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SURVIVAL SELECTION RULE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. Provisional Application Serial No. 

60/152,476, filed September 3, 1999. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to encoding for disk drives and, particularly, 

to an improved Viterbi detector for sampled amplitude read channels. 

DESCRIPTION OF THE RELATED ART 

Viterbi decoders are typically employed in sampled amplitude channels. 

Viterbi decoders are specific implementations of the Viterbi algorithm. A Viterbi 

detector unit is based on periodic examination of metrics associated with 

15 alternate sequences of recorded bits, wherein each sequence is typically labeled 

as a "path" and the associated metric is designated a "path metric." The most 

probable path is then determined by choosing a minimum path metric based on 

an iterative process involving successive comparison of associated path metrics. 

This is illustrated by way of example in FIG. 1, which shows an exemplary trellis 

20 for a partial response channel. Jn particular, as shown in FIG. 1, a Viterbi 

detector is characterized by a labeled trellis H having Q states s 1,s2, ••• ,SQ. In the 

example shown, Q=4. For each state sand each time k, a metric ms(k), a 

survivor sequence sss(k), metric/survivor sequence update rules, and an initial 

state s* are defined. In· the example illustrated, s* is the state s1 at time k-4. 

25 Given a state s (e.g., state 100) and a time k, the survivor sequence sss(k) is a 

label sequence in H starting from s° at time zero and ending on sat time k . 

Usually, only the last t labels of each survivor sequence are saved. The 

parameter t is called the truncation depth of the Viterbi detector. Thus, in FIG. 1, 

t=4. 

30 In traditional Viterbi detectors, the updating rules are as follows. Let 

s1, s2 , ••• ,sq be the predecessor states to the state s. And let h; be the label on 
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the edge from s, to s . Further, let rk be the current value of the received 

sequence. Then, the updating rules are: 

Update ms(k): ms(k) = min{ms (k-1) + (rk -h1)
2 

, ••• ,ms (k-1) + (rk -h,,)2
}. 

I q ' 

Update sss(k): If the j th state, SJ I produces the minimum above (ms(k)). then 

5 sss(k)=(sss/k-l),h1). 

For every state, s, and time, k, let Vs = (last t coordinates of sss(k)). 

In general, the output of a Viterbi detector at time k, Y{k), is a function of 

(vsJ{l) ,Vs2(l) 1 ••• 1vsQ(l) :ms1(/c) .ms2(k) , ... ,msQ(/c) )1 as shown: 

Y(k) = F(vs1(l) ,vs2(1) , ... ,VsQ(l) :ms1(k) ,ms2(k) , ... ,msQ(k)). 

1 o A first conventional implementation of the function F is shown below: 

F1(vs1(1) ,Vs20) , ... ,VsQ(l) :ms1(k) ,ms2(k) , ... ,msQ(k))=vsw(l}, for a fixed w. 

That is, the Viterbi detector output at time k is determined to be the output at a 

particular state w. For example, in FIG. 1, an arbitrary state w is state 52. 

According to F1, the Viterbi output is the path ending at state 52 for which the 

15 metric is minimized. 

Another conventional implementation is shown below: 

F2(vs1(1) ,Vs2(1) , ... ,VsQ(l) :ms1(k) ,ms2(k) , ... ,msQ(k))=vs,v(l), where 

msw(k) =min {ms1(k) ,mu(k) , ... ,msQ(k)}. 

F2 thus determines a path metric for each state at time k (e.g., states 50, 

20 52, 54, and 56) and the output of the Viterbi detector is the sequence which 

minimizes the branch metrics over all the states and all possible paths. 

25 

The function F1 is easy to implement, but F2 is a better function-- it 

produces fewer detector errors. However, when Q is large F2 is not easy to 

implement. 

SUMMARY OF THE INVENTION 

These and other drawbacks in the prior art are overcome in large part by 

a system and method according to the present invention. In particular, a survival 

selection rule according to the present invention compares paths at a plurality of 

30 endpoint states but fewer than the total number of endpoint states. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the invention is obtained when the following 

detailed description is considered in conjunction with the following drawings in 

s which: 

FIG. 1 is an exemplary Viterbi trellis; 

FIG. 2 is a diagram of an exemplary read/write channel according to the 

present invention; 

FIG. 3 is a diagram illustrating an exemplary Viterbi detector for the 

10 read/write channel of FIG. 1; and 

FIG. 4 is a diagram of an exemplary trellis. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGs. 1-4 illustrate a Viterbi detector implementation according to the 

15 present invention. A map F3 is defined, according to the present invention, that 

is easier to implement than the map F2 described above and yet does not 

substantially degrade system performance. Briefly, the present invention relates 

to a survival selection rule for a Viterbi detector, in which survival sequences are 

determined for a plurality of end states that is fewer than the total number of end 

20 states. In one specific implementation, a pair of end states are used. 

Turning now to the drawings and, with particular attention to FIG. 2, a 

block diagram of a sampled amplitude read channel according to an embodiment 

of the invention is shown and identified by the reference numeral 200. As will be 

discussed in greater d~tail below, the sampled amplitude read channel 200 may 

25 implement a Viterbi detector according to the present invention. 

During a write operation, data are written onto the media. The data are 

encoded in an encoder 202, such as an RLL or other encoder. A precoder 204 

precedes the sequence to compensate for the transfer function of the magnetic 

recording channel 208 and equalizing filters. As will be discussed in greater 

30 detail below, the encoder/precoder may encode the data such that after 

precoding the data has a pre-determined parity structure. Turning back to FIG. 2, 

the write circuitry 206 modulates the current in the recording head coil to record a 
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binary sequence onto the medium. A reference frequency fret provides a write 

clock to the write circuitry 206. 

The bit sequence is then provided to a variable gain amplifier 210 to adjust 

the amplitude of the signal. DC offset control 212 and loop filter/gain error 

5 correction 214 may be provided to control the adjustment of the VGA 210. 

Further, an asymmetry control unit 215 including an asymmetry adjustment unit 

216 and asymmetry control 218 may be provided to compensate for magneto~ 

resistive asymmetry effects. 

The signal is then provided to a continuous time filter 220, which may be a 

10 Butterworth filter, for example, to attenuate high frequency noise and minimize 

aliasing into baseband after sampling. The signal is then provided to an analog 

to digital converter 222 to sample the output of the continuous time filter 220. 

A finite impulse response filter 224 provides additional equalization of the 

signal to the desired response. The output of the FIR 224 is provided to an 

15 interpolated timing recovery unit 228, which is used to recover the discrete time 

sequence. The output of the interpolated timing recovery unit is used to provide 

a feedback control to the DC offset control 212, the gain error 214, the 

asymmetry control 218 and the FIR 224 control 226. The output of the 

interpolated timing recovery 228 is provided to a Viterbi detector 232 according to 

20 the present invention. Further, the ITR output is provided to a sync detector 234. 

Sync mark information is then provided to the Viterbi detector 232 for use in 

sequence detection. The Viterbi detector output is then provided to the decoder 

236 which decodes the encoding provided by the encoder 202. The Viterbi 

detector 232 may implement the survival selection rule described below. 

25 FIG. 3 illustrates a Viterbi detector 232 employing a survival selection rule 

according to an implementation of the present invention. The Viterbi detectqr 

includes a branch metric generator 100, an add-compare-select (ACS) unit 102, a 

survivor memory 104 and a survival selection rule 106 according to the present 

invention. The branch metric generator 100 receives convolutionally-coded data 

30 and calculates a branch metric, which is a distance between labels on each 

branch from a received signal. The ACS unit 102 receives the branch metrics 

from the branch metric generator 100, adds them to the previous path metric, ~nd 
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determines a plurality of candidate paths. The ACS 102 then compares the 

plurality (at least two but fewer than the total number of end states) of ACS path 

metric values and selects a path having the shortest path metric, and outputs the 

newly selected path metric and the compared result, namely the decision bit. 

5 The ACS unit 102 updates the path metric by using the branch metric obtained 

from the branch metric generator 100 at each decoding cycle and outputs the Q 

decision bits (one for each state) to the survivor memory 104. The survivor 

memory 104 updates each state with the information from the ACS unit 102. 

Finally, the survival selection rule 106 picks one state and survivor according to a 

10 map F3 described below. 

The map F3 is described with reference to a pair of end states, it being 

understood that the invention is not so limited: 

Definition 1: Given a state s and an integer p, let G (s, p)={ all states on the 

detector trellis that can reach s in p steps}. 

15 Definition 2: Given two states s' ands", let D(s~s'? = minimum p such that 

G(s~ p) n G(s'~ p) ¢: t. 
Then the map F3 may be defined as follows: 

Let F3(v.s1(1) ,Vs2(l) , ... ,v,Q(J) :ms1(k) ,m,2(/c) , ... ,msQ(k))=vsiv(l), where msiv(k) 

= min {ms• (k) ,m,,, (k)}, for two fixed states s' and s". Further, lets' and s" be two 

20 states with large D(s',s'?. 

Example 

This example shows the comparative performance made for a particular 

trellis between the maps F1 F2, and F3. FIG. 4 depicts a trellis H1 having sixteen 

25 states (Q=16). States are denoted by rectangular boxes. Each state is 

numbered. The number of a state is shown in its corresponding box with a binary 

four-tuple. There are two labeled edges emerging from every state. The trellis 

H1 may be used in an E2PRML system. 

In addition to using the trellis H1, the Viterbi detector, as tested, forced the 

30 state survivors not to go through states 8-15 every 52 clock cycles. To apply F3, 

the following states were selected: s' =O and s" =8, resulting in D(s~s'? = 4. 
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The table shows the number of detector errors in 1 M runs for truncation 

depths t=60, 67, and 77, and maps F1, F2, and F3. 

RULE t=60 t=67 t=77 

F1 612 472 365 

F2 261 260 260 

F3 280 275 273 

As can be seen, the number of errors for the example of a large Q=16 when using the 

5 map F3 according to the present invention is comparable to that achieved when using the map 

F2. Nevertheless, the map F3 requires fewer comparisons of path metric values and is relatively 

easier to implement than the map F2. 
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What is claimed: 

1 1. A method for survival selection in a Viterbi detector, characterized by: 

2 selecting a plurality of end states fewer than a totality of said end states 

3 (50, 52, 54, 56); and 

4 selecting a Viterbi output by determining a minimum path metric for paths 

5 ending at said plurality of end states. 

1 2. A method according to claim 1, wherein said plurality is two. 

1 3. A method according to claim 2, said selecting a plurality of end states 

2 comprising: 

3 selecting two states, s' and s", having a predetermined D(s',s''· where 

4 D(s~s'~ = minimum p such that G(s', p) n G(s", p) -:1:- ~ , where G (s, p}={ all states 

5 on the detector trellis that can reach states in p steps}. 

1 4. A method according to claim 3, wherein said selecting a Viterbi output 

2 comprises defining a map F3 such that 

3 F3(vs1(l) ,Vs2(1) , ... ,VsQ{l) :ms1(k) .ms2(k) , ... ,msQ(k)}=vSlv(l), 

4 where msw(k) =min {ms•(k}, ms"(k)}, for two fixed states s' ands", Vs(k) are survival 

s sequences, and ms (k) are branch metrics. 

1 5. A Viterbi detector, comprising: 

2 a survival selection unit (106) adapted to select a plurality of end states 

3 fewer than a totality of said end states and select a Viterbi output by determining 

4 a· minimum path metric for paths ending at said pluraHty of end states. 

1 6. A Viterbi detector according to claim 5, wherein said plurality is two. 

1 7. A Viterbi detector according to claim 6, said survival selection unit (106) 

2 adapted to select said plurality of end states by selecting two states, s' and s", 

3 having a predetermined D(s',s''· where D(s',s'~ = minimum p such that G(s', p) 0 
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4 G(s", p) * ~ 1 where G (s, p)={ all states on the detector trellis that can reach state 

s s in p steps}. 

1 8. 

2 

3 

A Viterbi detector according to claim 7, wherein said survival selection unit 

(106) is adapted to select said Viterbi output by defining a map F3 such 

that 

4 F3(vs1(1) ,Vs2(l) , ...• vsQ(J) :ms1(k) ,ms2(k) •... ,msQ(k))=vsw(l), where msw(k) =min {m.r'(k) 

5 , ms"(k)}, for two fixed states s' ands", vs(k) are survival sequences, and ms(k) are 

6 branch metrics. 

1 9. A sampled amplitude read channel, comprising 

2 means for receiving encoded data; and 

3 a Viterbi detector (232) operably coupled to said receiving means, said 

4 Viterbi detector including a survival selection unit (106) adapted to select a 

5 plurality of end states fewer than a totality of said end states and to select a 

6 Viterbi output by determining a minimum path metric for paths ending at said 

7 plurality of end states. 

1 10. A sampled amplitude read channel according to claim 9, wherein said 

2 plurality is two. 

1 11. A sampled amplitude read channel according to claim 10, said survival 

2 selection unit (106) adapted to select said plurality of end states by selecting two 

3 states, s' and s", having a predetermined D(s~s'~. where D(s~s'~ = minimum p 

4 such that G(s', p} () G(s", p) * ~ , where G(s, p)={ all states on the detector trellis 

5 that can reach states in p steps}. 

1 12. A sampled amplitude read channel according to claim 7, wherein said 

2 survival selection unit (106) is adapted to select said Viterbi output by defining a 

3 map F3 such that F3(vs1(l) ,Vs2(l) , ... ,vsQ(l) :ms1(k) ,ms2(k) , ... ,msQ(k))=vsw(l), where 

4 msiv(k) = min {ms• (k) ,ms"~}. for two fixed states s' and s", v8{k) are survival 

5 sequences, and ms(k) are branch metrics. 
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