2061069 | MPROVEMENTS | N OR RELATI NG TO TI M NG RECOVERY FOR MODEMS The
iMYention relates to inprovenents in or relating to timng recovery f'or
ggéchronOUS'data nodens using 5 °~ doubl e sideband nodul ation. In high
formance synchronous data nodens data synbol tim ng can be derived from
the received signal w thout the need for special timng pilot tones
provided that the data signal is suffiiiently random -This.- proviso 10 S
usual |y satisfied by means of a data scranbler as described i‘;heﬁirq%npl e
CCl TT Recommendations V27, V29 and V35. There are various nethods of tim ng
recovery from doubl e sideband data signals. One common nethod is to use the
zero-crossings of the envel &= pdoTN okl BRr.AreRa 1ePhiMERE DY
rectification either directgpcOiERY! 8R! MB8HEMALI ON 0 a conveni ent
i ntermedi ate frequency. Another nmethod is to use zero-crossings of the
denodul at ed baseband signals. These techniques are suitable only for
nom nal |y 20 congantimventioerebdutbat toninpsbesmehitkeinf o evaapiteg
f our - phase nodens conform ng to CClI TT Recommendati on V26, ei ght-phase
nodens conf or nmitg timiEE Tedeveryrefiont spnc¥PFnousddataangdgnadustings
anplitude nodul ati on systens. For data nodens using nultilevel anplitude
and phase>25 dowds Ridebandkaneddbatiednforning to CCl TT Reconmendati on
V29 alternative techniques can be used. One technique is to _take _a narrow
band of signal conp aF§§%rEﬁF£P¥B#$C?h§7§9HBBP°F$eﬁﬁEﬁc??dGGﬁn§ﬁF? known

as the NyqU'Stsym.bol timing can be derived from the received signal

without the need for special timing pilot tones provided
that.the data signal is sufficiently random. This proviso

10 - is usually satisfied by means of a data scrambler as
described in, for example CCITT Recommendations V27, V29
and V35; There are various methods of timing recovery
from double sideband data signals. .One common method
is to use the zero-crossiﬁgs of the envelope of the

i5 line signal obtained by rectification either directly or
after translation to a convenient inte:mediate frequency.
Another method is to use zero-crossings of the demcdulated
baseband signals. | | - '

These technigues are suitable only for nominally

20 consfant amplitude modulation systems like, for example,
four-phase modems conforming-to.CCITT Recommendation
V26, eight-phase modems conforming to CCITT Recommendation
V27, and binary guadrature amplitude modulation systems. .
For data modems using mnltilevel amplitude arnd phase_

25 moduletion like modems conforming-to CCITT Recommendation
V29 alternative techniques can be used. One technique
is to take a narrow band of signal components.around

half the symbol frequency, commonly kncwn as the "Nyquist"
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f Pequency, from the denodul ated baseband signals and to square themto
produce doubl e*frequency conponents around the synbol frequency. Were the
received | ine signal has not suffered, 5 significant attenuation
distortion the baseband signal conprises substantially equal contributions
from both upper and | ower sidebands oL phe line signal. In the event of a
phase or frequency error in the denodul ating carrier the correspondi ng
-sQi;fts in frequency or phase 10 of the basebands signals derived from
‘the upper and | ower sidebands are substantially nmutually cancelling and a
correct tim ng sfgealehsydefiromdthelodemednlatedihbakiebendi ghghahas andf fter ed
significant attenuation distortion of, for exanple, the upper sideband, the
baseband si gnal $guaredsheme§of pgaiune ﬂ@ublesﬁa@naﬁacy'gﬁapomﬁnms around
predonminate. If there i i hase or frequency error in the denodul ating
carrier the corr&8goRdE ﬁa pE£§8u8P°?requency error in the baseband will-not -
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pr@cess. Wen thiyppeoPbadielUower sidebands of the line signal. In the
event of a phase or frequency error in the demodulating
carrier the corresponding shifts in frequency.or phase
.lO of the basebands signals derived from the upper and lower
sidebands are substantially mutually cancelling and a
correct timing signal is derived. However,.if the line
signal has suffered significant attenuation distortion
of, for example, the upper;sideband, the baseband signal_
15 derived from the lower sideband.signal will predominate.
' If there is a phase or frequency error in the demodulating
carrier the cdrréspdnding phase or frequency error in
the baseband will not be self-cancelliﬁg and the derived
timing will be in error. | -
20. . | Returning to the techniqué of timing recovéry from
- the line signal by envelope detection, it is suggested
® by Gitlin R.D. and Hayes J. F. BSIJ March 1975 (Vol.S4,
No.3) Pages 569-593, that double bandpass filtering be
employed prior to envelope detection to improve the power
25 ratio of the recovered timing sigﬁai.to the interfering
by-products of the squafing process. Wheﬁ this improved -
method is used, besides. the difference frequency

 components which provide the desired timing signal, there
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thod is used, besides the difference frequency conponents which provi.det s
e desired tinmng signal, there are the sumfrequency products and the
oducts of squaring the individual bandpassed signal conponents whi-ch may

i'e in the sane frequency region as the difference-frequency and inpair the

recovered timng signal. 5 "EhCDrdingly an aimof the present
i nvention is to provide a data nodem having i nproved timng recovery which
does not suffer fromthe above nmentioned inpai-rnent of recovered tin ng ~
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and apply signheCaaRanee ubﬁc§e§%%ﬁbhy%§ ARl AP ereic A firdfuenksy

quadrant nultiplier, the output of I ch conprises-sum frequehcy

conponents afd Smphererde- reedvened somiopeRignafl.t he respective data
signal components only, the former being renoved by a third filter

arranfierent and Abeomrdimgliyngnsiadmalofbdheg preaeénto idvientidrodls riecovery
circuits which provide 20 a clock signal to clock denodul ati on and

det ection cprowifle sodaiacmodea baving Limproyeds tipne cesoveary whiph |ine?
and which provides a data output signal free fromtiming errors. The.

i nvent i on wAPESHBOHpsuLfezdfrem ther sbsye meahioned Jmpsdinmend i ary .

enbodi ment whi ch shauld be read
recovered timing signals.

. According to the present invention there is provided
10 - a data modem including means for recovering the timing
signals from the data on an input line, said means includes
firét and second filter arrangementswhich pass a respéctive
signal component of the data at a respective input_port and
apply signal components to respective input ports of a four-
15 quadrant multiplier, the output_of which comprises sum-
frequency components and difference-frequency gomponents
of the respective data éignal-components only, the former
being removed by a third filter arrangement and the remaining
signal being used to drive clock recovery circuits which provide
20 a clock signal to clock demodulation and detection circuits
to which the original data is éppliedlon-said input line and
which provides a data outpﬁt signal free from timing errors. @
The invention will be more readily understood from the
following exemplary embodiment which should be read in
25 conjunction with the following drawings wherein:
Figure 1a shows a known arrangement of'timing rec+3-
overy by squéring'ahd_adding the sideband ﬁNyquist“

frequency cdmponents_in-both channels of a quadrature
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'28 * ‘conjunction with the followi ng drawi ngs wherein: Figure |a shows a \
known arrangenment of timing rec- overy by squaring and addi ng the si deband iy
"Nyqui st" frequency conmponents in both channels of a quadrature 4

anpl i tude nodul ati on system for data transm ssion. Figure I b shows the
frequency -l ocation of the various sigra# e€onponents of the arrangenent

shown in Fig. la. Figure I c shows the frequency |ocation of the various 5

ngnaI conmponents of figure Ib, together with carrier frequency error and

upper sideband attenuation. Figures 1d and | e show the effect of upper and

| ower si deband c@ﬁPllBﬂ@?oﬁ@dﬁgﬂﬁboﬁn%ﬁﬁﬁfmiﬁoﬁnﬁﬁtﬁuﬁﬁanﬁm§§$éoga shows a

kn t of L m 0 b | tecti( f th

Tne signal - Fioure ZBLEHERSL m&%‘fﬁ?éﬁg@é@%&%_fSSa?ﬁaﬁfgtS PyvEFious

on Shone aClcnowr S LeRkhBimhbAgreboe, 1A8 Ser EEETEy ShOAISLR! 0B D02,
gf the line signal afffgnﬂguﬂesﬁaﬂgpeﬁ? %L%&éﬁ@g-1§§gﬁisn29fsleﬂ&svgﬁfou§

requency | ocation of e various signal conponents O l gure 2c, Figure 3a

shows an argangegpphadf cbhfbRntSCO¥ CEVgale 1b2CEOEELROr! RithecRESEER!
i ngention; and, Figure 3b Shows the frequency focafion of the various
' ' frequency error and upper sideband attenuation.
__é : .Figures 1d and le show the effect of upper and lowér
sideband contributions being unequal in amplitude.
Figure 2a shows a known arrangement of timing
10 recovery by envelope detection of the lihe signal.
Figure 2b shows.a known arrangement of timing. .
recovery by envelope detection of the line éignal-after
frequenéy translation. | ﬂ
Figure 2¢ shows a known arrangement of timing )
15  recovery by envelope detection of the line signal after
double bandpass filtering.
Figure 24 shows the frequency location of the
various signal compohents of Figure 2c,
Figure 3a shows an arrangeﬁent of timing recovery
20 according to the present invention; and,
_ Figure 3b shows the frequency location of thé various
o signal components of Figure %a. |
| Referring to Figures la-le thé timing informatioﬁ_
around the liné frequencies of (fc i_%;)-are demoduiated
25 Dby the carrier frequency fc to produce baseband timing'
information at a frequency of f£fs where fs is the data
symbol frequency. The line frequencies of line signal LS
are demodulated by multiplier/modulator circuits D1 and |
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_§$ nal conponents of Figure 3a. Referring to Figures la-le the tinming . ¥ @
Jfformation around the line frequencies of (fc + fs) are denodulated 25
the carrier frequency fc to produce baseband timng information at a
frequency of fs where fs is the data synbol frequency. The line frequencies
of line signal IS are denodul ated lgy Jrultiplier/nmodulator circuits D and
-5- D2, filtered by baseband | owpass filters F1 and passed to data
recovery circuits by | eads DRC. The baseband signals are also filtered by :}
bandpass filters F2 at the "Nyquist" frequency fs as shéwn in Figure |b. '
- The bandpas®2i,i fidtedel by dagedlandaldew-passsidredsFicianduigasdal dred D4
and sumred by cirrcuit ‘A to produce a timng signal conponent at-a frequency
fs whi ch i sdaker zecavesyogircuids bY, leadshdRe.i n Theyhasabgnda i gnalse dne
cl ock recovery.circuitsgg% | ead CRC. Fqr. .those baseband signals at fs to be

e B a0 v T Cauchios. aTFihalss A Wbpch hdand - and

their bei ng%ﬁ'ﬁg&ﬁa‘f:yi Si P?u_?@??fpe&nb l%“&l?r é‘?ﬁ'd%e%ﬁ?ﬂ@asé ?@ﬂ%ﬁfeé |
comongnt oL 218236 0] 0larch B CaRGAIPIA Uds O | QUETsbiebad
Sl doband ¢\ F8GpaRTRORS brplBoel BB e Y gt WRBLASAS AL, (Sidiney

| ower si debggdye9BROABNEx®rakitEble by FiMher F3, as shown in Figure lc, ¢

and passed to clock recovery circuits by lead CRC. TFor
those baseband signals at £s to be independent of carrier

10 frequency and phase thé upézr sideband and lower sideband
contributions must befequal_in amplitude. The afféct_of
their being unequal is illustrated by figure 1d. The
upper sideband component of the baseband signal is half
the amplitude of lower sideband component and the carrier

15 frequency isZLfc in error, making the lower sideband
timing component (;g'—ZLfc) and the uppér sideband timing
component (fs +Afc:2); After squaring, and as shown in
Figure le, éie lower sideband component of timing informa-
tion is at (fs - 2Afc) which overwhelms the upper

20 ‘sideband componeﬁt at (fs + 2Afc), thereby giving
erroenous iﬁfofmation td'the clock recovery circuits; 

Referring to Figures 2a and 2b known arrangements are ¢

shown relevant to nominally constant amplitude modulation

[ ]

'systems. TFigure 2a shows the line signal LS feeding

25 demodulation and detection circuits DDC and envblbpe
detector ED: The output from detector ED is filtered by
filter F3 to extract a timing signal component at a

frequency fs which is applied to cloék'recovery circuits



tkon'is.at (fs - 2 fc) which overwhel ns the upper 20 si deband conponent Gi
at (fs + 2[ERR}fc), thereby giving erroenous information to the cl ock AN
recovery circuits. Referring to Figures 2a and 2b known arrangenents are

shown rel evant to nom nal |l y constant agpLitude nodul ati on systens. Figure

2a shows the line signal LS feeding 25 denodul ati on and detection '
circuits DDC and envel ope detector ED. The output fromdetector ED is

f{l,tered by filter F3 to extract a timng signal conponent at a frequency

fs which is appbhédwhﬂgﬁ'BEB#&SEQ&Q&IOEkVEEEhﬁl forbecibBivhi BhcPuBYLHE a
clock signal for circuits DDC which produce a data output DO. Figure 2b

shows a sinil arpapdasgegeabthoohitpiteDda eFEghret DBt shbRs! aneimilaal LS is
first nodulated by a | ocal oscillator signal LO and 5 then filtered by
an |F filter | Farbebgemehti g Bpghred2aoekbeptiebhdtl dheohianadsighelt &S
circuits DDC and envel ope detector ED. The arrangenents of Figures 2a and
2b lead to the kaofihrabranduiatedobyragleeaRcobgitiaton ghgneidysl. and

exanpl e of _the frequenc¥ | ocation o0f signal 10 conponent s associated’
with Figur@ 2c FBeBh&ihteReR| BHir an2&F h§ldberedFFi hedorenReingeappdigd LS is

applied to filters,F4 and F5. and the qu t signals su nﬂ y ci.rcui't A and
ohElied o enverbpBhAcaBRoORLEBLGH| ERpRBHECECT e PR RARLED IBHAARY ar ound
zero frequency f{: h ' t hg,.15 of ~fik F4_and:F5.
zero 1 eiuency FERRLPE SgHaKkad 8. ' MndoarraRlbikhEsChe hbEESs 4a700a
' 2b lead to the known arrangement of Figure 2¢ by Gitlin
and Hayes. An example of the frequency location of signal
10 components'associated with Figure 2¢ is shown in Figure 24
by dotted lines. The line signal LS is applied to filters
P4 and F5 and the output signals summed by circult A snd
applied to envelope detector ED which prpduces signal
components around zero frequency from thé squaring of the
15  outputs of filters F4 and F5. There will be signal components
| at (fc - %?) and (fc + %§) by direct leakage and components at
the sum frequency of 2fc. The desired output is at the diffe-
rence frequency of fs, but the output can suffer significant
interference from the sQuaring of the output of filter F4.
20 Referring to Figure %a an arrangement according to
the invention is éhown. The line signal is aﬁplied to

demodulation and detection circuits DDS and to filters P4

-

. and F5. The outputs of filters F4 and FS are multiplied
together in a linear foﬁr-quadrant_multipliei P. The multiplier
25 output spectrum is shown in dotted lines in Figure.Eb where
it is seen that desired differencelfrequency signallié
free from interference. The unwanted components of the

sum-frequency products are removed by filter F3 and
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c - fs) and (fc + fs) by direct |eakage and conponents at the sum. - &
equency of 2fc. The desired output is at the diffe- rence frequency of

' but the output can suffer significant interference fromthe squaring of
the output of filter F4. 20 Referring to Figure 3a an arrangenent
according to the invention is showm. The-lihe signal is applied to
denodul ati on and detection circuits DDS and to filters P4 and F5. The
outputs of filters F4 and F5 are multiplied together in a |inear
four-quadrant nultiplier P. The nultiplier 25 out put spectrumis shown
in dotted |inedhen sHignale BH aprkied tto scheeh receveryi céucuitsefBice
frequency signal is free frominterference. The unwanted conmponents of the
sum f r equency ﬁﬁﬂéﬁbﬁ?@ﬂq¥qeﬁnﬁkﬂFkﬁpg|$%%ﬁa¥3f%ﬁdthe #emﬂedeigﬁapn|§nd
applied to clock recovery circuits odyc ockin nal for
the. demondul |%F%%t‘é‘ﬁqq}nt%l_9%ﬂrél%§’gﬂ E4E ot aaeh ratsRE B pur
Do - o -M S . * 1. A data nodem i ncludi ng neans for
recovering the tlnlng signals fromthe data on an input |ine, said neans
includes first and second filter arrangenents which pass a respective
signal conponent of the data at a respective input port and apply signal
conponents to respective input ports of a

.~
N

e o«
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fiour=2quadrant multiplier, the output of which conprises sumfrequency 7@
conponents and di fference-frequency conponents of the respective data '

signal conponents only, the former being renoved by athird Tilter

arrangenment and the remai ning signal begidg used to dry y.
circuits which provide a clock signal to@cl ock dermdu”mm“ﬂmu”muml on
. circuits to which the original data is applied on said*inputt | "efanti which
: provi des ‘a data output signal free fromtimng errors. 2. A data nodem
actording to claim| wglLgMsSthe first filter arrangenment passes a signal
conmponent fc-fs and the second filter arrangenent passes a signal conponent
fc + fs where ft.is A hatarmoden fimelniiyg anebiis for thecodweingntind timing
frequency. 3. A data nobdem according to claim2 wherein the third filter
arrangenent rensigralsefzom theqlatryonigmalopebpbiee; 98td arelaps cincbedes
out put signal at the difference frequency fs. 4. A data nodem according, to
claimi1, 2 or FiReycand (3reond (EiltaT AReanernente Walkelhpass s (Bespestiive

S ol AR S B el B RS LIE ESOTIRG e,
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aéndm% nts may RGBS Pt Hifp P& Stite utiies Fot i &L [eGhprises

sum-frequency components and difference-frequency-cdmponents
of the respective data signal components only, the former
being removed by a third filter arrangement and the remaining
gsignal being used to drive clock recovery circuits which
provide a clock signal to clock demodulation and deteétion
circuits to which the original data is applied on said input
line and which provides a data output signal free from timing
errors. |

2. A data modem according fo claim 1 wherein the first
filter arrangement passes a signal component fcf%§ and the
second filter arrangement passes a signal component fc + fs
‘where fc is the carrier fréquency and fs is the data symbol
frequency.

3. A data mbdem'according to claim 2 wherein the third

| filter arrangement removes the sum frequency signal component

» &

2fc and providés an outpﬁt sigﬁal at the difference frequency £s.

[~

4, A data modem according to claim 1, 2 or 3 wherein the
filter arrangements are bandpass filters. |
5. A data modem substantially as deséribed with refé:ence

to the accompanying drawings.
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