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. "Dl G.TAL WORD. SYNCHRONI ZI NG ARRANGEMENTS" Qur invention relates to a LY
di gitdl wviord synchron- izing arrangenent. n particular, our invention ‘Eg’
relates to an arrangenment or a nethod for hi evi ng synchron- 5 _

i zati on wi th digital -synchronizing words provided at sel ected int Iggﬁgg

a digital nessage. Sequences of digital signals are frequently used to
transmt data, because such sequences can be transmtted rapidly and

ef fiebent|ly. However, such rapid trans- 10 m ssion requires equally
rapid and efficient synchron- ization of the data receiver with the words -
formng the information of the. transmtted data nessage. Wthout such
synchroni zati on, the begi nning and end of each information word i.s unknown,
resul ting in neaningless 15 - data. The synchronization problemis
increased if the transm ssion nmediumis noisy or subject to fading, as it
frequently is if the mediumis a radio channel. For these and other

reasons, predeterm ned synchroni-zi ng words are provided sequenti-ally at

spaced | ocations or 20 times in. a data nessage to provide a data
receiver with the opportunity to recognize the synchroni zi ng words and
synchroni ze itself so as to accurately detect where the --2- information

parts or words of the data.nessage begin and end. Briefly, in the present
specification there is described an inproved synchronising arrangenent 5

in which we conpare the received digital signals in a nessage with a stored
predeterm ned digital synchronising word. Upon the initial correct

.IK-/I.

"DIGITAL WORD SYNCHRONIZING ARRANGEMENTS"

Our invention relates to a digitai-ﬁord synchroﬁ-
izing afrangement. In parﬁicular, our inventioﬁ'relates
to an at:angement or a method for achieving synchron-

5 ization with ﬁigital-synchronizing words provided at
' selected'}ntetvals in a digital méésage.

Sequences of digital signals are_ftequentiy used to
transmit data,.becausé'such sequences can be transmitted
rapidly and efficientiy. However, such rapid trans-

1G ' mission requires equally rapid and efficient synchron-
ization of the data receiver with the words forming the
information of the transmitted data message. Without
such_syhchronization, the beginning and' end of each
information word is unknown, resulting in meaningless

15 data. The synchronization problem is increased if the
transmission medium is noisy or subject to fading; as it

| . frequently 'is if the medium is a radio channel. For

: E these and other reasons, predetermined synchronizing
words are provided sequentially at spaced locations or

20 times in a data message to provide a data receiver with

AN

the opportunity to recognize the synchronizing words and
: synchronize itself so as to accurately detect where the



arison indicating a correctly received synchron- ising word, we conpare

~next four subsequentl.y 10 recei wed synchronising words with tHe stored
prede- term ned synchronising word. If any two of these four subsequent
conpari sons.indicates a correctly received synchronising word, we produce.
_-anh in- synchronisation signal to indicate that word 15 synchronlsatlon has
- been achi eved, and to indicate that 79 ormati on words-can then be
“accuratel y rirefth ravact digi lpaxedich or Mowelserof ithe datat messhwe dlegilmese four
subsequent %%ng|§¥ww indicate a correctly received synchronising mord'eﬁe
resune conparison 20 of the subsequent digital signals until another '
initial correct synchiBaiefilyg viar dhies pnesiendt sd.e M ichadd otortiere t he next

four synchrgpy %é&ﬁwe%s,ana%ﬂﬁov@ay Sy HCh 13 Glora) difedguce an in-

. synchroni_sation signal - I'ess .than two are correct, we start again.
Thi s pro€esdn &hi ét{ee(?%ad’fet dhey & acsdyed @rl&}ﬁ'@lll sd@n@dBe synchr oni si ng

~ words are rq(irﬁlaV%ssafget hﬁb&p@wm@r@d@/ﬂe@%&meﬁy d\i@it%fl exanmpl e only:-
.30 35 FIGURE g di-agr ustrati di_gital ssage for which a
synchr oni zi YR "&’r%g]dyldr'l’ H:g‘ Hg’éﬁﬁac]ﬂ COXT&F& Used: FIGURE 2 i's
" a bl ock dla@mmpaﬂﬂsnﬁrmﬁduq;uﬂngEﬁ conrwm&hwomeheﬂyemrm@ngﬁnﬁmﬂ and Fl GURE
Syninon, 1 ALY AP Wl WP YBIL :
received synchron1s1ng words with the stored prede-
termined synchronising word. ir any two of these
four subsequent comparisons indicates a correctly
received synchbonising word, we produce an in-
synchronlsatlon signal to indicate that word
15 synchronlsatlon has been achleved and to 1nd10ate
| that 1nformation words ean then be aecurately read
and utilised. However, if less than two of these
four Subsequent comparisbhs indieate'é correctly
received synchronlslng word, we resume comparlson
“_EO.of the subsequent dlgltal 31gnals until another
'inlt;a; correct synchronlslng word is indicated.
We then_compare'the next'four synchrbnising'words,
"and if any two are eorrect, we produce an in-
synchronisation signal. If less than two are
-'25 correct, we stértfagain; This process is‘repeated. i:;'
~as often as needed or untll no more synchronlslng
words are received. ' :
In the accompanylng draw1ngs, by way of
example only.- '
.30 | }

35

<)



FI GURE 2 10 T Whi | e persons of ordinary'skill in the art wll, LN

after reading this description, apprecjate that our preferred synchroni zi nge. -
arrangenment can .be used with various formats of data messages having

varibus synchronizi ng words, we have sel ected the sequential 15 data
format of FIGURE 1 to explaln the operation of our arrangenment. - This data
format is intended to be used to transnit 3a-data nessage in cellular radio
telephane systens. And while we describe our preferred arrangenent with

bi nary types of data, persons skilled 20, in the_art wll appreC|ate t hat .
it can be used with ot her FAAVEE Jf igafa diggrrmd llMstaa)isggaddeittde data

format conprises a;ets@tagle crforlfa:&adw tas,symdmtdmhmtg ArFReEzemdat starts each -
part of the format %s I ndi ) " f.or mat of FIGJRE 1 starts with 101 25
dotting bits, whiEf P§§98§I%§ aP@V§WtéPHaF€“1 b& 15§%) s to achieve bit

synchronization Next, st HTGURE B tils i b1b@k, dilagrim ifl lswtehtdmigziting wor d

of" 11 bits is.tra I I nmessage standard nentioned,
this synchroﬁ?Z|n§§%g%g%Q1z@&gég%ﬂaagéme%'§e Egg follows: 11100010010.

Wi | € ot her synchronizi ng FAGURE Gadsb@ Jdeow, chiaeti odi ddeatamoiddusityating
desirable in that gl %%%r%t&%'nato'f*’ ‘%'h3é grﬁlcjhr%h,q@g%gofarlg.gln@gmre%me%tfed in a

message wor d. FoIIomAng the first : synchroni zi ng “wor d first
nmessage word of 4G IGURE @tartlng mnth bit 113 is transmitted. These bits
have binary values that convey the desired nessage. Next, starting mﬁth

bit 153, 37 dottlng bit's %%g tr%%%@d%% %f ordinary skill in the art

i_/ w1il, after_reading this descriptlon, apprs01ate that
' our preferred synchronizing arrangement can be used
with various formats of data messages having various
synchronizing words, we have selected the sequential
15 data format of FIGURE 1 to explain the operation of
our7arrangement,_ This data format is'intended to be
used to transmit a data messége in cellular radio
telephone systems. And”while we describe our preferred
arrangement with binary types of data, persons skilled
20 in the art will appreciate that it can be used with
other types of data, such as ternary signals. The
‘data format comprises a total of 1032 bits, and the
bit number that starts each part of the format is
-/ indicated. The format of FIGURE 1 starts with 101
' 25 ‘dotting bits, which-typically are alternate 1's and
O'S.to'aohieve bit'Synchbonization; Next, starting
with bit 102; the first synchronizing word of 11
bits is transmitted.. In the cellular data message
standard mentioned, this synchronizing word is .
30
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dentical to.the first synchronizing word. The second synchron|2|ng wor d
s . foll oned by a .second nessage word, whi ch typically i's the sane as the:
flrst message word. This sequence.is repeated to provide a total -of 11
sequences conprlsed of dotting bits, 15 . synchron|2|ng word, and a
' message word. And, the synchronizin “words are typically equally spaces by
77 bits: 40 bits of a message word plus 37 synchronizing bits. Howev e m.
~such equal spacing or time interval is not essentlal 20 ‘One -of
the .reasons that this format was selected was that .it typically enables a
radi o receiver to achieve bit synchronization- and word ‘synchroni zation in a
~relatively short tinme and with reasonabl e accuracy. This accuracy is
i'mproved if a word synchronizing 25 . arrangenent in accordance with
our invention is utilized.. FIGQURE 2 shows a bl ock diagramthat illustrates
~oour synchron|2|ng arrangenent' Wiile a typical preferred enbodi nent . of our v

i nvention r | e 3 i eyed b of a -

m cr opr oc8§§‘§ Egg §§ S«?‘i&%é'% qg'lr%)r%ro)ﬁm rc&ﬁi ey\ﬁerﬁhea e provided the
bl ock di agyarhobnizGoREWRrdis aﬁ@equuseﬁmIhhqnxnd#ﬁatﬁﬁkﬁQ#@#ﬁhh@ of our
a”ange”ealagléﬁbigo‘l’ﬁ thdE 3’ AALCEHe IAGIMNARS dhd BCBndHce G ahi ch

receives and processes incomng signals frome€ither a wire or radio ned|um
and if nebedsgr yepgassd- 1 A BEsERISe “ilghal FOLIMW i HiksS i ncl ude

speech.. OgyAEhebniaiagnebira), af [Fdy stamessatedvord 6T ArepEs at e |
| starting with bit 113 is transmitted. These bits have = . 3

o

iIThese are followed by the second synchronizing word 10 'ﬁmhich'is'

blnary values that convey the desxred message. Next,
_startlng with bit 153, 37 dottzng b1ts are transmltted..
_ These are followed by the second synchronlzlng word
.10_ which is 1dent1cal to the flrst synchronzzlng word. The
second synchronlzzng word is followed by a second '
message word, which typlcally is the same. as the flrst
message word. This sequence is repeated to provide a
.total of 11 sequences comprlsed of dott1ng b1ts, a -
5 synchron121ng word, and a message word. And, the l_
synchronzzlng words are typically egually spaced by 77
blts: 40 bits of a message word plus 37 synchronizing
bits. However,'such equal spaclng or time interval is =
. not essential. _ - ' ' ) o g_)
20 'One of the reasons that this format was selected |
' | was that it typxcally enables a radzo recexver to
achieve bit synchronlzatlon and word synchronzzatxon in
a relatxvely short tzme and with reasonable accuracy-.
This accuracy is improved'if a word'synchronizing
25 arrangement in accordance with our invention is
utilized.

FIGURE 2 shows a block diagram that illustrates our
synchronizing arrangement.- While a typical preferred
embodiment of our invention would more lzkely be

30 : achieved by means of a microprocessor and associated



circuits. The dat a srgnals are applled to a signal 10 . condi tioner ‘11
which, if the'data is in the formof npdul ated signals, converts these
signals to-digital signals having the appropriate or desired voltage

| evel s. These digital signals are applied a bit synchronization circuit
12 m@rch as known in the art, 15 prOduces a- cl ock signal of the
appropriate frequency that is synchronized with the incomng bit signals.
The;cdock signal is applied to various portions of our arrangenent as
needed. The bit signals are applied to a synchronrzrng word conparator or
conmparison circuit 13 20 whi ch. conpares the incom ng bit signals
with a stored synchronizing word having the desired.or predetermn ned bit
séquence in a storage circuit 14. This conparison nmay be either in series .
or in parallel. Each time a correct sequence of .synchronizing word bits
(such as the 25 © 11100010010 mentioned) is found fromthis

cenpari son, the conparator 13 produces an output signal that is applied to
a good synchroni memgryorcd romirttssr wiss haderpresided tttee dolgpek adbagdan of

operates In a bi et b MG A4 QU Ale LA IPI Lo de L HaLAE oF SR

new bit 30 pl'us t he "prior orm the correct synchroni zing
word. After anrﬁwﬁﬁaﬂeﬁéﬁébtron of a correct synchron- izing word, the

conparator 13. operateig %h%w&Pmddﬂ”hﬂFHHbéHEhé”lﬁbid&&§5éﬂrééﬁaéér(ﬁﬁ
approprgate nunber of.) bits which occur at the tine or OSItIC{;Of t he
| RS

next 5 syH@HF@nFﬁQﬁjWﬁﬁwfndTm§Qﬁiﬁﬁ%§ incqming Pt put s
that respec- tivelifhieitdiaCaii®ed or0tNdidf medinnd, varidl, i Drnecessmty pfdéngdod

00" Roont “or 5 ugfbad el BT by BolP Mol LT BleR” T
or other 1nformatlon, they can be applied to appropriate
_circuits. The data 51gnals ‘are applied to a 51gna1
0 conditioner 11 which, if the data is in the form of
' modulated signals, converts these signals to digital
signals having the appropriate or desired voltage
levels. These dzgxtal signals are applied to a bit
synchronization circuit 12 which, as kpown in the art,
15 | produces a clock signal of the appropriate freguency
~ that is synchronized with the incoming bit signals. The
clock signal is applied to various portions of our
arrangement as needed. The bit signals are applied to a
synchronizing word comparator or comparisdn'circuit 13
which compares the incoming bit signals with a stored
synchronizing hord'having the desired or predetermined
‘bit Sequence'in-a storage circuit 14. This comparison
may be either in series or in parallel. Each time a
_ correct sequence of synchronxzxng word bxts (such as the
25 11100010010 mentioned) is found from this comparison,
the comparator 13 produces an output signal that is -
_ applied to a gdod synchtonizing word counter 15. When
= .. reset, the;comparator 13 operates in a bit by bit mode
- to look at each new bit to determine if that new bit |
30 plus the prior (ten) bits form the correct sYnchronizing



:Eé I's reached, an enable signal is applied to.a synchfon- iz}ngtmnrd

sition i-ndicator 16. I'f the count of counter 15 is less than 1, the
uﬁdlcator 16 is disabled. The positjon indicator 16 is arranged to count
i yclock bits fromthe circuit 12 so twat when the 15 - indicator 16 is

enabl ed by the initial detection.of a synchronizing word, it can count the -
nunber of bits to indicate the tine position or |ocation of the next .=
expect ed. synchroni zing word. After being enabled by an initial detectuaﬁs
of a synchronizing word; the indicator 20 16 produces an .output’ 1,
2, 3 or 4 respectively for the tinme or position in which succeeding-
synchronizing'mords 1, 2, 3-or 4 should appear. Thus, with reference to
~FIGQURE 1 again, if the first synchronizing word (bits 102 through 112) is
correctly detected, the position 25 i ndicator 16 can then count the
nunber of bits to indicate the position of the second synchronizing word.
This count woul d be the first nmessage word of 40 bits plus the next 37.
dotting bwbsd.soAfitar an {iri timkaderect bén bof 4 96oofechesgachndn-

synchfon'ng%dNWb a}'Ehé“Lomg¢5a§6£W&§a$ é% eQrQH'QeﬁoéﬂtQBhpUt signal at

out put 1 roni zin

detectlonm@ﬁetﬁédlmﬂﬁﬁﬂIQShﬁﬂﬁQNﬁﬁﬁr&} a?%r?ﬂrgﬁg?tPBﬂgerAﬂfgutput

si gnal ISbIal’t%Vkv@l.GiféhafoddetH@ the 3 figl drtposﬂelimteftbnetnantor position
f the second d and fqQurth synchronizing words respectively

after theSVHFPFQPﬁﬁaﬂﬁnWQﬁétﬁ a synchronizing word. O course, the initia
detection may @heuicotinteyy 15 deds capprophiatessatputsothatnreéspeBE 1. Each

of Lhe outpytsyl ’zn%hc%ﬁda %l AP Sbd® $Pa SYOENLoRbERRIoEORD 10 VA
conparator o0 “cause e conpara operate in.
_good words, or a count of 3 or more good words. as shown. o
- Each time a count of 1, or a count of 2, or a count of 3.
10 ' ~is reached, an enable signal is appl;ed to a synchron-
izing word position indicator 16. If .the count of
counter 15 is less than 1, the indicator 16 is dlsabled.
The position indicator 16 is arranged to count
- clock bits from the circuit 12 so that when the.
‘15 indicator 16.is.enabled_by the initial detection of a
" synchronizing word, it can count the number of bits to
indicate the time position or location of the next -
'expected synchronlzlng word. After being enabled by an
- 1n1t1a1 detectlon of a synchzonlzlng word, the indicator
20 16 produces an output 1, 2, 3 or 4 respectively for the
time or position in which succeeding synchronizing words
1, 2, 3 or 4 should appear. Thus, with referenee'to
FIGURE 1 again, if the first synchronizing word (bits
: 102 through 112) is correctly detected, the position
23 indicator 16 can then count the number of bits to
indicate the position of the second synchronizing word.
Th;s count would be the first message word of 40 bits |
'plus the next 37 dott1ng bxts, 8o that at the appearance
_'of_bxt_lso of the second synchronlzzng word, the
30  indicator 16 provides an output signal at output 1 to



the'pps}tion node and | ook for a synchronizing word at the proper tine or

posi ti.on. Whén t
i ndi cates-that f

he word position indicator.16 produces an output 4, this
our synchroni zing word 15 _posi tions have occurred

since the initial correctly detected synchronizing word. This 4 output is

appl i,ed to an enable input of an in-syn

out pat fromthe

i n-Synchroni zat i

a coéunt of 3 or

indicator 16 is applied to 20 open or enable an

@

ni zation output gate 18. This 4

on output gate 18. |If the good word counter 15 has reached

nore, its 3 output is passed by the enabled gate 18 to

i ndi cate that word synchroni zation has been achi eved by detection of a-
first correct synchronizing word, anp by 25 detection of two
addi ti onal synchroni zing words during the next four synchronizing word

posi tions. \Wen
be utilized by a decode circuit 21 to indicate to the receiver

passed by the gate 18, this in-synchronization signal .can

c¢jrcuits.that word synchronization 30 has been. achi eved, and hence

10 or other

th d | ' L dgcoded
e message Wor dpn@fcit S bfat tﬂegg?rQﬁaﬁggHgﬁBﬁkgégamrggﬁﬂeSEE&r gcoded or

utilized. The position_ I ndicator I'S

rov an qutput to,

‘indicate the endd®feshiopoftthbe brisiatnFypAchronagingr word. ¥R 4Pout put is
applied to resetpédpti®ifd SAn outputospPghaloislpgrboidedt abyobtpuesnpargson,

and to reset the

Upon this reset,

counter 15 osition.[ndirca 16 to z

230 d £9 Th T eate JPe ( EEnBORF 1 bORLE IR PE PEna  sb 0RE"

synchr oBi zi ng wothli edjaamd fidnet tier spnchnosyathgowozdsi aspatpivedgsafteduced

or was not 10
illwustrating
N

the iRl Off e SEEAEE SeS00UGnanELRYZERG  bobh, 41 BE AT

course, the initial detection may occur at any location

' in the message shown in FIGURE 1. Each of the outputs

10

1, 2, 3 and 4 are applied to the synchronizing word
comparator 13 to cause the comparator 13 to operate in
the position mode and look for a synchronizing word at
the proper time or position. ' '

When the word position indicator 16 produces an
output 4,'this indicates that four synchronizing word
posiﬁions have occurred since the initial correctly °
detected synchronizing word. This 4-butput is applied

to an enable input of an in-synchronization output gate

18. . )
~ This 4 output from the indicator 16 is applied to

~open Oor enable an in-synchronization output gate 18. 1If

the good word counter 15 has reached a count of 3 or

‘more, its 3 output is passed by the enabled gate 18 to

25

30

indicate that word synchronization has been achieved by
detection of a first correct synchronizing word, and by
detection of two additional synchronizing words during
the next four synchronizing word positions. When passed
by the gate 18, this in-synchronization signal can be
utilized by a decode circuit 21 to indicate to the
receiver 10 or other circuits that word synchronizaiion
has been achigved, and hence the message words of FIGURE

5y,



e operation of the arrangenent of FIGURE 2, and also illustrating the -
ration that would be performed by a nicroprocessor and appropriate -

nenory circuits to 15 ~achieve-the sanme function as that provided by
the arrangenent of FIGURE' 2. Wth respect to FIGURE 3, a start function is
;- initiated by a start circuit 30 to ¢ear or reset the varjous circuits as
" indicated by the block 31. . This pe ts the sequential digital bits to .20
_ be shifted into the word conparator as .indicated by the block 32. BItS_gﬁ;
- continue to be shifted into the word compara- tor as | ong -as no.-initial
synchroni zing (sync in FIGURE 3). word is detected as indicated by the
deci sion bl ock 25 - 33. . However, once an initial. synchroni zi ng word -
is detected, the circuit waits for addi ti onal synchroni zi ng and nmessage . :
words as indicated by the block 34. -Each tine a subsequent synchroni zi ng
word position occurs, the decision block 35 determ nes whether a correct. 30
synchroni zing word is present or detected. |If the determnation is no,
a word coun n I N Je§ P4 a correct -
synchron?glééﬁmggdééCLpgggﬁg LSQ chgfggglg &gcghg%ﬁcg'L{ugh%%%crenents the
wor d counterZﬁmeThqsltﬁenmbnd1Gaﬂnte1531sl9150 provigese Mifdhta each time

- a correcto@phfICOsr eAESHBENERE- eha'BQ WﬁédpéEEde% Qf isynd@ireni-ed. The
count outpu ? of the bloc IS ag ied 't deci si on blgfk 38 whi ch
g

det er ni nekZiPRV¥PFY et syn@giﬁn°“FEP 1§0FH??&PHCFGdFﬁ6th§'enﬁﬂﬁﬂ
$ynchr0nlédﬁ§hyumda 19 for bithByebhecsomnpaeiisen, ahd ltongexed ess than

recei ved, “inoaid SPuRERF LR 850, EhAdeBRaRTED, g edBl G6 kaTeve Been -
zero. Upon this reset, the arrangement’ starts looking-. o
for an initial synchronlz1ng word again, whether an |
1n-synchron1zatxon output was produced or. was not
0 . produced. S .
| ' FIGURE 3 shows a’ "flow chart or diagram lllustratlng
the operation of the arrangement of" FIGURE 2, and ‘also
illustrating the operation that would be performed by a
_ microp:ocessor and appropriate memory circuits to '
15 : achieve the same function as that ‘provided by the
grrangement of FIGURE 2. With respect- to FIGURE 3, a
start function is initiated by a start circuit 30 to
clear or reset the various'ci:chits as indicated by the

_ _ block 31. - This permits the sequential digital bits to F\J
20 . be shifted into the word compatator as indicated by the . '
' block 32. ' :

" Bits cont1nue to be shifted into the word compara-
- tor as long as no. 1n1tia1 synchronizing (sync in FIGURE : ]
_ 3) word .is detected as.zndxgated by the decision block :
25 . | 33.  However, once an initial synchronizing word is
' : detected, the circuit waits £or'additiona1 synchtonizing
and message words as indicated by the block 34. Each
time.a'subsequent synchronizing word position occurs, ‘!
' the decision block 35 determines whether a correct I
30 synchronizing word is present'Ot-detected;"If.the'



wai ting for synchronizing and message words. \Wen five synchronizing words =~
(i.ncluding correct and incorrect) 15 ° have been received, a block 3 T
opens the output gate 18. A decision bl ock 40 det ermi nes whet her three of

thede five words are correct. If not, thg arrangenent is restarted to lo

for an initial synchronizing word on a béL by bit conparison. If three
words are correct, an 20 i n-synchrohi zation signal is sent by the

bl ock. 41 to the output gate 18 of FIGURE 2. |f the decision block 42

i ndi cates the gate 18 is open, the in-synchronization signal is applied to
a block 43 to decode the nessage words. After this decoding, the circuit is
restarted to 25 - look for another nessage. Summary It wll thus be
seen that we have provided an inproved word synchroni zing circuit which
operates to provide word synchronization 'in response to a first good 30
synchroni zing word detection, followd by two additi onal good _
synchroni zi ng word detections during the next four synchronizing word
positions. And détéemiwatboheipl abe ahadbr8heoapnehbr 3Mi isndgnoveaented.

|1 d t t
Win s TPCe0 Be LT abbhEn e 0h T8 RERC SoerrRet RFpRRPRReRInE"

nmessage of Fl GURING eeunter 36ukd iharemenked.bwhighrdép tura dncgeagntsur

.synchroni zing ar£ﬁ€9@8F@tcHﬁﬁgyPe§7a C@ﬁﬁchhénWSYECBBQHhéétBQ“l%UtpUt
signal for 69.2%o0 e ti h an error or false ind |cat|%n of an.

107" 8 7 o sy P EARSAE P B e ERAF IPBNa NP F BECOR Py O85 8 th NS TR ¢
the ‘arrangenent. sdbng word heppesdtRESr apd desectbad i s our preferred

enbodi ment - per sons Sl ! gkl bRERBE! ot bhe@BREERT 3Y° 1N bpTRYY liealy NS

may
decxslon block 38 which determines when five synchron—

- izing words (including the initial synchronizing word)
10 | have been received. As long as less than five syhchron-
izing words (including correct and incorrect) have been
received, the decisien block 38 keeps the block 34
waiting for synchronizing and message words. When five
_ synchronizing words (including correct and incorrect)
15 have been receivéd, a block 39 opens theeoutput gate 18.
A decision block 40 determines whether three of these
five ﬁords.are correct. If not, the arrangement is _
teétarted to look for an initial synchronizing word on a
' bit by bit comparison. 1I1f three words are correct}-an
\%jzo in-synchronization signal is sent by the block 41 to the
output gate 18 of FIGURE 2. If the decision block 42
indicates the gate 18 is open, the in-synchronization
signal is applied to a block 43 to decode the message
words. After this decoding, the circuit is restarted to
25 - look for another message. | _
. - ' : Summary _
| It will thus be seen that we have provided an
improved word synchronizing circuit which operates to
provide word synchronization in response to a first good
30 synchronizing word detection, followed by two additional



" made. Thefefone, whil e our invention has been descrlbed 15 ' Mﬁthz-

di.fi cations, particularly in terns of circuit inplenmentation, may be made
hout departlng fron1the spirit. of the invention or fron1the scope of the
- 11 CLAI MBS

:€§a§ference to a particular enbodinent, it is to be understood t hat

cl.ai ms.

1. ' A system for achievi ng syhchronlsatlon with a digital data nmessage

havi ng a synchroni sation word transmtted a pIurallty of times during ts.
message, wherein each received synchronisation word is 5 conpared with a
stored synchronisation word to produce a first. S|gnal whenever the received
wor d corresponds to the stored word, and wherein an in- synchronisation
signal is produced only when one of the first signals is followed by at

| east two nore 10 of the first signals during any sequence of any of the
next four conparisons of the received synchronisation words with the stor.ed

“word. 2. A system according to.claim1l wherein said transmtted B §

synchroni %@&wyﬂeh%mapage%ea deitbeiTohl aet:%galtsxedwew fourd message,

d wh d f : d f t I
B T Reg R Ean AL o PGS BOEREARRE - n BB, ABde i AROHPRARES o

synchr.oni stingt wohelssgnehepaiaindOwardpr adet eamaddy sweeﬁﬁamg Gumeng said

. message, mag,ghgwugggr aLQ RSéEsLQEgER”E%'eSg@%ﬁrc%t%%% at

-predeter

nchroni satron appar at us use_in_a
- our synch:onizing arrangement operating with the data o

message of FIGURE 1, we have found that with a bit error ey
rate of 0.05, our synchronizing arrangemedt'produces a o
. correct 1n-synchronlzat10n output SLgnal for 69.2% of
"~ the time, and with an error or false lndlcatlon of an

10_ _ in-synchronization condition only once every 39.8 hours.

‘While the arrangement shown in the FIGURES and
described is our preferred embodiment, persons skilled
in the art will aPPreciate'that.quifications may . be
made.--Therefore, while our. invention has been'aescribed

15 © . ' with reference to a particular embodiment, it is to be .

understood that modifications, particularly in terms of
circuit implementation, may be made without departing
from the spirit of the invention or from the scope of
the claims.



SRR s m el e W

conmuni cati on system having a recei ver for rece|V|ng 25 di gi tat—messages
froma transmtter, the apparatus conpri si ng: neaﬂﬂ t he
recei ved nessages for derivi ng digital nessages i mmeage ha
plurality of synchronisation words at |ocations spacetl at pr m ned

I nterval s, neans for producing a synchronisation signal for each derived
syncﬁfonlsatlon word having a predeterm ned s ence of digital values,

meang«fior counting the word | ocations and the synchronisation signals, and = -

means for producCh4IM8 in-synchronisation 35 output signal only when at

| east two synchroni sation signals are counted in any of the next four
word | ocations foll ow ng productlon of a first sy nchronlsatlon si gnal
during the messade. 5. SY?W@”SQHEhPSHP@V&@gaSMQFQFﬁglﬁﬁ &PﬁlﬁiHhS

wherein said di gt a&gma&aaataaﬁeasagar BhiiMgoh sglﬂanrsaissynchrmml ng
wor ds occurring at Ioc?Eteﬂs edet er m ned

ﬁh ? e _sp r
equal intervals. *63nsm BHaib Yq8 gf?ﬁﬁ guﬁ%ﬁgtgﬁ sOREFEFéR: 10
i sing word conpr whettedin eashqneneéveﬁ dygchabnisghabs hwavdngsa

predeter i ned ChaLaghRtloy: n200s2008a’ LACARoRLBRKLEh  frf! sspaced

pr edet er m ne ti es I'glital “nmessage; conprising the steps
of : 15 pgoduc@rrpaiﬂlngtsanengéqubneevgr ghgi rareivgAaNerdith a

stored digital W%B@péggoaagd%el@aeastbpéa QSPSCtSQd“QﬁQréiﬁnéh iﬁ-response
to the first sequence of digital signals in-a nessag belng
synchronisation signal is produced only wheén one of

o the first signals is followed by at least two more
/- 10 of the first signals during any sequence of any
of the next four comparisons of the received e
synchronisation words with the stored word:
2. A system adcording.to claim 1 wherein said
transmitted synchronising words are spaced at uﬁiform
15 intervals during said message, and wherein
said next four comparisons are made at said
. uniform intervals.
3. A system according to claim 1 wherein
said transmitted synchronising words are spaced
20 .at predetermined intervals during said message,
and wherein said next four comparisons are made
at said pvedetermlred intervals.
y, Synchronisation apparatus for use in a
communication system having a receiver for receiving
25 'digital messages from a transmitter, the apparatus
comprising: means responsive to the received
messages for deriving digital messages ih.which
each message has a pluraiity of synchronisation
~ : words at locations spaced at predetermined
| 30 intervals, means for producing a sYnchronisation
| signal for each derived synchronisation word having
a predetermined sequence of digital values, means for
counting the word locations and the synchronisation
signals, and means for producing an in-synchrbnisatibn
35 output signal only when at least two synchronisation



sane as said stored.digital word; b. conparing said sequence
ngIt aid stored digital. mcrd at sai d predeterm ned

¢ qluﬂ "mmumrﬂ rst detected word signal being produced, and 25
odUC|ng a‘seton detécted word signal in response to each sequence of
dlgltal signal s at subsequent’ predete‘@ined ‘times being the sane as said
stored digital word; 30 - . counting said second det ect ed mcnq
signal s subseguent to sai St detect d.word s ._,and producin n
T oynchr ont CBPELh &f5Epintd Sla CRhE oL HE Akt SRBM Serteast "tvo 35 M’_ %
detected moldcstguassfdhlcmgngnyreéquEnoe of affangtof said next four. =
subsequent cording to claimé6 and,
in the abse% Sgﬁ#g ggg% g? n%%t%%¥1%g %E QQ%a g during 5 ° said- next

f our - subseqbent pred@berﬁYneUPPhN§$n80énparahgssafdcééqmehce of digital

Slgna|55“‘thhéﬁéﬂnséQiéddﬂ%ﬂtéﬁlm&Qé%gH”ﬁéé §abﬂu§éi§£yd€PeCt6d word signal
I s produced, accor to claim6 and, in the 10 -absence v

of two secoﬁﬂeBEi%%%eﬂyﬂﬁPﬁ°%+3%%$swﬂﬂ¢?n@eg%TﬁlFSU?tsh%%%ﬁh%%$

predet erni neHetreiRSwhicht are Sp@@édsaﬂgpféﬁeﬁéﬁﬁlﬁédf@@@il|ng t he count of
detected word, signals to zero, and conparlng 'sai d sequence of digital
si-gnal s wi t h? Eﬁ?g ?Ored digital 15 word until said first detected mord
~si gnal |s 6. .. A method for detecting a digital synchron-_ :

10 1s1ng word comprised of’ a sequence of dlgltal signals
' having a predetermlned characterlstlc and
'appearlng at a plurality of spaced predetermlned ' ' \‘;_
times in a dig;tal message,_sald_mechod comprising
~ the steps of: | o R
15 o a. comparing said sequence of digital
B signals with a stcbed.digitaldword'and__
producing a first detected word signal
in response to the first sequence of _
_ _ digital signals in a message being the
20 . same as said stored digital word;
' b. . comparing said sequence cf digital .
signals with said stored digital word at said.
predetermined times subsequent to said first
_ detected word signal being produced, and
25 . producing a second detected word signal | \9}:
' in response to each sequence of digital '
signals at subsecuent predetermined timee
being the same as said stored digital
_ _ word; o o
30 - ¢.. counting said second detected word
- signals subsequent to said first detected
word signal; ' '
d. and produclng an in- synchronlsation signal
in response to production of at least two
35 : detected word 81gnals during any sequence



-

produced. 9. . A system for achieving synchronisation with a data

nmessage having serial bits formng a synchronis tted a ﬂ;\
plurality of 20 times during the nessage, the ﬂm"mmm’mﬁny means - ra
conparing received serial bits with a stored synehroniisi mg wore an

producing an initial signal in response to an initial conparison |n whi ch a

serieg of bits correspond to the stored synchroni3|ng word, and
produethg a good word sig e uent conparlson in
whi ch each series of bltsqgtrr spon%QQ% Fﬁg iﬁ%ﬁP§ﬁ|S|ng wor d; and

means . for produci ng an |npmﬁﬁﬂhanmhngdlaamasgnal onIy when at least 30 two
good word S|gnaI% are proﬁ*gﬁgwgwrbg o ﬁn%?%%e%ﬁ%fw:Ga%§F°f15h%P%eXt four

subsequent -conpari'sons follow ng ucti o the initi |
A system accor di A@Se5c8! &fnad %ﬁéﬁélﬁw§aﬁétﬁﬁﬁ?ﬁawoednﬁﬁsgéﬁslQunads each

tijre a new bet | $add ne®eCiP6eP subskquent prelletermihtallimes, A System
actording to claim9 wherein _each of said Subsequent co arisdns is made in

response to a syﬁ@WP@ﬁﬂ§ﬁh&a%6r&eﬁ8§PFFoﬁf|H&Sé&?#oﬁlgfz s WlthAséﬁgten1

according to cl aistor@avidaggitalegebdSuntall salid Fubsequemnkcgedpabraons is
made in response tg alsxnchro§|si§g word position indication. 13. A
system-accordi ng & i §TRNYCE Mprising means to restart said initial
conpari son foll ofi.ng sai d Manetthodurcsorddnge o edaiar bsamsl., in the

10 absence of two second detected word signals during
o said four subsequent predetermined times, further
\_) comprising the step of resetting the count of
detected word signals to zero, and comparing said
" sequence of digital signals with said stored digital
15 word until said first detected word signal is
~ produced. | o
9. "A system for achieving synchronisation
with a data message having serial bits forming a
synchronisation word transmitted a plurallty of
20 times during the message, the system comprlsing
‘means for comparing received serial bits with a
stored synchronising word and producing'an initial
signal in response to an initial comparison in
which a series of bits correspond to the stored
25 synchronising word, and producing a good word
signal in response to each subsequent comparison
in which each series of bits correspond to the
stored synchronising word; and means for producing
an in-synchronisation signal only when at least
30 two good word signals are produced during any sequence
. of any of the next four subsequent comparisons
following production of the initial signal.
1 10. A system according to claim 9 wherein said
initial comprison is made each time a new bit is
35 received. '

oy



10 - 14. A bybtenlaCCOrdlng to claim10 and conpr|5|ng means to
Art said | Ii“l.u arison follow ng said next four subsequent

‘7 Ar i j“ﬂ J“I ystem according to claim1l and conprising means
to rest onparlson follomnng sai d 15 next four subsequent

conpari-sons. - A system accor to claim 12 and conprising nmeans
o restart sald initial conparison f_ oW ng sapd next four subsequent -
- conpari sons t hod for detectin a égltal syn- 20 ‘chroni

wor d corrpriyed of a %eﬁ%gﬁ% A Y& TR AVRFGEEN pRatRt er mi ned
characteri séf csaidl syipsequent adonpatiscs t:ys aiacs@aneobﬁ;ﬁﬁeéeer mned ti nes

in adigit S conpys e ste s of: 25 - a.

initially %%Eﬁﬂg&saﬁ?%i ‘%encrgejd Jrsn 11’ '{;?1%4]]9%%?33 Rach time a new si gnal

occurs.in skkd sequehcsystemn ecs@mdéﬁgdtg|¢halmni@ eherpindememg an initial

signal gn r fs "~ signals
g N reppanse S @oddudnt %oﬁﬁ%‘%%fsegi M dn ‘?Yo%sp%nse

in a message being the same as sal dlgltal subsequent |y -
conparing s&P B seERehRenLILiRg giand RIsjHelan oHGLea FOHosi-ti on ba5| s with

sai d storedg gltal mogylseémsewoﬁéin to olaimpgeéiﬁ&eéd%ﬂﬁgsiﬁ
subsequent to said * nal e|ng

produced, dfTPpHi %J‘?@taolﬂseﬁfrﬂj ’s‘?’gtrfaﬁl |°r?"ﬁpéa§' i §“| &equence of

digital si gnﬂlds rfdxtsutmaqmamsemmm e:lompmr-rifabris Jres: bei ng the .same as’ sai d -

stored 10 14. "A system accordlng to claim 10 and comprising
means to restart said initial comparlson following

said_next.four subsequent comparisons. : ' L_)
15. - A system according to:claim 11 and oomprising -
means to restart said initial comparism following said

15 next four subsequent comparlsono.' :

"16. A system according to claim 12 and comprising
_"means to restart said initial cormparison following

said next four subsequent comparisons.

'17. A method for detecting a digital syn-

20 chronising word comprised of a sequence of dlgltal
signals having a predetermined characteristic and
appearing at a plurality of spaced predetermined
times in a digital messege, said method comprising
the steps of': ' - '

25 _ a. initially comparing said sequence of
digital'signals each time a new signal
occurs in said sequenoe with a stored digltal
word and producing an initial signal in-
-response to the first sequence of digltal

30 : signals in a message being the same as said
stored digital word; - R
b. subsequently comparing said sequence-of
digital signals on a time position basis
with said stored digital word at said

35 predetefmined times subsequent to said



5 - - digftal wor d; c; counting said second: si gnats—subsequent to

any sequence of any of said next four subs
and starting said initial conparison follojn said four predeterm ned

said initial signal; d. prodUC|ng an i n-synchroni response
to production of at least two 10 of salﬁwmﬁ&uuuﬂlmdurl ng@

times.. 15 18.

A nethod for reliably establlshlng word fram ng or

synchﬁﬁﬁlsatlon in a digitgl o] t

synchroni sation word is reggégggﬁggigﬁéangf§ﬁé g ace ht%$ ?Pagﬂglﬁg
di gital message transni ssi 8nsesand géghad 20 Pganpnsglhg eaehssepygente
establishing tentative: morgffaggheglbgl&h5§g Q@tgﬁﬁégguéﬂtoﬁPéééEQFe of

sai d synchronisation word; attenBtln det ect
sai d synchronisation word Ringdp

tP&Pi Pyias the sane eécééb@meowdsau d

known time-sphiced interval aigased @¥8raai d established tentative word

fram ng; and determ ni ng whet her

| east

e expected presence of 25

t he_next four expected

synchroni sation words are §ucc§§§n%§6g ?BFSygagPﬁgtEagaﬁase§PHBF9§ﬁ Phg the

exi stence of a reliable cobbi satd wmidihlasiggatondition after said first
detected. occurrence if at |,eas! e C
synchroni sation words are éucc ggﬁﬁfﬁﬁ%ygé #ﬁ_ﬁggéh§g8!%5€§83 g?gﬂamethod

for gener ati ng a reliabl e Wwor gesponse to production of at least two

10

15

20

25

30

35

of said second signals during any sequence
of any of said next four subsequent
predetermined times; _
€. and starting said initial éomparison.
following said four predetermined times.
18. ~ A method for reliably establishing word _
framing or synchronisation in a digitél communication
system where a predetermined synchronisatioﬁ word
is repeated at known time-spaced intervals during
a digital message transmission, said method |
comprising the steps of:
establlshing tentative word framing by
first detecting an occurrence of said synchronisation
word; ' | _
. attempting to detect the éxpected presence of
said synchronisation word at a plurality of the next
succeeding of said known time-spaced intervals based
on said established tentative word framing; and
determining whether at least any two of the
next four expected synchronisation words are success-
fully detected and establishing the existence of a
reliable confirmed word framing condition after said
first detected occurrence if at least any two of the
next four expected synchronisation words are success-
fully detected. '
19. A méthod for generating a reliable word



synchroanaLpeH—srgnaT”Tﬁ'E—rece|ved string of dlgltal signal's expected to-
_ | ude a predeter nchronlsatlon word in each of predeterm ned sync-
@ M‘ &ﬂg od conprising the steps 5 of: searching for the
S
t

t d fnice of said synchronisation word in said received
String. of ngl S|gnals and establlsg.cg tentative word frame tinming
Pased. t her eon; ~generatin id word synchroni sation S|gnak |f

any two or. nor e

d s h d T
Sicesst ul PYRLE %f&se%@h%ff O T e P PPLRE o B TP g

to said sesighahg stpgntédlbmsidﬁnudéwalpﬂgdewmrmdns®1d f our next_expected

Frame o1 m o S E JURECRT ehol P8 BrEEe R Ied Hind &0 R Rg ot ep

i ncl udes twettaynefsbeteblseiﬂ rrgetmd mmmymm@nﬂsets‘mps S
5 of. _ .

“searching for the first detectable occurrence
of said synéhrdnisatidn-werd.in-said received string
of digital signals and establishing tentativefword
frame timing based thereon;

- 10 .- generating said word synchronisation signai-
' if any two or more of the four next expected |

’? .

o

synchronisation'words_are successfully detected using ‘ ;‘f'.

said tentative word frame timing; and
' returning to said searching step if less_._

15 than any two of said four next ekpeeted_synchronisation
words are successfully detected using said tentative
word frame timing. o | -

20. - A method as in c¢laim 19 wherein said'Searching
step includes the step of establishing bit '

20 synchronisation.

i s



