th its .the. b .15 Th
ALy o il et e bl et W e L GLTET P of 410\ B bt THE
| ock f f 18.. Such ,inf [ ' Vi ded .f

o o0k 11 QUG OL 8 SUE IR ST LS 20y oo Gkl
Accor dingly, "idh oy Undgaly Al L e LA IdaUE BLETRESe 01180 BpCLhavi C
val ue as may occur w onventi onal parity I US. e pres n'% I nv nP| on has

parity bits aﬁﬁg%%gggpggkgﬁﬁ%ﬁﬁgﬂﬂ of fset by a predeterm ned val ue-so that

.a byte having ave parity bits of other than 000, say,

for exanpl e 0@} thatdiatdf Tx¥ectclIo dHE@Y iKiAS ald YPIAoP: Of $Re325idat go The
data and header check sunms D-CHK and H CHK nay al so conprise offset val ues.

However, dataab¥b® RaditMdualonptadd @y 5B%Heikad! fori6eFor®i &06d flagged
conditions. Therefore, the nodens 18 conprise further error detection
means suchoasidya&Eb&sgmu@pdeﬁuyﬂedkﬂEfﬂﬂagygpresents a first level of
et error aetection for the data édmmunication system 10 of the
present invention. The parity bits are determined from a
tally of all logic one bits within the 7 other bits of the
byte. _
.15 The protocol also provides information to a destination .
modem 18 régarding'thezcléck frequenby qf'a'source modem
18. Such information is provided from determination of
transistofs:in data from logic highs to logic icwé.
ACcérdinqu} it is undesirabie to have continuous strings of
20 one logiq value as-may—occur'with,convent;onai parity bits.
The present invention has parity bits as described above and
offset by a predetermined value so that a byte having
0000000 bits would have parity bits of other than 000, say,
for example 00l1. Such offset also prbvides enayption'of the
-_'25 data. The data and header check sums D-CHK and H-CHK'may
-_also:comprise offset values., | '
However, data byte pariﬁy is Only'ébout.ssi'feliable under
noisy_conditions. Therefore, the modems 18 comprise further

error detection means such as dynamic gro p length data byte



error marking described hereinafter. The data protocol of the present
invention allows synchronous data bytg ansm ssi on between nodens 18 so-
that the receiving nodem 18 nmay conduct "predi ctive positioning 5

(descri bed hergl grl}gﬁftﬁ/ ﬂ{ ed’ééa’r?@é&‘d"i’%%%gx?%f@¥fry data byte: This

provi des i ndi vi te.retrieval an es rnformation as to the

| ocati-on of aggQ UL PSS éheuaéa@é&éﬁtOﬂn@éaﬁkoIBaﬁaaa error
detecting nechanisns are - required in the data 10 protocol to attenpt to

neet the-di fflswctuz%&xcﬁmcaaﬁ@r & tPadEmi®gign BEEWeaE, motahal 1Bac+bngnaad
signal interference- and. noise. e receiver 18a-'shown in Figure 4,

conpri ses a bamg mﬁvﬂﬂg&rmd&xﬁohmeﬁa?dcémdﬁdﬂe préauttide. poeala\zenu.aqt I y
the 15 filter 40 is a bi-quad active filter confirgured to filter out =~ .
frequenci 8s - bdb@sdbtﬁédth&r&hn&ftern565 ¢irery Sfabafbiteand évegyedaites

i ncl ude some noi se' conponent s ‘and nodul ation ‘caused by nul tipathing and the
like. The fil tattes0 (ivipw iptavidesuipdividuahvbyte anetutevakorndgpregides
si gnal conS|st|ng of bursts of audi o about 1415 Hz correspondi ng to | ogical
‘| ow data and Bafsrmadiloudt® thothe 1585 HoR P f e poptirupted PygRcan Khgh
"data. The output 42 may. al. so have audi o bursts at frequencies mhlch depart -
fromthese pré&@ﬁéﬂ%%ﬁ%?qrhiﬂﬁﬁm?%s by anmpunts .of up to -several -

hundred Hz. The out put 42 ted t it 44 h
Poro or 08si ng SR RREOR (R VSR LB t’ge%é)‘éﬁ?‘ggug%gg?gﬁaéﬁg?anhEh33gﬁﬁgs a

si gnal thy F?%&é g% syﬁ?(ﬁfégﬁéﬁrégm%éig ﬁ@ ggfflégftlgspoﬁcouxgeLgd '

negat I ve

3

with HF medla, such as, s;gnal fadrng and s;gnal o '.~'_ U
lnterrerence and n013e.' | |
The recelver 18a shown in zlgure 4, comprlses a band pass
fllter 40 connected to the output.LGa. Convenlently,_the.'
“lse.filter 40 is a'bi-quad_active:filter_oonﬁlgured_to flLter

: outlfrequenoies-below-l415 Hz andoahove_lSBSJHz. - Such
filtered frequencieshinclude eome noise,conponents and .

) modulatlon caused by mult pathlng and the llke.
The fllter 40 comprlses an output 42 hav1ng-an audio voltage_u

20.,sxgnal consrstlnq of bursta of audlo about 1415 Hz

(f)

' correspondlng to loqlcal low data and bursts of audlo about
1585 Hz_correspondlng to loglcal-h;gh_data,. The output 42
_may also:have_audio'bursts at frequencies_which degart_frcm
ftheee.predetermined_fraQuencies by amounts of up to several

25 hundred Hz;I | |
The outout 42 is connected'to a squarlng c1rcu1t 44 suci as .
a zero c*ossxng detector, conrzgured to. detect a transition
in the audlo s;qnal through zero volts._ The transxt;on

_ belnq elther 2 positive to negat ve voltage’ tranSLtlon or a .-



k]

- 16 - negative to positive voltage trandi t1on. The squaring circuit 44

conprises an output .46 having .a voltage signal of a digital nature, having
hi gh I evels, IBﬁgpéwﬁgsgﬂu?é%ﬁﬁﬁﬁ%i%§154ﬂﬁﬂﬁﬁiﬁﬁkﬁ%9%brFgg%oﬁﬁ?%ﬁlFﬁ

digital data 5_. _cycles., The. output 46.js cqonnected to & nicyoprocessor .50
of conventionaf %’é’t\/w%iécﬁc’l“‘?r&%&r éarﬂweod&tpdﬂf irlﬁsé}a,vﬂb%oﬂépg _%g?eﬁbﬂg??'u&f
“the received digist.al. t ] es.a .t nhesent € | t falling edges
of the digi tal'gdgéglfgi g‘fé)ﬁ?se 'ath"t‘_)r}é“;]og‘t‘% S'Lfs}ealr%'b gfcj % ot b?z“‘?he

M Cr oprocessor + 99, sThe JHheCeele phareds (yﬁﬁg' i oD B Oy PeL{ ogla L Lmer 52
havieg an inpuf SESconr?ecte tc? t he e?t?tsgt?t dg?l%t%h%ns%gdrli%g %::!'r%%{l: 44,
The audio geriggchieger 52 has an 15 ‘output 56 connected to the .

m cr-oprocessor 50. The audio period tinmer 52 counts at a fixed rate between .

consecutive fafrhenguedaes 46f ilsheodindicitals ¢ & MR procl¥sSOWE &0
achieved is representative of the period of a respective one of the digital

data cycl es andoheeatibhall@ypler @BuhC)is prograxmEd &o tfig 4t Atddwsde P and
bet ween the count and the frequency of the digital data cycle could be: _
cycl e frequencyetons2z@ot @he received digital data aydilesneriod tiner

count The m croprocessor 50 has a timng crystal which in the 25 present
enbodi ment hasIa theqpoesgnsf embbdimend fhildingeledges tdfe thmundtigiftahelata
“audio period timer 52 to cycle frequency. The receiver 18a al so conprises a
bit rate t1fercBelesnasctia cutrPHE Abcrseonsied: upony by hheminromreessor

50.

Ny | The receiver 18a also comprises. an audio period timer 52
having an input 54 conneeted to the output-46 of the
'squaring circuit 44. The audio period'timer 52 has an

15 putpuf Sé'conneeted to the microprocessor 50;

The audio period timer 52 counes at a fixed rate between
consecutive falling edges.of-the'digital data cycles. The .
'count so achieved is represehtative of the period of a
respective one of the digital data cycles and hehce.its

20 f:equency, For'example. the relationship between the count
and the frequency of the digital data cycle could be:
‘cycle frequency £ = 2 000 000 = . .  Hz

- " audio period timer count
The ﬁicroprocessor'so has_a'timing'crystel”ﬁhich in the

25 present embodiment has a frequency of 2 MHz end which
relates the count of the audio period timer 52 to cycle
frequency. _

The receiver 18a also comprises a bit rate timer 57

connected to the microdemputer 50 via an output S57a.



-reading of the count

- 17 - Conveniently, the bit rate tinmer 57 is a down counter havi ng a

maxi mum count and configured to send an interrupt to the. nicroprocessor
upon reaching zero count. In t he present enbodi nent t he period between
such interrupts is about 3 ms, 5 as-digcussed hereinabove. The maxi mum
count {(or start count) of the bit rate timer 57 is adj ustabl e‘by the - :
n1croprocesscdeﬁwemnemttwwfbhedbwtaraoastlmertEé hstardbmnﬁcddn:ekﬂhavrng

~receiver 18a about the nonminal 3 ns bit rate. 10 The microprocessor 50 is
programmed t o & depFimemaeoanti andt epafécuradk ta8sends kawinteriupl &b thelhe
-audi o storage stack 58 convéniently conprises 16.registers or nenory - g

| ocati-ons of tmﬂéarﬁ@?‘aﬁﬁ%%‘é%SBPOBOrEﬁébi-EQ’naeIG Feuats 6@ nofthet aueserrach

level 60 of the stack 58 is configured to 15 receive data representation

~of the period $RRPIHREMpgFRe sP%{-'éme bgtugencsuFht hBLErgupss [isgiabakh 3 ;s .
t he out put_ 46, t r bei n asured by the audio period tiner 52: The

audi o 'stora geQﬁzéﬁdéﬁﬁ ﬂgo?%ﬁ?g?gg O%WFap- around so as to be an endless

“stack 58 havi 16 current Ievg ? 60, .20, Each aII|n eggg in_the di t?

| ogi ¢ data int %Lﬂﬁ%ﬁ?ﬁﬁa?ﬁ%ﬁ %Eeégi 56°5ﬂ5 i Rft £ é

to as TASK 1 Wm‘ﬁh +§H%£d ﬁiérggfogéggggrgﬁe§§ %?§t|3 take a

errods TF ner repr “of a

previous cycl gefsd Aﬂg %idatnd O9{ € 22te d@fia‘%he-rdgt@ cpRRI SS9 %%o&. en

under TASK 1 resets e audi o period timer econmence countln
determ ne the ypy Irgjjnﬁ{ap. subsesientaeycl e of the digital 1ogic dat a

until a further falling edge-occurs, sending a further interrupt and so on.
' 10_ The mlcroprocessor 50 is nrogrammed to comprzse an audlo ) _i:
. Storage stack 58 as shown 1n Flgure 5.; The audlo storage d
~stack 58 convenlently comg rlses 16 reglsters or memory fl
locatlons of tne mlcroprocessor 50 provzdzng 16 levels 60 of
stack | Each level 60 of tne stack 58 lS conflgured to .
15 recelve aata reoresentat;on of the perlod and ‘the loglc _
istate of a_cycle_orntne_dlgltal log;c'data;atltne_output '
.46 the oeriod being-measured by the audio:period”timer SZLi:'
_The audlo storage stack :8 anorporates wrap-around s0 as to-'*
:_be an endless stack 58 havzng 16 current levels 60. - _.:ﬂl
20 'Each falllng edge in the dlgrtal loglc data znterrupts the
m;croorbcessor 50 and lnlt;ates a. task referred to as TASK 1
whlch( lnter_alla o;rects tne_mlcroprocessor SQ;to taxe a
reading ot *ne count in the andio.oeriod'timer-sz-
reoresentatlve of a previous cycle of the drgltal loqlc
25 data. The mlcroorocessor 50 then under TASK 1. resets the
_audio peflod tlmer :2 to --commence countlng to determlne
the. pe*lod or -a subsecuent cycle of the dlgltal loglc data, )
until a :urcher fall-ng edge occars, send;ng a further

interxrupt ‘and SO on.



- 18 - The m croprocessor 50 is also programmed to conprise a bandw dth
wi ndow 62 as shown in Figure 6. The bBandw-dth wi ndow 62 conprises four
time period thresholds T1, T2, T3 and T4, respectively representing mninmm
audi o period tfhermicrop2ocessorofSla isyelsct priogrammegi ¢d cumpmixsenan audi o
period timer 52 count of a cycle to be a logic'low, mninmm audi o period

ti mer 52 countbafdwidybl windowe 62 lasgishohinghinafd e fum Rk daudwidith i mer
52 count of a cyle to be a logic high. 10 Were the audio period timer 52
count of a cycVeénfgewhéRowomps iseseSoird time periodn thireshaldm A s T2, ahd
T3,=0r above the threshold T4, the cycle is assuned to be undefined, such
as by corrupti®Reby4moFEEPeERdVELY ZEPFREGNAINGNALALANE Ui R8LAE Himer
Wher.e the oun%gof th c%le i s getweeg t he 15 thresholds .-T1 and T2 the .
cycle is deter n@ﬁuﬁg-P e qnT¥FHr 55802 301G 1OWa MEF LWL AUdimREF 1
count of the cyle is getmeen t@e thre d .T3 and T4 &he o

eshol_ cle is .
deternmined to BERST] 3§ SPRAFNCOTAS SVFZde°d8§cPi 84 +Eo ﬁ?”péﬁqﬁT%ﬂufudlo
frequency for e ak I rtizoned,, .;Accordingl y, ere .t JisS.nore
instructive'tosﬁg¥§%-F%gefthsﬁgﬁgg %I,“T ?C+§ %%dg?4%0¥°§#% @géﬁM%ﬁq1
filter 62 will : a : 1,0 e T he Level t e | eat. 4
out put 46, as r&%?’é#‘ﬁ#‘n%gg%% P%ggggng\%)ﬁgfhg\% EQE%EGE%ig g (%'ree %vi@aécéaﬁq'ootﬁ;ﬁt
63 onto 25 thejgudio stack 58 at level 60 with the period of the cycle.
The microconputer 50 is also programred to conprise a clock extraction
means 64. 1Jhewképekthut a@dibopetrtads tEhe@0BRI QA LACE @l 2ge lecdisS HRILRG

which is configured to contain a copy of the logic status of the last cycle
_of Fhe the threshold Tl, between the thresholds T2 and T3, or .above
~ ‘the threshold T4, the cvcle is assumed to be undefined, such
as by'corrupéion by ﬁoise, aﬁd is labelled as undgfined (UD
in Figure 6)..  Where thé'cbunt of_éhe cyle is between the
15 threéholds'Tl and T2 the cycle is determined by the
microprocessor 50 to be a logic low. Where the count of the
éyle is between the threshold. T3 and T4 theICYcle is
determined to be a logic high.
As already described count period and frequency for a cycle
20. are_proporiionéd. Accordingly, where it is more instructive -
N to do so the thresholds Tl, T2, T3 and T4 of ‘the bandwidth
filter 62 will be related to frequency.
. The logic level of the cycleat the output'46, as determined
by the bandwidgh window 62'is.s§ored via an output 63 onto
25 the audio stack 58 at level 60 with the period of the cycle.
The'microédmpufer'SO_is.also progrémmed to comprise a clock
'extractioh.méans 64. The clock extraction means 64
comprises a storagé register Sé_which is configured to

contain a ;copy of the logic status of the last éycle of the



- 19 - . digital logic data fromthe audio stack 58. The clock extraction

al so conprises a conparator 68 having one input connected to the storage
regi ster 66 and another input connected.to the output 63 of the bandw dth
wi ndow 62, 5 . The conparator .68 detertiSnes the similarity between the
cycle’ JUSt stored onto the stack 58 and the |ogic value of the |ast cycle
stored in regdsgitadelogiedatensrom o anddice staqinded i nethe helesbck
extraction neans 64 aborts the conparison and actlvates an out put 70. :
Where ‘the conprreeriQn adgoderBiPRifes fheomReateR S&haeing epe tppek 58
and the last cycle in the register 66 are identical: jt activates an outp
72 to direct ?ﬂ%nﬂFEFécGﬁpﬁpér559?59%%%%$Hﬂ%§4nq 2% AN B 7IRPYE L he

'?‘ﬁépi‘;s?72yifcéé’€%3%£‘sﬁi§%“ Engo plpde 6 o% bl bandy %rgaﬁgqév?gﬁzgﬁm
The 3 f th N 57 I - f. | :
(agi ¢ Toiar H8TShphERls BBl o el Y Gl 1
conpari tor egsgsg %Q@stg%dt Rad Lxe(:)é,‘éﬁﬁ.%lﬁo%at h& t@%yﬁggg{%%e  © f'e

- in the regist are e sane t en ogi ¢ data c put
46 is still wWhbi Dagt 8hc1bNgeeRdq0l 1a£aqq's%e@ t66. Thiteddehd r&f{eﬁ@e o
regi ster LSTTIM may repiresent the tine at” which an internediate c t he

data bit OCC%%éﬂeoisthﬁdEEEﬁeaf thide diazhk exthracdile xaéaﬁshescmﬁés oph&f
'the data bit 2 Such can not be determ-ned until the next cycle at the.

output 46 is ¢empedisBhoahlic agtaolata’ ahheutpuraio.or Wikrd s&hslemﬁgsaﬁeeor'
‘where the last cycle on the stack 58 and the last cycle in the register 65
are di ffeI@nt_G&ndesermJ.aasonhpltt the - é@sl"veycl'éh@racﬂhe/esmmlﬁs and the

. last cycle in the reglster 66 are Ldentlcal it activates an f*e'
output 72 to dlrect tne nlc*ocomputer 50 to read the bit
- rate tlmer 57 .via the output 57a ‘to determlne the count of
the bit rate timer 57 at the end of the: last cycle on the
.15 stack 58 and to store same in a_reg;ster LSTT1M. -
The 3 ms duration of the bit rate tiﬁer 57 lasts for about 4
cycles of logic lowidigital daté aﬂd-S:cyles ofﬁlogig high
.. diqital.d;ta; fWhefe:the com@aﬁitor 68-de£efminésjthét the
:last_cycle on the stack 58ﬁand,thé'cycle in the regi§ter 66 .
20 arénthe,saﬁe ghen the logic data'qylé at'ﬁhe.output 46 is N
still within or_ét;the_end'of.a-iogic bit.= Thus the gimé in:”
',the3reqisterﬂLSTTlM-may rééresénf}the.time'at which an .
.inte:mediate.@Yle-of'the.dat;:bitﬁoécur;ed-orrthe'timé of
the last cycle[ that.ié theuccmpletipn of the déta bit.
25 Such can ndt:bg}detérmined_until'theinext-cycle,ag_the-
output-46:is-loadegjonto.the stack 58. -
The_compéritor 6$,also dete:minesjwhefe the.laSt:cycle on
1;hefstack_58 and the_last cycie'ingghéfregister 65 Aré

different_and sets an output 74 active. The activé-output-



- 20 - 74 indicates that a logic high bit- to lowbit or lowbit to high bit
transition occurred at the count stored 20 +he register LSTT1IM at the end
of the previous cycle. The active output 74 is also used to route the new
logic 5 val ud4 dnsigategthatra gbogicthigh thitetmoled bhat omhlbet bikete
is no detected difference in the cycles there is no need to update the

regi ster 66. THigh Rifsit5asihiRR RECURTE natt | the seount t sboped iat ther

.clock of the nodem 18 mﬂ%&@#transnitted the logic data. It 10 nust be
noted that the*6% St i PR IRL hritdRIeBIouRecYe bsm ssi on

bl ok TB wi |l | t be.,constant  but_wi )l vary dependi ng on whether the |

transition was q‘g’-el %&t&%leoﬁl&?% g?'uaM S aafﬁ%l‘ts%} giP tiPY iy SHRREV alpBidse

T “the bi P rareion tnme s THE S Yt ted At wR{LSE"

m croconputer - ' I FoeTgeTtyils ckggqg['se a hit synchrgnisatjon means

76 as shown i nﬁgieg%r g's;?ldlj'he It syn‘%: ironi s C4ziel o rfg%l%sc%gg%]s&l%ﬂ%eﬁ eto

t he out put 57ap8@g3% At tdpeat unan. rgcei pt of an interrupt signal
n88d2%ol Ypda 1 ne Rl unan.

from20 -the bit rate tinmer 57. The |th§ync'ronisation nmeans 76 reads the

register LSTTlihagd ceamaidon Mrotaldes UhRinadidd e WdBid B rate or
interrupt. That is the birt synchroni sation neans 76 determ nes the ﬁ%ase

error between theckcodalthli modene 125 whiXl atlaedniitdad had ransie sfd, bl pek
TB and the bit rate predicted by the bit rate timer 57. Such prediction of
the bit ral@ imuseqber adtied dhiati rehai tbity raiveorRixtatacted Eriinf tHe RidEaG
of data bits. Were there is a phase error the bit synchroni sation neans
SR . of the'transmission block TB will not be constant but will
~ vary depending on whether the transition was a.logic low to
high or a_logic high to lcw.-.Henéé a phase error will exist
between.interrupts generated by the bit rate timer 57 and
15 the bit rate extracted by the cléckiextraction means 64.
The microcomputer 50 is also prerammed to comprise a 5it
synch:onisation-means 76 as shown.in ?igure 7. The bit
synchronistaion heans 76 is connected to the output 57a so
as #o be activated upon receipt of an interrupt signal from
20 the bit rate timer -57. |
N _ The bit synchrohisation means 76'reads the register LSTflM
and coﬁpa:es the &alge therein to the time of the
interrupt. That is the bit synchronisation means 75
_ deterﬁines_thg phasélerror_Eetweén the actual bit rate
25 extracted from the tfansmission-bloqk T8 ana tﬁe bit rate
predicted by the bit rate timer 57.
Such_prediction of the bit rate is'reqnifed to obtain bit
synchronisaticn'to:aid in'retrieval of data bits.

: Wpere there is a phase error the bit synchrohisation'means



- 21 - 76 sends a signal via the output 57a to the bit rate tiner 57 to

i ncrease or decrease the maxi mum count therein by a relatively small anount
so as to increase or -decrease.-the period of the bit rate timer 57 toward
‘the actual rate 5 extracted by the clg¢k_extraction -neans-64. Wiilst the

‘preanble PA is being received by the data receiver.18a the bit . '
synchr oni sat i ofy ng@fs 79 24dga 8N 3UBLEAGLESERUSYS LEORN®IN el S ddd®
57 at val ues say I mes greater -than those nentioned above so as to -
attenpt t0 10 sACH eygcr£4560N3P! dekaageDiheSHARRMAN SN chd/idin (e o 80,
ms of preanble PA. A variable rate of change of the phase error between ™
‘the bit rate tidEdtHle BPdsthilcxhbaftedobhl E3t €nseechilat otheRcdalasd Sthe
received errors.in the extracted bit rate do not 15 seriously offset the
‘phase error. Hdsied septéeditnrktgueen@rWsrhebwdedi #hd @R tuallemaadss shown .
on the abscina and phase error PE shown on the ordinate. Fast corrections
or lock umis exmacesddoyi tiyet bbopkearblacPionemeadsasd.sl ow | ock up
~during data 20 reception. In this sense the bit synchronisation nmeans 76 -
~acts as a fixéthikie phaspréamkbe PAops(Peihg répeiwedobyorthehdadiagn of the
~ phase error (i.e. leading or lagging) :and not the value of the phase error.
Such operati orrdesieeui k8 tive 2BitcFEAFaraniegrienomeansuditt pddsr anse bit
synchroni sation neans 76 to. erragrs fron1grroneQUSvextragtLon,of:the bit .
“rate from t he SURERIF LS| SAUBFSCRIIB. the PitiFabe héMEd hat VRdUESuRY 10

he bit r i mer . houl.d not | egual o -fhe extracted bi.t .rat:
giﬁcg'theate éiﬁggjé&éﬁé&&dthgg 8§022d§eggEgLeéQa o%ees5_%%t%% %éﬁeﬁgéato

e,

10"a¢hiévé fedéonébly ¢1dse Eit_sYﬁEhréniSéﬁibn duriﬁg-thé 1803_;
ns of preamble PA. B R o
A vaﬁiablé.raieféfféhange'of the:phéseigrf¢r"bétWeen the
bit rate timer 57 and the ex€?éd£eé bit;fétezséfthat;whenaf
 data is'receiVE&;érfors ii'thgle¥éféé£éd5bitﬁfate do:not |
15 'Sériously*bfﬁseﬁ'theiphasé erfbr;in e | |
"This is depiéfé&'in_Figure;9-wiﬁh5time5ini3'méuiﬁte;#als
Shéﬁn on the abééiné.and_phasé;éfﬁdr'PEféhQWhidn'the-
 ordinate. Fast corrections or lock up is required during
the'preamble'PAﬁpgriod and slow idcﬁ'hﬁ'dﬁriﬁg d;ﬁa- ' L~
30 beception. . _ _ | o T | o
Id'ﬁﬁig sensé‘fhe'bit_synéﬁrdﬁiéétién meahS”?G,aéts_as'a
' fixéd"rate"phase“idcked léo§ (PLLi;fEOpéraEidhaén'the sign
of thé]phaée'éirdri(i;e. leédiﬁéﬁéf laéginéf‘and:not the
value O£'tﬁé-pﬁaéé error. Sdcﬁ'cﬁefaéiéﬁ:i§ reqﬁi§ed Eo
25 create a.degréé of iﬁmunity:féf.Ehébhi£ sYncﬁrdﬁisation
means 76'tdﬁéfrors'£ibm erroﬁééuéﬁéxtt&dﬁién'of the bit rate
from- the ﬁfénsﬁiﬂéion block.TB$ . |
It ié;td bé'no£e& that thé-cdunt"iE £héfﬁit féfé“éimér_S* -

should not bé made equal to the extracted bit rate since the



- 22 - extracted bit rate may be in error and such action would multiply
such error. It has been found that bi+ 2gnehroni sation nmay be mai ntai ned
,provided nore valid cycles are received than undefined 5 cycles UD. The
m cr opr ocessorex3ractexd solprogranmay be tonprrse andoguchdacéidecedeld’8
connected by an input 80 to the bit synchronisation neans. 76. "The logic
data decoder T8ildumky ssuch eyxPe. accunmul at or means 82 configured to read
.10 the logic values for the last four cycles of the logic data at the
out put 46 fromt h@sstheen soundhehapgbitaynekrotisabicasnayobe BpénEdinegm
t hesst ack 58 serve to define the |ogi¢c value of the bit of data just
received. It iR¥QW}qﬁ9rﬂR¥ﬁjY?%&dn%?%l?ﬁaﬁr?oﬂ?c%yﬁ?@ rR3neundetonedne
stack 58 %nd 15 relate to the present bit, for exanple where noise creates

extra cycles. 85+9% Y se problens and the like the last four |evels 60 of

t he stack 58 conprise logic es of logic high and logic_ Lo .

undefined UD | é“%%?lﬁ?%‘?%?ﬁxgé gh.g 'i%sq'm“g’l:?%@l‘@“%ét go -d%%%ag?.s%vsaallgglc
[ | oQi,G | t L naf i 4, -t hg. I

sccunul ator meaie SHRALE! R ORE0ETRD S SRETEh e, Brb B ) mans 64

s configured dydilgH: dd\es S s er6] | P Lo E0 A LSSaaBdatoghC | OW

val ues read fromthe stack 58 by the 25 cycle atcunulator neans 82 and to

deternine whi gy igesd 4 r@ftRNtadduhblBafof Ve £i¥s fﬁleca@ﬁ%ﬁfeausa_t read
occurrance is uséd by the logic |evel determ nation nmeans 84 as being the

“logic levealp oftHehadgieeiwaihet fobi the | DasbefPiLSEPE1eHVEPt tRE Lbgis data
essential to have bit _ . _ _
- at the output 46 from the stack 58. The logic values of the
~ last fouﬁ cycles from the stack 58 serve to define the logic
value of the bit of data just received. It.is to Ee noted
that moﬁé-than_fouf cycle may exist on the stack 58 and
15 relate to‘the present bit, for example where noise_creétes
e#tra_cycles‘
Due to noiée pﬁoblems and the liké the lést'four levels Gd
of the stack 58 may comprise logiclvalues 6fjlogic high'and
logic low undefined UD logic levels are'ignored.
20 The logic data decoder 78 also compriées a logic level
St determination means 84 connected td the cycle accumulator
means 82 by an input 86. The logic level determination
. means 84.is_configured to total the ocurrance of logic high
values and logic low values read from the stack 58 by the
25 cycle accumulator.meahs 82 and to deﬁermine which is most
frequent in the 4 cycles. The most frequenﬁ occurrance_is'
used by the logic level determination meéns 84 as being the
logic level of the received data bit.

. In the present invention it is essential to have bit



- 23 - synchronisation so that t he | ogi c. | evel deternination heans 84 can

read 4 cycles fromthe stack 58, which cycles relate to the last logic
data bit. The logic |evel determ nation means 84 conprises an.output 5 88 .

which carries the deternined | ogic vatu@dof the bit of data to a 10 bit '
shift register 90. Consecutive cycles of the |ogic data at the.output 46

‘are accunul at egnshndne sakien ot Uk it Bhenbe@sc 2evnd desermanatiions ngans
data stored in the 10 bit shift register 90. 10 The last 3 bits to be
stored . into t ¢ FRmiteachi$t1Crehst EFODOtARNBERCENEE paRLPhbFYE LIRS RS

" byte of data. The Iog!c‘g ta decoder 78 also conprises a.parity.calculatdvﬁ
means 92 connd® &% ate 4P T 19k Pifegi ster 90 to calculate 3 parity .

bits for the 7 bits of data jn the 10 bit 15 shiff register 90. . A

conparitor-94%&5ﬂ&ﬁ%&?§iﬁ¥?§ﬂ%ﬁl%ﬁ%ﬁniﬁr??y“%??§ %?0 PRELFGFi fff Qutzut

cal cul ator, 92 with .the parity_bjd the. byte,of . data,in the shift -

register-QO'aggwy %géﬂéé{#T%ﬁ“B%Sag%Fvﬂgf%génﬂ?%%?eV%%Pﬁc?geﬁis %rt'Of ,

difference in eSNeCtd Ue; paL i ¥.bils; c2ad o flag code generator 98 is .

connected to F%Egbﬁﬁigfqg%wfﬁegg%'%%ekg’bigépo?&aata}”via an input 99, for

~‘which the par idop diduk idjdfl A1 EPIHET AR YhE Do a8 84T OE ERPCoaVSNLAT6BEREX.

Valid bytes of data, at the input 99, havinhg coincident parity bits are
unaf f ect ed by ah@md136: DIy 2he 0OPIL A OLuRSladbe héafsCodCaganeedtiotadd .

has an output 100 connected to a storage means 102 for further processing
bv the recei veithlaf Jufa Mownss| 1y €0ePLO sebt nBWLfer registetrhgorat e of
10 The last 3.bi£s tb be_Stéred into ;hevIO'bitfshift register’<;
90 denote thé_?ﬁ;it?ﬂbits fd: t@é bytefof data. ..
‘The logic data.decodef_7é aléo'combri§¢s a pérityhcaiculatori
means 92 connected to~tﬂe 10 bit_éhift register 90 to .
calcﬁlate;3 Par?tfjbits fcf.the.7zbi£s“of data in the 10-bit
15 shift registér 90. A comparitor 94 éémpares:the'calculated
‘parity bits from the parity calculator 92 with the parity
bits_of the'byte dfﬁdata'iﬁ-t;e shift-regiétér 90 And_sets
Iaﬁ output 96 active to indicata‘coiﬂéidence orldiffe:encg-in_}'
_the.respectiv§ pari;y-bits; _ | —
20 A flag code generator 98 is connected to the output 96 to -
replace:a byte-of_d;té, via an-inpuﬁ 99, fbr whichithe___
_parity.bits'did not coiﬁcide,.wiih:;nfeﬁrof'code sdch as 3BF 3
‘hex. Valid bytes of data, at.the3input'99,.having 
_coincide#t parity bits are-unaffecte&:by“the“flag'codé
.25 gene:;tor_QSﬁ{;.' |
-_Thé-flag code_generator.Ss'has ad dutput 100;connec£ed tq‘a'.
 storagé means 102 for further prbcessing by*the-zecéiver. |
‘18a. | | |

Such processing comprises monitoring of the rate of



3
- 24 - occurrance of error bytes. The data receiver 18a maintains an error

count 'in a register, which error count 4 24 ncreased at the occurrance of an
error byte and decreased at a valid byte. Wiere the error count exceeds a
set val ue, suchegsurganceopfegzygire ¥res. (The dada wecbdiwers bB8£ maintains
di scarded. Such processing al so conprises processing by.a dynam c group

| engt h dat a byt 8RePFBEPENASKPg Life #nFSHI4 SeSnnodticd ternde cawrtages nkeeseased
102. The error maskjng neans 104 is configured to conpare adjacent bytes of
data of the 10 £FaRbfi SSFORZBAGEK OFE &M SEROTs bytey Anfb Aes RIS et (B ik cva hid

| ocatti on of occgr;anceapof'b¥hes with error codes. The nunber of contiguous
valid data byt eB8YFBr1 olffif®a REnGEFCST COMPEr eX588dsShyt &8tk Iptec ctialy as,

f h d [ d b h Ki ng Jv 104. W

the. nunber 15 BPE oPPPE18088 BT Lot ey BHaRA Ve BHGAT AL AAGRFdRfes (he.
l'id byt ' fl d by.th or maski

moans 104 as erfaripgrecessghs 318k, PonliiaRe prstERRorY g e RIS Heeib

oI oued bY OncidabLd BuLe B04e002-BE Ba<hofSInBULS, 100° ctflnad i 0 Sng

assunmed to be 20 uestionabf e as a probable®error byte &

Lhis manner ihesesiage Mekhg0100ans Thl4ektonsfdsknll flanl 90/40n; SPI cading
within received data”of a transm ssion bllock TB. Such processing al so

conprises a datfoppedeiedTBgecehpauchliktrdt"BPRas10G Waiteh J «nf i gured
to overlay data packets DP's of a first transm Ssion block containing error

coded bytesli ttranseisstonandléokt UBr ifsafieuptbea§e RabasPaokelandP nfte? the
second and further re-transm ssions of the sane transm ssion bl ock which

may al so conpribecation efdedcurrances of bytes with error codes.
- The numberlof.contigucus valid déﬁa bytes fbllowing'a number
of error coded bytes and_preceding further error coded bytes
_is compared.by the error makinq.means 104. Whare the number
'lsl'df'error coded bytes exceeds the number of v;lid.bfteé the..
valid bytgs are assumed ﬁo be in error and are flagged by
the'errorﬂusking means 104 as érror'bytes.. Fof example,
where two'grrof flagged bytes afe fol;oﬁed by one valid byﬁe
and one error coded byte, the valid byte is assumed to be“
20 questionable as a pfobaﬁle error byte and ié flagged.
x2 - o In this manner the error ﬁéskinq méans 104 is used to
predict error spreading within received data of a
transmission block TB.
'Such procéssiné also com?riseé a'daﬁa packet image
25 overlaying meané 106 which is confiqured to oveflay data
packets DP's of a first transmission block contaihing error
coded bYtes with a segénd and fﬁrther (say up ﬁo 8) data
p&éket DP of a second and further reftrénsmissions of the

same transmission block which may also comprise error coded



- 25 - Dbytes. The inmage overlaying nmeans 106 takes valid data bvtes from-
all of the abovenentioned data packets DP's and creates a new data packet
DP, in a data packet inmage store of the 5 m croprocessor 50, conprising -
valid bytes fromall such data packets DP's. 1In such manner: a particular
byte coded as an error.byte in one datazpaeket DP may be suppl i ed by one of
the other data packets DP's. This process is called overlaying and is
intended to restdds10 in conplete integrity of received data through- e
retransm ssion. ‘The data packet irmge overlaying neans 106 i's connected te .
the receiver Gnepumam Qveskaylinpeneansr L06r cekeedvdatid gadkebydies Excms
host conputer -20.. The final:data packet DP 15 may al so be used by the
receiver 18a ésudé%%rﬁtﬁnﬁbﬂy%mﬁmt1ﬁ99ﬁ1@#bprgéebsbs P®'sl spdpcoged®efed to
conprise a receiver frequency offset error correction neans 110 as shown

“di agr amat i cal RgW (43R et R f +_gRefdy2opagketeinagecsitPESt Pén thgans
-110 conprises -.a 20° frequencgganal SIS peans configured_to conduct a

frequency3anaﬂﬁﬁt9?ﬁ???ﬁ§ﬂ% ¢l SRMBF 2 350G Yﬁl%ﬂebgFaék*ESm aé&cﬁ“&ﬁa@ﬁﬁ%s

i s conducted dur| Qﬁ?preaggl A%of t he transng En bg % %h .

frequency anal®pS ?e? 2 et d@“%ﬁﬁfa?n@ﬁr hep grosyce 5958 56 &
th { t | th

Sompari son t h%‘i{rf"efq%”nﬁ‘fy £ 448108V S Lo 8 5 gy B, BURRT 1ol B HRR of

around the fiT, i eygmpl e about 0.4% of the period of the .
cycle (about fﬁt—e{z I N %equen '?/éct: eér’)érrsé) ng frequency anal ysi s . :

Thls process lS called overlaylng and is lntended to result .
10 ln complete Lntegrlty of recelved data through | NS
| retransmLSSLOn.i -
.”he data oacxet lmage ouerlaVLng means 106 is connected to.
| 'the recelver output 20a co send the error corrected data |
oacke+ DP to the qost computer 20. The flnal data packet DP-
lS-_may also be used by the_*-c iver léa as descrlbed hereln.
.The mlcroorocessor ls also oroqrammed to comprlse a recelver
frecuency offset error correction means 110 as shown
dlagramatﬂcally ln Flgure 3.
.The rreouency offset error correctlon means 110 comor’ses' a;;;
20 | equency analy515 means conflgured to conduct a frecue"cz
analysrs on the lS cycles of data in the stack 58. Sucn
analysis is conducted.duringftne“preamble PA of the
transmission block TS. " |
_ The frecuency'analusis'means reads.perdods conta*n d cn f“e-
25 nstack 53 and comoares -ne durat on or a -lrsc cyc’e to 2very
| _otner CVCle In such co.par son the T'reo:mency anal/s
means accs a 1arrcw oa"cw~atn drnaow around the f -.clej.

such as for -example aoou* O 4% of tne oerlod of the cvcle

(about 5 Hz ;n frequency terms). The £frequency analysls



. 26 - means then counts the number of ot her cycles on the stack 58 which
have a period within the window Such coynts are made for all of the 16
.cycles on the stack 58. Since two frequehties are used, nanely 1415 Hz and

appoar as havi B3P et ks A HRled £ L AS L ATRI oloRE Mhger 8
assunes the peyggggofha%eafg%%ﬁ eﬁé}giv# Nehd h'ﬁ%‘g%‘_g‘pw counts to be the

actual period l"ogic for ogi ¢ This period relates to

10 the frequengy gl e dLUre e ask 109 G ¢ Oaa&efyfé ec?vﬁfeﬂg&ﬁirgﬁédstack

her &nabove. ere the frequencies of the two cycles wmth t est

counts are norggthagihMe HivAPRfdquiind ey @ dd & UPhesdne Dy N 51 81 8z 2R E1885
set value, such as, for exanple 4 out of 15 a possible 8, the error
correcti onsneags,1t@oagyidIRs \havithd Wi 4 116 it tpe AU £k + e h Bs
established. Due to drift in the transceiver 16, the frequencies actually
recei ved may naknetradilyelappeqitalad hawiong e \tuilgirss tOfcdukids Hz Binsl 1585 Hz.
The departure is a drift error DE to allow 20 correction of the frequency
of fset. The ffeegaenryaralalyiss stamansadjiasst sssumdmnhe dhdr ivddofv ti2e stwas
to center on the two frequencies actually received. The limts of the count
of the audi o peyicdest heming? ther hilghsssHarndsurias horthe prtiab period for
thresholds T1, T2, T3 25 and T4 of Figure 6 are calculated as foll ows:

audi o period =2 1RGAE toWerdnd for a logfc high.yghisripesiedcrebatres  to
imt of t?% b%ggwf(zj:tegu\gnrégovgfs 2't:hnea[’5.Eo|<f/ic -L]iqh-, a%-x%Solorzrgaf(c lf&»ll Ccilrg es as

S described hereinabove.
Where the frequéncies.of the two cycles with the-highest
counts are more thah 100 Hz apart-or.whefe'the highest
counts are ab?ve a set value, such'as, for example 4 out'df
15 a possible.a, the'erfof correction means 110 assumes.valid
two tone data COmmuﬁication'is established.
Due to drift in the transceiver 16, the-frequencies actually
received may not preciéely equal the nominal values of 1415
Hz and 1585 Hz. The departure is a dfift error DE to allow
20 correction of fhe-frequency offset. The frequeﬁcy analysis
means adjusts .the bandwidth_window 62 so as to center on the
two f:équencies actually received.
Thé limits of the count of the audio period timer 52 for -
which said couhts corréspond to-the thresholds T1, T2, T3 K

25 and T4 of Figure 6 are calculated as follows:

audio period = XTAL
timer limit Ti - De

Where Ti is the ncéminal limit of the bandwidth window 52

namely Tl = 1350 max logic low



2 - T2=1480 min logic low T3 = 1520 nmax logic high T4 = 1650 nin | ogic high
XTAL is the frequency of the crystal for the 5 m cr opr ocessor 50
- DE is a count equivalent of the frequency offset error The frequency offset -
error is assuned to be the sanme for both.logic high and | ogic |ow cycles.
10 Since'the bandwidth window 62 is adfusted by the frequency error offset

correction nmeans data_having s freq A r offset of greater than half
. of the frequency diffgﬁ%ﬁbggﬁg{ﬁgghqﬁgﬁft' gh and logic low cycles may

still be received and-qort Gl 4 Q 9 -J_'lgﬂ%{saged that. for the 15
present enbodi nment coFﬁectﬁ%?izﬁaﬁr%éﬁﬁﬁcy rror offset of up to +/-'20@i'

Hz may ‘be possible-dug?ngtjgngﬁ%ﬁnigé%ﬁﬁE%??_transniSsion bl ock TB.: s

Furt her, a frequency I ft of up to 40 ‘ng reception in a data block .

may al so be possi bl e. xHag, daf aHd anediddiiy 130 Qe the, spslenedd shares the - -
20 mcroprocessor 50 with the data receiver 18a. The data transmtter 18b

al so conpsi ses an out pllerbffrdeyyyst eshto a low:pass filter.122, such as,
for exanple, a two pale active |low pass filter. The output 120 carries
digital audio data si DE drs tad ddiait rexpeivelbrat ofitthd Hfequerdy dbesdata
receiver 18a. The filter 122 renoves hi.gh order harnonics fromthe digital -
audi o data to produceeaxrimand | nmted digital audio at an output 124. The
output 124 is coupled to a level anplifier 126 .to anplify the signal from
the filters 12Re frequency offse; er:or'iSi;SSumed to be~the Same fo: -
o both logic hiqh'adeIOgic7lbw-CYCles} .
10 Since.the bandwidip window sziéwadjﬁste&'bY-ﬁhe freéuénéy _g_?
e:rot-offsét?correction means:dataﬁhaViﬁq a freguency er:or:-
-ofiset of Qre5£er thén half{éfjthe;freQﬁency'difﬁerence ' |
between l§§i¢'hiqh and.logic Elow.eyclesfmay still be
'.ieceived and.cérfect'for;: It.is'enviséged #hatﬂfor the - o
iS_ preSent'ambodimentvéqrféct;on;fdr frequency error offéet of
up to +/- 200 Hz may be. possible:&nﬁiné- the pre-amble of the
. t:anéﬁissionpblocleB;~.Further;'a frequency drift of ué to
10 Hz dﬁring rece§ti6ﬂ.in:aidaté'bio¢k may'éls6'be possible.
,.fhe-data-transmittér,l8b of the modem 18 shares the ' C;{
20 microé?océssor 50fwi£h thel&ata;recéiver[iaa,*'1 o i
. The daﬁa-ttanémitterfle“also'comprisés én‘output’léO-
,coﬁnectgd_tg:ahldw:pass filte: 122; suéh:;s; for'éxample, 5:
. two paié a§tive'10w pass filter. 'ThEn'oﬁtput iZO'Carries
.digital:audindata,similar to that received at Outéuti46 in;
25 ‘the data'reCeivép'ISa. . The filter 122 removes high order
‘narmonics from the digital audio data fo'p:odﬁcéﬂa band
limited digital audio at an output 124.
The output 124'is coupled to a level-émplifier 126':0

amplify thefsignal from the filters 122.
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- 28 - An audio isolation and i npedance matching transformer 128 is’
connected via input 130 to the anplifLe£3126. The transfornmer 128 is
connected to the output 16b converted to the transceiver 16. The

transformer 128 Zal}d&i%ﬁ {D%1§tioa%@@c%easﬂagdﬁﬂgeﬁiﬂgbgka%%r&@&nq@thd Qy

to the transcelv ato be transmtted is place yte-wi se in the

'storage means ciithddidlireid) idyut he3boss enapathgLi2Pe¥i a26he eueput 20b.. 10

The mi croprocessor. 50 is progranmed to conprise an audio |ogic data encoder
142, as shown dpudd fiemed 4128 The eonndeted 48oi 6he0opiaepted168 bonvelrived ed
by \an interrupt fromthe bit rate tinmer 57, which is set to opéerate at a
period of 3 nmthelXrasceiveriels 142Tneonprassformansl2gdaldowsadorthe next
byte of 7 bits fromthe storage neans 102. The 7 bits are then |oaded into
a 10 bit &hif tbalegicads Jridamped adr ngnbslanped atdrhectvionr kal thenverter. A
parity generator 148 calculates a 3 bit parity which is also |oaded into
the 20 registteranst@ivenilé checki ng neans 150 is connected to the register
146 by an output 152 thereof. The bit checking means 150 has an output 154
connected to Patdarke 1% txARERLEEed incPhreedbYLe-His8gie Fb® &Feragand
an out put 158 connected to a nmeans 25 160 to generate the period for a .
| ogi ¢ hi gh cy®e@ns AGeqfEignresd) i RY okt FoRPRESHealsVi86 tARIORER SN
is configured tQ store the period of the cycle for later use. The
nicroprocessogo is also progranmed to conprise an dio |ogic data

generation (Teqs, 1t e ShOULLL "8 4" Srogrammed to comprise an audic

&;, logic data encoder 142, as shown in Figure 14. The encoder

'142 is connected to be activated by an interrupt from thg
bit rate timer 57, which is set to operate at a period of 3
ms. | | | |

15 The encodér'l42 comprises means 144 td read the next byte of
7 bits from the storage means 102. The 7 bits are then
loaded intola ld bit shift reéister 146 operating as a .
parallel to serial converter. A parity_generaﬁorll48
calculatésgg'3 bit parity’which'is alsd'loaded into the

20. register 146. |

N4 .

A bit cheékiné'means_lsb-ié conﬁected.to the register 146 by
'ran'outpht 152 thereof. The bit checking means 150 has an
output 154 connected to a meané 156 to’generatg the period
for a logic lgw cycle and an.outépt_lss connected to a means
25 160 to generﬁte the period fdr a:iogic high cycle.' A
register 162 is_donnected to the means 156 and'IGd.and is
configuredhﬁo.store'the period of the cycle fof later use;
.The microp;ocessor' 50 is aisd prograﬁmed'to cdmprise an

"'z 'dio logic data generation means 164, as shown in Figure



29 13.. The data generation neans 164 conprises neans 166 to read the
‘period of the next half cycle fromthe register neans 162, and further

means 168 to place such count into the audio period tiner 52. The audio

| ogi c data generation 5 mneans 164 conprises a.cycle generator 170 :

_ connected to the neans 168. “The cycl® ZJermerator 170 has an output 172 .
which is.toggled at every half cycle. . Preferably, in the present, = = -
enbodi nent  f ok - cofprefatay geaeratd e Meaied &4 CARRF S HWReRRA LAB FPve
conpl ete cycles_are generatgeé=-##r | ogic.high 10 data, The output 172 is3
connected to ’Eﬂ%do'ﬁ?gui’efé@ P L FbenEXdp ﬁﬁ%@.f%nt%%cﬁg?hfe?rupt’w.
- fromthe bit rate tiper 57 .afurther bit | ncoded and a_ correspondi : :
nunber of cycT%%naethatéﬁdaquﬁ eﬁhfﬁﬁpslaf. % ?%ts?ﬂ%,?%§$t0§%Pg f or

i rects tho pePFoRoEBIPersP FAMMED 525 ik duans it id e Sl SPFELREy,

‘the data genergl)onigRARSRLOd o) GeREIAL) NANGIES. TOTg HaladiieRl cdalge 20

Once all of ti 'ts fromthe regist ntransmifed a T
~ byte of data-méaﬁea%d.ontraét. c1e0igeindlrakd: 1He rﬁag St R €01 PRduhich
‘transmtted by the data generatfion rfeans 164 are phase coherent:and each .

have 4 or 5.cyglesgeledSatdieterdy nAUd @vallel4lPddearyb ppSifizene present
respectively. PhaSé coherence is essential to reduce distortion between-
bits of data &fSofiomahd fouexcompilete afydliels rfaaiee Jamurd ted dedn bygidelskat a
receiver by predicting bit transitions. It is intended. that the nodem 18
conprise a madshadagdtfiee“cqmplete-cyglesi;re’generated for logic high
10 data. "rhe_'ou#P_uti 172'is éaﬁnéete&f’tés ‘the output 120 of the
. ‘microprocessor 50. . S n
Upon eachfihtérrubf'frOm thé'bit'fate'tiﬁér“57 a fu:iher 5it
is encoded ahd_aZcorrespdnding'number of cycles éénerated at
the ouﬁput”172.“" . | | |
15 Whilst the'last"CYCie for 'a bit ié”béingfgenéfated at the
output 172 a bit rate timer 57 infe:ﬁupt directé the period-
éount'for'the'nextrbit_inté'tﬁénregiétér lGé for use by the’
data éeherétibnfmeans ié4 in'generaiiﬁg'éy¢ies Zfor that bit
of data. o | S R . :;}
20 ‘Once all of*ﬁhékbits'frdm the regiéfer 146'héve.been |
_itfansmittede-fﬁfther'byte 6f'datéLis'ioédéd'onﬁo'the
. register 146. | | | "
The bits"ééﬁératédﬁand tfanéﬁitfgdlbynﬁhéiaata geﬁération'
means 164Véré'phése ééheréﬁt:ahd”é§¢h ﬁ;Qe 4 dr-ﬁ-cyclés of
- 25 diéital'audio'at-1415'Hz'ana'lsss‘éi :espécﬁi#ely. Phase
| coherence is eSSential ﬁs'redﬁce disfortion between bits of
-data and ‘to aid in'éxtréctioh.of_bit'réfe from the data by
 _the éata recéive;’by'prediétihg 5i€ ££éﬁ$i£ions.

It is intended that the modem 18 compriée a watch dog timer



.30 - circuit arranged to receive pul ses periodically generated by the

m croprocessor 50 (to indicate correct- gper-ati on) and to reset the

;m croprocessor 50 if a pulse is not received within a set tine. Such may be
of val ue when &bechit arcangedcessaecelvieophilses e ilodidwlly igématated by
el ectrical power. In use, data communi cation system 10 of the present

i nvention i s ehpéogpédroprocassert Snd toedaidicatat corect apEration) omgd to
di stances, such as inter continental 10 'distances upon HF comuni cati on
channel s with resehrpkhe Bisgoerocessvandd( $$Bp BRlseardscaioerem@ived
dephcted in Figure 2 the data may be transceived between personal conputers
24, data | ogge¥sthan ApBRFe tdRers SYcH mayi AP @feyad@eowhete th&e. 15
Referring now to Figures 15 tq 19 the operation of the data receiver, 18a in
recei vi ng and BREEAPRECBFERE P9 dOsks bed duen tei dasaificqiente slechifrh
process for bit denodulation froma received transm ssion bl ock the process

conprising fun@®¥Bhal bl ocks 180 to 188. At functional block 180 the 20

d ' 8 ' fil ed. and d- digi tal dio logic d
Wth tycles prERORFRANEFySabBIN SRR AL EiaNAcaE (B Gy diey ERPahe Iric

audio period t} 5L, B2oHEa5ULER LIS PEY 2dagknBachnl A i0d Sl UYydiecel P!

~and creates. a COUNt "Tepr&Sen ~such peri-od.” _ unctional
P Prer 85 (e PTG YALYC B S3GRaRNALS, WicHeRY Toath Roudimdai oLl |
58 (Figurelé)-dfﬁtéﬂée§aﬂﬁohiﬁ? EBmﬁHﬂQEEQ&%h Rhatheld Wit Td afingscas error
- | single side Eand (SSB) HF transceiver 16. | |
~ As depicted in Figure 2 the daté_may be trénsceived between
personal compuﬁers 24, data ioggers 26, mobile units 28 or
-mainframes 30 oﬁ the like. H . |
15 Referring now to Figures 15 to 19 the oﬁezation'of the data
receiver 18a in receiving and decoding bytes i; described.
In Figure 15 there is shown a process for bit demodulation
from a redeived.transmission block the procé#s comprising
fﬁnctional blocks 186 to 188. At functional block 180 the
20 data receiver 18a recei&és filtered and squared-up digital
N  audio logic da;a_with cycles preddminahtly aﬁout two
| frequeﬁcies.(Figures 4 and 8). The audio:period timer 52
measures the period of each of the .cyles upon receipt'and
_Creates a count :epresentativé pf_such period;
25 In the functional block 182 the logic valgg foﬁ each cycle
| is détermined by the_bandwidth filter 62 (Figure 6) énd
stored aﬁ one of the levels 60-oﬁ-the audio stack 58 (Figure

5).

At the'sale'time in functional block 184 the fréqﬁency error



by a slight ingreas gk ldHe GAMUmIE#a 20ri

- 31 - correction nmeans/8 reads the 16 |l evels 60 of the stack 58 and

conducts a sinple frequency analysis to determne the likely frequency of

| ogi cal high cycles and logical |ower cycles. In the functional block 184 ‘
the data on the .stack 5 is that of the_ preambl e- PA (Figure 3) of the
transni ssi on bl ock, TB. Cnce the i kelV eauen0|es are deternm ned, as

descri bed herei n&bdUE Y HEgns ot ‘Eﬁ%b gog; rﬁ ugnc es of 1

and 1585 Hz f&quiﬁqiﬂnl HTyetest Ve §pé P 5§25

o S et e SR BT Sﬁzﬂv%e el a8, A SRR %1& =3

(Fioure 6). vt ‘%qﬂir ran5| onsug&%iggfjh%%f ¥‘&§QS % %8§§c Toasled 1

means 64 searche m one anot opposite .

| ogi c. val ue. o éé'“fﬁq]éﬁgz raléﬁdﬁél(%%éé@ {4 anshil ggtasoﬁogqg agdcihe .

maxi mum count Svalge “of s adjuste he adj ustment. is

b a t S
the extracted bit rate and vice versa where §$E?tﬁ% ?gigﬁ?lﬁg§55ﬁzsgggg
the preanbl e- B&ogegqgnt of the transm ssion bl ock TB the phase error '
between the extracted bit rate and the bit rate .of the timer 57.my d|ffer
dramatical | y. onte at aikels frequenuﬂserauechéte*mune@t abedbstribed
timer 57 to the extracted rate. great er changes arenmade to.the maxi mum count
of the bit rahereimabdva, (3heytnresnumﬂaredsemlmmmlnatl55eqtenb¢eegof

achi eved the size of the count. alterations .may be reduced to-give slower
_1415 Hz and 1585 Hz for loclcal low and ‘high cycles,

10 resoectlvely and a drlft error DE Ls calculated.- The drlﬁt\u/
ferror DE ‘is used in func onal block 182 to ad]ust the
thresholds T1, T2, T3 and T4 of the bandwidth window 62
(Figure 6) . | T | |
At the same time in functional block 1861tne eiéck ertractorl:
15 means s&zséaréﬁés”for tranSitione-from'oneﬂbitnto another
.-.ﬂblt of opp051te loglc value. Tne tlme of the ‘ocurrence of
the trans;tlon is noted and the maxlmum count value of tne
'1olt rate tlmer 57 is adjus ed. | o ._
i The adjustment Ls by a sllght lncrease ‘in the count where
20 'the blt rate tlmer 57 leads the extracted blt rate and v1c=_
"'versa where the Bit rate .-mer':7 leads.i” h |
in .ne oreamble PA seament of the t ansmxsszon block TB tned_
phase ‘error between the extracted blt rate and the blt ratei“
' of the - imer. 57-may di . dramatlcally._ To achleve
25 relatlvely ranld lock-un o* the Dlt rate tlmer 5/ to tne
extracted rate greater cnanges are made to the max1mum count
of the blt.rate_tlmer 57
“once bit synchronisation is'clasé;ga*béihg'acaiévAa the siie

of the count alterations may be reduced to give slower



- 32 - lock-up (Figure 9) with better imunity to erroneous | ogic
transitions. Then in functional block <188 the cycle accumul ator 82 reads
the last four cycles fromthe stack 58 and the logic level 5 - )

det er.ni nat i on HRGK3UB4 (FAEUER Fds Wi Befte sy ARGty O RRTUIeWS al 991
the cycles (Figure 7}“- Undefined cycl es are ignored and where the numnber
of |ogical high®3R8*Fs§P8al 1ow cycles is the sanme the bit is assuned to be

Ry R R
d ing of by Byl - ISl f ti | hl ocks 190 1
156 1 0 funct] a8 TBPSCEOT50 T AFPactol (AP BPER PoRRhE T Lo, 187et
90, the biis 1St oiEads Bhrnshace  SUsTRAARS skl oS Yhide, ' e

192 the parity,geagtat kpBmMeaBs c9e1eal Qwighes Hhe p%ﬁ%iﬂ}ee@ gg%rléé"%ie

data bits. - The calculated parity bits aré conpared with . “recel ved
parity bits anfgnbeeq hher@hegeattel hameaeeoirN 16b52cRAS hi¥iand yical low

functional block 194 flags the byte as an error byte. The rate of ‘byte
errors is thencghbekefsi shéusamizorhk bliecksla6samnddi kot bR EARGiTa100 L
the functional block 198 25 directs the data receiver 18a to disregard the
recei ved data hybes.of datar ésebyetihdapaobgsssofofigulret 15 areecdilveddrd
the storage neans 102 for further processing. In Figure 17 there is shown a
process fok0 bydemadwbatedi sation, 'the process conprising functional blocks
| - In Figure 16 there is shown a pfocess for synchronous
~ decoding of bytes of data, the proéess.compriSing functional
blocks 190 to 198. | |
In functional block 190 indireéted data bits from the
15 results of thé‘process of Figure.is are stored seq&eﬁtially
into the shift ragister %0, the bits including 7 data bits
énd.3 paritf bits.. In fﬁnctiohal_block 192 the parity
'generation means 92 calculates the parity bits for the 7
data bits. The célculated'parity bits are compared with thé
.20 received parity bits and wheré there is a_differehce in the
N parity bits the functional block 194 flags the byfe_as an
| error bjte.i | | |
 The rate of byte errors is then checked in functionél 5loqk'
196 and if the rate is too high the functional block 198
25  directs the.data receiver 18a to disregard the received data
bytes. The received data bytes, 6f 7 bits, are piaced in
the stofage.heans iOZlfor fﬁrther'processiné;

'In Figure 17 there is shown a'process for byte

synchronisation, the process comprising functional blocks

~E,
A



- 33 200 to 206. In functional block 200 the data receiver 18a nonitors the
storage neans 102 | ooking for the first start byte STl So as to synchronise .
follow ng bytes of data. 5 ~In functlonal bl ock 202 t'he value of .the start
byte is checked to determne if . i's the first start byte ST1 or the
second start byte ST2. - The functlona+ Bl ock 204 then awaits receipt of the
first block header HDL. The.functional block 206 flags the first bl ock.
header HD1 as 200 teot2Qfeceived where the first start byte ST1 is not
received. In Figure 18 there js shown a process for receival of a
“transni ssi on BRodenfpk QQﬂ;;ﬁ%ﬁ%ﬁsz%%n%¥¢s¢ﬁ§afﬁﬁ%?%hﬁél15?0@9§—E@¥%<§?&h¢
In functional - bl.ock 208 the %%gr h¥ SJ1l:or 'ST2;is _checked 15 bé
data’ receiveﬁ%ﬂ§§§ﬁ)qﬁiQﬁrﬁ ° ctT%ﬁSﬁ?%S?bﬁshlﬁth?B y&esS ﬁoﬁ? as
bl ock (ST1 = Q1 hex, .ST2 = ﬁ% a_ LONG bgqg %Sﬂi 03 hex, ST2 = 04
hex) , i ndi cat®n SXHﬁﬁﬁﬂﬂlﬁqm? wiﬁ%k%¥t?i>% ¥dytes or 128 bytes ln .

1o age mans Lo ZeRES A @E@?kﬁ‘?o?ﬁ 9o Fie Hh e nd e bl FBeth the

header HDL is r%%(;i;et t%eedé.\!c azld‘?]tb'?eoc 2 ”&Aé efix. Qﬁ Qrtf_'gglﬂeag'ra or

SELCALL command. unctlon e second I's conpared

- with header Hij,f %reJdHé hars & rﬁtseffct'% &éncwo&ayusfoéﬁ 588" €nkd

shown a process for Further processing: of the recelved data In the st orage

means 102, th@ualilees @iyt o ieineis onablidocksadds apd.218. - In
functlonal bl ock 216 the two headers HD1 and HD2 are overlayed to attenpt

to renove eerhebfbﬁbtloﬂxi(hiﬂdKEQGGH‘lags the flrst block ‘header HD1

10 not recelveo where che £ir st start byte STl is not recelved\wf o

.Iu Flgure 18 there is shown a process for recelval of a
transm1551on block TB tne process_comprlslng runct;onal o
| olocks 208 to 214._ _; C hd' : '.__ | B
In functlonal block 208 tne start byte STl or ST2 is checked
ld' by the data recelverl18a to determlne lf the t*ansm;ssxon
| .block TB is a SdORT b1ock (STl = Ol_heg, STZ'Q 02 net) or a
LONG block (STl = 03 hex, ST2 =.04'hex)?-indicat;n9 whether
.the data pocket DP has 0 bytes or. 128 bytes._u - | |
- In functlonal block 210 the data packet DP of 128 oytes 1s ;\J'
20 stored lnto tne storace means . 102 “In funct;onal block 212
B he data checksum byte in the header HD1 is read to see if
.data was transmltted thereln,'such as a SELCALL command.
'in runctlona;_olock 214 the second header HDZ ls compared
.With headerﬂﬂbi“?or_-urtner error correctlon.

- 25 .In Flgure 19 tnere is snown a orocess ror further proceSSLng
of the recelved aata in tne storage means 102, the proces
comprls;nq -unc onal blocks 215 and 213.: In funcclonal-
block_élﬁ tne two headers le and HD2 are overlayed to

attempt to remove error bytes. 'The destlnatlon



© 34 - identification DID bytes are checked to determine if the received:
data is for the particul ar. nodem 18. Lng upctional bl ock 218 the data bytes
in the transm ssion block TB (excluding érror bytes) are overlayed with a 5

- re-transmitt egaﬁéﬂﬁkﬁm{frﬁwnﬁye&sw& S ?%%énéﬂlaé%:ggmghgglifTQhei n

order to build up an error free transm ssion gure there is

shown typical [dyaalianad®d varfouseRé she- pboVer Phogeases, Wherein
~waveform A signifies time taken 10 searching for pre-anble PA waveformB

signifies tingn Gurisdicidd Nah1leek 0f18 r ewiedaya 5y 0&s OfhseheardandinisisTom
of t¥e bandwi dth w ndow 62, waveform C signifies tine taken for rapid bit
synchroni sati twlockaVi¥ oferdlisd Dog féesot | hptéakesre nosealaedgwieh the start
byte and waveformE signifies 15 tinme for retrieval of the transm ssion
bl.ock TB. 5l n Eegtranshited versimworypersions nofigthle agamesttanshlission
present invention, wherein waveformF signifies-real time in 3 nms spaces,
wavef orm G si @gdiokike LB edel vaxendio bopld wptan ewwef ofneél srgnshissiaat ual
frequency of the received audio 20 |ogic data, waveform| signifies
“squar ed audi 023©0%he output 46, waveformJ signifies the interrupts taken
fromthe falling edges of waveform| to process the cycles according to the
process of Fi gt € 1BRreheitdienk & (FhIvestipiedt GrEatieRs feBnvariopst of

rate timer 57 predicting a change in 25 Jogic state for, the_data and
waveform L o GHET PEOVE RFORRR TSR THSF 3L WAL TP SHINEELeS EbRRuEaKken

Rbee I L R R W TN T R
) / ' determination_of frequency erfor;offsgt and adjustment of
the bandwidth window 62, waveform C signifies time taken for
rapid bit synchronisation, waveform D signifiesitime taken
in searching for thé start byte and waveform E signifies
15 time for retrieval of the transmission block TB.
In Figure 11 théré is shown typical timing diagrams for the
'-pfesent'invention, &he:ein waveform F signifies real time in
3 ms spaces, waveform G signifies received aﬁdio logic data,
wavefbrm H signifies actual frequenéy of the rééfeived audio
201 logic data, waveform Iisignifies'squared audio at the output.
46, waveform J signifies the interrupts taken from the
' falling'edges_of waveform I to procéss the cycles according
to the process of Figure. 15, waveform Krsignifies interrupts
taken from the bit rate timer 57 predicting a change in
25 logié state for the data aﬁd waveform L signifies time -
available.tq the microprocessqr 50 to conduct other tasks.
By use of the present invention daﬁa may bé transmitted, énd

errors corrected for, over intercontinental distances of HF

radio waves.




-35- Since the apparatus 10 of the present invention is capable of

- operating in HF nedia it is also capable of operating effectively in other
radi o medi a such as VHF or UHF which are generally |less hostile. 5 -36 -
"CLAIMS: 1. A nopdemfor a data communi catP8n appar atus, sai d .npdem bei ng -

“arranged for connection_bgiween a_source.of bapd linited audi o tone signals
and a host conpUter##gﬁSQﬁhﬁeﬁPgéfégﬁﬁrEQIQFL§BS_Pﬁ?ﬁﬁﬁg*;PvﬁﬂﬁﬁPPsé§: A a
data recei ver ¢apable aof apematipgsinf HFt medhavitgianalsputapabieged to be
connected to. tk  9Febapsl Ly g &k gd Lo.Labhe sighal 8;..R) .a [iNg—~
circuit conneé?gﬁfﬁgigﬁ{gﬁfgﬁ?gg%igk%ﬂbgggg%orgggé'ﬁ%ﬁ?grg?ggpﬁgdéggagr 5 T
substantially g%ﬁd?%iﬁﬁvérgigﬁﬁ?rébﬁﬁri§§ﬁgh§S§F&¢aLhty of groups of cycles .
with rapi & zero crossings, said groups fornmng logic bits of data with -
changes of state between a |ogical high and-a | ogical | ow val ue and said
logic bits of data formng |ogic bytes of 15 data; c¢) an audio period

ti mer connected to an output of the squaring.circuit and configured to
devel op a count indicative of the tine delay between consecutive zero _
crossings in the sane direction; 20 d) a bandw dth w ndow configured to
receive the count fromthe audio period tinmer and to filter the counts to

[



when the bits of data have one of the changes of state froma | ogical high
ta a logical low or vice versa; e) a bit rate tiner configured to develop a
further count 25 and to issue-an interrupt signal to predict when the bits
of data could change state froma logical high to a logical |ow or vice
versa; f) a bit rate synchroni.sation qugg_responsive to said changes of
state of the data bits and configured to~dlter 1111111 111111 11111 - =
11111111111 Sﬁéghglhe bit rate timer when the predicted tinme at which
saiqt;hanges e coul d occur does not coincide with the actual changes
of state, so ‘to ' I 3 - M &ﬁ@ﬁﬂ{% CHIBBH}} | o, a
byte synchron?%at i oﬁ%ng%ﬁﬁép%%% to a par |culfa st rél:%é'o;bab% Smcf%em
establish byt epiiff SFHRYEN ktr CUHREBERIN BEtwdth sonﬁrbeerdprbagfa ection
means configured to detect errors in said bytes and to flag such detected
errors with arimite®raudic abhersicniels sl Bhostd dbMputdHHd tnifdem

havi ng: a) generator neans to generate cycles of square wave signals for
data bits 3o bhrharaoiernided] in sathhth)it domprmisessfilter means connected to
recei ve the 15 cycles fromthe generator neans to filter out high
frequency conpoher® S&tpmaarivamhdamiaw:cycl es to produce a bandlinited
audi o frequency, tone signal. 2. A nodem accordin to claim1,

characteri sed h thdenhPasmEdiher hawdg angn arxangasuhio e eshol ds

fini ban i thin which sai rel - ne .
20 defining c:,[oV\ranebc:at:ecgiS £0 ttq-{e source ot aCn%”I[imiete e;:lsu 1o (%:.oene signals; .

b) 'a Squarihg circuit connectéd to an outpﬁg of the band
pass filter to produce a substantially square waﬁé sign&l
comprising a plufality of'g:oups of cycles with rapid zero
-crdssings, said groups formihg logic bits of data with

- changes of state between a logicél high and a’logical low

value and said logic bits of data forming logic bytes of

15 data; | | _ | |
'¢) an audio period timef connected to an output of the
squaring circuit and configured to develop'a_count'
indicativé'of thé time delay betweén consecutive zero
crossings in the'same'diréction; . _

_20 d) .aSbandwidth window_cdnfigured to receive the count from
the audio period timer and to filter the counts to detect
when the bits of data have 6né-of'the.changes of state from

_'a logical high.to a logical low or vice versa; |
e) a bit raté timet configured to develop a further count .

25 and to issue an interrupt signél to preaict wheh the bits of
data could change state from a logical high to a logical low
of vice Qeréa;¢. o |

f) a bit rate synchronisation me: .S responsive to said

changes_of state of the data bits and configured to alter

* [ L M S *



-of ‘the | ogical
and wi t hout which said count
cycle. 3. A nmodem according .to claiml,
~data receiver conprises an audio stack hagizng a plurality of
audi o.stack ‘being configured to store one of said counts and a.

hi gh val ued cycl es or one of the IogiCaI
rel ates to an undefined 1 ogical

| ow val ued cycl es,
val ue for said
characterised in that 25 - the
levels, said

corr espondi ngtBaebet: raite ttaguee-abmual the b&edamedf tike eyckhichn saddh of

the levels, t

adj acent ones
the bit rate"
first data re
connected to
val ue out put
val ues are id
sai d present
responsi ¥@ to

stack into th

Sl e

ster .an

cyc

eXEPE FOGPCOF FR088s

e first register.

| rmed | that |
e ERe. Ot PAS, BRindMR iy el e
ones-of the cactual ¢hangesno¢ES¢a¢eorsanStGoceataniahabd¢tuﬂﬁ@ed in thw
§?hbﬂ§oﬂb gS ¢! Bmh%&cﬂ%& nl;€cei ver conprises a conparator a

g9

second .data register; -the first data _
regi ster Bavif€d a §t9¥§§ F@Eﬁ@§@ﬁ@§?¢49noﬂeﬁﬁé Fe§PeRSLlyS 0 for a nost

recent cycle parti&&larrsh:tﬁ:&ﬁgoaft ble.b%Ud:bOeﬁH:afbllishhbyteﬁﬂdsﬂ or being

co e the logica ue.in. the first register with a | ogical
FVgESFHQ Hﬁn&ﬁﬁﬂpﬂiﬁﬁﬁﬁ d) present cycle, the conpar at or-
bei ng responshye t ansecror deltegition mehnssconfﬁguhaﬂ toedeteat lesgors '

S

for the bits B8 da@gnerator means
signals for data bits to’ be transmitted, and

15

20

25

30

35

ster

he conparat or bei ng

gRt Pg.auh bgtE%egg‘gf; g:% dff'i gh‘éhchoﬁ geeftehhér%rsr TN aEr folr

89¢h that ‘where they are different the
conpar at or | oggs thedéQaCQ&ahsha&t&&lhaﬁﬂnb :r ecent cycle fromthe. audio -

E%P enera eOEy%ib% % %%renw

.b) low pass filter means connected to receive the
_cycles from the generator means to filter out high

C‘)’%JC state

o

frequency components from- the generated cycles to produce
a bandlimited audio’ frequency ‘tone’ signal. S '
2. A modem according to-claim: 1, characterised in that
the bandwidth window comprises four count thresholds

: defining two bands within which said count relates to one L

of the logical ‘high valued cycles or one of the’ logical
- low valued cycles, ‘and without'which said- count relates
to an undefined logical value for said cycle. .
: 3. A modem according to. claim l characterised in that

the data receiver comprises an audio stack having a

: plurality of levels, said audio stack being configured to Q‘J_'

store one of said counts and a.corresponding one of said
logical values for one ‘of the cycles in each of the
levels, the audio stack being formed in an endless loop

logical values for adjacent ones of the cycles..
4. A modem according to claim 3 characterised'in that
" the bit rate synchronisation means ‘of the data receiver
comprises a comparator, a first data register and a

- so that adjacent ones of the levels contain counts and

_second data register, the first data register having a

stored representative of the logical value for a most

recent cycle -

L



5. A nodem according to claim4, characterised in that the bit rate
synchroni sati on neans conprises nedns for 15 conparing the count in the
second - register with the further count of the bit rate tinmer to determne a
phase error therefor, .and a further nean38fer altering the bit rate tiner
by a fixed anount relatlve to the absol ute phase error to synchronise the
bit rate tinerstaredian ithe aydiw stack, the Acomparater drelimg conseated 3,
characterised in that the:data receiver_conprises-a frequency offset error
correction nmedi®s GRRRATAIDE (1PFiqAl svalue imcthe hirst reegistenudithsaack,
the‘ﬁrequency of f set, error-correcti on nmeans 25 fngmlses a frequency

anaIySISbnE?n 9&%ﬁ4¥nﬁi&?§c9?ﬁﬁ%? l?ﬁmt I "o I Qﬁgﬁlng Lo a
ggﬁfm-p?grg’uﬁgpcf%r%‘?rﬁ%xco%roﬁ%t SRR T %%bn%?r$$%°r?%§‘r€2$3?% Bal od
O compar & t ndCiTHY BTG SR icnat 3 %fﬁoéﬁé el vty £8d e

error value thg e&ee{ Ha1 tlb@ lé{&élcount t%res SRt COf r&gélpgtr’qaggé @ﬁh&g

further conflgure to alter ds an anount

substantially ﬁﬁuaéaitcp PrEs &t Uyl Ubhed %%é&ﬁ&&é&e@sé@f%&t@hw ndow

with the cycles. 7. A nndenlaccordlng to claim6, characterised in that
the frequency cunlatrs toriseing respdngive ded osghd clGgicl rvd Riey esychwar r ow
ti me wi ndow about each of the counts, the 10 frequency analysis neans is
al so confi gur eshato whsire rihey have nhiffexentetive heomparator ocbeads wElhdéi n each

said time w ndow, the frequency analysis neans is further configured
10 count for said most recent cycle from the audio stack into

N
the first register to signify one of said changes in logic

state for the bits of data.
5. A modem according to claim 4, characterised in that the s
bit rate synchronisation means comprises means for
15 comparing the count in the second register with the further
count of the bit rate timer to determine a phase error
therefor, and a further means for altering the bit rate
‘timer by a fixed amount relative ro the absolute phase
a error to synchronise the bit rate timer to said bits of
N 20 data. |
6. A modem according to claim 3, charaCterised in that the
data receiver comprises e frequency offset error correction
means configured to read all of the counts from the audio |
stack, the frequency offset errorwcorrection means
25 comprises a frequency analysis means configured to
| determine two counts, one count relating to a most probable
count for one~of the logical high valued cycies and another
count relating to a most probable'connt for one of the |

logical'low valued cycles, the frequency offset error

AR R




t'o determne that the tinme windows with the | argest occurrence of other
‘counts therewithin are the said nost 15 probable counts for the |ogical

hi gh val ued cycles and the | ogi cal IOW/églued cycles. 8. A nodem accordi ng.
-to claim 3, characterised in that the data receiver conprlses a cycle

S 507"  (EBLSeL EPORTRNRS  BoLhE LBRELGHRLASR Sopkod P%a%ﬁ?ﬁe%g. cal
~val uesf r om t hesghd QySERCKeb Ode PalleE ESdn?.EmE‘Sr RkeHihe %ﬁc‘é%&o(fy@

and a |l ogic-level deternm nati on neans con |gure to:conpare the $ai'd oglg\
val ues and. t ocK¥QE & Nethbi £he@lichby bﬁ@séegee%brvéb&%écle&%c’ﬁbaﬁt%eﬁé

such predoni nant. | ogi cal val ue”bei ng determ ned-to be the logical value.for

the bit of dafwrtheshcontguped tocalteeyehescoahtt ehr@shofdEDdaMaapuatdi ng
to claim8, characterised in.that the 1ogical |ow val'ued bits conprise

- cycles arfil thsubstantially-eddal bogbheaknedrbivhlueospr asetb ‘alldlgas thiehe

period of the cycles for the | ow valued bits being greater than the period
~.of the. cycleébdmdwl¢©hhwgmdvulubuhbths cygles.nodem according to claims5,
characterised in that 5 . the bit rate synchronisation nmeans is responsive -
to data bits bf leﬁéﬁmmﬁ%CQQQEnguﬁﬁ chalm: fie ghayacteyispAchnt kbasit rate
timer.is altered %E ensate for said ghase error is_substantially '

greater than . ?Yr&?%&yﬁéfamﬁfP %ﬁcﬁ°§§193rFﬁcF@agﬁnFﬁétFaFe of
' hi t of 10 bit ti d d

N eata od ?Jc‘éﬂ%“ﬁi’%s R FLAE Ep PR BRoRE RgR BE ’éﬂﬁi?#&&?eame |
| transcei Vled ﬁ&éﬁ%@}?r ﬁ'lﬂeéng‘)ﬁsnhso configured to determine .

how many of the other counts occur w1thin each said time _ 5&1

w1ndow, the frequency analys1s means is further configured -
to determine that the time wrndows With the largest
'occurrence of other counts thereWithin are the said most -
15 _probable counts for the logical high valued cycles and the
logical low valued cycles. ' o | o
8. A modem according to claim 3,:characterised-1n that the _
_:data receiver ccmprises a. cycle accumulator meansf
_respons1ve to the interrupt Signal from the bit ‘rate timer,_
20H the cycle accumulator means being configured to read the &“)
'logical values from the audio stack for a: de51red number of i
_.most recent cycles, and a logic level determination means |
'configured to compare the said logic values and to '
_determine which of the two logical values predominates,

25 such predominant logical value being determined to be the f-
logical valuenfor the bit of d@?@gWh4ch“$a¥4 most recent
gcycles relate. | | _ _

9.. A modem according to claim’ 8 characterised in that the '-'

logical low valued bits comprise , cycles and the logical

LT



connect ed t her ebet ween, 't he nodem bei ng characterised in accordance with
Caiml. 15 12. A data communi cation-system according to C aim 11,
tharacterised in that the transceiver*is of the high frequency single side
band type. 13. A nodemfor a data commﬂﬁQEﬁion appar atus substantially as

her ef nbefore oser Laslel e BhRise & AQdtls PN barllnd S A 9

| - cycles for tﬁérlow valued bits being'gfeater-than the
o period of thé cycles for the high valued bits.
10. A modemlaccdrding to claim 5, characterised in that
5 the_bit rate Synchronisation means is responsive to data
bits of '.d preamble typé such. that the amount by which the
' bit rate timer is altered to compensate fof said phase
error is subStantially greater than for other forms of déta
bits such as to increase the rate df achievement of |
10 bit-Wisé_synthonous CQmmunication'during said preamble.
11. A data éommunication system characterised iﬁ that it
comprises a transceiver, a computer means and a modem
connected*therebetween, the modem being characterised in
éccordance with Claim 1. | |
15 12. A data communication system according to Claim 11,
characterised in that the transceiver is of the high
frequency single side band type.
.13. A modem'fof a data communicaﬁion:apparatus
subsﬁantially'as hereinbefore described with referehcé to

W, 20 any one of the accdmpanying draﬁings.

25
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