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Viterbi decoders are well understood in the art. Such decoders function
to reliably recover a data stream of symbols, which symbols can represent one
or more bits of information. Viterbi decoders typically function to
mathematically manipulate state and branch metrics in order to recover the
15  most likely original symbols. Also typically, each iteration in the Viterbi
calculation process will involve a number of addition steps, comparison steps,
and selections steps, which addition, comparison, and selections steps are
accomplished in a sequential process.
Fast Viterbi decoders typically comprise dedicated hardware platforms,
20 as versus agile software programmable platforms, as the iterative Viterbi
calculations can typically be effected more rapidly, at a reasonable cost, ina
dedicated hardware platform. Because of the sequential nature of the addition,
comparison, and selection steps, hardware solutions, while fast, are not
always fast enough to suit all present needs with respect to speed of
25 calculations.

Brief Summary of the Invention

The present invention therefore seeks to provide a faster Viterbi
30 decoder.
Accordingly, in one aspect the invention provides a method of maximum
likelihood sequence detection comprising the steps of, during a single symbol
period: combining a branch metric with each of a predetermined number of
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Brief Description of the Drawings

Embodiments of the invention will now be more fully described, by way
of example, with reference to the drawings, of which:
20 FIG. 1 shows a schematic diagram of a part of a Viterbi decoder in
accordance with the prior art;
FIG. 2 shows a Viterbi trellis diagram for the Viterbi decoder a part of
which is shown in FIG. 1;
FIG. 3 shows a schematic diagram of a part of a Viterbi decoder in
25 accordance with one embodiment of the present invention;
FIG. 4 shows a Viterbi trellis diagram for the Viterbi decoder a part of
which is shown in FIG. 3; and
FIG. 5 shows a schematic diagram of a part of a Viterbi decoder in
accordance with another embodiment of the present invention.

30
Detailed Description of the Drawings
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A branch metric is an incremental cost function associated with a path

10  from one state to a possible next state. During each iteration, a set of state
metrics is updated. To each state metric, two different branch metrics are
added, yielding two path metrics. Pairs of path metrics are compared and one
path metric is selected from each pair as a new state metric. These operations
are often represented in a Viterbi Trellis diagram.

15 FIG. 1 shows a Viterbi trellis diagram for a binary data detector for a
communication channel with memory m=2, and with four detector states
indicated by 00, 01, 10 and 11, in binary. Branches from each detector state to
each possible next state are annotated with symbols bk(j) for branch metrics
and Pk(i) for path metrics, where i is the iteration number and k is the branch

20 number. State metrics are annotated with symbols Sm(i), where m is the state
number, and during each iteration the state metrics are updated.

In a hardware impliementation of a high speed Viterbi Detector, the step
of adding the state metric and the branch metric, and the steps of comparing
and selecting the path metrics is performed by special purpose combinational

25 logic circuits which are referred to as Add-Compare-Select (ACS) logic
circuits.

In FIG. 2 a prior art ACS logic circuit 20 has: two inputs coupled to a
branch metrics unit 23; two inputs and an output coupled to a state metrics
memory unit 21; and an output coupled to a path memory unit 33. The branch

30 metrics unit 23 has an input 22 that receives samples for decoding and
provides two branch metrics to the ACS logic circuit 20. For hard disk drive
data storage applications, typically each sample is a 6 bit data word, and rates
of up to 400 million samples per second are used.
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used. inputs of a multiplexor 31. The select signal from the comparator 29 is coupled
to a select input of the multiplexor 31 that selects either the first adder output
signal or the second adder output signal, and the selected signal is provided
from the output of the multiplexor 31. The select signal of the comparator 29 is
20 also coupled to the path memory unit 33 for symbol detection.

The first and second adders 25 and 27, the comparator 29 and the
multiplexor 31 operate sequentially. Thus, the operation of the first and second
adders 25 and 27 must be completed before the comparator 29 receives the
first and second adder output signals and can begin operation. Similarly, the

25  multiplexor 31 has to wait for the comparator 29 to complete its operation
before switching. Such sequential operation causes a delay between the time
the branch and state metrics are provided to the first and second adders 25
and 27, up to the time output is available from the multiplexor 31. The time
delay is the cumulative time of the sequential operations, and time delay of the

30 ACS cell 20 determines the maximum frequency at which Viterbi iterations can
be performed. For high frequency hard disk data storage applications, the time
delay is a limiting factor in the performance of a hard disk drive that uses a
Viterbi decoder with such an ACS cell.
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The branch metrics unit 51 has an input 50 that receives input samples and
provides a branch metric to the logic circuit 53. Path metrics are stored in the
path metrics memory 52 which provides a first and second path metric to the
logic circuit 53. Output from the logic circuit 53 is stored in the path memory

20  unit 33. The path memory unit 33 also has an output 35 that provides a
detected symbol sequence.

The logic circuit 53 includes a first adder 54, a second adder 55, a
comparator 56 and a multiplexor 58. The first adder 54 is coupled to receive
the first path metric and the branch metric and provides a first adder output

25 signal, and the second adder 55 is coupled to receive the second path metric
and the branch metric and provide a second adder output signal.

The comparator 56 is coupled to receive the first and second path
metrics and provide a select signal indicating which of the two path metrics
represents the lowest cost, as defined by the cost function earier. The

30 multiplexor 58 is coupled to receive the first and second adder output signals
and has a select input that is coupled to receive the select signal from the
comparator 56. The multiplexor 58 also has an output that provides either the
first adder output signal or the second adder output signal in accordance with

from
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55, the first and second path metrics are compared by the comparator 56
which produces the select signal that indicates which of the first and second
branch represents the lowest cost, as defined by the cost function earlier. The
15 select signal of the comparator 56 causes the multiplexor 58 to select either
the first or second adder output signal, and the selected adder output signal is
provided to the path metrics memory 52 as an updated path metric. In addition,
the select signal is also provided to the path memory unit 33.
In the present invention as described, a comparison is made between
20 two path metrics with the same branch metric being added to each of the two
path metrics. Consequently, the comparison step can be made independentty
of the addition step. This advantageously enables the comparison step and
the addition step to be executed concurrently, leading to faster operation.
The addition step can be separated into two parts, with a first part where
25 an addition step of less significant bits of the branch metric is executed in
paralle! with the comparison step, and a second part where an addition step of
the more significant bits of the branch metric is executed after the selection
step.
FIG. 5 shows a part of a Viterbi detector where two part addition of the
30 branch metric is used. A pair of logic circuits 60 and 63 are coupled to the
branch mettics unit 50, the path metrics memory 52 and the path memory 33,
as before. As the two logic circuits 60 and 63 are identical, only one of the



provides a branch netric to the logic circuit 53. Path netrics are stored
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signal, and the more significant bits of the branch metric.

Judicious selection of the separation of the less and more significant

15  bits of the branch metric allows the steps of addition/comparison and selection
by the first and second adders 54 and 55, the comparator 56 and the
multiplexor 58, and the subsequent step of adding the more significant bits by
the third adder 61, to be performed in a shorter time than if the uhseparated
branch metric were used in the steps addition/comparison and selection only.

20 The speed of the comparator 56 is the limiting factor. Consequently, a
selected separation of the less and more significant bits is optimised when the
time taken by the first and second adders 54 and 55 to complete adding a
selected number of less significant bits is equal to the time taken by the
comparator 56 to complete comparison between the first and second path

25 metrics.

The present invention advantageously performs steps of adding and
comparing metrics concurrently. This is accomplished with a logic circuit
having: a first and second adder for adding a branch metric to a first and
second path metric; a comparator concurrently comparing the first and second

30 path metrics; and a multiplexor that selects the output of the first or second
adder in accordance with the output of the comparator.

The present invention therefore provides a faster Viterbi decoder.
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- combining a branch metric with each of at least two preselected path
metrics to produce at least two corresponding resultant path metrics;
- comparing the at least two preselected path metrics to identify one of
the at least two corresponding resultant path metrics; and

20 - selecting the one of the at least two corresponding resultant path
metrics.

3. A method in accordance with claim 2 wherein the step of combining the
branch metric with each of the at least two preselected path metrics to produce
25 the at least two corresponding resultant path metrics is performed sequentially
independently of the step of comparing the at least two preselected path
metrics to identify one of the at least two corresponding resuitant path metrics .

4, A method in accordance with claim 2 wherein the step of combining the
30 branch metric with each of the at least two preselected path metrics to produce

the at least two corresponding resultant path metrics and the step of

comparing the at least two preselected path metrics to identify one of the at
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7' logic circuits 60 will be described, and the description applies

equally to the other logic circuit 63 with the necessary changes.

The logic circuit 60 is simlar to the logic circuit 53 described earlier,
and in addition, includes a bit separator 62 and a third adder 61. The
bit separator 5 62 receives a branch tric fromthe branch netric unit
50 and has a first out put that provides less significant bits of the
branch netric t ' }ﬁﬂﬂ W FREE B¢ ond
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conpar at or i GOMPIetedani ting factor. Consequently, a sel ect ed
separation of the less and nore significant bits is optim sed when the _
time taken by the first and second adders 54 and 55 to corg)l e%e addi ng_a
sel ect ed nunber 6of | Adnethogrin rceendansge mith; dlaiey gavharginithe stepaf eom W“’lﬁt%e

compar at or 56 t g4 oyihhet GHBAM SPeR WER b Meddibtbd ath offrbbud®

metrics. present "1 nvention antageously perfornms steps
of adding and the at leastiw cayresponding resuitant path metriceeamprisesdbeater shed
wth a logi f5 ¢! gﬁafntg the branch metric to each of the at least two preselected path metrics.

7. A maximum likelihood sequence detector comprising:

a first adder having an input coupled to receive a branch metric, another
20 input coupled to receive a first path metric, and an output;

a second adder having an input coupled to receive the branch metric,
another input coupled to receive a second path metric, which second path
metric is different from the first path metric, and an output;

a comparator having a first input coupled to receive the first path metric,

25 asecond input coupled to receive the second path metric, and an output; and

a multiplexor having data inputs coupled to the outputs of the first and
second adder, a control input coupled to the output of the comparator, and an
output.

30 8. A maximum likelihood sequence detector in accordance with claim 7
wherein:

R



having: a first and second adder for adding a branch netric to a first and
second path netric; a conparator concurrently conparing the first and
second 30 path nmetrics; and a multiplexor that selects the output of the
first or second adder in accordance with the output of the

conpar at or. The present in@ention therefore provides a faster
Vi terbi decoder.

8
Cl ai s 1. f hod ' ' ' . '
comprising the  Baet doet ol L rafde Wikeri L FOtRARG LS bl
conbi ning a br amelric@id the first pathanétrief and forquieviding anfiat addéroutpht signal;
presel ected path netrics to produce a,corresponal nunber .of resul tﬁ]nt
pat h netrics; thg second a@@'ﬁbﬁ?ﬁ“ﬁgs?%é secen Pgﬂﬁ{ meang foncelying the
presel ected pat Hdﬁ%ﬁrmélﬁgt#gld]tﬂe SoB8Rd bhth AR fankiter ﬁwma@ﬁaad Riddaer  Of

resul tant path netrics; selecting the one of the
correspondi iy nowtpyt sighal,esul t ant path netrics. 2. A net hod for

VLt e, et €Ct o CORy il o o el fodid Whiled o rEPng
presel ect ed patéecond adders for receiving the first path metric and the second path metric,
and for providing a select signal; and
the multiplexor comprises a multiplexor means coupled to the first and
10 second adder and the comparator for receiving the first and second adder
output signals and having an output for providing the first or second adder
output signal in accordance with the select signal.

9. A maximum likelihood sequence detector in accordance with claim 8
15  further comprising a path memory means coupled to the comparator means for
receiving the select signal and providing a detected data sequence.

10. A maximum likelihood sequence detector in accordance with claim 8
further comprising a path metrics memory means coupled to the multiplexor

20 means, the first adder means, and the second adder means, for receiving the
first or second adder output signal and providing the first and second path
metrics.

11. A maximum likelihood sequence detector in accordance with claim 8

25 further comprising a branch metrics unit coupled to the first and second adder
means for receiving a sequence of data samples and providing the branch
metric.

12. A maximum likelihood sequence detector comprising:
30
a-first adder means for receiving a branch metric and a first path metric,
and for providing a first adder output signal;

N



metrics to produce at | east two corresponding resultant path netrics;

- conparing the at |east two preselected path netrics to identify one of
the at | east two corresponding resultant path netrics; and 20 -

selecting the one of the at |east two corresponding resultant path

metrics. 3. A method in accodlance with claim2 wherein the step
of conbi ning the branch netric with each of the at | east two

presel ected path nety éééoﬁooadqé}%s@%r @Mviﬁ?ltﬂ)\/@%&nc’n%eﬁlbrérﬁﬁﬂ%ébﬁa

resultant path netrics 1s perfornmed sequentia I ndependent|y of the
step of conpar ipath muatrig:which secons ppthemetrieds diffasentrfrom the firat pathemetric, and

i dentify one of . a rr | resultant path netrics .
4. A et hod ifﬂF g%‘aé%céé%%a(i& ioﬁ@'ﬁmi n the step of conbining the
30 dbr anch net { Ih c WItat Jlsompai‘atoﬁ miehas gbupledtd the\ﬁrsbland@eeon@addat meamsiforcs to
produce e aj asy two, corr.espaondi ng resul tant, path trics,.and the
step of 5 d’Sﬁ%‘Hﬂ&fgetfﬁﬂ Rath aeite aﬁﬂgﬂﬁ lsgg%rl"\i[??é'd“ﬁﬁ%h aﬂﬂ?&i Roviding a
i dentify one Ofsetl&ﬁﬁnal' and 9
| east two correspondihg ’(esul tant path nmetrics, are performed substantially
concurrently. a multiplexor means coupled to the first and second adder means and

the comparator means for receiving the first and second adder output signals

and having an output for providing the first or second adder output signal in

10  accordance with the select signal.
13. A maximum likelihood sequence detector comprising:

a bit separator means for receiving a branch metric and providing a first
15 data word and a second data word;

a first adder means coupled to the bit separator means for receiving the
first data word and a first path metric, and for providing a first adder output
signal; _ )

a second adder means coupled to the bit separator means for receiving

20 the first data word and a second path metric, which second path metric is
different from the first path metric, and for providing a second adder output
signal;

a comparator means coupled to the first and second adder means for
receiving the first path metric and the second path metric, and for providing a

25 select signal;

a multiplexor means coupled to the first adder means, the second adder
means and the comparator means, for receiving the first and second adder
output signals and having an output for providing a selected adder output
signal in accordance with the select signal; and

30 a third adder means coupled to the bit separator means and the
multiplexor means for receiving the second data word and the selected adder
output signal and for providing a third adder output signal.
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5. A nmethod in accordance with claim2 wherein the step of selecting the
5 one of the at least two corresponding resultant path nmetrics is perforned
after the steps of conbining the branch netric with each of the at

| east two presel ected path netrics to produce the at |east two
correspondi ng resul tant path netril@s and conparing the at |east two
presel ected path netrics to identify one of the at |east two
correspondi ng rggul t RS, RN i i

met hod in accorﬁgnceﬁv%?ﬁﬁ%rnaﬁﬁn%@b\ﬁﬁesre gpﬁ"%‘%‘é ste|c§q{.‘)%{ég((:')rr%)‘g'llnﬁ|er‘i'“I 'ﬁ't%iglnhs
branch metric viurtheeeompdsingteepaih metics newony means coupled 40 therthird addaro

pr oduce the at | MO C e i I e

conprises the s?‘&B"%F?‘%QF‘Efﬁ'E@@%{%%@ﬁMQH\@%eﬁ?\gc“z’?%"&ﬁ@ﬁ] gﬁeﬁfg iqdqreast
two presel ect edowplbsighar ard providing the first and sedandrpath inktricshood sequence
detector conpri sing: a first adder having an input coupled to
receive a bPanch netric, another 20 input coupled to receive a first path
metric, and an out put;

; . - second adder hayi an i nput coupl ed
to receive the Banch maximum l'ke"h°°gaﬁ?&1ﬁ€?e il Or&é’ﬁ%ﬂ'aﬂ% ""?g{%‘lwgeg

second path netpérein with ¢sfetaroetd £/ &s illustrated by FIGS. B, didrfdeSent from the
first path netric, and an output; a conparator having a first

i nput coupled tg.recgive,the,first path Jmetri i t | ed
to receive the ﬁ%’corg 'B%‘!‘H&P&“P?’S’,"” Ekeéﬁo%@%ﬁp%été%ga%%ﬂgﬁ dufiRg agﬁ@a‘%
mul ti pl exor{ghaviyfibsigietiod sibistaritillplagtdseribbe herdin with eferehee té antl aand
second adder, a contral m&ustn\ coupled to the output of the conparator, and

an out puti.“UStf@@d by Fi neBn 1 i kel i hood sequence detector in
accordance with claim?7
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ﬁherein: 10 t he
first adder conprises a first adder neans for receiving the branch
metric and the first path metric, and for providing a first adder output

si gnal ; t he second adder conprises a second adder neans for
receiving the branch netric and tA8 second path netric, and for

provi ding a second adder 5 output signal; t he conparat or
conprises a conpyy qg'mdeRWAPPmms de mAXﬂ\nquKELlHowsm@Nees
for receiving the st path netric and second path netric,

for providing a select signal; and DETECTCEhe mul ti pl exor conprlses a
mul ti pl exor neans coupled to the first and 10 second adder and the
conparator for receiving the first and second adder out put signals and
havi ng an output for providing the Abstsictaf tteetventionider out put signa
in accordance with the select signal. 9. A maxi mum | i kel i hood
sequence det®ector in accordance with claim8 15 further conprising a path
menory means coupl ed £ Vbl ehl & bradfiRAhefries unit (51)ih%éﬁ'ew§amﬁlb§aﬁd| ect

si gnal and providin a detected dat'a sequence.
li kel i hood sequpravidesca bransh matr@doaiuahaad aecondadden (54 and 55)ftbaft ms the

conprising a paph, ARYHEFR 158 RS altP8lkoncPth Fethie flolifa Patt hdtfesHhemory

(52). Concurrently, a comparator (56) compares the first and second path

10  metrics and provides a select signal to a multiplexor (58) to select the output of
the first or second adder (54 or 55). The selection signal is also provided to a
path memory unit (33) which provides a detected symbol sequence. The
output of the first or second adder (54 or 55) is selected by the muitiplexor (58)
and provided to the path metric memory (52) as an updated path metric.

15
(FIG. 3 accompanies this abstract)



20 neans, the first adder neans, and the second adder neans, for receiving
t he first or second adder output signal and providing the first and
second path metrics. 11. A maxi num | i kel i hood sequence
detector in accordance with claim8 25 further conprising a branch netrics

unit coupled to the first and second addcir3 means for receiving a
sequence of data sanples and providing thé branch metric. 12.
A maxi mum | i kel i hood sequence detector conprising: 30 a first
adder neans for receiving a branch netric and a first path netric,

and for providing a first adder output [si28nal ; a

second adder neans for receiving the brapth netric and a second pat h
metric, which second path nel¥3tg is digferent fromthe first path netric,
and for providing a speondladder—dutp —ghRal a

ﬁd éecénd édae neans for 5

conpar at or neans%goupled tp the first a
j S-86-0Rd—p3 et ric, anBIS-&gr

recei ving the fifst\path nbiricand tha

provi ding a etect] si gnal ; 20 a nul£ip|exo meatts coupl ed
to the first and gecond adqgﬁ_gg E-@Ti--:?ﬁ __________ .
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t he éonparator means for receiving the first and second adder out put

signal s and having an output for providing the first or second adder
out put signal in 10 accordance with the select signal. 13. A
maxi mum | i kel i hood sequence detector conpri sing: a bit
separator nmeans for receiving a branch netric and providing a first 15
data word and a second data word; 2/3 a first adder neans coupl ed
to the bit separator neans for receiving the first data word and a

first path nmetric, and for providing &;rst adder out put si gnal ;
a second adder neans coupled to the bityseparator neans for receiving 20
the first data word and a seco tric, which second path netric is
different fromthe first pat i ding a second adder

out put si gnal g coupjzed to the first
and second adder neaps\f 53chhEhﬁtric and the
second path netric, pnd fp pelj ding_a_25._selecl sigral; a

mul ti pl exor nmeans coppl ed
means and the conpar pt or m
out put signals and hphvi ng
signal in accordancelw th
means coupl ed tofthe}bit
for receiving the¢ segond
signal and for ptoviding

::the secqgnd adder

for fving tihefirst| and |second adder

)ut\fb‘*prOV|d| : sellect ed adder out put
' d third adder

mul ti|pl exor mneans

ectedgdter out put

S|gnal
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12 - 14. A maxi num |ikelihood sequence detector in accordance with

claim 13 further conprising a path netrics nenory neans coupled to the
third adder nmeans and the first and second adder neans for receiving
the third adder out put signal and providing the first and second path
metrics. 5 15. A maximum | i kel i hood sequence detector substantially
as descri bed herein with reference to and as illustrated by FIGS. 3, 4
and 5. 16. A nethod of maxi mum |i kel i hood sequence detection during
a single 10 synbol period substantially as described herein with reference
to and as illustrated by FIGS. 3,4 and 5.
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