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BRANCH METRIC COMPENSATION FOR DIGITAL 

SEQUENCE DETECTION 

BACKQROUND OF THE INVENTION 

The present invention relates in general to information storage 

5 and retrieval systems, and more particularly, to a method and apparatus for 

providing branch metric compensation for sequence detection in partial 

response channels in a digital magnetic recording system. 

In digital magnetic recording systems. data is recorded in a 

moving magnetic media layer by a storage. or "write" electrical current-to-

10 magnetic field transducer, or "head", positioned immediately adjacent 

thereto. The data is stored or written to the magnetic media by switching 

the direction of flow of a substantially constant magnitude write current 

which flows through windings in the write transducer. Each write current 

direction transition results in a reversal of the magnetization direction in that 

15 portion of the magnetic media just passing by the transducer during current 

flow in the new direction, with respect to the magnetization direction in the 

media induced by the previous current flow in the opposite direction. In one 

scheme. a magnetization direction reversal over a ponion of the media 

moving past the transducer represents a binary digit "1 ". and the lack of any 

20 reversal in that portion represents a binary digit "O". 

When data is to be recovered. a retrieval, or ''read" magnetic 

field- to-voltage transducer, (which may be the same as the write transducer 

if both are inductive) is positioned to have the magnetic media, containing 

previously stored data, pass thereby such that flux reversal regions in that 

25 media either induce. or change a circuit parameter to provide a voltage 

pulse to form an output read signal for that transducer. In the scheme 

described above. each such voltage pulse due to the magnetization in 

corresponding media portions represents a binary digit "1" and the absence 

of a pulse in correspondence with such ponions represents a binary digit "O". 
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In digital magnetic recording systems using peak detection of 

such voltage pulses as the data recovery method to digitize the read signal, 

the times between voltage pulses are used to reconstruct the timing 

information used in recording the data previously stored in the magnetic 

5 media to define the path ponions described above. More specifically, the 

ouiput of such a peak deteetor is used as an input signal to a phase-locked 

loop forming a controlled oscillator, or phase-lock oscillator (PW), or 

synchronizer, which produces an output dock signal from the positions of the 

detected peaks of the read signal. Absolute time is not used in operating 

10 the data retrieval system since the speed of the magnetic media varies over 

time which results in nonuniform time intervals between read signal voltage 

pulses. 

A data encoding scheme known as run-length-limited (RLL) 

coding is commonly used to improve the PLO's reconstructed clock signal 

15 accuracy based on avoiding drift in the frequency thereof because of too 

much time between voltage read signal pulses. When RLL code is 

employed, the time durations between read signal voltage pulse transitions 

is bounded. that is. the number of binary digits of value "O'' that can separate 

binary digits of value "1" in the read signal is limited. This constraint is 

20 known overall as a (d. k) constraint where the individual constraint "d" 

represents the minimum run length of zeros. or the number thereof between 

ones, while the individual constraint "k" represents the maximum run length 

of zeros permitted. The "d" portion of the constraint can be chosen so as to 

avoid crowding of voltage pulses in the read signals which can reduce 

25 intersymbol interference problems in which ponions of read signal voltage 

pulses overlap. By limiting the number of consecutive zeros. the "k" 

constraint maintains the reliability of the PLO in providing an accurate cJock 

signal for the retrieval system. An automatic gain control (AGC) system is 
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used to maintain signal amplitude for the PR4 channel, and the "k" restraint 

also maintains the reliability of the AGC. 

In digital magnetic recording systems employing partial 

response (PR) signaling, which involves the acceptance of intersymbol 

5 interference, data recovery is achieved by periodically sampling the 

amplitude of the read transducer output signal. as initiated by clock pulses 

of the PLO, to digitize that signal. In this scheme, each clock pulse of the 

PLO initiates a sample which has a value contributed to it by more than one 

pulse in the transducer read signal. Accordingly, a panial response detection 

10 system for a PR channel is designed to accommodate the effects of such 

intersymbol interference, and therefore the "d" constraint may not be 

necessary (i.e. d=O). The "k" constraint is still necessary in PR signalling 

because the PLO is still used to provide timing for sampling the read signal, 

and because the AGC is used to maintain sample . amplitude in connection 

15 with the PR channe1. 

A Class 4 PR channel, which is typically the selected frequency 

response chosen for the signal channel through which the read signal passes 

prior to detection thereof. is particularly suitable for magnetic recording with 

typical pulse characteristics because the channel requires very little 

20 equalization to achieve an overall match of this Class 4 response. In a Class 

4 PR channel for typical pulse characteristics. signal samples are 

independent of their immediately neighboring samples. but are dependent 

on samples 2 cJock samples away. The read samples are submitted to a 

Viterbi detector which generates the data that most likely produces the 

25 sample values. More particularly. the clock captures digital sample values 

using an analog-to-digital convener (ADC) where each sample value may be 

the summing result of more than one pulse read from the magnetic media. 

These samples are transformed by signal processing techniques to match 
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certain target values. It is based on these transformed samples that the 

Viterbi detector or other sequence detector recovers the data. 

Once a particular signalling scheme is chosen. the structure of 

the Viterbi detector is configured according to a state diagram for the 

5 signalling scheme. A state diagram in the form of a trellis is particularly 

suitable for a Viterbi detector since it incorporates the time element. An 

output/input relation is associated with each branch of the trellis. The 

target value based on an input for a particular branch of the trellis is known 

as the metric for that branch. A two state Viterbi decoder fits each of the 

10 time indexed sample values at the channel output with two allowable 

channel output sequences. One allowable output sequence minimizes the 

sum of squared errors over all possible noiseless output sequences ending in 

a first state of the trellis at time k. The other allowable output sequence 

minimizes the sum of squared errors over al1 possibJe noiseless output 

15 sequences ending in a second state of the trellis at time k. The Viterbi 

detector keeps track of the minimum cumulative branch metric for each 

state through the trellis over a predetermined time period for determining 

the path which best fits the sample data to the target values. A complete 

description of partial response channels, coding techniques and Viterbi 

20 detection i!- available. for example. in "Modulation and Coding for 

Information Storage" by Paul Siegel and Jack Wolf. IEEE Communications 

Ma1azine, December 1991, at pages 68-86. 

As mentioned above, partial response signalling is to equalize 

a voltage pulse read from the magnetic media to a certain target \'._afue and 

25 apply linear superposition to a combination of pulses in order to record 

more in a given area on the magnetic disc. Each target value of the read 

hack signaJ from the disc is the linear sum of pulses considered in the 

signalling scheme. However. one of the problems in high density recording. 

such as in a partial response signaling. is that the read back waveform is not 
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merely the linear sum of pulses. A magnetic transition on the media may 

be nonlinearly effected by adjacent transitions in both the write and the read 

processes so that the read back waveform is distoned. Since the amplitude 

and location of a read back pulse may be nonlinearly distoned by any 

5 nearby magnetic transitions, it is desirable to provide a detection scheme 

which takes into account and corrects for such magnetic distortions. 

SUMMARY OF THE INVENTION 

The present invention provides a sequence detection scheme 

which takes into account amplitude and/or time and/or other magnetic 

10 distonions caused by neighboring magnetization regions on the magnetic 

medium. wherein the distortions in one magnetization region are caused by 

the closeness of neighboring magnetization transitions on one or both sides 

thereof. The detection scheme according to the present invention provides 

an extended state diagram to include the effects of leading (past) and/or 

15 trailing (future) magnetization transitions. More particularly, it has been 

found that accounting for the effects of trailing transitions requires an 

increase in the number of states in the state diagram used to form the 

Viterbi detector. Lead~ng transitions are neutralized by increasing the 

number of branches between states in the Viterbi detector. Increasing the 

20 number of branches instead of states keeps the complexity low and thus 

saves hardware and associated costs. 

According to one embodiment. the data sequence detector 

according to the present invention is employed for a Class 4 partial response 

channel for use in a digital magnetic recording and read-back system. In 

25 such a !'ystem the sequence detector recovers an estimated sequence of bits 

of binary data [a1 ••••• ak, ••• , an] which most likely corresponds to an original 

sequence of bits of binary data [A1 ••••• Ak• .••• A.,]. The original sequence is 

precoded into a write sequence of bits of binary data [81 ••••• Bk .•..• Bnl which 

are represented hy magnetization regions on a magnetic medium. The 
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estimated sequence of bits of binary data is recovered from a waveform read 

back from the magnetic medium and transformed ·into a digital waveform 

[Xi, ···• Xt, ..• , Xnl· 
To account for the amplitude and/or time distortions in one 

S magnetization region which are caused by the closeness of neighboring 

magnetization transitions, the data sequence detector is configured according 

to a predetermined trellis model having eight (8) current states identified by 

bits (Bt-:?• Bk-I• Bit> of the write sequence, eight (8) next states identified by 

bits (Bk-l• Bk• Bk+i> of the write sequence. at least two (2) branches diverging 

10 from each current state, at least two (2) branches merging into each next 

state, a target value Y k for each branch of the trellis for use in a branch 

metric calculation for selecting one of a pair of the branches, and at least 

two (2) bits of the estimated sequence associated as an output for each state 

of the trellis. 

15 To account for the amplitude and/or time distonions in one 

magnetization region which are caused by the closeness of neighboring 

magnetization transitions, the data sequence detector is configured according 

to a predetermined trellis model as mentioned above. modified such that 

there is provided four (4) branches diverging from each current state. four 

20 ( 4) branches merging into each next state. an additional bit Bk_3 of the write 

sequence identifying one of a pair of the four branches. and three (3) bits 

of the estimated sequence as.4iiociated as an output for each state. 
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BRIEF DESCRimON OF THE DRAWINGS 

Figure 1A is a block diagram of a digital magnetic recording 

system employing a Viterbi detector. 

Figure lB is a block diagram of a prior an precoder for use 

5 in the block diagram of Figure lA. 

Figure 2A is a predetermined state transition diagram in table 

form for use in a Viterbi detector in a Class 4 partial response channel with 

a 1-P2 precoder as known in the prior an. 
Figure 28 is a trellis diagram of the state transition table of 

10 Figure 2A. 

Figure 3A is a predetermined state transition diagram in table 

form for use in a Viterbi detector in a Class 4 panial response channel with 

a 1-02 precoder. in accordance with the principles of the present invention. 

Figure 3B is a trellis diagram of the state transition table of 

15 Figure 3A. 

Figures 4A - 40 are a predetermined state transition diagram 

in table form for use in a Viterbi detector in. a Class 4 partial response 

channel with a 1-D2 precoder. in accordance with rhe principles of the 

present invention. 

20 Figure 4E is a trellis diagram of the state transition table of 

Figures 4A - 40. 

DETAILED DESCRimON OF JHE PREFEBRED EMBODIMENTS 

Overview 

Figure lA is a block diagram of a magnetic recording storage 

25 and retrievaJ system which is generally indicated at 10. The magnetic 

storage and retrieval system 10 includes a magnetic disc media 12 for storing 

user data in the form of a sequence of binary data bits. write operation 

circuitry for writing the sequence of binary data bits to the magnetic disc 
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media lZ and read operation circuitry for reading back the sequence of 

binary data bits from the magnetic disc media 12. 

The Write Operation 

The write operation circuitry includes a run-length-limited 

S (RLL) encoder 20. a precoder 24. a write compensation circuit 30. and a 

write transducer 34. For the write operation. incoming user data in the form 

of binary data bits is input into the RLL encoder 20. The output of the 

RU.. encoder 20 is input into the precoder 24. The output of the precoder 

24 is connected to the write compensation circuit 30. The output of the 

10 write compensation 30 then drives the write transducer 34 for writing data 

onto the magnetic disc media 12. 

More particularly, the encoder 20 performs a one-to-one 

mapping of the unconstrained .user data sequence to a constrained sequence, 

denoted [A1 ..... Ai,. ..•• A.,]. In other words, the output of the encoder 20 is 

15 a binary data sequence which has the number of consecutive binary digits "O'' 

bounded so that the sequence [A1 ..... A ....... Anl satisfies the (d, k) 

constraints mentioned above. The (d. k) constraints guarantee that the time 

duration between pulses of the waveform read back from the magnetic disc 

media 12 is limited so that the phase lock loop (PLO) maintains the clock 

20 accuracy and so that the automatic gain control (AGC) keeps the signal 

amplitude stable for the data retrieval (read) operation. 

The sequence [A1 ••••• Ai. •...• ~] is then passed through the 

precoder 24 which generates a write waveform sequence [B 1 ••••• Bk• .... BnJ, 

which has a simple and direct mathematical relation to the sequence [A1 ••••• 

25 Ak• •..• Anl· The write sequence [B1 ••••• B ....... B.J provides a two-level write 

current which means that transition sequences of "01'" or "JO'' in adjacent Bi. 

cause the write current to reverse direction. The exact timing of reversals 

of the write current is further modified by the write-compensation circuit 30 

in order to shape the pulses read back from the magnetic disc media 12 to 
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occur at a time which better fits the particular detection scheme being 

employed. The write compensation circuit 30 uses delay elements to adjust 

the reversal time of the write current depending on how far away the 

previous and upcoming transitions are with respect to each other, as is well 

5 known to those skilled in the an. Write current from the compensation 

circuit 30 then flows to an inductive coil winding of the write head 

transducer 34 to magnetize the magnetic media 12 accordingly. 

The Read o.peration 

The read operation circuitry includes a read transducer 36 

10 (which may be the same as the write transducer 34 if both are inductive). an 

equalizer circuit 38, a Viterbi detector 60, and an RLL decoder 70. The 

read transducer 36 is connected to the equalizer circuit 38. The output of 

the equalizer circuit 38 is input into the Viterbi Detector 60. The output of 

the Viterbi detector 60 is then input into the RLL decoder 70 for returning 

15 the user data. 

The equalizer 38 includes a voltage gain amplifier (VGA) 40, 

an analog filter 42. an analog-to-digital converter (ADC) 44. a phase lock 

loop (PLO) 46. a VGA/PW control 48, and a digital filter SO. The output 

of the read transducer 36 is connected to the input of the VGA 40. The 

20 output of the VGA 40 is connected to the input of the analog filter 42. The 

output of the analog filter 42 is connected to the input of the ADC 44. The 

output of the ADC 44 is connected to the input of the digital filter 50. The 

output of the digital filter 50 is then connected to the input of the Viterbi 

detector 60. The input of the VGA/PLO control 48 is taken from the 

25 output of the ADC 44. The output of the VGA/PLO control 48 controls the 

VGA 40 and the PLO 46. The output of the PLO 46 clocks the ADC 44. 

digital filter 50. Viterbi detector 60. and RLL decoder 70. 

The read or data retrieval operation begins with the read head 

transducer 36 producing a voltage pulse signal. The voltage pulse signal is 
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induced in the read head transducer 36 by the magnetic flux on the magnetic 

disc media 12 which results from transition regions on the magnetic media 

12. The equalizer circuit 38 equalizes the voltage signal to a Cass 4 panial 

response channel. The voltage signal is then regulated by the voltage gain 

5 amplifier (VGA) 40 which maintains the amplitude of the read back signal. 

The analog filter 42 then removes high frequency noise from the read back 

signal. The filtered analog signal is converted into a digital value by the 

ADC 44 which is latched at the rising edge of a read clock signal. These 

digital sample values in turn controJ the VGA/PLO control 48 and the PLO 

10 46 which generates the read dock signal accordingly. The equalization of 

the read back waveform is well known to those skilled in the art. 

The digital sample values from the ADC 44 are shifted into 

the digitaJ filter 50 which is configured in the form of a transversaJ filter. In 

the transversal digital filter SOt each digital sample from the ADC 44 is 

15 summed with a preceding sample which bas been weighted and a trailing 

sample which has been weighted. The weights in the digital filter 50 are 

designed to transform the digital samples of the read back sequence to 

match cenain target values within the detection scheme. The output sample 

values of the digital filter 50. denoted [X1 ..... Xi. •.... Xn1• is then shifted into 

20 the Viterbi detector 60 for detection of a sequence [a1 ..... a._ ..... a..1 which 

best fit~ the read back signal sample values [X1 ••••• Xk •.•.• Xn1· The Viterbi 

detector 60 thereby identifies the original sequence [A1, .... A11.• ... , An1 with 

as high a degree of certainty as possible. 

The Viterbi detector 60 is modeled from a state diagram. In 

25 the state diagram a current state at time k (represented by symbols Bk.2 and 

s .... 1 of the write sequence [B1 .... , Bk •... , Bn]) and a target input. Y k (used in 

making comparisons to a sample Xk of the read back signal sample values 

[X1 ••••• Xk •.••• X0 ]), are linked to an output (represented by a .. of the 

estimated sequence [a1, .... ak• .... a0]) and a next state (represented by 
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symbols 81;.1 and Bi. of the write sequence [B1, ••• , Bk• ... , Bn]). The state 

diagram and table are expressed in the form of a trellis within the Viterbi 

detector 60 for determining the most probable state transition for each time 

period k. The path between a current state and a next state within the 

5 trellis is called a branch. Each branch has associated therewith the target 

input value Y k corresponding to a probable bit of the read back sample 

values (X1, ••• , Xk• ... , JC.i]. Along each branch of the trellis. a sample value 

x .. of the read back sequence is compared to the metric target value Y k for 

that branch. This comparison is repeated for all branches merging into a 

10 next state for a given time period k. The trellis branch having the minimum 

sum of the square of the difference between each Xk and Y k• i.e. (Xk - Y k)
2 

plus the cumulative sum of the error squared of the state from which the 

branch emerged, thereby measuring the "closeness'' of the sample Xk to the 

branch metric target value Y k• is determined to be a winner (survivor) at 

15 time period k. By using the minimum cumulative metric sum of the 

concatenating branches leading to each state for each time k, the Viterbi 

detector 60 maps a surviving path through the trellis. This surviving path 

yields the data sequence [a1 ••••• a.. •••. , an] that best matches with the filtered 

read back sample values [X1, .... x ....... Xn1· Jn other words. the Viterbi 

20 detector 60 finds an estimated sequence [ a1, .... a ....... an] which most likely 

produced the read-sampled sequence [X1 ..... X1c- ...• X0 ] and which therefore 

is the best possible representation of the original sequence [A1 ••••• Ai., .... 

An1-
The estimated sequence [a1 ••••• ak ..... a.,) is then shifted into 

25 the RLL decoder 70 which performs a reverse mapping of the RLL 

sequence to recover the user data. as is well known to those skilled in the 

art. 

According to the present invention. the state diagram used to 

construct the Viterbi detector 60 is now extended to map thr<>ugh the trellis 
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structure a leading (past) voltage pulse transition of the read back waveform 

sample values (X1, ~··· Xk, ••• , X..J and a trailing (future) voltage pulse 

transition of the read back waveform sample values (X1, ••• , Xk, ..•• Xnl· The 

present invention thereby increases the choices of Y 1c according to different 

5 pattern cases. In other words, instead of keeping track of only one ( 1) state 

transition of the read back waveform sample values [X1, ••• , Xk• .•. , X..1 at a 

time through the Viterbi detector 60, the present invention provides for also 

following a leading pulse transition and a trailing pulse transition. By 

looking at these additional samples the Viterbi detector 60 is able to make 

10 a better match to each sample Xk of the read back waveform sample values 

[X1, ••• , X11 .... , X..J. The additional branches and their corresponding branch 

metrics more accurately represent the read back waveform by neutralizing 

the distortion in the time and amplitude for each voltage pulse transition 

which is caused by nonlinear magnetic interaction of a leading or trailing 

15 pulse to the portion of the read back waveform being mapped in the trellis. 

A Clas!' 4 partial response (PR4) channel is used as an example to illustrate 

the branch metric compensation contemplated by the present invention. 

Nevertheless. this branch metric compensation ~ethod is applicable to other 

classes of panial response and adaptable to other types of sequence 

20 detection. 

Prior An Viterbi Detector 

Before looking at the branch metric compensation for the 

leading transition pulse and trailing transition pulse. it is helpful to look at 

the prior art state transition table and trellis for a PR4 channel as shown in 

25 Figures 2A and 2B. The PR4 channeJ is also known as a ( 1-D2) channel 

since it is described by the partial response polynomial 1-IY. The factor Di 

signifiei. a delay of "i" sample-clock time units between bits of the write 

sequence [81 ••••• Bi. ..... Bnl· Figure 18 shows the precoder 24. for such a 

~)'stem. The precoder 24 • translates each bit A,. of the original binary 
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sequence [A1, ••• , Ak• ••• , A.a] into a corresponding bit Bk of the write 

sequence [B1, ••• ,Bk• .... BnJ, where: 

Ai. = (B .. _2) XOR (}\). (1.a] 

For purposes of encoding and decoding the write sequence [B1 ••••• Bk• •.• , Bn1• 

5 each Bi. is expressed as follows: 

[1.b] 

Thus, in the prior art precoder 24' for a PR4 channel there 

are only two delayed versions of s .. which are denoted Bk-I and Bk-:? which 

are delayed versions of Bt by one and two clock periods, respectively. The 

10 content of registers Bk-l and B11•1 changes at each clock cycle and thus 

represents the current state of the cycle. Accordingly, there are four (4) 

possible values for the current state represented by bits ''Bk_281_1 ". These 

possible values are "00", "01", "10" and "11" and they are represented in 

Figures 2A and 28 by the four (4) states SO, SI. S2, S3, respectively. The 

15 next state for each current state is represented by the bits "Bk_1Bk" which are 

again represented by the same four states SO, Sl, S2 and S3. In other words, 

a current boundary region on the magnetic media is represented as being 

between bits Bk-.? and 8 11•1 and the next boundary region on the magnetic 

media is represented as being between bits Bk-I and B... The target value Y" 

20 for each input of x .. (which is then related to Ai. by equation [I.a]) is 

obtained by applying the polynomial 1-D2 to Bk• so that: 

~='-'~ ~ 
Figure 2A shows a list of all possible 81; sequences for three 

consecutive time periods. a current state. a next state. a target value Y k• the 

25 output value Ak. and a branch A-H. The list of all possible Bk sequences is 

denoted in columns Bk-?• Bk-t• and Bk and each sequence is designated by 

one of the branches A - H. In addition. for each possible Bk_2Bk.1Bk 

sequence the current state is designated SO - 53 (where each state is 

represented by bits "Bk_2Bk_1 ") and the next state is designated SO - S3 
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(where each state is represented by bits ''Bt.iBt"}. The next state and output 

are determined by branch metric calculations based upon the list of all 

possible inputs of Ak for each state and their corresponding target values Y" 

as mentioned above. In Figure 2A. Y k is associated with two transitions: "Bt. 

5 2 Bk_1" and Bk-l Bt. 

Figure 2B shows the table of Figure 2A in trellis form. wherein 

the expression for the metric and output relationship of each branch (A-H) 

is Y k/ A1c. There are two branches diverging from each current state and two 

branches merging at each next state. The fact that there are only two 

10 merging branches per state means that each state will only have to compare 

two metric sums and select one survivor at each dock cycle. Figures 2A and 

28 represent the well known state diagram and trellis used in a prior an 

Viterbi detector for a PR4 channel. 

Viterbi Detector Accountin& for Effect of Trailin& Transition Pulse 

15 To account for the effect of the trailing (future) transition 

pulse according to the present invention. it is necessary to consider the 

transition between bits Bk and Ba.+i (using the scheme discussed above with 

regard to Figures 2A and 28) for the entire write sequence (81, •••• Bk• ••• , 

B11). Accordingly. as shown in Figure 3A. new columns A1.;+i and Ba.+J are 

20 added to the state transition table where: 

[3.a] 

or: 

[3.b] 

To keep the number of diverging or merging branche~ at two 

25 per state. the number of states is doubled from four CS0-53) in Figure 2A to 

eight (S0-S7) in Figure 3A. The current state is represented by the three 

binary digits "Bk_2Bk_1Bk" and the next state is represented by the three binary 

digits "Bk_1BkBk+ i"· In this embodiment the precoder 24 (see Figure lB) is 

used to provide Bk·:? and Bk-l a.~ described above. 
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Referring to Figures 3A and 3B. at each clock cycle a state 

must select a merging branch that yields the minimum cumulative metric 

sum for the next state. Limiting the merging branches to two (2) per state 

helps maintain the branch selection time to within one cycle. Assuming 

5 linear superposition of the pulses, the Y k column is again obtained by 

applying equation (2] above. As the number of states (SO-S7) is doubled, the 

total number of branches (AA-HA) is also doubled. when compared to the 

prior an state diagram shown in Figures 2A and 28. In this arrangement. 

Yk is associated with three transitions: "Bk-:? Bk_1". Bk-l Bk"· Bk Bk+i°'- In an 

10 ideal environment where there is no distonion. the possible noiseless values 

of Y k are -1. o. + 1 as shown in the Figures. By choosing the appropriate 

statistical average of actual measured values of Y k for each branch. the 

non-linear distonion of the pulses can be corrected. Thus, the state 

transition and trellis in Figures 3A and 38 provide a scheme for a more 

15 accurate and improved Viterbi detector 60 compared to that in Figures 2A 

and 28. because the effects of a possible trailing transition pulse on the 

current tran~ition region is now considered. 

Viterbi Detector Accountin& For Effect of Leadin& Transition Pulse 

To account for the effect of the leading (past) transition pulse 

20 according to the present invention. it is necessary to consider the transition 

between bits Bk.3 and Bk_2 (using the scheme discussed above with regard to 

Figures 2A. 2B. 3A and 3B) for the entire write sequence [B1• --" B ....... 8n]. 

Accordingly. as shown in Figures 4A - 4D. new columns Ak-t and Bk_3 are 

added to the state transition table shown in Figure 3A. where: 

25 B1c.3 = (Bk_1) XOR (Ak_1). [4.a) 

or: 

[4.b] 

Figure 4E shows the state diagram in trellis form for the table 

in Figures 4A - 40. While it would seem logical that an additional 8 states 
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are necessary to track the addition of the leading transition pulse, the 

number of states is kept at eight (8), as in Figures 3A and 3B, while the 

number of merging branches to each state is increased. This is made 

possible because the branch metrics associated with the leading (past) 

5 transition pulse have already been measured at an earlier time period. 

The sample precoder 24 is used here but the state diagram has to consider 

three (3) delayed versions of Bk which are denoted Bk-I• Bk·:?t and Bic.3 which 

are delayed versions of Bk by one, two and three clock periods. respectively. 

Even more, while the number of merging branches is now 

10 apparently increased to four (4) per state, branches between any two 

particular states are in two pairs and the selection process for each pair is 

further simplified according to the present invention. Information bit A...1 

reflects the previous selected output for each state as determined at the 

previous clock cycle. Since the information bit Ak.1 has already been 

15 determined. it is possible to determine whether Branch "••o" or Branch "**l" 

should be used in determining the minimum cumulative branch metric for 

each of the two branch pairs between any two states. More panicularly, it 

is noted that in the last column of the table in Figures 4A - 4D. a Branch 

having a label ending in '-0' corresponds to "Ai..1 = O'' and a Branch having 

20 label ending in ·--r corresponds to "Ak·l = l". Therefore. for a branch pair 

going from state "m" to state "n", bit Ak.J of state ·m· is used as a select 

signal to determine which of the two branches (metrics) should be used. 

This shortcut technique essentialJy keeps the compare and select process 

within the Viterbi detector 60 at two branches per state and preserves the 

25 process time. 

The Y" column in Figures 4A - 40 is again the linear 

superposition of (B11 - Bic.2) as indicated in equation [2] above. In this 

arrangement. Y k is associated with four transitions: "B ... 3 Bk·:?"· Bk·:? Bt.i"· Bk-I 

B11•1". and B11 Bk• i"- In recording systems where the read back pulses interact 
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nonlinearly, the resultant read sample values (X1, ••• , Xt• .... Xn1 will deviate 

from the Y,. targets. To find the suitable target values for such a recording 

system. a predetermined pseudo random pattern including aJJ possible 

branches is written to the magnetic media 12. Samples are taken and a 

S statistical average for each Y k is determined for each branch. These new 

target values are then used in the Viterbi detector 60 as described above. 

In sum, by uu1izing a state transition table which takes into 

account the adjacent leading and/or trailing transition regions about the 

current magnetization region. the Viterbi detector 60 accounts for and 

10 remedies the nonlinear distonion in amplitude and/or time which occurs on 

the magnetic media 12. A significant improvement in the error rate has 

been observed (approximately 2 orders of magnitude) in a test system 

employing the present invention as described above. It is to be understood 

that the branch metric compensation method presented here is a general 

15 procedure. The method can be applied to other popular signaling schemes 

such as the extended PR4 systems that have partial response polynomials of 

the form (l-0)(1 +D)n. where "n" is a positive integer greater than 1. It 

should also be noted that, in practice. the full-blown state diagram of branch 

metric compensation can usually be simplified. For example. some branch 

20 pairs may show very small differences so that they may be considered as one 

single hranch. Such simplifications are generally system and channel 

dependent so they should be implemented according to the individual 

situation. 

Although the present invention has been described with 

25 reference to preferred embodiments. workers skilled in the an will recognize 

that changes may be made in form and detail without departing from the 

spirit and scope of the invention. 
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WHAT IS CJ AJMED IS: 
1. A data sequence detector for use in a digital magnetic 

recording and read-back system for recovering an estimated sequence of bits 

of binary data (a1 ..... a.i •••• , &n] most likely corresponding to an original 

S sequence of bits of binary data [A1, •••• At, .... AnJ, wherein the original 

sequence is precoded into a write sequence of bits of binary data [81 ..... Die • 
.•• , Bnl which are represented by magnetization regions on a magnetic 

medium. wherein the estimated sequence of bits of binary data is recovered 

from a waveform read back from the magnetic medium and transformed into 

10 a sequence of waveform sample values [X1, •••• Xk• .•• , X0]. the sequence 

detector being configured according to a predetermined state machine model 

having a number of states which account for distonions caused by a 

magnetization transition on the adjacent magnetization region on the 

magnetic medium. 

15 :?. The data sequence detector of claim 1. utilizing a Cass 4 

partial response channel having a J-02 panial response polynomial such that 

a branch metric, M. is determined by the equation: M = (Xi.:-Yk)2
• wherein 

Y t = Bk - B1.:.:?· 

3. The data sequence detector of claim 1. wherein the 

20 magnetization transition includes a trailing magnetization transition and a 

leading magnetization transition . 

.J. The data sequence detector of claim 1. wherein the number 

of states is 8. 

5. The data sequence detector of claim 4. wherein each state bas 

25 associated therewith four diverging branches leading to next states and four 

merging branches for use in determining a cumulative minimum branch 

metric. 

o. The data sequence detector of claim 1. configured according 

to a predetermined state machine model having more than two (2) branches 
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between states which account for amplitude and/or time distortion caused 

by a leading magnetization transition on the adjacent magnetization region 

on the magnetic medium. 

7. The data sequence detector of claim 6, wherein the number 

5 of states is 8 and the number of branches is 4 per state. 

8. In a digital magnetic recording and read-back system. an 

improved Viterbi-type sequence detector configured according to a 

predetermined state machine model and having a number of states which 

account for distonions caused by a magnetization transition on an adjacent 

10 magnetization region on a magnetic medium. 

9. The improved Viterbi-type sequence detector of claim 8, 

wherein the magnetization transition is a trailing magnetization transition, 

and wherein the predetermined state machine model further has a number 

of branches which account for distonions caused by a leading magnetization 

15 transition on the adjacent magnetization region on the magnetic medium. 

10. The improved Viterbi-type sequence detector of claim 9, 

wherein the number of states is 8 and the number of branches is 4 per state. 

11. In a digital magnetic recording and read-back system. a 

method for recovering an estimated sequence of bits of binary data [a1 ••••• 

20 at• ...• a11] most likely corresponding to an original sequence of bits of binary 

data (A1 ..... Ak• ..•• Ai,], wherein the original sequence is precoded into a 

25 

-----·--------

write sequence of bits of binary data [B1 ..... B ....... Bnl which are represented 

by magnetization regions on a magnetic medium. the method comprising: 

-·---

constructing an analog waveform from the magnetization 

regions on a magnetic medium: 

transforming the analog waveform into digital waveform 

sample values [X1 ••••• Xk •...• Xn]: and 

passing the digital waveform through a sequence detector 

configured according to a predetermined state machine 
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model having a number of states which account for 

distortions caused by a magnetization transition on an 

adjacent magnetization region on the magneiic 

medium, wherein the sequence detector outputs the 

estimated sequence. 

The method of claim 11, wherein the original sequence is a 

run length limited encoded sequence, and wherein the method further 

comprises the step of decoding the estimated sequence. 

13. The method of claim 11, wherein the magnetization transition 

10 is a trailing magnetization transition. and wherein the predetermined state 

machine model further has a number of branches which account for 

distonions caused by a leading magnetization transition on the adjacent 

magnetization region on the magnetic medium. 

14. A data sequence detector for use in a digital magnetic 

15 recording and read-back system for recovering an estimated sequence of bits 

of binary data [a1 •••• , a11, ... , 2i,] most likely corresponding to an original 

sequence of bits of binary data [A1, ... , Ate ••.•• A,.}. wherein the original 

sequence is preeoded into a write sequence of bits of binary data [81, .... B.., 

...• B8 ] which are represented by magnetization regions on a magnetic 

20 medium. wherein the estimated sequence of bits of binary data is recovered 

from a waveform read back from the magnetic medium and transformed into 

digital waveform sample values [X1, ••• , X11 ••••• Xn1· the data sequence 

detector being configured according to a predetermined trellis mode) 

comprising: 

25 

-------

eight (8) current states identified by bits (Bk·:?· Bk-l• B1J of the 

write sequence: 

eight (8) next states identified by bits (Bk_1• B1c. B1c+ 1) of the 

write sequence; 

at least two (2} branches diverging from each current state: 
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at least two (2) branches merging into each next state: 

a target value Y k for each branch of the trellis for use in a 

branch metric calculation for selecting one of a pair of 

the branches; and 

at least two (2) bits of the estimated sequence associated as 

an output for each state of the trellis. 

15. The data sequence detector of claim 14, wherein the treUis 

10 

15 

model comprises: 

16. 

four ( 4) branches diverging from each current state. the four 

branches being arranged into two pairs; 

four (4) branches merging into each next state, the four 

branches being arranged into two pairs: 

an additional bit Bt.3 of the write sequence identifying one 

branch of each of the pairs; and 

three (3) bits of the estimated sequence associated as an 

output for each state. 

A data sequence detector for recovering a sequence of bits of 

binary data from a data .storage medium, wherein the sequence is the one 

which most likely corresponds to an original sequence of bits of binary data 

20 written to the data storage medium. wherein the sequence of bits of binary 

data is recovered from a waveform read back from the data storage medium 

and transformed into a digital waveform, the data sequence detector being 

configured according to a predetermined trellis model comprising: 

25 

eight (8) current states each representing three bits of the 

sequence; 

eight (8) next states each representing three bits of the 

sequence; 

at least two (2) branches diverging from each current state; 

at least two (2) branches merging into each next state~ 
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a target value Y k for each branch of the trellis for use in a 

branch meuic calculation for selecting one of the 

merging branches; and 

at least two (2) bits of the sequence associated as an output 

for each state of the uellis. 

The data sequence detector of claim 16. wherein the trellis 

model comprises: 

four ( 4) branches diverging from each current state, the four 

branches being arranged into two pairs; 

four ·( 4) branches merging into each next state. the four 

branches being arranged into two pairs; and 

three (3) bits of the sequence associated as an output for each 

state. 

18. The data sequence detector of claim 17. wherein an additional 

15 bit of the sequence is used to identify one branch of each pair of the 

branches to reduce the number of branch metric calculations. 

19. An improved data sequence detector for use in recovering a 

data sequence from a data storage medium. the data detector being 

configured according to a predetermined state machine model having a 

20 number of states and more than two merging branches leading to each state. 

20. The improved data detector of claim 19, wherein there are 

four merging branches leading to each state. wherein the four merging 

branches are arranged in pairs. and wherein one branch of each pair is 

selected based on a previously determined bit of the data sequence. 

25 21. The improved data sequence detector of claim 19. wherein the 

predetermined state machine model has eight (8) states. 

22. The improved data sequence detector of claim 19. wherein the 

number of states is greater than four ( 4 ). 

-- -------·-·-------------
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23. The improved data sequence detector of claim 22, wherein 

there are eight (8) states and four (4) branches merging into ead1 state. 

--- ----------------


