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(57) ABSTRACT 
An apparatus and a method for fast acquisition of the 
sample-timing phase in systems using partial-response 
signalling are disclosed. For fast initial adjustment of 
the timing phase, a known preamble is transmitted. 
During that phase, previous schemes could occasionally 
hang up for an extended period of time at the unstable 
equilibrium point halfway between the desired sampling 
times. The new procedure eliminates the hangup prob 
lem by introducing a hysteresis effect which greatly 
diminishes the probability of reversals in the once 
chosen direction of timing-phase adjustment. Thus, 
reliable adjustment of the timing phase with a much 
shorter preamble is achieved. The apparatus for furnish 
ing a timing correction signal ATn includes a timing 
gradient generator portion (41) and a data sample re 
construction portion (43). The data sample reconstruc 
tion portion (43) develops a present reconstructed data 
sample in from the present received signal sample yn 
and a previous reconstructed data sample. The output 
Xn of the data sample reconstruction portion is delayed 
and furnished to the gradient generation portion (41) 
which also receives the present received signal sample 
yn and a delayed received signal sample, for generating 
the timing correction signal ATn. 

16 Claims, 5 Drawing Sheets 
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1. 

FAST TIMING ACQUISITION FOR 
PARTAL-RESPONSE SIGNALLING 

FIELD OF THE INVENTION 5 

The present invention relates to timing acquisition in 
receivers of data transmission or recording systems. In 
particular, it relates to timing acquisition in receivers of 
such systems which use partial-response signalling. 

BACKGROUND OF THE INVENTION 

Partial-response (PR) signalling allows a better han 
dling of intersymbol interference and leads to a more 
efficient utilization of the bandwidth of a given channel. 1s 
In PR systems a controlled amount of interference can 
be allowed. As the intersymbol interference then is 
known, the receiver can take it into account. PR signal 
ling in communications permits transmission at the Ny 
quist rate, and provides an attractive trade-off between 20 
error probability and available bandwidth. PR signal 
ling is extensively used in data transmission systems, 
such as Pulse Code Modulation (PCM) systems, and 
will find wide application in recording systems. 
A general description of partial-response signalling 

principles is given by P. Kabal and S. Pasupathy in 
"Partial-Response Signaling", IEEE Transactions on 
Communications, Vol.COM-23, No. 9, Sept. 1975, 

pp. 921-934. 30 
The maximum-likelihood sequence detection 

(MLSD) technique for the recovery of the transmitted 
data sequence in receivers of transmission or recording 
systems using PR signalling has been described by sev 
eral authors, e.g. G. D. Forney in “Maximum-Likeli 
hood Sequence Estimation of Digital Sequences in the 
Presence of Intersymbol Interference', IEEE Transac 
tions on Information Theory, Vol.IT-18, No. 3, May 
1972, pp. 363-378, and R. W. Wood and D. A. Petersen a 
in “Viterbi Detection of Class IV Partial Response on a 
Magnetic Recording Channel', IEEE Transactions on 
Communications, Vol. COM-14 (1986), pp. 454-461. 
An important task in a digital data receiver is the 

provision of the correct timing phase for sampling the 45 
signal furnished by a transmission or recording channel. 
Initially, the timing phase bears no relation to the timing 
of the received signal. The system must yet be brought 
into synchronism. For fast synchronization, a known 
training sequence is transmitted/recorded prior to the 
actual data sequence. A large phase correction may be 
necessary for initial adjustment-"acquisition' -of the 
timing phase. Once the timing phase has been acquired, 
small corrections are necessary for compensating-"-- 55 
tracking' -small differences between the rate of the 
signal received and the frequency of the free-running 
sampling clock of the receiver. The receiver clock is 
usually provided by a variable frequency oscillator 
(VFO). 60 
A problem may occur during timing-phase acquisi 

tion when the initial sampling phase occurs at the point 
halfway between the desired sampling times. Then, the 
mechanism correcting the phase may reverse its direc- 6s 
tion of adjustment several times and the timing phase 
remains in the vicinity of this unstable equilibrium point 
for an extended period of time. Although this hangup 

10 

25 
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2 
effect occurs rarely, the length of the training sequence 
must be chosen such that the system may still synchro 
nize in this situation. The hangup effect thus poses a 
major problem when fast and reliable synchronization is 
needed. 
The article "Timing Recovery in Digital Synchro 

nous Receivers' by K. H. Mueller and M. Mueller, 
published in the IEEE Transactions on Communica 
tions, Vol.COM-24 (1976), pp. 516-531, describes 
methods for adjusting the timing phase in synchronous 
digital data receivers for systems free of intersymbol 
interference. It does not mention the hangup problem or 
present methods to overcome it. This problem is de 
scribed, for example, in the paper "Hangup in Phase 
Lock Loops' by F. M. Gardner, IEEE Transactions on 
Communications, Vol.COM-25 (1977), pp. 1210-1214. 
However, the method proposed to overcome hangups 
has the drawback of requiring two phase detectors in 
quadrature, thus increasing the receiver complexity. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide 
methods and apparatus for avoiding the hangup prob 
lem during the timing acquisition phase in receivers for 
transmission or recording systems using partial 
response signalling. 

It is a further object to provide, for PR signalling 
systems, timing acquisition methods and apparatus 
which enable a fast and correct initial setting of the 
receiver sampling time under all circumstances, so that 
reliable synchronization can be achieved with the use of 
a short training sequence. 
Another object is to provide such timing acquisition 

apparatus and methods which can be simply imple 
mented. 

SUMMARY OF THE INVENTION 

The method, according to the invention, achieves 
these objectives by the usage of a special training se 
quence and the generation of a timing gradient for up 
dating the sampling phase. The timing gradient AT for 
updating the sampling phase t is generated from at least 
one present and one previous received signal sample, 
and from at least one reconstructed data sample which 
itself depends on earlier reconstructed data samples. It 
should be noted that these reconstructed data samples 
are different from the values an of the actual output data 
sequence which are obtained by subsequent maximum 
likelihood sequence estimation. 

In particular embodiments, each new reconstructed 
data sample is obtained by first selecting at least one 
threshold value m in dependence of the sign of a previ 
ous reconstructed data sample, and then selecting one of 
the nominal data signal amplitude values (e.g. --2/-2 
or +2/0/-2) in dependence of the relation between 
the selected threshold value (or values) m and the ampli 
tude of the just received signal sample. 
A simple means and method provide a hysteresis 

effect which prevents reversals of the once chosen di 
rection of timing-phase adjustment for any initial sam 
pling phase and thus eliminates the hangup problem. 
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The length of the training sequence required for reliably 
adjusting the sampling phase when applicants'method is 
used is only one third of the length which is otherwise 
necessary. This allows for faster and more efficient 
operation of systems using partial-response signalling. 
Other features and advantages of the invention will 

become apparent from the following detailed descrip 
tion of preferred embodiments, thereof, which are dis 
closed in connection with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of a recording or 
communication system in which present invention finds 
application; 
FIGS. 2A and 2B depict the partial-response signal 

ling system and schemes, respectively; 
FIG. 3 shows the receiver signals for PR-II and 

PR-IV during preamble transmission; 
FIG. 4 is a block diagram of a timing gradient genera 

tion arrangement for PR-II and PR-IV; 
FIG. 5 shows the receiver signals for PR-I, PR-III, 

and EPR-IV during preamble transmission; 
FIG. 6 is a block diagram of a timing gradient genera 

tion arrangement for PR-I, PR-III, and EPR-IV; and 
FIG. 7 is a block diagram of a general timing gradient 

generation arrangement for all PR signalling schemes. 
DETAILED DESCRIPTION 

(1) Principles 
In a maximum-likelihood sequence-detection 

(MLSD) receiver for data transmission or recording 
systems using partial-response (PR) signalling, the sig 
nal at the output of the receive filter is sampled at the 
signalling rate for further processing by a Viterbi de 
coder. In the receiver, a timing recovery scheme adjusts 
the phase of the sampling clock so that the received 
signal is sampled at appropriate instants of time. 
Thereby, any small difference between the rate of the 
signal received and the frequency of the free-running 
sampling clock, often provided by a voltage-controlled 
oscillator (VCO), is also compensated. For fast initial 
acquisition of the timing phase, a preamble preceding 
the user data is transmitted, and a special timing proce 
dure is employed. 
By present invention, new timing-phase acquisition 

procedures are introduced for a variety of PR signalling 
schemes. The new phase acquisition procedures permit 
reliable timing-phase adjustment during the initial ac 
quisition interval with a preamble whose length needs 
typically to be only one third of the length required 
with earlier schemes. 
The timing phase is updated by timing gradients com 

puted from the received PR signal samples and recon 
structed data samples obtained by threshold decisions. 
A fixed decision threshold could be use for these deci 
sions, e.g. the value zero. However, when initial sam 
pling occurs halfway between the desired sampling 
times, the timing gradients could randomly reverse their 
sign. The timing phase could hang up at this unstable 
equilibrium point for an extended period of time. This 
hangup effect, although seldomly occurring, poses a 
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4 
major problem when fast acquisition with high reliabil 
ity is needed. 
According to the present invention, by making the 

decision thresholds dependent on past reconstructed 
data samples, a hysteresis effect is introduced. This 
makes reversals of the once chosen direction of timing 
phase adjustment very unlikely for any initial sampling 
phase and thus eliminates the hangup problems. 
As used herein, i and j are positive integer time indi 

ces and n is an integer time index that may be positive or 
negative. Note that n is the running index for the signal 
samples (it has no limit); whereas N designates the (pre 
selected, fixed) number of received samples which are 
used for evaluation at any time. Thus, there is no rela 
tion between N and n, and any other letter instead of N 
(e.g., K) could be selected, if preferable. Also, yn and 
y(t) have the same meaning, with yn merely being a 
shorthand term for y(t). 

FIG. 1 shows a block diagram of a partial-response 
signalling system as briefly described above. A se 
quence of data values {an} is applied to the input 11 of a 
transmission or recording channel 13. The output signal 
u(t) of that channel is applied to the input 15 of the 
receiver. In the receiver, the input signal is first filtered 
in a receive filter 17 furnishing signal v(t) which is ap 
plied to a variable gain amplifier 19 to obtain signal y(t). 
That signal is sampled in A-to-D converter 21, furnish 
ing received signal samples {y}. In a maximum-likeli 
hood detector 23, a sequence of data values {an} is ob 
tained and available on output 25 of the receiver. 
A local clock generator 27 (including a variable fre 

quency oscillator) provides the sampling clock to the 
A-to-D converter 21. For adjusting the local clock 
phase and the gain, timing and gain control 29 is pro 
vided. It receives on its input 31 received signal samples 
{y} and furnishes timing control signal ATn on output 
35 to the local clock generator and gain control signal 
Ag on output 37 to the variable gain amplifier. 
The invention is only concerned with initial timing 

phase acquisition, and thus in the following only those 
portions and functions of the receiver which are re 
quired for the generation of timing control signal At 
will be described in detail. 

(2) Survey of Partial-Response Signalling Schemes 
Partial-response (PR) signalling systems can be mod 

eled as shown in FIG. 2. The data sequence {an} is sent 
at the signalling rate 1/T through the transmit filter, 
transmission or storage medium, and band-limiting re 
ceive filter. Five PR schemes are considered here. 

PR-I denotes PR signalling of type "duobinary" or 
"class 1'. For this scheme, the response of the overall 
channel-consisting of transmit filter, transmission or 
storage medium, and receive filter-to an isolated input 
signal ao = + 1 is given by 

h1(t)=p(t)--p(t-T), (1) 

where 
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p(t) = sin(TL/T). cos(att/T) (2) 
rt/T 1 - 42.2/T2 

The parameter defines the excess bandwidth, i.e. 
above the frequency (1-- )/2T, the spectrum of p(t) is 
ZeO. 

PR-II, also known as “class 2', is defined by the 
overall channel response 

hir(t)=p(t)+2p(t-T)+p(t-2T), (3) 

PR-III, or “dicode', by 

hIII(t)=p(t)-p(t-T), (4) 

PR-IV, or "modified duobinary', or "class 4'', by 

hiv(t)=p(0-p(-2T), (5) 

and EPR-IV, or “extended PR-IV', by 

hE-v(t)-p(t-T)-p(t-2T)-p(t-3T). (6) 

If the signals {ak} are transmitted at rate 1/T, the 
output of the overall channel becomes 

y(t) = x(t) -- r(t), (7) 

where in the signal part 

x(t) = ah(t - kT), (8) 

h(t) corresponds to one of the five responses given by 
(1) and (3)-(6). In (7), r(t) denotes noise, band-limited by 
the receive filter. The output of the receive filter, sam 
pled at time nT-7, is denoted by 

y(r)acy(inT-T). (9) 

At time nT, the data signal is 

(10) x = x(nT) = hman-m. 

where h = h(mT). For the PR schemes considered 
here: 

(11) 
an - an - 1 PR - I, 

an -- 2an- 1 -- an-2 PR - II, 

x = an an -1 PR - III, 

in (t. PR - IV, 

an -- a-- a-2 - a 3 EPR - V. 

The slope of the data signal x(t) at time nT is given by 

Xn = X hman-m (12) 

n = -d- |t = m.T. (13) 
The respective amplitude spectra for the introduced 

PR channel responses with = 0 (no excess bandwidth) 

5 

O 

15 

25 

30. 

35 

40 

45 

50 

55 

60 

65 

6 
and the corresponding system polynomials are shown in 
FIG. 2B. The spectra of PR-I and PR-II have low-pass 
characteristics with a null at T. These schemes are well 
suited for magneto-optic recording channels. PR-IV 
and EPR-IV exhibit spectral nulls at DC and at T. 
They are well suited for channels with baseband char 
acteristics such as magnetic recording channels. 

(3) Timing Procedure 
The timing-phase adjustment scheme results from 

applying the stochastic gradient technique to minimize 
the mean-squared error Ee,2(r) where 

represents the error signal, and kn denotes a reconstruc 
tion of x (see relation (10)) made by the receiver. The 
stochastic gradient with respect to the sampling phase t 
is given by 

den(r) (15) 
d - en(T) y(t), 

This would require sampling a time derivative of the 
received signal. Using instead of y(t) a reconstruction 
kn of the slope (12) results in a major simplification. 
Thus, an approximate stochastic gradient 

Arn=en(r)in= y(t)-3 nilšn (16) 

is obtained. In the next sections, there are disclosed 
methods and arrangements to obtain x and Xin directly 
from the samples y(t) that result from receiving in the 
acquisition phase a suitable preamble sequence. 
The approximate stochastic gradient is used to update 

the timing phase A by: 

Tn- 1 = Tin - a. AT-AT, (17) 

AT = AT-PAT. (18) 

These equations describe the operation of a second 
order type II timing-control loop. o. and P are the loop 
gains. The term AT compensates for offset between the 
rate of the received signal and the frequency of the 
free-running receiver oscillator. For acquisition mode, 
the loop gains a. and P are optimized to achieve fastest 
convergence of Tn and AT, or equivalently, steepest 
reduction of the mean-squared error Ee(t)}. 
(4) Acquisition of Sampling Phase Timing Gradients for 

PR-II and PR-IV 

For initial acquisition of the timing phase, the pream 
ble sequence 

{an} = {... + 1 + 1, -1, -1, +1, + 1, ... } (19) 

is used. The signals resulting from receiving this pream 
ble are shown in FIG. 3. The spectrum of the preamble 
comprises lines at EAT, iT, -t-.5/4T, etc. Hz. If band 
width is limited to f <T (corresponding to an excess 
bandwidth parameter S0.5), the data signal x(t) is a 
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pure sinewave of frequency T, and the data and slope 
signals (11) and (12) are given by 

8 
includes two non-linear converters 51 and 53. Received 
signal samples y(t) are applied to the input 55 of this 
arrangement, and the generated timing gradients ATn 

F (20) are obtained at output 57. 
The sample reconstruction portion 43 furnishing re 

2a1 = . . . -2, -2, -2, -2, -2, -2, . . . PR - II constructed data samples in on line 59 operates as fol 
{ 2an = . . . --2, --2, -2, -2, --2, +2, . . . PR - IV, lows: Each reconstructed data sample xn is delayed by 

two delay elements 61(1) and 61(2) to make available a 
10 previous reconstructed data sample xn-2 on line 63. (21) 

(-T/T)an-2 PR - II 
x = C. PR - IV } 
For |t| <T/2, sine (x)=sinex(nT+T)), suggesting 

to obtain with a threshold equal to zero the two-level 
reconstructed sample kn=2 sine y(t). However, if 
sampling occurs halfway between the desired instants, 
in is determined by a received sample with a zero signal 

15 

This previous reconstructed data sample is applied to 
converter 51 to obtain either -e or - e, depending on 
the sign of the previous reconstructed data sample, thus 
furnishing a threshold value mn on line 65 in accordance 
with (23). Converter 53 receives this variable threshold 
value mn and the received signal sample y(t) and pro 
vides on its output line 59 as reconstructed data sample 
in either a value --2 or a value -2 in accordance with 

20 (22). 
part, i.e. noise only, and the aforementioned hangup In the gradient generation portion, multiplier 45 oper 
effect is observed. ates on a received signal sample y(t) and a previous 

Reconstructing reconstructed data sample k-1 furnished by delay ele 
in=2 sine y(t)-mill (22) ment 61(1), and multiplier 47 operates on a delayed 
x = 2 S1ne y(t)- received signal sample yin-1(t) furnished by delay ele 

ment 67 and the present reconstructed data sample kn 
with a variable threshold furnished on line 59. These input values are processed 

mn=e sine (šn-2), os by multipliers 45 and 47 and adder 49 in accordance 
30 with relation (25) to obtain the timing gradient At on 

where ed0, increases the likelihood that Exn=rik-2 
as should be the case according to (20). This introduces 
a hysteresis effect that eliminates the hangup problem. 
Given (21), the reconstructed slope is obtained by 

&n= -(T/2T)in-1. (24) 

The timing gradient AT can now be computed. It is 
advantageous to compute the sum of two consecutive 
stochastic gradients (16) in order to reduce variance. 
This leads to 

(25) 

where Xn = -X-2 was substituted in the second term of 
the first equality and (14) was used to obtain the last 
one. The constant 7t/2T appearing in (24) has been 
dropped since it can be absorbed in the loop gains a. and 
P. 

35 

45 

50 

output line 57. 
The initial values & -2 and x-1, which define the 

thresholds for reconstructing ko and k1 can be selected 
arbitrarily. 
One can accumulate M-1 terms (25) to obtain 

AT -- ATn-2- . . . --ATn-2M which represents a more 
general form of the timing gradient that depends on 
yn-i, i=0 to N=2M-1-1 and x-, j=0 to N=2M-1-1. 
The reduction in variance obtained by this averaging 
does not warrant the increase in computation complex 
ity for M larger than 5. Thus the value of N is limited to 
11. 

(5) Acquisition of Sampling Phase Timing Gradients for 
PR-I, PR-III, and EPR-IV 

The data and received signals for PR-I, PR-III, and 
EPR-IV when preamble (19) is transmitted are shown 
in FIG. 5. As in the case of PR-II and PR-IV, the signal 
x(t) is a pure sinewave if the excess bandwidth parame 
ter S0.5 and 

(26) 
A (a + an - 1) = . . . 0, +2A,0, -2A, . . . PR - I, EPR - IV 

"l A (a, -a, -) = ... +2.4.0, -24, 0,..., PR – III. 

(27) 
o -(Arr/2T) (all - a.2) PR - I, EPR - IV 

= -(T/2T)x - 1, "T -(AT/2T) (a, -1 -a, -3) PR – III (T/2T)x- 

A block diagram of an arrangement for computing 
the timing gradient AT from received signal samples 
y(t) in case of PR-II or PR-IV signalling is shown in 
FIG. 4. It comprises a gradient generation portion 41 6s 
and a sample reconstruction portion 43. The gradient 
generation portion includes two multipliers 45 and 47, 
and an adder 49. The sample reconstruction portion 

where A = 1 for PR-I and PR-III and A=2 for EPR 
IV. It is now suggested to reconstruct the three-level 
sample as 
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(28) 
+2A for mint is y(t) 

k = 0 for n < y(t) < mn", 

-2A for y(t) is in 

where the thresholds mn and mn are given by 

(29) 
mn = e sign (sn-2) + 6, 

mn = e sign (in-2) - 6. 

With e and 6)0, the likelihood that k= +2A, or 0, 
respectively, if &n-2=-2A, or 0, respectively, is in 
creased, resulting in a hysteresis effect that eliminates 
the hangup problem. Relation (27) shows that in is again 
obtained by (24). 

In order to reduce variance, it is advantageous to 
compute the sum of two stochastic gradients (16) sepa 
rated by 2T, since every second slope is zero, resulting 

(30) 

where (14) was used to obtain the last equality. As be 
fore, the constant iT/2T appearing in (24) has been ab 
sorbed in the loop gains o. and p. 
A block diagram of an arrangement for computing 

the timing gradient At from received signal samples 
y(t) in case of PR-I, PR-III, or EPR-IV signalling is 
shown in FIG. 6. Elements in FIG. 6 which correspond 
to elements with same function in FIG. 4 are designated 
by the same reference numbers with an extension 'A' 
(e.g. 41A). 

This arrangement comprises a gradient generation 
portion 41A and a sample reconstruction portion 43A. 
The gradient generation portion includes an adder 71 
and a multiplier 73. The sample reconstruction portion 
includes two non-linear converters 51A and 53A. Re 
ceived signal samples y(t) are applied to the input 55A 
of this arrangement, and the generated timing gradients 
At are obtained at output 57A. 
The sample reconstruction portion 43A furnishing 

reconstructed data samples X on line 59A operates as 
follows: Each reconstructed data sample Xn is delayed 
by two delay elements 61A(1) and 61A(2) to make 
available a previous reconstructed data sample X-2 on 
line 63A. This previous reconstructed data sample is 
applied to converter 51A to obtain either -e or -e, 
depending on the sign of the previous reconstructed 
data sample, thus furnishing a basic threshold value mn 
on line 65A. Two adders 75 and 77 are provided to add 
to that basic threshold value an increment -- 67 or -6, 
respectively, thus obtaining two separate threshold 
values mint and in accordance with relation (29). Con 
verter 53A receives these two variable threshold values 
and the received signal sample y(t) and provides on its 
output line 59A as reconstructed data samplex one of 
the three possible values +2A, O, or -2A, in accor 
dance with (28). 
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10 
In the gradient generation portion, adder 71 operates 

on a present received signal sample y(t) and a previous 
received signal sample yin-2(T) which is obtained from 
the output of two sequential delay elements 67A(1) and 
67A(2), and multiplier 73 operates on the output fur 
nished by adder 71 and a previous reconstructed data 
sample in-1 furnished at the output of delay element 
61(1)A, in accordance with relation (30) to obtain the 
timing gradient At on output line 57A. 
The initial values x. 2 and k-1 which define the 

thresholds for reconstructing x0 and x1 can be selected 
arbitrarily. 
As mentioned in the previous section, a more general 

form of the timing gradient can be obtained by accumu 
lating several terms given by (30). 

(6) GENERALIZATION 
For all PR signalling schemes with excess bandwidth 
S0.5, preamble (19) creates a pure sinewave of fre 

quency T at the output of the receive filter. The recon 
structed data sample x is obtained by threshold deci 
sion; xn is given as in (24) by - cK-1 where c is some 
constant. The sum of N approximated stochastic gradi 
ents (16) is used in order to reduce variance. Thus a 
gradient can be computed in the general case from N 
received signal samples yn-f(t) and N reconstructed 
data samples Xin-i, i=1 ... N-1 andj= 1 . . . N-1. The 
decision thresholds are made dependent on past recon 
structed data samples xn i, j= 1 . . . N-1 to introduce 
a hysteresis effect that eliminates the hangup problem. 
A block diagram of an arrangement for obtaining the 

timing gradient AT in the general case is shown in FIG. 
7. Elements in FIG. 7 which correspond to elements 
with same function in FIG. 4 and in FIG. 6 are desig 
nated by the same reference numbers with an extension 
“B” (e.g. 41B). 
The arrangement comprises gradient generation por 

tion 41B and sample reconstruction portion 43B. Both 
portions are connected to the input 55B on which re 
ceived signal samples y(t) are furnished, and the gener 
ated timing gradients AT are furnished on output line 
57B. A sequence of delay elements 61B(1) through 
61B(N-1) is provided for obtaining various previous 
reconstructed data samples xn - 1 . . . xn - N + 1 from the 
present reconstructed data sample in which is fur 
nished by the sample reconstruction portion on line 
59B. These previous reconstructed data samples are 
furnished to, and can selectively be used by, the gradi 
ent generation portion 41B and the sample reconstruc 
tion portion 43B. A second sequence of delay elements 
67B(1) through 67B(N-1) is provided for obtaining 
various previous received signal samples y -(r) . . . 
yn N+1(t) from the present received signal sample 
yn (T), and these previous received signal samples are 
furnished to and can be selectively used by the gradient 
generation portion 41B. 
We claim: 
1. In a receiver for data having been sent or recorded 

as partial-response (PR) signals, wherein i and j are 
positive integer time indices and n is an integer time 
index that may be positive or negative, 

apparatus for generating a timing gradient value Ath 
for initially acquiring the sampling phase when a 
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signal resulting from the transmission of a known 
preamble of the form -- 1 - 1 - 1 - 1 + 1 + 1 . . . is 
received, said apparatus comprising: 

a common input (55) for received signal samples yn of 
a transmitted or recorded PR signal; 

first delay means (67) having at least one delay stage, 
for accepting the present received signal sample yn 
and for providing at least one previous received 
signal sample yin-i, 

second delay means (61) having at least two delay 
stages, for accepting a present reconstructed data 
samplex and for providing at least a first previous 
reconstructed data sample 

reconstruction means (43) connected to said common 
input and to said second delay means for generat 
ing said present reconstructed data sample in in 
response to said present received signal sample yn 
and at least said first previous reconstructed data 
sample in-j; and 

timing gradient generation means (41) connected to 
said common input and to said first and second 
delay means and being responsive to said present 
received signal sample and to output values of said 
two delay means, for generating said timing gradi 
ent value ATn. 

2. Apparatus in accordance with claim 1, character 
ized in that said reconstruction means (43) comprises: 

first non-linear conversion means (51) connected to 
said second delay means (61) for receiving said first 
previous reconstructed data sample in-i, and fur 
nishing on its output (65) one of two possible given 
values (--e, -e) as threshold mn in response to the 
sign of said first previous reconstructed data sam 
ple in-j; and 

second non-linear conversion means (53) having a 
first input connected to the output (65) of said first 
non-linear conversion means for receiving said 
threshold min, and a second input connected to said 
common input (55) for receiving a present received 
signal sample yn, and furnishing on its output (59) 
one of two possible data amplitude values (-2, 
-2) as reconstructed data sample &n in response to 
the difference between said present received signal 
sample yn and said threshold mn. 

3. Apparatus in accordance with claim 1, character 
ized in that 

said first delay means (67) 8c comprises only one 
delay stage, having a delay of one sampling period, 
and provides at its output a delayed received signal 
sample yn-1, which constitutes said previous re 
ceived signal sample yin-i, and 

said second delay means (61) comprises two delay 
stages (61(1), 61(2)) in series, the first (6101)) of said 
delay stages providing at its output a delayed re 
constructed data sample kn-1 as a second previous 
reconstructed data sample, and the second (61(2)) 
of said delay stages providing at its 

output another delayed reconstructed data sample 
xn-2 which constitutes said first previous recon 
structed data sample &n-f. 

4. Apparatus in accordance with claim 2, character 
ized in that said timing gradient generation means (41) 
comprises: 

first multiplying means (45) having one input con 
nected to said common input (55) for receiving said 
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12 
present received signal sample yn, another input 
connected to an output of said second delay means 
(61) for receiving said second previous recon 
structed data sample xn-1, and having an output; 

second multiplying means (47) having one input con 
nected to the output (59) of said second non-linear 
conversion means for receiving said present recon 
structed data sample &n, another input connected to 
said first delay means (67) for receiving said previ 
ous received signal sample yn-1, and having an 
output; and 

subtracting means (49) having its two inputs con 
nected to the outputs of said first and second multi 
plying means, for subtracting the output of said 
first multiplying means from the output of said 
second multiplying means, and furnishing at its 
own output (57) the generated difference as said 
timing gradient value ATn. 

5. Apparatus in accordance with claim 1, character 
ized in that said reconstruction means (43A) comprises: 

first non-linear conversion means (51A) connected to 
said second delay means (61A) for receiving said 
first previous reconstructed data sample &n-j, and 
furnishing on its output (65A) one of two possible 
given values (-e, -e) as a basic threshold value in 
response to the sign of said first previous recon 
structed data sample kni, 

adding means (75, 77) connected to the output (65A) 
of said first non-linear conversion means, for add 
ing two different increment values (-6, -8) to 
said basic threshold value, and furnishing two sepa 
rate threshold values (mint, min) on its outputs; and 

second non-linear conversion means (53A) having a 
first and a second input connected to the outputs of 
said adding means (75, 77) for receiving said two 
separate threshold values (mint, min), and a third 
input connected to said common input (55A) for 
receiving a present received signal sample yn, and 
furnishing on its output (59A) one of three possible 
data amplitude values (-2A, O, -2A) as recon 
structed data sample &n in response to said present 
received signal sample and said two separate 
threshold values. 

6. Apparatus in accordance with claim 1, character 
ized in that 

said first delay means (67A) comprises two delay 
stages (67A(1), 67A(2)) having a total delay of two 
sampling time periods, providing at its output a 
delayed received signal sample yin-2, which consti 
tutes said previous received signal sample yi, and 

said second delay means (61A) comprises two delay 
stages (61A(1), 61A(2)) in series, the first (61A(1)) 
of said delay stages providing at its output a de 
layed reconstructed data sample &n-1 as a second 
previous reconstructed data sample, and the sec 
ond (61A(2)) of said delay stages providing at its 
output another delayed reconstructed data sample 
x-2 which constitutes said first previous recon 
structed data sample in-f. 

7. Apparatus in accordance with claim 6, character 
ized in that said timing gradient generation means (41A) 
comprises: 

subtracting means (71) having one input connected to 
said common input (55A) for receiving said present 
received signal sample y, another input connected 
to said first delay means (67A) for receiving said 
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previous received signal sample yin-2, and having 
an output for furnishing the difference of its two 
input values; and 

multiplying means (73) having one input connected to 
the output of said first delay stage (61A(1)) of said 
second delay means for receiving said second pre 
vious reconstructed data sample in-1, and another 
input connected to the output of said subtracting 
means (71) for receiving said difference, and fur 
nishing at its output (57A) the product of its two 
input values as said timing gradient value ATn. 

8. A method for acquiring, in response to a received 
known preamble, the sampling time phase Tn in a re 
ceiver for data having been sent or recorded as partial 
response (PR) signal, wherein i and j are positive inte 
ger time indices and n is an integer time index that may 
be positive or negative, 

said method comprising the steps of: 
(a) sending as said preamble a data sequence of the 
form - 1 - 1 - 1-1-1 + 1 . . . ; and 

at each sampling time 
(b) developing a reconstructed data sample in from 

the present received signal sample yn and at least a 
first previous reconstructed data sample in-f; 

(c) developing a stochastic timing phase gradient ATn 
from the present received signal sample yn, at least 
one previous received signal sample yin-i, and at 
least a second previous reconstructed data sample 
kn-1; and 

(d) using said stochastic timing phase gradient ATn as 
a correcting term for obtaining a new timing phase 
value T-1 from a preceding timing phase value Tn. 

9. Method in accordance with claim 8, in which said 
step (b) comprises the following steps: 

selecting one of two given values (--e, -e) as thresh 
old value m in response to the sign of said first 
previous reconstructed data sample Šn-, and 

selecting, in response to the difference between said 
threshold value mn and the present received signal 
sample yn, one of two possible data amplitude val 
ues (--2, -2) as new reconstructed data sample in 

10. Method in accordance with claim 8, comprising 
the following additional steps: 

delaying said present received signal sample y by 
one sample time period to provide a delayed sam 
ple ynll as said previous received signal sample, 
and delaying said reconstructed data sample in by 
one and by two sample time periods to provide a 
sample &n-2 as said first previous reconstructed 
data sample and another samplexin-1 as said second 
previous reconstructed data sample; and 

developing said stochastic timing phase gradient ATn 
by providing as a first auxiliary value the product 
of said present received signal sample y and said 
second previous reconstructed data sample kn-1; 
providing as a second auxiliary value the product 
of said previous received signal sample yin-1 and 
said present reconstructed data sample kn; and pro 
viding a difference value in subtracting said first 
auxiliary value from said second auxiliary value. 

11. Method in accordance with claim 8, in which said 
step (b) comprises the following steps: 

selecting one of two given values (e., -e) as a basic 
threshold value in response to the sign of said first 
previous reconstructed data sample in-j; 
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14 
adding a positive (+6) and a negative (-6) incre 
ment value to said basic threshold value to generate 
two different threshold values mand mand 

selecting one of three possible data amplitude values 
(+2A,0,-2A) as new reconstructed data sample in 
depending on whether the present received signal 
sample yn is equal to or greater than the greater of 
said two different threshold values, or has a value 
between said two different threshold values, or is 
equal to or less than the smaller of said two differ 
ent threshold values. 

12. Method in accordance with claim 8, comprising 
the following additional steps: 

delaying said present received signal sample yn by 
two sample time periods to provide a delayed sam 
ple yn-2 as said previous received signal sample, 
and delaying said reconstructed data sample k by 
one and by two sample time periods to provide a 
sample in-2 as said first previous reconstructed 
data sample and a sample xin-1 said second previ 
ous reconstructed data sample; and 

developing said stochastic timing phase gradient ATn 
by first providing a difference value in subtracting 
said present received signal sample y previous 
received signal sample yin-2, and by finally provid 
ing the product of said difference value and said 
second previous reconstructed data sample 3n - 1. 

13. Method in accordance with claim 8, comprising 
the following additional step: 

obtaining a new timing phase value T-1 on the basis 
of the current timing phase value T and the current 
timing phase gradient ATn by generating 
Tn- 1 = Tn-i-k1-ATn-ATn, where 
AT = AT-1--k2 ATn-1, and k and k2 are prese 
lected constant values; to being the random timing 
phase occurring at the beginning of the phase ac 
quisition procedure. 

14. Apparatus for computing a timing gradient ATn 
from a series of received signal samples yn in a maxi 
mum likelihood sequence detection receiver for a par 
tial response channel, wherein i and j are positive inte 
ger time indices and n is an integer time index that may 
be positive or negative, said apparatus comprising: 

first delay means (67) for receiving a signal sample 
yand, providing at least one previously received 
signal Sample yn-i; 

second delay means (61) for receiving reconstructed 
data sample X and providing at least one previous 
reconstructed data sample &n-f; 

reconstruction means (43) connected to said second 
delay means for generating said reconstructed data 
samplex in response to said signal sample y and at 
least said one previous reconstructed data sample 
&n-f; and 

timing means (41) connected to said first and second 
delay means and responsive to said signal sample 
y and to output values of said two delay means, for 
generating said timing gradient value ATn. 

15. Apparatus in accordance with claim 14, wherein, 
the data sequence is in the form + 1 + 1 - 1 - 1 + 1 + 1 . . 

16. A method for acquiring, in response to a received 
known preamble, the sampling time phase T in a re 
ceiver for data sent or recorded as partial-response (PR) 
signals, whereini and j are positive integer time indices 
and n is an integer time index that may be positive or 
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negative, said method comprising the steps, at each 
sampling time, of: 

developing a reconstructed data sample in from the 
present received signal sample yn and at least a first 
previous reconstructed data sample in-, 

developing a stochastic timing phase gradient At 
from the present received signal sample y, at least 
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16 
one previous received signal sample y-i, and at 
least a second previous reconstructed data sample 
in-1; and 

using said stochastic timing phase gradient Atn as a 
correcting term for obtaining a new timing phase 
value T-1 from a preceding timing phase value T. 
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