PROCESS FOR FAST BLI ND EQUALI ZATI ON OF AN ADAPTI VE EQUALI ZER The present
invention relates fast blind equalization of an adaptive equalizer such as
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' with tap coefficients which are continually varied to

minimize the transmission channel artifacts and to maintain

the received signal as close as possible to the transmitted

signal. In general, the larger the number of taps, the better
20 the equalization quality.

Once the adaptive equalizer is in operatioh,

- various decision directed processes are known for
maintaining the coefficients as close to their optimum values
as practicable. However, these decision directed processes

25 - require that the coefficients already be relatively close to
their optimum values in order to operate properly. If the
values of the coefficients are too far from their optimum
values, these decision directed processes fail to converge.

Thus, proper operation of an adaptive equalizer requires

30 two steps, an initial adjustment of the coefficients close to
their optimum values, then maintenance of the coefficients
as close to their optimum values as practicable.

"~ In some high ‘bandwidth systems, such as
telephone systems, a training signal is transmitted before

35 data transmission, and the adaptive équalizer can adjust the

' coefficients close to their optimum values based on the



-2- received training signal. The nature of a television system however,
is such that training signals may be inpractical. Thus, the adaptive
equal i zer nust generate the initial estimates of the coefficients based on
the received data 5 signal alone, a process known as blind
equalization. Only when the blind equalizathpan process has been conpleted
can the decision directed adaptive equalization process be invoked to

mai ntain the coefficients at or near their optinmmvalues. 10
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coefficients tal?es a relatwe grge amount of time. On the

other hand, blind equalization of a smaller number of

15 coefficients would. take a relatively smaller amount of time,

but an equalizer with a smaller number of taps will provide

lower quality, and quite possibly unacceptable, equalization.

In accordance with principles of the present
invention, a blind equalization process for an adaptive

20 equalizer including a plurality of taps, each having a
corresponding coefficient, comprises the following steps.
Blind equalization is performed on a subset of the
coefficients in the adaptive equalizer. Then, if the
coefficients have converged, a decision directed adaptive
25 equalization process is initiated.
In the drawing: :

Fig. 1 is a block diagram of a portion of an ADTV
feceiver including an equalizer operated according to the
present invention;

30 ' Fig. 2 is a flow diagram of the fast blind
equalization process according to the present invention;

Fig. 3 is a more detailed flow diagram of a
portion of the fast blind equalization process illustrated in
Fig. 2; and




portion of the fast blind equalization process illustrated in Fig. 2; and
-3- Fig. 4is a diagramillustrating a portion of the 1Q plane useful in
understanding the portion of the fast blind equalization process
illustrated in Fig. 3. Fig. 1 is a block diggran1of'a portion of an ADTV 5
recei ver including an equalizer operated atcdrding to the present

invention. In Fig. 1, only the bl ocks necessary for an understanding of the
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In Fig. 1, a source of a quadrature amplitude
modulated (QAM) ADTV signal modulated by multilevel
digital symbols in the form of a QAM constellation provides
a signal to an antenna 5. Such a QAM signal is one type of a

20 . Pulse Amplitude Modulated (PAM) signal. The antenna 5 is
coupled to the serial connection of a detector 10, an adaptive
equalizer 20, a demodulator 30, a slicer 40, a decoder 50
and video and audio signal processing and reproduction
 circuitry 60. The video and audio signal processing and
25 reproduction circuitry 60 provides the video image and
audio sounds to the user via a display screen and speakers
(not shown), or signals represent-ing these components to
other equipment, such as a video cassefte recorder (also not
shown). An error detector 70 has respective input terminals
30 coupled to the input and output terminals of the slicer 40,
and an output terminal producing an error representative
signal (e). The error signal output terminal of the error
detector 70 is coupled to an input terminal of a coefficient
"control network 80. A coefficient output terminal of the
35 coefficient control network 80 is coi;pled to a coefficient
input terminal of the adaptive equalizer 20.



and an output term nal producing an error representative signal (e). The
error signal output termnal of the error detector 70 is coupled to an

i nput termnal of a coefficient control network 80. A coefficient output
term nal of the 35 coefficient control network 80 is coupled to a
coefficient input termnal of the adaptive edualizer 20. - The det ector 10
includes an RF tuner, local oscillator and internediate frequency
anplifiers, as well as an anal og-todigital converter, timng
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arranged iny5 source and produce the passband I and Q signals.

The adaptive equalizer 20 in the illustrated
embodiment includes a 128 tap FIR digital filter which
operates in a known manner to minimize the effects of

- multipath and intersymbol interference on the detected
20 passband I and Q signals. It is also known to use a
combination of an FIR and IIR digital filter for the adaptive
equalizer. The tap coefficients for the 128 taps of the FIR
filter are continually supplied by the coefficient control
network 80, in a manner which will be described below.
25 . The dembdulator 30, which may also include a
' derotator with an associated phase controller and a
bandpass filter (BPF) (none of which are shown), arranged in
a known manner, demodulates the equalized passband I and
Q signals to produce baseband I and Q signals. These
30 demodulated baseband I and Q signals represent a location
somewhere within the QAM symbol constellation. The slicer
40 receives the demodulated baseband I and Q signals,
determines which sjmbol in the constellation is closest to
the location represented by those signals, and produces at
35 ~its output, in known manner, I and Q signals having values
corresponding to the location of that closest symbol. These I
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a known manner, denodul ates the equalized passband | and Q signals to
produce baseband | and Q signals. These 30 denodul at ed baseband |
and Q signals represent a |ocation somewhere within the QAM synbol
constel|lation. The slicer 40 receives the denodul ated baseband | and Q
signal s, determ nes which synbol .in the consfellation is closest to the

| ocati on represented by those signals, and produces at 3 5 _ its
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equal i zer 20 in an at4Qniapresents the error in the received symbol. The error
15 detector 70 operates, in a known manner, on the respective

I and Q signals at the input and output of slicer 40 to
determine this error and supplies a signal e representing
this error to a coefficient control network 80.

The coefficient control network 80, which may

20 include a microprocessor (uP) or digital signal processor
(DSP) and associated circuitry (not shown), responds to the
error signal e and calculates new values for the coefficients
of the taps of the adaptive equalizer 20 in an attempt to |
mini_mize the error signal e. These coefficients are then

25 supplied to the tap multipliers in the adaptive equalizer 20.
During normal operation, the coefficients are iteratively
adjusted in a decision directed manner through the use of a
known process, such as a least mean square (LMS)
algorithm.

30 As described above, however, before the
decision directed LMS algorithm can operate properly, a
blind equalization process must be performed to place
coefficients in the taps of the adaptive equalizer 20 which
are sufficiently close to the optimum coefficients for the

35 decision directed LMS algorithm to converge. Fig. 2 is a flow
diagram of a fast blind equalization process 200 according to



mnimze the error signal e. These coefficients are then 25 : supplied
to the‘tap nultipliers in the adaptive equalizer 20. During nor mal
operation, the coefficients are iteratively adjusted in a decision directed
manner st hrough the use of a known process, such as a | east nmean square
(LM5) algorithm 30 As desgtki bed above, however, before
the decision directed LMS al gorithm can operate properly, a blind
equal i zati on process nust be perfornmed to place coefficients in the taps of
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: 15 Then in step 204, an attempt is made to blind
equalize the middle 32 taps of the adaptive equalizer 20 (of
Fig. 1). In step 206, it.is determined if the coefficients of the
adaptive equalizer 20 have converged. If so, then the
output of step 206 labeled "Y" is taken and step 220 is
20 entered. In step 220, the decision directed adaptive
equalization process is initiated. If the coefficients of  the
adaptive equalizer 20 have not converged, then the output
of step 206 labeled "N" is taken and step 208 is entered.
The combination 300 of steps 204 and 206 will be described
25 in more detail below.
In step 208, an attempt is made to blind equalize
the 64 middle taps of the adaptive equalizer 20 (of Fig. 1),
and in step 210 it is determined if the coefficients have
converged. If the coefficients have converged, the output of
30 step 210 labeled "Y" is taken, and decision directed adaptive
equalization of step 220 is initiated. If not, then the output
labeled "N" is taken and an attempt to blind equalize the
coefficients of the middle 96 taps is made in step 212. Steps
212 and 214 attempt to blind equalize the 96 middle taps of
35 the adaptive equalizer 20, and steps 216 and 218 attempt to
blind equalize all of the 128 taps of the adaptive equalizer



20 entered. In step 220, t*he decision directed adaptive
equal i zation process is initiated. |If the coefficients of the adaptive
equal i zer 20 have not converged, then the output of step 206 |abeled "N' is
taken and step 208 is entered. The -combi nati on 300 of steps 204 and 206

wi |l be described 25 in nore detail bd-ow. In step 208, an attenpt
Is made to blind equalize the 64 m ddle taps of the adaptive equalizer 20
(of Fig. 1), and in step 210 it is determined if the coefficients have
converged. If the co@0i cStept 218 adiffers fvemgetdpst 206,021 uand21300nly in  step
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512 received synbols a R Ifner r ng now to
Fig. 4, valid synbol 5b%a¥qct9h‘éeq symiols aps processsdar e represented by solid
dots 402. Oy " Referring now to Fig. 4, valid symbol locations in

the IQ plane 400 are represented by solid dots 402. Only
nine valid symbol locations.402 are shown in Fig. 4, but one
skilled in the art of multilevel QAM digital transmission
systems will understand that there are more than the nine
20 valid symbol locations in the entire IQ plane. The valid
symbol locations 402 are disposed in a rectangular manner
in the IQ plane, with a spacing d between rows and columns
of the valid symbol locations 402. A circle having a radius r
is considered to be centered around each valid symbol
25 location 402. The radius r is set to about 1/3 d. As each
received symbol is processed in step 302, the location in the
' IQ plane 400 represented by the I and Q signals
corresponding to the received symbol is checked to
_ determine if it lies within a predetermined distance of a
30 valid symbol location 402. In the illustrated embodiment,
the location of the received symbol is checked to determine
if .it lies within the circle centered around a valid symbol
location 402. :
For example, in Fig. 4, locations corresponding to
35 received symbols are represented by crosses. A location
404, represents one such received location, and lies beyond



nine valid synbol |ocations.402 are showmn in Fig. 4, but one skilled in the
art of multilevel QMM digital transm.ssion systens wll understand that
there are nore than the nine 20 valid synbol locations in the entire
| Q pl ane. The valid synbol |ocations 402 are di sposed in a rectangul ar
manner in the 1Q plane, with a spacing d bet8een rows and col ums of the
valid synbol |ocations 402. Acircle having a radius r is considered to be
centered around each valid synbol 25 | ocation 402. The radius r is
set to about 1/3 d. Asdistamiger edeomeanyywilid symbol doeatien! 402. StApltﬂﬁﬁont he
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15 of the received symbols lie within a distance r of a valid
- symbol location, then the output labeled "Y" is taken from
step 304, and the decision directed adaptive equalization
process of step 220 (of Fig. 2) is initiated.
If the coefficients have not converged, then the coeffi-
20 cients of the adaptive equalizer 20 (of Fig. 1) are adjusted in
step 306. The adjustment is made in accordance with a
known block least mean square (block-LMS) algorithm. In
block 302, information from each received symbol is . |
. accumulated to permit adjustment of the coefficients based
25 on the entire block of 512 received symbols. In block 306,
' this accumulated information is processed and updated
values for the coefficients are calculated. These coefficients
are then supplied to the adaptive equalizer 20.
After this adjustment is made, a decision is made
30 whether to repeat the above process, or to continue on to
attempt to blind equalize a larger subset of the taps in the
adaptive equalizer 20. In the illustrated embodiment, a
fixed number of coefficient adjustments are made to each
subset of taps. For the attempt to blind equalize 32 taps
35 (steps 204 and 206), four adjustments are made to the
coefficients. IL.e. in step 308, if less than four coefficient



about 100. That is, if nore than about 100 of the locations 1 5 ~of
the received synbols lie wwthin a distance r of a valid synbol |ocation,
then the output |abeled "Y' is taken fromstep 304, and the decision

di rected adaptive equalization process of step 220 (of Fig. 2) is~
initiated. If the coefficients have not conygrged, then the coeffi- 20
cients of the adaptive equalizer 20 (of ‘Fig. 1) are adjusted in step 306.
The adjustnent is made in accordance with a known block |east nean square

(bl ock-LMS) al gor'th dds@n@h%%awzbeéf-t{‘fﬁﬁﬂ@tﬂoo'ihérﬁ”&f‘t‘ﬂ& rzﬁﬁ Vt?émﬁgb()'

is accunul ated to’ ust nent oefficients
the entire bl ock of QIQC‘?SéHlﬂ JE arepeatsd gnﬁ ﬁ‘%l%‘éku%@@ StFHl g\hﬂﬁd&t ed

I n}‘orlrrat I gn IT ﬁ pr ocesyed igngkémdadexdcutihgeste 0302 helfc fedr iadjistineney Qalve :
cal cul ate ese Co C t pPtye: equal | zer
20. After this adj us?’rcréirl\th%%hé@éf thgd&ni’gp ?t%p”ggéh%@ﬂ:% ¥ Har to

repeat the above pro@@ésStCBrZQ% (o6 rFign tﬁneﬂ@fedterrpt to blind equalize a
| arger subset of the taps in tmuad@daffwexﬁquayulsﬁﬁéncaoeaém éreemddeusﬁrat ed .

embodi nent , aflxedrghj %E of ceff|c¢ent g‘aeto each

subset of taps. For t T8 blipd fua 20?'31[55 P§ (as just (gt ong .
204 and 206), four adiessmheda,stlmr 64madnterotaphe atndethe QG ceater| taps.i n step
308, if less than fowhgﬂegﬂzgl 806 and @Iysga.ge%ﬁ?ﬁﬁgg Qﬁ &)obg%‘? 32

center taps t hen t he ces IS re
4 020‘53 24aptiysy eﬂﬂl‘j‘ulb&fn% tfh &Ee bhen

| abel ed "Y' 10s t aken equaliz
made, then t he out puta dxbn@repeﬂﬁ& sfahimheds " dflodated.akbn,thé illustratedand st ep

208 (of Fig. 2) is eg:tn?%ua frﬁur%foggeffﬁae‘i@t a@%ﬂﬁf;ﬁ@nﬁe gﬁeafn Jgde in

the attenpts to blin Just - described), the
64 center taps, and t3enmpt é‘én‘P]éP t egpiplizgy the ﬁpéa@l@ fathe 2deptive

perforned, attenptingqualigki B0.1 I the coeffitiehisz havk! nd2%oheeszedl aftee 52
adaptive eqT%I | zer 2Q tée%pl': ' Ohet) the blind equalization process 200 is
repeated from the beginming. An alternative view is that a
maximum period is allocated to achieve convergence using
the blind equalization process of Fig. 2 and Fig. 3. In the
illustrated embodiment, a maximum number of 64

20 coefficient adjustments is allocated to achieve convergence.
If convergence has not been achieved by that tlme, the
attempt is abandoned, and a new attempt is initiated.

A system using a blind equalization process
according to the ‘present invention will provide a speed

25 increase over the prior processes which always attempt to
blind equaliie all of the taps of the adaptive equalizer. For
example, if the coefficients of the adaptive equalizer have
converged after step 204 of Fig. 2, a 4:1 speed increase is
realized using the process 200 of the present invention.

30 The illustrated embodiment of. the present
invention has been described in terms of a QAM multilevel
digital transmission system. One skilled in the art will
understand that the essence of the invention may be applied
to other digital transmission systems including an adaptive

35 equalizer which includes a plurality of taps, each having an

' associated coefficient, in which blind equalization is required



a longer period of tinme is allocated. In the illustrated enbodi ment, 52
coefficient adjustnents are nade in.an attenpt to blind equalize the 128
taps of the adaptive equalizer 20. If the coefficients have not converged
after 52 1 5 attenpts, then the blind equalization process.200 .is
repeated fromthe beginning. An alternativegtew is that a nmaxi mum period
is allocated to achi eve convergence using the blind equalization process of
Fig. 2 and Fig. 3. In the illustrated enbodi nent, a maxi mum nunber of 64 20
coefficient adjust | So . éqﬂg . 0 o onver gence
has not been achi e\ﬁ%g?/ ?%‘g%idthlcrqr%?&tt{ﬁg a téﬁﬁﬁuﬁsqg%ﬁggﬁ&, E(r)llccj a_new
attenpt is initiatecexampleyst similarngysem icwi@d:tfamsg&ubm grtitexela¥Sd di ng
to the present invegiDPY Whétenpr ovi de a speed 25 i ncrease over the
prior processes which always attenpt to blind equalize all of the taps of

t he adaptive equalizer. For exanple, if the coefficients of the adaptive
equal i zer have converged after step 204 of Fig. 2, a 4:1 speed increase is
realized using the process 200 of the present invention. 30

The illustrated enbodi mrent of the present invention has been described in
terns of a QAMnultilevel digital transm ssion system One skilled in the
art wi.ll understand that the essence of the invention may be applied to

ot her digital transm ssion systens including an adaptive 35

equal i zer which includes a plurality of taps, each having an associ ated
coefficient, in which blind equalization is required bef ore deci sion
directed equalization is initiated. For exanple, a simlar systemcould be
used in a nultilevel VSB ADTV system = -11-



WHAT IS CLAIMED IS: 1. A blind equalization process for an adaptive
equalizer including a plurality of taps, each having a correspondi ng
coefficient, conprising the steps of: 5 perform

bl i nd equalization on a subset of the coefficients in th
equal i zer, said subset conprising |ess thanldld of said gJHHmM”ﬂi‘im””m
determining if the coefficients of the subset have converdedy s x

if the coefficients of the subset have converged, then initiating a

deci si on directed ad3¥WHAE E)GLAIMEDPnISr ocess. 2. The process of claim1,
further including the step of initializing a predetermned plurality of the
coefficients to predeterm ned fixed val ues before the step of 15

performing blind equali zatlonl 3.A Thiend" ﬁﬁa@&ncﬂrﬁbéﬂsszfhheh&aﬁtﬁ'@e
adaptive equalizer incl Ei b‘&{) )é atJ @/ rragxo about ‘a m ddl e
poi nt, and the predef@} ?Fé'd“b‘fﬂ gtay Ta Héf‘? Rpt &2 ﬁfﬁ'ﬁ"ﬁe?
coefficients correspcm:hesgomdlmgheoeffghentn doinprizing the stepstafis. 4. The

process of ckaim 3 wherein the r v es
P e onat ont (31 y: 0.5 for the P&% BLRe efq’“éﬁ?%*‘?’a?&?h‘é‘ futlseeof ! e

surroundi ng taps; 25 ients in the & aptlveoeqtzélm the next ‘two
surrounding taps; and 0.0625 fdeterhdningxtif tthe soefficiedtsnhavepsonvergéls
process of claim1, erein: the adaptive equalizer i ncI udes taps
symetrically arranged around a_ center fp0| nt; and :

the step of perforning blind eifudheeeefficients| hanes qolﬁé'e&eéb trens énigiatingg

t he subset ¢y the cogfficients correspondihg to taps symetrically arranged

around the center pOI(ﬂatcision directed adaptive equalization process.

2. The process of claim 1, further including the
step of initializing a predetermined plurality of the .
coefficients to predetermined fixed values before the step of
15 performing blind equalization.

3. The process of claim 2 wherein the adaptive
equalizer includes 128 taps symmetrically arranged about a
middle point, and the predetermined plurality of coefficients
comprises coefficients corresponding to the eight middle
20 ~ taps.

4. The process of claim 3 wherein the
predetermined fixed values are real values of substantially:
0.5 for the two middle taps;
0.25 for the mnext two surrounding taps;
25 0.125 for the next two surrounding taps; and
' 0.0625 for the next two surrounding taps.

5. The process of claim 1, wherein:
the adaptive equalizer includes taps
symmetrically arranged around a center point; and

—————————
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6. The process of claim5 wherein the step of 35 perform ng blind

equal i zation includes the step of further selecting the Ssubset of the
coefficients corresponding to taps adjacent the center poi nr

process of claim5 wherein the adaptive equgl | zer has 128 EWHH“H‘MIIU“I
subset of the coefficients 40 corré ﬁond to the 32 dle.taps.s
The process of claim1, further including the step of if the coefficients

have not ¢ erged, then repe t he erformn

equal i zat i %(yu& ng a | arger s%@eg oBF?fPE sbli ? c?uatixzatlon

9. The process of cl micludes therstep: ofa satectmgntlmmubketobf ttheecoeffimi¢msat ed
for blind conver genc?crrkgfoﬂcﬁﬂgattb n%l%t %Qrﬁlﬁéméaf}psarﬂﬁ&{rdnti}gpﬁép'tﬁé‘t I on

of the maxi mum anoun

equal i zation pr ocess°¢WaPP@%fter the expiration of the maxi num anount of
time. 10. The process of claim8, wherein: the adaptive equalizer includes
128 taps; the step of performng blind equalization 55 I ncl udes the
step of selecting 32 taps as t@e Fhbsprocess ofedlaimi Brwbereimdhe step exfeat i ng

step succesgsvel y USpa fRYiifg Sbﬁﬁd%quzﬁ?zeﬁf&i) 5A81WdRBSthe step of further
selecting the subset of the coefficients corresponding to taps
adjacent the center point.

* .

7. The process of claim 5 wherein the adaptive
equalizer has 128 taps and the subset of the coefficients
40 correspond to the 32 middle taps.

8. The process of claim 1, further including the
step of if the coefficients have not converged, then
repeating the step of performing blind equahzatmn usmg a
larger subset of coefficients.

45 9. The process of claim 8, wherein:
a maximum amount of time is allocated for blind
convergence; '

the repeating step terminates after the
expiration of the maximum amount of time; and
50 the blind equalization process restarts after the
expiration of the maximum amount of time.

10. The process of claim 8, wherein:
the adaptive equalizer includes 128 taps;
the step of performing blind equalization
55 includes the step of selecting 32 taps as the subset of
coefficients; and
the repeating step successively uses subsets of
64, 96 and 128 taps.



