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TITLE
Modem and Data Communication System_- .

DESCRIPTION

The present invention relates to a modem and data
communication system, particularly enviséged for use in (HF)
‘transmission media although it is alsblvery well suited to
operate in higher frequency media. |

FIELD OF THE INVENTION

In general, data communication in non directive medium such

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
communication distances havé been aﬁtained with lower
requency communication channels, such as, for example, very
“high frequency (VHF).
Typically,'érior art.mddéms have been degigned to operate at
VHF or ultra high frequency (UHF) ér'microwave frequencies QJ
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.
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
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pathing and a geae;ally:greate: level of noise than other
more conventienal media. sﬁch noiSe_inclﬁdes'uncorrelated
random noise originating predominantlyefrom stratospheric
disturbances of the propogation wave, reeeivet input thermal
processes, and intermediate frequency thermal_processes.
This noise is similar to band limited white noise. Noise
also includes correlated randon noise originating from
atmospheric disturbances,_adjacent channel cross talk,
ignition noise and the like. This noise is characterised by
strong burst wise'occurences and manifests itself in the
form of short.and.st:ong'petiods-of noise.superimposed on
the signal. | |
Conventional modem designs are geherally ihcapable of
eompensatipé.fer the_compiexities of HF_media and
consequently attempts to modify ¢oﬁventi6nal modems to HF
ﬁse have‘éenerally been_unsuqtessful. o
The attraction of modem design to HF media is that data may
be transmitted between base and remote or moblle terminals
otrer long dlstances (Ln excess of 10,000 xms) and at a
considerable cost advantage to other media.
Another'attraetion of HF media is less costly installations
and less crowded communication band.

However, the problem to date has been reovery of transmitted

~data and privacy of such data.

| SUMMARY OF THE IVVEVTION
The present invention provzdes a quem and data
Communieation system employable.en.hiéh freqﬁendy shanne;s
to commﬁnicate data over relativeiy long distances.

iIn accordance with one aspect of the present invention there
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-ﬁis provided a modem for a data communication apparatus,
,hsaid modem being arranged for connection between a source'
of band limited audio tone signals and a. ‘host. computer, '
"the modem characterised in that it comprises-
A).. a ‘data receiver having. '

a) a band pass filter ‘having an input: arranged to be

. connected to the source of band limited audio tone.
' signals,-

b) a squaring circuit connected to an output of the |
band pass filter to produce a substantially square 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 '
1ogic 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.

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 1ogica1 high to a logical low or vice versa,'

‘e) ‘a bit rate timer configured to develop a further

count and to issue an interrupt signal to predict when
the bits -of data could change state from a 1ogica1 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
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.

g) a byte synchronisation means responsive to a
particular string of bits to. establish byte-wise
synchronous communication. and

h) an error detection means configured to detect errors
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in said bytes and to flag such detected errors with an -

‘error code or codes, and

B) a data transmitter having;

a) generator méans to-geherate cycles-of square wave
signals for data bits to be transmitted; and

b) low pass filter means connected to receive the
cycles from the generator means to filter out high
frequency components from the'generated cycles to produce
a bandlimited audio frequency-tone'signal.

-In accordance with a further aspect of the present
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 data receiver having:

a) a band pass filter having an input arranged to be
connected to the source of band limited audio tone
signals;. ' o . _

b) a squaring circuit connected to an output of the
band pass filter to produce a substantially sqﬁare wave -
signal comprising a plurality of groubs 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;
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-f)z a bit rate synchronisation means responsive to said

changes of state of the data bits and: configured to alter
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 80 as to establish bit-wise

fsynchronous communication.

g) a byte synchronisation means responsive to a
particular string of bits: to establish byte-wise=
synchronous communication, and - o

‘h) .~ .an error detection means configured to detect. errorsf

in said bytes and to flag such detected errors with an .

" error code. or: codes. and

B) ‘a: data transmitter having,

a) generator means to generate cycles . of square wave
signals for data bits.to be. transmitted, and '
b) low pass filter means connected o 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
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from the'generator means to filter 6ut high fre@uency
components from the generated cycles to produce a

tone
bandlimited audio frequency leg*e{szgnal

 The present invention will hereinafter be described with

particular reference to SSB HF communication and channels
although it is to be understood'that others could be used.

BRIEF DESCRIPTION OF THE DRAWINGS

. The present invention will now be deScribed; by way of

example, with reference ﬁo the accompanying drawings, in

“which:—

Figure 1 is a blgck diagram of_a data cemmunication system

'in accordance with one aspect of the present invention

comprising a modem in'accordance with a further aspect of
the present invention; |

Figure 2 is an exemplary arrahgement'of the data
communication system of Figure 1; |

Figﬁre 3 is a-prererred data.protoccl for use with the modem
of'figure 1; |

Figure 4 is a block diagram ofna data receiver of the modem
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'éiock extreétion means of the-data receiver of

Figure 4. .

. Figure 7 is aadiagrem of a'bit rate synchronisation means

and a logic data decoder of the deta receiVer ef Figure 4;

Figure 8 is a diagram of a receiver frequency offset error

~ correction means of the,date:receiver of Figure 4;
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-'recelver of quure 4.

_Flgure 16 ls a flow chart of byte reconstructlon or loglc

=1 -

Fzgure 9 ls a graph or bl“ rate synchronzsatlon for the bit

slow reglons or lockup w1 h recelved loglc blts, .phase. error

belng shown on the ordlnate axzs and tlme ln 3ms lelSlonS

belng shown on the absc ssa ax15°_

Flgure 10 Ls a tlmlng dlaqram exemplary of blt and byte' B

'~ rate synchronlsatlon means of Plgure 7 show;ng-last and =\J'

L]

synchronlsatlon processes ror the data recelver of F:Lqur° 4f

Flgure ll is a tlmlng dlaqram of task serv1c1ng for. the data

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-”

means of the data transmltter of Flgure 12.
Figure 14 lS a dlagram or an audlo loglc data encoder of the

data transmltter of Flgure 12,1_;_“'

'Flgure 15 is a flow chart of blt synchronxsatlon and bit
reconstructlon for the data recelver of Flgure 4 and

: correspondzng to Flgures S and . 6.

data decodlng for the data recezver of Flgure 4 and

'correspondlng to Flgure 7

_:Flgure 17 is a flow chart of byte synchronlsatlon for: tne

data recelver or Flgure 4; and

Flgure 18 and 19 are Flow charts of receptlon of a

transmrsszon 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 transcelver 16 to receive and transmlc

e
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the signals and modem 18 to interface the radio transceiver

16 with a host computer 20 or the like.

In the present embodiment tﬁe antenna 14 is coﬁstructed to
collect and radiate high frequéncy_(HF) radio éignals over
HF communication channels, such as, for example, air.

The radio transceiver 16 is, in the.present embodiment,  in
the form of a Hf_transceivef and tun able substantially to
the'frequencies in the HF band. éreferably. the radio
transceiver 16 is a ¢onventional.transcei§er'of the simplex
single side band (SSB) type for communication over voicé '
channels. o

It is to be understood that the modem 18 of the present

invention is designed to compensate for the espécially

difficult transmission and reception of data over HF

communication. channels. Acco}dingly, the modem 18 is

readily applicable 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
Modulgtion_(FM) or land lines or the.like.

The modem 18 comprises a data receiver l8a and a data
transmitter 18b. The dafa receiver 1l8a is fed with an audio
signallgenerated at an output 1l6a of the transceiver 16 by
dembdulation-of an HF signal collected by the antenna 14.

The data receiver 18a is connected to the host computer 20

via an.inptt output (I/0) port 20a such as, for example an

RS232 serial input port or an STD gomputer bus standard port
or an IBM computer bus standard porﬁ orﬂthe'like,.through
which the host computer 20 receives data derived from the HF

signal.
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The host computer 20 is connected to the data transmltter-

18b via- the I/O port ZOb and transrers data to the data

ftransmltter 18b thereby. The data transmltter 18b is

'connected to an input 160 of the transcelver 16 to send

encoded data for transmlsslon by the transcelver 16.
The 51gnals appearlng at the output 16a and the input. 16b

are voice frequency ‘audio loglc data s;qnal respectlvely

| gcorrespondlng to recelved audlo loglc data and transmlt -

10

15

-‘audlo loglc data."

Preferably, the -audio loqlc data slgnals have frequencles o\_J_

" about half of the audlo bandwzdth of the radlo transcezver

=---].'6‘, 1 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
‘data are deszqnated by an audio frequency of about 1415. Hz.-'f

' The frequency representatlons of the logical high and low

'f:'blts be;ng'about 170 Hz apart. Such-frequenc1es-have been f;

-~ 20

chosen as'beingfwellhwithin'the capability of conventional

" radio transceivers. = o o | e

It is to be understood that other frequency representations

could be used.

- In the context of the present embod;ment each bit of data -
- has a length of about 3 ms duratlon and comprlses a |

- plurality of cycles of audio frequencyi_'For'example,.a'

loqic'hiqh'bit is'conVeniently.represented by 5 cycles of

1585'Hz*audi0'(about~3 15 ms duration) whilét a logic 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 o
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be evenly spaced about the nominal 1500 Hz chosen, so as to

give an equal error immunity to both logical bits. Here the

'spacing has been chosen to be 85 Hz:

A 3 ms duration for logic data bits has been chosen as a
compromise between bit speed and bit recoverability.

Smaller durations are desired for gréater speed and larger
durationé-are desired for more feliable bit recovery. Other
durations for the logic_d;ta bits could be used.

Further, in the context of the present embodiment a byte of

data comprises 7 data bits and 3 parity bits. The

calculation of the 3 parity bits is discussed hereinafter.

In Figure 2 there is shown a datazcommunidation network 22

'comprising a plurality of the transceivers 16 and the modems

18. Respective ones of the radio transceivers 16 are

connected to respective ones of the modems 18 and thereby to

' various types 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

or portable type host computers 28 may include radio data

'transmission/control units, mobile printer units,

intelligent hand held messaging key pad/display units and
the like. |

In the data comﬁunication”negwdrk 22 data may.be transmitted
over relgtively great distances, such as inter continental
diStanceé, and between any éf'thgfdata coﬁmunicatioﬁ
apparatus l0.in.thé-network 22.Lia

The modems 18 are designed téiéperatg on transmission

formats including SELCALL point to point contact (i.e. a:é
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'you there status), SELCALL + TEXT including short message

text (quick tr?hsmission) and MESSAGEVTEXT of.any length.

- communication of data5a_o ferred data protocol for

transmxssxon blocks TB's E as. been developed. ‘The data

~ Since HF communication med iia are dl flcult environment forw/

protocol comprlses a. PRE-AMBLE PA, followed by a FIRST START

STl byte, then FIRST BLOCX dEADER bytes HD1, t&en a SECOND =

- START byte STZ, then a DATA PACKET DP and SECOND BLOCK

HEADER bytes HDZ as.-shown in. Flgure 3. - The data~protocol"

“may also oomgrlse_a'lead in delay LDY follow1ng enabl*ng of :

the radio transceiver 16 for: tlansm1331on._~

:Typically_the:components_of_the”datajp;otocol ﬁave the

following timiag ranges:

__gj

~ MIN :fMEAN” MAX (ms)

£LDY - leading delay . 50. 150 500
ltEA_r_p:eéamblejduration S 180 .
. £ST1 - first start byte duration 30
;tHDl_-_first block headet duration' “.:' - 210
~ tST2 - seoond_start_byte duration . . 30 .
£DP -,data:pooketidurationr. L fo_'-3a4p._ 7650
- tHD2 -Lsecood,tloek header duration - . = 210 -

The modem 18 uses data in SHORT_transmission_blooks'and in

LoNG~tr€nsmi$Si°n=leCké- . The former arée used as"oalling

‘blocks and;confirmation signalling_blqcks:and have a data

packet'length of-ze:o, whilst the latter are used for
transmission of variableadata.information_(message text or

SELCAL text) .

O

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

form 1010101 wii-a l.ar*‘-y calculated_to be 010. Suc“
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pre-amble PA structure is prefeﬁred.tb maximise the number

' of transitions from high to low to aid in bit

synchronisation for the mode¢ 18, as discussed hereinafter.
Where the number of such transitions is less than the
maximum, the rate at which the modem 18 achieves bit

synchronisation is correspondingly lessened.

' The first start byte STL compriées a unigue byte, such as

for example, 01 hex for SHORT BLOCKS and 03 hex for LONG .
BLOCKXS. The first start byte STl is used by the modem 18 to
aid in byt§'$Ynchronisation for inéoming feceived data.

The first block header of bytes HD1 conveniently comprises f
bytes of data including a sender identification code SID of

two bytes, a destination identification code DID of two

bytes, a single status byte STAT, a dafé checksum byte D-CHK

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
whichlis transmitting. It is envisaged that the sender

identificatibn code SID may comprise a fleet code of two

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

communicate.

The aestination.i&entificatioﬁ code DID identifies the modem
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 modems ‘18 are desired to be transmitted to.

The status byte STAT comprises bi 5 to identify the type of
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-block TB.g Where tne transmlsslon block TB Ls a SHORT BLOCK ™

hex and LONG blocks are deslgnated 04 hex so as to be

-]_3-

transmlsSLon block TB whlch ls to be transmltted. For -

'example whether the transmxsszon block TB ls a start orl ,l
_ message call or a start of message conrlrmatlon or- an end of
message call or an end of message conflrmatlon or a SELCALL

_call block or a SELCALL conflrmatlon or_an,END,command or.:

alternatlve data block ID status: or a:data“pocket'valid

_conrlrmatLOn or the llke.

The data checksum D-CHK is a 7 blt rotated exclusxve O Red '

_checksum of data 1n the data pocket DP of the transmlsslon'_

\J
there ls no data and the data checksum D—CHK has a value of

000. - |
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.

The header checksum H-CHK lS slmllarly a 7 blt rotated

' exclus;ve ORed checksum, but of all the bytes contalned in

the.header HDl_for_the present_transmlss;on block.

The second start'byte ST2 is simllar to the first.start byte
STl except that SHORT blocks are convenlently des;gnated 02 —
dlstlngulshable from the flrst start byte STl. If the . f*rst

start byte STl Ls-not received then nor will the first block

_header HDl. The second starthbyte;sTZ_uses different

-aesxgnated bytes to the first start_byte STl_so-as to

Lndlcate that the_block header;HOl:was_notyproperly
received.iv.: _'y | | : . 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
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'example, between 2 and 253 bytes.

The second block header HD2 is identical to the first block

" header HDL to give two chances for the modem 18 to réceive a

valid error free block header. If a velid'block header is

not received_the transmission block TB mﬁst be descarded

since it may have not been intended for reception by the

modem 18 in gquestion.

In the data protocol each.byte hae a parity'of 3 bits to
allow individual bytes to be checked for errors and flagged
if errors are detected. Thlsiiepresents a first level of

error detectzon for the data Cdmmunication system 10 of the

present invention. The parity bits are determined from a

tally of all logic ocne bits within the 7 other bits of the

byte.

The protocol also provides information to a destination -

modem 18 regarding'thezcleck frequenby ef'a'source modem
18. Such information is provided from determination of
transistofs'in data from logic highs to logic icwe.
ACcerdinqu} it is undesirabie to have continuous strings of
one logic value as-may—occur'with,conventionai parity bits.
The present 1nventzon has par;ty blts as described above and
offset by a predetermlned value so .that a byte having |
0000000 bits would have parity bits of other than 000, saj,
for example 00l1. Such offset also prbvides enayption'of the

data. The data and header check sums D-CHK and H-CHK may

also comprise offset values.

However, data byte parity is Only'about.ssi'feliable under
noisy conditions. Therefore, the modems 18 comprise further

error detection means such as dynamic gro p length data byte
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error marklng'described hereinafter.
The data protocol of the present lnventlon allows
synchronous data byte t*ansnlsslon between modems 18 so tnai):

the_recelv;ng_modem 18 may conduct_pred;ctlve poslclonlng

'(described hereinafter) of every_data'bit and every data

byte. This provides individual.byte retrieval'and provides

lnrormatlon as to the locatlon of a corrupted byte in the

'_'transm1551on block TB.

10

20

' correspondlng to loqlcal low data and bursts of audlo about

25

with HF med;a, such as, sxgnal_fadlng-and s;gnal o '.~'_ .

'_Such,_error detectlng mechanlsms are requlred ln the dataff

”protocol to attempt to meet the dlfflcultles encountered '

amiy,

lnterlerence and n013e.'
The recelver 18a shown in zlgure 4, comprlses a band pass

fllter 40 connected to tne output. 16a. Convenlently, ‘the

« filter 40 is a bl-quad_act;ve_ﬁllter_conﬁlgured_to fllter

out frequencies below 1415 Hz and above 1585 Hz. Such

filtered frequencieS'include some noise-components and .

) modulatlon caused by multlpathlnq and the llke.

The fllter 40 comprlses an output 42 havxng an audlo voltage

sxgnal cons;stlnq of bursts of audlo about 1415 Hz

(f)

1585 Hz correspondlng to loglcal-hlgh data.. The output 42

_nay also have . audlo bursts at frequenczes which depart frcm

'these predetermlned flecuencles by amounts of up to seve*al

hundred Hz,.
The output 42 is connected to a squaring_circuit,44, such as. .
a zero crossihg:detector,jconfigured_to_detect_a transition

in the audlo s;qnal through zero volts._ The'transi“*

_ belnq elther 2 positive to negat ve voltage’ tranSLtlon or a
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negative to positive voltagé transition. The sguaring

circuit 44 cbmpfises an output 46 having a voltage signal of

‘a digital nature, having high levels; low levels and

transitions therebetween corresponding to digital data
cycles.

The output 46 is_connectad to a micfoprocessor 50 of
conventional type which'is pfdgfammed to.filtér, decode, and

reconstruct the received digital data cycles.

‘In the present embodiment falling edges of the digital data

cycles at the output 46 are acted upon by the microprocessor
50.
The receiver 18a also comprises. an audio period timer 52

having an input 54 conne¢téd to the output 46 of the

'squaring circuit 44. The audio period'timer 52 has an

output 56 connected to the microprocessor 50.
The audio period timer 52 counts 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 hence its
f:equency, For example, thé relationship between the count

and the frequency of the digital data cycle could be:

‘cycle frequency £ = 2 000 000 -~ . Hz

audio pe:icd timer count
The ﬁicroprocessor'so has_a'timing'crystél”which in the
present embodiment has a frequency of 2 MHz énd 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 microdbmputer 50 via an output S57a.
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._Conveniently,'the'bit rate timer 57 is a down counter-haVing

',a maxrmum count and conf*cured to send an lnterrupt to the‘;

micr oprocessor upon reac‘.-ng zero count. In the present'

_embodlment the perlod between such lnterrupts ls about 3 ms;__

as dlscussed herelnabove.

The maxlmum count (or sta t count) of the blt rate tlmer 57 ;

715 adjustable by the mrcroorocessor 50 ko allow for

dev1atlons ln the blt rat= of the data recelver 18a about

the nomlnal 3 ms blt rate

The mlcroprocessor 50 is nrogrammed to comprzse an audlo ) _i:

. Storage stack 58 as shown ln Flgure 5.; The audlo storage_:

~stack 58 convenlently comg rlses 16 reglsters or memory

locatlons of the mlcroprocessor 50 provzdzng 16 levels 60 of
stack Each level 60 of tne stack 58 lS conflgured to .

recelve oata renresentat;on of the perlod and ‘the loglc

istate of a_cycle_ortthe_dlgltal log;c'data;at the_output '
46 the period being:measured by the audio:period“timer 52:::'
_The audlo storage stack :8 anorporates wrap-around s0 as to-'*

'_be an endless stack 58 havrng 16 current levels 60. - _.:ﬂr

Each falllng edge in the dlgztal loglc data znterrupts the
m;croorbcessor 50 and lult;ates a. task referred to as TASK 1

whlch, lnterjalla c;rects tne_mlcroprocessor 505to taxe a

reading of the count in the audio period'timer-sz-

reoresentatlve of a previous cycle of the dLQLtal loglc

data. The mlcroorocessor 50 then under TASK 1. resets the

_audio peflod tlmer :2 to. --commence countlng to determlne

the. pe*lod of ‘a subsecuent cycle of the dlgltal loglc data.'
until a :urcher fall;ng edge occurs, send;ng a further

interrupt and so on.
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The microprECessor 50 is aiso_prcgrammed to comprisg a
bandwidth window 62 as shcwn in figure 6. The'bandwidth
window 62 comprises four time period thresholds T1, T2, T3
and T4, respectively representing minimum audio period-ﬁimer
52 éount_of a cyclé tq be a logic low, maximum audio period
timer 52 count of a cycle to be a iogic low, minimum audio
period_timef 52 count of a cycle ﬁo be a logic hiéh and
maximum audio period timer S2 counéiof a cyle to be a logic
high. |
Where the audio period timer 52 count of a cycle is below

the threshold T1l, between the thfésholds 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
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 deséribedlcount period and frequency for a cycle
are_proporiionéd. Accordingly, where it is more instructive -
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
the audio stack 58 at level 60 with the period of the cycle.

The'microcompuferlso is also progrémmed to comprise a clock

extraction means 64. The clock extraction means 64

comprises a storage register 66 which is configured to

contain a ;copy of the logic status of the last éycle of the
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 digital logic'data from_the audio.stackhSS;j The:clock

connected to the storage register 66. and another input

cbnﬁected to the'qutput-63.of.theibandwidthfwihdow 62.

.. The comparator'ss determines,the'simi;gritQ'betweén'the _

cycle just stored onto the stack -58 and the logic value of
the last cycle stored in :aclster 66.  Where the”current

cycle is undeflned the clock extractlon means 64 aborts the

extraction also comprises a comparator 68 having one input __

qomparlson_and.aqtlvates an-output,?O; .Where'the comparltor

output 72 to dlrect tne nlc*ocomputer 50 to read the bit

© _rate tlmer 57 .via the out"ut 57a to determlne the count ot

20

25

the bit rate timer 57 at the end of the: last cycle on the

stack 58 and to store same in a register LSTTI1M.

;J

. last cycle in the reglster 66 are Ldentlcal it activates an o

The 3 ms duration of the bit rate timer 57 lasts for about 4

cycles of logic low_digital daté aﬂd-S:cyles of logic high

diqital.data; fWhere:the comparitor 68-detefminésjthat the

:last_cycle on the stack 58 and. the cycle in the register 66

are_the,same then the logic data.cyle at'the.output 46 is

“

still within or_ét;the_end'of.a-iogic bit.= Thus the time in:”

,the3registeraLSTTlM-may represént;the time at which an
.inte:mediate.@Yle-of'the.daté:bitﬁoccurred-orrthe'timé of
the last cycle[ that is the completion of the data bit.

- Such, can nbt:be}determined_until'the5next-cycleaat_the-

output 46 -is loaded onto the stack 58. :

The comparitor 68 also determines‘whefe the laSt:cycle on

.tne ‘stack 38 and the last cvcle in- the reglster 65 are

different and sets an output 74 actlve. The actlve-output-
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74 indicates that a logic high bit to low bit or low bit to

high bit transition occurrsd at the count stored in the
register LSTTIM at the ené of the previous cycle.
The active output 74 is also used to route the new logic

value into the register 66. It is to be noted that whilst

‘there is no detected difZference in the cyc¢les there is no

need to update the registar 66.

This_transi;iqn provides informatioﬁ as to the bit rate or
cloqk_of the modem 18 which transmitted the logic data. It
must be noféd that the bit rate extracted from the protocol
oflthe'transmission blockiTB 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
the bit rate extracted by the clock extraction 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
the bit rate timer -57.

The bit sfnchrohisation means 76'reads the ;egister LSTT1M
and coﬁpa:es the &alge therein to the time of the

interrupt. That is the bit synchronisation means 76

~determines the phase error_betweén the actual bit rate

extracted from the transmission block TB and the bit rate
predicted by the bit rate timer 57.
Such prediction of the bit rate is requifed to obtain bit

synchronisation to aid in retrieval of data bits.

'Wpere there is a phase error the bit synchronisation'means
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'76 sends.a signal via'thegoutout€57aﬂto.the bit:rate_timer:'

57 to incr ease or. decrease the naxlmum count ther n'by a :;

relatlve V4 small amount sc as to lncrease or decrease thei

perlod of the blt rate t;mer_:7 toward the actual rate .

ektracted by the clock extractlon means 64.

' Whilst the preamble PA is belng recelved by the data

recelver 18a the blt syncnronlsatlon means 76 aads and

lsubtracts counts from the olt'rate tlme_57 at values say_lOQ

: times'greateEVthan'those nentioned'aBOVeAso-asmto attempt to

Vi

'achleve reasonably close b;t synchron;satzon durlng the: lSOw\/

ms of preamble PA.

A varlable rate of change of tne phase error between the

_blt rate tlmer 57 and the extracted blt rate so that when
: data is recelved errors 11 the extracted bit rate do not
' serlously offset the phase error..' |

"Thls is deplcted in Flgure 9 w1th time " ln 3 ms lntervals

shown on the absclna and phase error PE shown on the

ordlnate. Fast corrections or lock up ls requlred durlng

() |

the preamble PA perlod and slow lock up durlng data

:receptron.

In thls sense the blt synchron;satlon means 76 acts as a

' -_xed rate phase locked loop (PLL).: Operatzon on the sign

of the phase error (i.e. 1eaaeﬁ§‘5f 1agging)~ana'not the

value of the phase error. Such operatlon is reoulred to

create a degree of immunlty for the blt synchronlsatlon

means 76 to errors f om srroneous’ extractlon of the bit rate

£rom. the t*ansmission block B

'It is-to'be noted that he count ln the blt rate tlner 5%

should not be made equal to the extracted bit rate since the
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extracted bit rate may be in error and such action would
multiply such error. |
It has been found that bitlsynchroﬂisetion may'be maintained
provided more valid cycles'are received than undefined
cycles UD.
The microprocessor 50 ie-also programmed to-compriee a logic
data decoder 78 connected by an inéut 80 to the bit
synchronisation means 76. The logic data decoder 78
comprises a cycle accumulator means 82 configured to read
the logic values for the last foﬁr cyclee of the logic data
at the output 46 from the stack 58. The logic values of the
last four cycles from the stack 58 serve to define the logic
value of the bit of data just received. It.is to Ee noted
that more-than_four cycle may exist on the stack 58 and
relate to‘the present bit, for example where noise_creetes
extra cycles.
Due to noise problems and the l;ke the last four levels 60
of the stack 58 may comprise logic values of logic hlgh and
logic low undefined UD logic levels are'ignored.
The logic data decoder 78 also compriees a logic level
determination means 84 connected te the cycle accumulator

means 82 by-ah 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
cycle accumulator means 82 and to determine which is most
frequent in the 4 cycles. The most frequent occurrance_is'

used by the logic level determination meens 84 as being the

- logic level of the received data bit.

In the present invention it is essential to have bit
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.- to .the last logic data bit.

the respective parity bits.
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‘synchronisation so that the logic level determination means-

-

- v

The logic level determination means 84 conmprises an output

.88 which carries, the determined logic value of the bit of

data_to;a LO-bi;~Shift register 90.

-Consecutive;QYCIes'of”the logic data at the output 45 are
_accumﬁ;ated by the cycfe accumuLator-means_Szjand-resultan:.-,__

bits of data stored in the 10 bit shift register 90.

The last 3 bits to be stored iato ;he#IO'bitishift'register-””

\J/

90 denote thé_?é:it?ﬂbits for thé bytefof data.

‘The logic data.decoder_78 also'compriSes a parityﬁcalculator 

‘means 92 connected to-the 10 bit shift register 90 to

calculate 3 parity bits for the 7 bits of data in the 10 bit

shift register 90. A comparitor 94 cémpares:the'calculated

parity bits from the parity calculator 92 with the parity

bits_of the'byte-dfﬁdata'iﬁ-t;e shift-regiétér 90 énd_sets

an output 96 active to indicates coincidence or difference in &

A flag code generator 98 is connected to the output 96 to W

replace a byte of data, via an input 99, for which thae

parity bits did not coincide, with an error code such as 3F
-hex. Valid bytes of data, at the input 99, having.

coincident parity bits are-unaffectéd:by“the“flag'code

gene:;tor_QS,;;-

The £flag code_generator.Ss'has ad output 100 connected to a-

- storage means 102 £for further processing by the receiver

18a..

Such processing comprises monitoring of the rate of
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occurrance of error bytes. The data receiver 18a maintains
an error count in a registar, whichlerrof count is increased
at the occurrance of an error byte and decreased_at a valid
byte. Where the error count exceeds.a set vélue, such as,
for example 50 all the received bytes are ai3carded.
Such processing.also comprises processing by a dyﬁamic-group.
length_data byte error maskxing means 104 connected to the
stotaqe means 102. The error masking means 104 is |
configuréd'tq COmpére adjacent bytes of data of the
transmission block TB in the storage meané 102 and note the
location of occurrances of byteéIWith 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 making means 104. Whare the number

'df'error coded bytes exceeds the number of valid. bytes the |

valid bytes are assumed to be in error and are flagged by
the'errorﬂusking means 104 as érror'bytes. For example,

where two'errof flagged bytes are followed by one valid byte

and one error coded byte, the valid byte is assumed to be

questionable as a probable error byte and is flagged.
In this manner the error méskinq means 104 is used to
predict error spreading within received data of a

transmission block TB.

‘Such processing also comprises a data packet image

overlaying meané 106 which is confiqured to oveflay data
packets DP's of a first transmission block contaihing error
coded bftes 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



bytes.
The image'overlay ng means 106 takes valid data thes'fromid'
ail of the abovementvoned data oackets DP S and creates a

new data packet DP, in a data packet image store of the

U

T;mlcroorocessor 50, compriSing ualid bytes from all such-data
_ oacxets DP s. .In suchrmanner a oartlcular byte coded as an
:error byte ln one oata.gacket DP may be supolled by one of
the otner data packets_DPfs;d " |
.Thls process lS called overlaYing“and is-intended to result .
10 ln comolete Lntegrlty of recelved data through | NS
retransmLSSLOn.i | |
.”ne data oacxet lmage overlavlng means 106 is connected to.
'the recelver output 20a Lo send the error corrected data
oacke+ DP to the dost computer 20. The flnal data packet DP-
%. : ldl_may also be used by the_receiver léa as described herein.
| .The mlcroorocessor lS also oroqrammed to comprlse a rece;ver
freouency offset e*ror correction means 110 as shown
dlagramatﬂcally ln Flgure 3. |
% S ' .The rreouency offset error correctlon means 110 comor’ses' ai:}
20 .rrequency.analy515 means configured to conduct a frequen
ana lysis on the 16 cyc es of data in the stack 58. .Sucn
analv515 1s conduct 2d durlng the preamble PA of the
transmlsSLOn blocx TB.

The frecuency analvsms means rzads per*ods conta*n ed cn zhe

[ ]
[8)]

: stack 53 and comoa -ne durat on or a -lrst cyc’e to 2avery
_otner CYCle.- In uch ce .par son tne T'reo:mency analvs_s
means adds:a narrcw oa cw'dtn w;ncow around the firse cvcle,

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

i _ (about 5 Hz in frequency terms). ‘The frequency analys;s
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means then counts the number of other cycles on the stack 38

which have a périod within the window.

_Such counts are made for all of the 16 cycles on the stack

58. Since two frequencies are used, namely 1415 Hz and 1585
Hz, two cycles having different period measurements
generally appear_as haviﬁg the highest counts. The
frequency analysié means then assumes the period of the two
cycles having the highest.counts to be the actual_period for
a 1ogic low and fdr a logic high. This period relates to
the frequency of the logic high and logic low cycles as
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
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
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
and T4 of Figure 6 a:e'calcﬁlated as follows:

audio period = XTAL |

timer limit Ti - De

Where Ti is the ncminal limit of the bandwidth window 52

namely Tl = 1350 max logic low
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T2 =" 1480 min loc**-low. :
T3 = 1520 max logic high v
T4 = 1650 min logic high -

oXTAL'ia-thegf:equenCY”of*the'érystaivforithe”

~ microprocessor 50 . |
DEgiSpa:count equivalent ofztﬁe f:aquency'ofﬁset

error . | o

The frequency offset'error'iSiassumed to be the same for

. both loglc hlqh and logic low cyc’es.

Since the bandw;dth window 62 lS adjusted by the zrequency ‘\J

e:ror-o::sat:correctlon means -data having a freguency error -

-cffset of greater than half{ofjthe;freQuency'difﬁerencg:'

between logio'hiqhvand logic Elow.eycles:may still be

received and correct for. It is envisaged that for the -

present embodiment .correction . for frequency error ofiset of

up to +/- ZOO.Hzxmayﬂbe-possible:&u#ing-the pre-amble of tha

**anSmission~blockiTB;~ Further, a rrequency drlft of up to

40 Hz ourlng receptzon in . a data block may also be possidle.

. The-data-transmltteral8b of the modém 18 shares the ' S

microorocéssor 50mwi£h theldata-recaiver'18a,*'1

-he da-a transmitter . '18b also comprlses an’ outout 120

;uonnected_to.azlow:pass filter 122, such as; for examole, a

. two pale ac*ive'Iow pass filter. The output 120 carries

digital audioc: data similar to that rece*ved at output 36 ia

'-“e data receiver l8a.  The fil *er 122 removes hlgn.orue*

-harmonics from the digital audio data to produce a band

limited digital audio at an output. 124
The output 124 is coupled to a level-ampllfier 126':0

amplify thefsignal from the filters 122.
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An audio i;olation and impedancevnatéhing trahsfcrmé:nlza is :
connected via input 130 to the amplifier 126. The
tranéformer 128 is connected to the output 16b cqnverted'to
the transceiver 16. The transformer 128 allows for
balanced, grounded or unbalanced connection to the
trahsceiver:lG. | |
Data to be transmitted is placed byte-wise in the storage
means 102 (Figure 7) by the host_computerlzd via the output
20b. |
The microp;dceséor 50 is programmed ﬁo comprise an audio

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

'142 is connected to be activated by an interrupt from the

bit rate timer 57, which is set to operate at a period of 3
ms. | | |

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
register 146. |

A bit cheékiné'means_lso-ié connected to the register 146 by

"an'outpht 152 thereof. The bit checking means 130 has an

output 154 connected to a means 156 to generate the period
for a logic lgw cycle and an output 158 connected to a means
160 to generate the period for a'iogic high cycle.' A

register 162 is connected to the means 156 and'IGd.and is

configured to store the period of the cycle for later use.

The microprocessor' 50 is also programmed to comprise an

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



" read the period of the next half cycle: from the ragister. -

13.  The data:qeneration“meané lséizomprisee means 156 o

means 162, and further means 168 to place such count into
the audio period timer 32. The.audio'logic data'cenerationv

means 164 compriSes a cycle generator 170 connected to the

"means'168. The cycle generator 170 has an output 172 whlch

'-'1s'toggled at every half cycle. Prefe:ably,~1n.tne present_

10

20

embodiment'four_complete'cycles are generated_for;loqicllow'

; data'andefiye“complete-cycles'ere"genefetE&"fo; logic high

data. The output 172 is connected to the output 120 of the N

' microprocessor 50.

Upon eachfinterrupt'frOm the'bit'*ate'timer'57 a further-bit
is encoded and a correspondlng number of cycles generated at

the output 1/2

' _Whilst the last cycle for a bit ié”heingfgenerated at the

output 172 a bit rate timer 57 interrupt directs the period.
count "for the next- blh Lnto the reglstet 162 ‘or'use by the
data generatzon ‘means 164 in generatlng cycles for that olt~

of data.

:Once all of the bits from the reglster 146 have been

-3transm1tted_a-furtner byte of data lS loaded onto the

' ‘register 146.

- 25

The bits"generatedVand tranemittedlbyntheidata generation
means 164 are phase coherentland*éech have 4 or 5 cycles of

digital audio at 1415 Hz and 1585 Hz reSbectiyelv. Shase

‘coherence is eSSential £o reduce dlstortlon between bits of
-data and to aid 1'n'e':n:tr'ac‘.'::’.on-oz b1 rate from the cata by .

'_the data 1f'eceJ.ver bv oredlctlng bl* t ansitions.

It is lntended_that the modem 18 comprlee a watch dog timer

—
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circuit arranged to receive pulses periodically generated by
the microprocessor 50 (to indicate correct operation) and to

reset the microprocessor 30 if a pulse is not received

within a set time. Such may be of value when the

‘microprocessor 50 locks up due to insufficient electrical

power.'

In use, data commuﬁicatic; system 10 of the present
invention is employed to t:énsmit.and receive data over
relatively long &istances; such as inter éontinental
distances upon HF éémmunication channels with a simplex
single side Eand (SSB) HF transceiver 16. |
As depicted in Figure 2 the daté_may be trénsceived between

personal computers 24, data loggers 26, mobile units 28 or

-mainframes 30 or the like.

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 procéss comprising

functional blocks 180 to 188. At functional block 180 the

data receiver 18a receives filtered and squared-up digital

-audio logic data with cycles predominantly about 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 of such period.

In the functional block 182 the logic value for each cycle
is détermined by the_bandwidth filter 62 (Figure 6) and
stored at one of the levels 60 on the audio stack 58 (Figure
5).

At the'sale'time in functional block 184 the fréqﬁency error
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© The adjustment Ls by a sllght lncrease ‘in the count Where

the'blt rate tlmer 57 leads the extracted blt rate and_vice~
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_ (shown chura.mmahu!fy In F:qw-___/ '
correction meansZ% reads the 16 levels 60 of the stack :8

and conducts-a slmple frequency-analys;s to determlne tne.gj

likely frechency'of”loéical”high'cncies'and.logical lower

7cy¢1es. In tne functlonal olock 184 the data on" the stack o
_ls that of the preamble PA (:Lgure 3) or ‘the transmLSSLOn
‘block TB. S |
_ Once the’ llkelv rrequenc1=s ‘are deternlned,.as descrlbed
jherelnaoove, they are comoared to nomlnal frequencles of

h_1415 Hz and 1585 Hz for loclcal low and hlqh cycles,

resoectlvely and a drlft error DE Ls calculated.- The drlﬁt\u/

ferror DE ‘is used in funct;onal'block 182 to ad]ust the

thresholds T1, T2, T3 and T4 of the bandwidth window 62

(Figure-s)}

At the same'tine in functi onal olock 186 the clock extr actorh:

means 64 searches ‘for. transztlons rrom one b1t to another

“bit of OppOSlte loglc value. The ‘time of the ocurrence-or'

the transition is noted and the maxlmum count vaiue of the

- bit rate tlmer 57 is adjusted

"'versa where the bit rate t;mer':7 leads."

in .ne oreamble PA seament of the transmxsszon block TB tned_

phase error between the extracted blt rate and the blt ratei“

' of the timer. 57-may di dramatlcally._ To achleve

relatlvely ranld lock-un o: the Dlt rate tlmer 57 to the
extracted rate greater cnanges are.made to the maxlmnm-count_

of the bit rate timer 57.

ince Dlt synchronlsatlon is close to be;nq achleved the size

of the count alteratlons may be reduced to glve_slower '
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'In functional block 190 indirected data bits from the
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lock-up (Figure 9) with better immunity to erroneous logic
transitions.

Then in. funétional block 138 the cycle accumulator 82 reads

-'the last fout_:Ycles'from the stack 58 and the logic level

determination means 84 determines the logic value of the bit
of data from thé’cycles.(?igure 7); Undefined é?cles are
ignored and where the number of lggical high and logical low

cycles is the same the bit is assumed to be a logical high.

- A bit of data is by the process of Figure 15 received and

demodulaéed‘

In Figure 16 there is shown a process for synchronous

decoding of bytes of data, the process comprising functional
blocks 190 to 198. |

results of thé‘process of Figure 15 are stored sequentially
into the shift register 90, the bits including 7 data bits

and 3 paritf bits. 1In fﬁnctiohal_block 192 the parity

'generation means 92 calculates the parity bits for the 7

data bits. The célculated'parity bits are compared with the
received parity bits and wheré there is a difference in the

parity bits the functional block 194 flags the byte as an

‘error byte.

 The rate of byte errors is then checked in functional bloqk'

196 and if the rate is too high the functional block 198

' directs the data receiver 18a to disregard the received data

bytes. The received data bytes, of 7 bits, are piaced in

the storage heans iOZlfor further'processinq.

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

synchronisation, the process comprising functional blocks

~E,
¥
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,rq':unctlonal block 200 tne data r=ce1ver 18a mon-tors tneﬁr

200 to 206. o

s

.scorage means 102 rooxlnc-‘or the 'lrst spart byte ST1 so as

to synchronlse rorrow1ng ovtes of data.

.-In functlonal block 202 tne value'of the start byte is

necked to determlne if is is the flrst start byte STl or
the second start oyt= STZ. The functlonal block 204 then_:

awaits recelpt of the fl:st block header HDl

-The runctlonal block 206 ‘lags the flrst block header HD

not recelveo where the £ir st start byte STl is not recelved\~/”'-

,In_Flgure 18.there is shown a process for recelval of a

tranSmiSSion block_TB, tne'process_comprlslng runctronal"

olocks 208 to 214.

In functlonal block 208 tne start byte STl or ST2 is checked
oy the data recelver 18a to determlne lf the t*ansm;ssron
block TB is a SdORT b1ock (STl = 01 hex, ST2 = 02 net) or a

LONG-block (STl = 03 hex, ST2 = 04 hex), lndlcatlng whether

the data pocket DP has 0 bytes or. 128 bytes._u

In functlonal block 210 the data packet DP of 128 oytes 1: ;\J'

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 fu nctlonal olock 214 the second header HDZ ls compared

wrth heaaer le “or -urtner error correctlon.

In E‘J.gur° 19 tnere lS snown a orocess ror further proceSSLng

of the recelved data in tne storage means 102, the proces
comprls;nq -unc onal blocks 215 and 213.: In functlonal-

block 214 tne two headers le and HD2 are overlayed to

attempt to remove error bytes. The destination
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‘identification DID bytes are checked to determine if the

received data is for the garticularrmodem 18.

In functional block 218 the data bytes in the transmission

block.TB (excluding error bytes) are over;ayed with a
re-transmitted version or versions of the same transmission
block TB, in order to build up-an;error free transmission
block. |

In Figure lO.there is showﬁ typical durations for varioué;of'
the.above processes, wherein waveform A signifies time taken
searching for-pre-amble.PA, waveform B signifies time for
determination_of frequency error offset and adjustment of
the bandwidth window 62, waveform C signifies time taken for
rapid bit synchronisation, waveform D signifies time taken
in searching for thé start byte and waveform E signifies

time for retrieval of the transmission block TB.

In Figure 11 thére is shown typical timing diagrams for the

-present invention, wherein waveform F signifies real time in

3 ms spaces, waveform G signifies received audio logic data,
wavefbrm H signifies actual frequenéy of the rec’eived audio
logic data, Waveférm I_signifies'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
logié state for the data aﬁd waveform L signifies time -
available.tq the microprocessor 50 to conduct other tasks.
By use of the present invention daﬁa may bé transmitted, énd

errors corrected for, over intercontinental distances of HF

i,

radio waves.
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Since the apparatus 10 of the present invention is
capable of operating in HF media it is also capable of
..-"'operating effectively in other radio media such as VHF or J,‘
UHF which ‘are. generally less hostile. -
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CLAIMS:
1. A modem for a data communication apparatus, said modem

being arranged for connection between a source of band

' limited audio tone signals and a host computer, the modem

characterised in that it comprises:

A} a data receiver having:

a) a band pass filter having an input arranged to be

'connécted to the source of band limited audio'tone signals;

b) a squaring circuit connected to an output of the band
pass filter to produce a substantially square wave s1gna1

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 iogic bytes of

data;

'¢) 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; .

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 to issue an interrupt signal to predict when the bits of

data could change state from a logical high to a. logical low

or vice versa;-

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

changes_of state of the data bits and configured to alter

* [ L M S *
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'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,

g) a byte synchronisation means responsive to a
particular string -of bits to establish byte-wise
ynchronous communication,-and = ' _ :

h) an error detection means: configured to detect errors

- in said bytes and - to flag ‘Such detected'errors with an
. ‘'error code .or. codes,.and _' L
- B). a data transmitter having._g

a). generator means to generate cycles of square wave

"signals for data bits to’ be transmitted, and
.b) low pass filter means connected to receive the
_cycles from the generator means to filter out high

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

of the logical ‘high valued cycles or one of the’ logioal

- low valued cycles, ‘and without'which said count relates

to an undefined logical value for said cycle.

3. A modem according to. claim 1 characterised in that

the data receiver comprises an audio stack having a

. plurality of levels, said audio stack being configured to

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

- so that adjacent ones of the levels contain counts and

logical values for adjacent ones of the cycles.r
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

_second data register, the first data register having a

stored representative of the logical value for a most
recent cycle B Co e _

L

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

(VR
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stored on the audio stack, the comparator being connected
to compare the logicai value 1n-the first register with a
logical value'output from the bandwidth window for a
present cycle, the comparator being responsive to such
loéical values such that where the logical values are
identical it-loads the further count of the bit rate timer
for seid present cycle into the second'register and the
comparator being responsive to said logical values such
that'where'they are different the comparator loads the
count for said most recent cycle from the audio stack into
the first register to signify one of said changes in logic
state for the bits of data. |

5. A modem according to claim 4, characterlsed in that the
bit rate synchronisation means comprises means for
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 to the absolute phase

' error to synchronise the bit rate timer to said bits of

20

25

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

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 probahle'connt for one of the

logical'low valued cycles, the frequency offset error

AR R
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-correction means-being'configured to compare the said. twon_

counts w1th two default counts to determine an error value

,further configured to alter the count thresholds an amount

substantially equal to the error value so as to align the

bandWidth w1ndow Wlth the cycles.

f 7.” A modem according to claim 6 characterised in that

the frequency analys1s means 1s configured to generate a

_frequency analySis-means is also cOnfigured to determine :

how many of the other counts occur Within each said time

Window, the frequency analys1s means is further configured '

to determine that the time w1ndows With the largest

'occurrence of other counts therew1thin are the said most

_probable counts for the logical high valued cycles and the

logical low valued cycles.

_:data receiver comprises a. cycle accumulator meansf

_respons1ve to the interrupt Signal from the bit ‘rate timer,_

the cycle accumulator means being configured to read the

_.most recent cycles, and a logic level determination means
'configured to compare the said logic values and to '
_determine which of the two 1ogical values predominates,

such predominant logical value being determined to be the

logical valuenfor the bit of dataswhichﬂsaid most recent

cycles relate.

/,‘\

: therefor, the frequency offset error correction means being 5

'relatively3narrow;time window about each of the counts, the

8. A modem according to claim 3, characterised in that the

~

'logical values from the audio stack for a: de51red number of

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

logical low valued bits comprise , cycles and the logical

LT
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high valued bits comprise 5 cycles, the period of the

cycles for tﬁé_low valued bits being'gfeater-than the

period of the cycles for the high wvalued bits.

10. A modem according to claim 5, characterised in that
the_bit rate synchronisation means is responsive to data

bits of .a preamble type such. that the amount by which the

' bit rate timer is altered to compensate for said phase

error is subStantially greater than for other forms of data
bits such as to increase the rate of achievement of -
bit-Wise_synchronous CQmmunication'during said preamble.

11. A data communication system characterised in that it

. comprises a transceiver, a computer means and a modem

connected*therebetween, the modem being characterised in
éccordance with Claim 1. | |
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'for a data communication apparatus

subsﬁantially'as hereinbefore described with reference to

any one of the accdmpanying draﬁings.

_;___;_____________

g




