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Compensating Frequency Drift in DPSK Systems
via Baseband Signal Processing

Zae Yong Choi and Yong Hoon Lee

Abstract—A new baseband signal processing method for one, we estimate such boundary values from the Nyquist rate
compensating frequency shift in differential phase-shift keying (twice the symbol rate) samples of received baseband signals,
(DPSK) systems is introduced. This method consists of a signal 554 yse them for the initial acquisition of frequency shift. It

processor for the initial acquisition of frequency shift and a . . .
simple adaptive equalizer for tracking. The former is based will be shown through simulation that the proposed frequency

on the observation that the effect of frequency shift can be Shift compensation technique outperforms existing methods,
eliminated by using boundary values of the received baseband and performs well for a wide range of frequency shift.

signal between symbol periods. The latter is a single tap equalizer

employing the least mean-square (LMS) adaptation algorithm. Il. FREQUENCY SHIFT COMPENSATION USING AN EQUALIZER

Computer simulation results demonstrate that the proposed : : ; ; :
frequency shift compensation technique outperforms existing . In this section we briefly review the compensation method

methods, and works well for a wide range of frequency shift. in [6]. Suppose that the input to the receiver shown in Fig. 1
is a frequency-shifted DPSK signal expressed as
I. INTRODUCTION

N DIFFERENTIAL phase-shift keying (DPSK), the perfor- s(t) = V2B, /T cos{(wo + Aw)t + 6(t) + 60} (1)

mance of noncoherent detection severely degrades if the _
carrier frequency at the receiver deviates from its origin4fhére £s and 7" denote the symbol energy and duration,
value due to either limited oscillator precision or the DoppldESPectively,Aw = 2rAf is the frequency shift in radians,
effect [1][3]. One common way of dealing with this limitation®/ < (1/7),6(t) is M-ary DPSK modulation with symbol
is to employ an automatic frequency control (AFC) |00F5ate1/T, andd is the initial pha_se. Here, for thg t|me_ being,
which operates on a preamble [4]. The use of such an AR¥¢ assume that the channel is ideal—the received sigial
loop, however, may not be recommended in some applicatidiid'0ise free and there is no multipath fading. The inputo
where data are transmitted in bursts, as in time-divisidR€ decision device in Fig. 1 is expressed as
multiple-access (TDMA) systems, because the preamble for _ JAWT
AFC may take a significant portion of the burst interval. For Tn = dn - € (2)
such applications, some alternative methods that can corre(j;|t

= j(eﬂ_eﬂ— ) = i
frequency offset without the preamble have been develop%v ,e_reed,il ig either Olora;:dg’; d tfl(eanvgr:to (r:;r;e; b(;zg?:scix'/shee'n

a technique which estimates the phase shift by observi ’?d n ; . . ;
the phase change over half a symbol within each squ% I’ = m. The one-tap adaptive equalizer in [6], called the

. . . . teedback-frequency drift compensat(tB-FDC), correcting

interval was proposed in [5], one-tap adaptive equalizers . A ! -
. . the effect ofAf is shown in Fig. 2. The input to the decision

correcting the frequency drift at baseband were proposeddgVice denoted by, in Fia. 2 is aiven b

[6]-[8], and techniques estimating the frequency offset from Yn 9 9 y

the AMth power of a baseband signal ii-ary DPSK were o =y - W 3)

proposed in [11], [12]. These techniques have been shown vt

to be useful for compensating some frequency shift, and g{@qre

simpler to implement than conventional AFC; however, their

performance rapidly degrades as the frequency shift increases. Wi =(1-a)W:_ | +azt_dn_q; (4)

In this paper, we introduce a new baseband signal processing
method that can correct a much heavier frequency shift By < 1 ¥, andd, are the estimates a#2+T andd,,,

incorporating the adaptive equalizer in [6] together with gespectively, at time:, and* denotes the complex conjugate.
novel acquisition scheme. The latter is based upon realizift§js equalizer was designed to minimize the mean-squared
that the effect of the frequency shift can be eliminated by usiRgror petweend,, and y,. Note thaty, = d, when W, =

boundary values of the received baseband signal betwegmw1 gjnce|cis«T| = 1. The tap adaptation in (4) is, in fact,

symbol periods when rectangular pulses are transmitted. Thyi$east mean-squargLMS) algorithm [9]. Due to the lack of
after converting each received pulse into a rectangular-shapegaining sequence, this equalizer works well only wief

) ) o is small.
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Fig. 2. The feedback-frequency drift compensator. Here= d,, - e72«7
in (1), 3 =1— «a, and* denotes the complex conjugate.
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Fig. 3. The phase ob(t
é)n71 = 0.57T', and(~)0 =

when 8, — 0,1 =

)
0.

Then 6(¢) in (1) is constant over a symbol peridd7” —
T/2,kT 4+ T/2]. It is expressed as

k
where pr(t) is a rectangular pulse of suppoj@, 7] with
amplitude 1 andv,, € {0,7}. Again referring to Fig. 1p(t)
is given by

(5)

v(t) = I8 | piAwt | i ©6)
The phase oft,, in Fig. 1 is
arg(vn) — arg(vn_1) = On — Op_1 + AT )

where arg(v,) denotes the phase ef, = v(nT’). Next, we
show that the performance degradation caused\byf’ can
be eliminated by considering boundary values @) between
symbol periods. The boundary values can be defineld, as
lime_o v(nT —T/2+ ¢) andb) = lim._o v(nT +T/2 — ¢€)

Delay
T

10°

GO Boundary Based
A2 Conventional
ut FB-FDCI6)
** FF-FDC[11][12]
- 7dB
- 10dB

BIT ERROR RATE

ok

S TR R R
0.1 0.2 03 0.4
FREQUENCY OFFSET/SYMBOL RATE

Fig. 4. Empirical BER values of the boundary-based detector, the conven-
tional detector, the one with FB-FDC and the one with FF-FDC, where dotted
and solid lines show the BER values when SNR is 7 and 10 dB, respectively.

0 05

Thus, the effect of the frequency shift is indeed removed. As

an example, consider the phasev¢f) shown in Fig. 3 where

0, — 60,1 = -, AT = 0.5, Op_1 = 0.5, and 6y = 0.

From this figure, we can see thatg(v,) — arg(v,—1) =

—7/2, whereasarg(bi,) — arg(b]_|)
Demodulation of DPSK signals usi§ andb/ _, would be

a useful alternative to the conventional scheme in Fig. 1. These

boundary values, however, cannot be obtained through direct

sampling ofu(t) atnT — T'/2. They should be estimated from

their neighboring values, which requires a sampling rate higher

than the symbol raté/7T. We consider the sampling ef(t)

at the Nyquist rate/T. Let v} andv2, respectively, denote

the samples ofi(t) att = nT —T/2+to andt = nT + ¢, for

0 < to < T'/2. Estimates of¢, andb/ can be obtained bigast

squaresestimation based on tHmear regressiormodel [10]

using v} and+2 values. Minimizing the least squares error

Y2_ [k — A(nT — T + kT/2 + to) + B)? results in

n

—T.

for ¢ > 0 whered and f, respectively, represent the initial and, _ (U2 _ Ul)/(T/2). B =t —(nT —T/2+1t)A. (9)
final values at thexth symbol period. The phase difference v ’ "

betweeni, and i’ _, is expressed as
arg(bl,) — arg(b)_1) = 0n + Aw(nT — T/2) + 60 — 1
— Aw(nT =T/2) — 6y

= en - en—l- (8)

This line At + B is merely the line connectingl and v2.
We can estimaté?, and b/ by puttingt = n7 — 7//2 and
t =nT +T/2 into At + B. The results are

b =wvl — Ato;  bf =202 — vl — At (10)
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Fig. 5. Entire block diagram of the proposed DPSK demodulator, whete p(0.57")~1. When the roll-off factor is 0.5y = 1.667.

The DPSK demodulation technique usifig and b/ values Since p(0.57") = p(—0.5T") and ¢/ (¢n-1+A(n—0.5T+60)
will be referred to as théoundary-basedletection. v2_;, we get
1

17, Un 2
B. Raised-Cosine Pulse Case Uy R §(0.57) ~ Up—1- (13)

In practical co.mmun'|cat|on systems, rectaqgular pulsgs _"1‘58llowing from (10), the boundary values for raised-cosine
often converted into raised-cosine pulses having a bandhmltﬁ

. : ) ) Hlses are given by
spectrum before transmission. For raised-cosine pulses, it Is N )
desirable to sample at7" because in thexth symbol period b =l
nd’ is the only position whose signal value is not corrupted
by intersymbol interference (ISI) resulting from pulse shapin@. Performance Evaluation of the Boundary-Based Detection
;Lherefore, W‘T.;aThple(t) tat ¢ :I nT alndt =nl = T/2.In In order to evaluate the performance of the boundary-based
atli cas;, ur;/;befalrjesz anﬁgp F:;“'a‘:’git?s;eb’evt:’:egﬁnsiriggﬁ?ection, we generatgnary DPSK symbols with 50% excess

=nd — . . . .
. ! . ndwidth raised-cosine pulse shaping (roll-off facter0.5).
periods does not exist. Note that in (9) and (10) becomes P ping ( )

Th led val denoted T —T/2 and It was assumed that data were transmitted in short bursts of 105
ZS“’- e sampled values, denotechfly= v(nT’ -~ T/2) an symbols. A total of 15000 bursts were generated and corrupted
vi = v(nT), are expressed as

n by additive white Gaussian noise (AWGN) and frequency shift.
- The corrupted bursts were passed through the boundary-based
1 . 60— i Aw(n—0.3)T+8 detector, and bit-error rate (BER) values were estimated by
Un = Z p((k = 0.5)T)e’ vel(8t e counting the number of errors in demodulating the 15000
bursts. For comparison, the conventional DPSK receiver in
Fig. 1, the one employing the FB-FDC in Fig.(& = 1/24),
and the method in [11] and [12] which estimates the frequency
wherep(-) is the impulse response of a raised-cosine pulseffset from the Mth power of a baseband signal i/ -ary
shaping system. Obviously;? is not influenced by pulse DPSK were also considered. The frequency drift compensator
shaping, and only the! value should be changed by removindased on the method in [11] and [12] will be referred to as
ISI terms to get? defined asei(¢»+A«(n=0.5)T+6:) Based feedforwardFDC (FF-FDC).
on the fact thatp(0.57) and p(—0.57) cause dominant ISI  Fig. 4 shows the results of this simulation. It is seen that the

bl =202 — v,lll. (14)

k=—o0

2 ej(0n+AwnT+00) (11)

n =

v

terms, v} is approximated as follovs boundary-based detector performs considerably worse than the
others when the frequency shifi f is small. This indicates
ot %p(0'5T)ej(en_l-l—Aw(n—O.S)T-l—&g) that the former is vulnerable to AWGN. However, when

AfT > 0.2, the boundary-based detector outperformed the
others; in fact, its BER looks almost constant irrespective of
AfT. This result suggests that the boundary-based detector
1The expression in (12) is exact when the roll-off factor is 1. can be effective for initial acquisition ok f.

+p(—0.5T)ej(9”+A‘“'("_0'5)T+90). (12)
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applied to the entire sequence sampled®t n = 1,---, L.

The “delayNT™ block in Fig. 5 is required to store the firaf
data which have been used for acquisition. Final output is the
estimated sequencg,, n = 1,---, L. Note that the tentative
decision valuesl,, n = 1,---, N obtained during acquisition
are replaced withi,,.

B. Performance Evaluation of the Proposed Detector

Inputs to the demodulator were generated as in Section IlI-
C. Empirical BER values were evaluated for the proposed
demodulator, the conventional one, the one with the FB-FDC,
and the one with FF-FDC. We sét = 32 anda = 1/24. The
results shown in Fig. 6 demonstrate that the proposed scheme
can outperform the others for all f1" values, and is indeed
robust to frequency shift.

V. CONCLUSION

A new DPSK demodulation scheme which is robust to fre-
guency shift was proposed, and its performance was examined
through computer simulation. This method performed better
than existing techniques in [6] and [11] at the expense of

Fig. 6. Empirical BER values of the conventional detector, the one withigher sampling rate and some additional computation. The
FB_—FIZ‘)C, the one with FF-FDC and the prop(_)sed detector, where dqtted %posed scheme is particularly useful in applications where
solid lines show the BER values when SNR is 7 and 10 dB, respectively. . . .

transmission is affected by large frequency shifts.

IV. THE PROPOSEDDPSK DETECTOR

A. The Algorithm

The demodulation scheme proposed in this section incof!
porates the boundary-based detection with the FB-FDC.
entire block diagram is illustrated in Fig. 5. At the beginning,
the switches in Fig. 5 are connected to the ACQ positions, an[g]

the initial value of W* in (4), denoted byi¥¢, is determined

by using the boundary-based detector. Assuming that a totk
of L DPSK symbols are transmitted, the procedure is stateg,

as follows.

1) Sample2N values at Nyquist rate over the firgt
symbol periods. HerelN <« L.

2) Apply the boundary-based detector to get an estimate

dy, defined in (2). This estimate is called thentative
estimate ofd,,, and is denoted byl,,.

3) Since d,z;, = e¢/2T from (2), we evaluate [°]
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