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Abstract—In communication systems which transmit a con-
tinuous stream of data, the coded data symbols are typically
transmitted in frames. Frames contain one or multiple blocks of
coded data. The Start Of a Frame (SOF) is especially required
to synchronize the decoder, especially in systems which use
modern codes such as Turbo codes. This process is known
as frame synchronization. We examine the general problem of
frame synchronization in the presence of a large residual carrier
frequency offset, and study the theoretical and implementation
trade-offs between using point estimation and sequential de-
tection in deriving frame synchronizers. We also derive a new
sequential detector which is resilient to Automatic Gain Control
(AGC) errors. We describe simple state machines which control
the one-shot point estimator and the sequential detector to ensure
low probability of false detects. We compare the two techniques
via simulation results and also a simple Markov chain analysis
of the point-estimation scheme.

Index Terms—frame synchronization, maximum likelihood,
hypothesis testing

I. INTRODUCTION

IN communication systems, coded data is typically trans-
mitted in frames, possibly not of constant length. The start

of a frame is conveyed by the presence of an SOF marker. For
example, a popular satellite broadcast standard named DVB-S2
[1], [2], uses an SOF marker which is 26 symbols long. Frame
synchronization can be achieved via two different techniques
from mathematical statistics: namely one-shot point estimation
or hypothesis testing. In point estimation, the position of the
SOF is estimated by looking at a suitably large window of
samples which is guaranteed to have at least one complete SOF
marker, and maximizing the likelihood function conditioned
on the SOF position. In hypothesis testing, a new metric is
calculated with every incoming sample and compared with
a threshold to decide if the SOF marker begins (or ends) at
the current sample. Thus the frame synchronization techniques
which use hypothesis testing are called sequential frame
synchronizers. There have been a number of prior research
publications using both techniques.

The problem of optimum frame synchronization using point
estimation was first solved by Massey in [3], assuming Binary
Phase Shift Keying (BPSK) modulation and perfect carrier
synchronization. The criterion of optimality was maximizing
the Maximum Likelihood (ML) function. After Massey’s orig-
inal paper, a large number of papers have been published
on frame synchronization using point estimation. However,
most of these assume that carrier synchronization has been

achieved prior to frame synchronization, or that the residual
frequency offsets are a very small percentage of the symbol-
rate. In many practical situations, frame synchronization is
usually achieved before carrier synchronization, and the resid-
ual carrier frequency offsets can be as high as 10% of the
symbol-rate. Gansman et al. [4] first derived a ML based
point estimation technique for detecting the position of an
SOF with significant frequency offsets, up to around 2% of
the symbol-rate. An alternative solution which extended the
frequency range of the frame synchronizer to 10% or more
of the symbol-rate was derived by Choi and Lee in [5]. A
new method which maintains the same frequency range as the
Choi-Lee frame synchronizer, but is about 1dB better in terms
of noise performance, was proposed by the author in [6].

Most of the sequential frame synchronizers derived in the
literature use the correlation metric. Either the hard or soft
decisions of the received samples are correlated with the
known SOF pattern and the result is compared with a pre-
determined threshold to see if the SOF pattern ended at the
last received sample [7]. The threshold is chosen to obtain a
desired level of false alarms and missed detections. While the
correlation technique is simple, it is not optimal with respect to
maximizing the Likelihood Ratio (LR). An optimal sequential
frame synchronizer for phase coherent channels was derived
in [8]. In the case of non-coherent channels, and when there is
a significant residual carrier frequency offset, sequential frame
synchronization can be achieved by a modified correlator oper-
ating on differentially detected samples, called the differential
correlator, and was proposed in [9]. This structure can tolerate
carrier frequency offsets of 10% or more of the symbol-rate.
Sequential synchronization using the differential correlator and
a detailed analysis for the DVB-S2 waveform can be found
in [10]. Gansman et al. [4] have also derived a sequential
synchronizer with better noise performance, but the range of
the frequency offsets that can be tolerated is again restricted
to about only 2% of the symbol-rate.

It is not clear from the published literature when frame
synchronizers based on point estimation are preferred to
sequential frame synchronizers. One of the key factors is the
presence of AGC errors. [1], [2] suggest that point estimation
based on the correlation metric is preferable to sequential
estimation with the correlation metric, since there are fairly
large initial AGC errors and such errors significantly increase
the probability of false alarms since sequential detection with
the correlation metric uses a pre-determined threshold. In



this paper we derive a new sequential detector based on
the LR. It can tolerate large frequency offsets, performs
significantly better than the correlation method, but is also
extremely robust to AGC errors. We look at the specific case
of continuous transmission of frames, i.e., a Time Division
Multiplexed (TDM) signal, as in the case of satellite broadcast.
We introduce simple controlling state-machines for obtaining
low probabilities of false detection for both the one-shot
estimator and the new sequential detector. We analyze the
performance of the controlling state-machines and provide a
basis for comparing frame synchronizers derived using point
estimation and sequential detection.

The paper is organized as follows. Section 2 discusses
the signal model. The best known one-shot ML based frame
synchronizer derived in [6] is first reviewed in section 3. A
simple state-machine to control the one-shot estimator and
obtain low probabilities of false detect is then described. Next,
a new LR based sequential frame synchronizer is derived, and
this is shown to be robust to both large frequency offsets and
AGC errors. A simple state-machine to control the sequential
frame synchronizer, and obtain low probabilities of false
detect is also introduced. The acquisition performance of both
techniques are also quantified by simulations and Markov
chain analysis of the frame synchronizer which uses one-
shot estimation. Section 4 summarizes the performance of the
synchronizers. We conclude the paper with section 5, where
we discuss possible directions for future work.

II. SIGNAL MODEL

The transmitted data symbols form a continuous stream and
are from an M = 2b constellation and denoted by dk. b is the
number of bits-per-symbol, and k is a discrete time index. In
this paper we study only M -PSK modulated symbols, but the
results can be easily extended to amplitude modulated signals.
Thus, the symbols are given by dr = eφr , φr = 2πr

M , r =
0, 1, · · · M − 1. The number of data symbols per frame is
denoted by S. The number of SOF marker symbols is denoted
by W and the SOF marker symbols are denoted wi, 0 ≤ i <
W . Thus, the total length of the frame is S +W symbols.

The transmitter and receiver are symbol-timing synchro-
nized, but not carrier phase and frequency synchronized. This
is a reasonable assumption in many broadcast systems, as the
symbol-timing can be acquired independently of the carrier
[1], [2]. The unknown carrier frequency offset is denoted by
f0 and an arbitrary initial carrier phase is denoted by θ0. The
normalized frequency offset is given by f̃0 = f0

Rsym
, where

Rsym is the symbol rate. The phase rotation in radians per
symbol is then given by Ω = 2πf̃0. Since the signal is symbol-
timing synchronized, all the signal processing can be done at
baseband. The received baseband digital samples rk are simply
given by

rk = ake
(θ0+Ωk) + nk, (1)

ak can be the transmitted data symbols or the symbols
corresponding to the SOF marker, and nk is a complex, white
Gaussian, discrete-time random process with zero mean and

variance σ2 = N0

Es
. Thus the Signal to Noise Ratio (SNR) is

Es

N0
.

Note that the equation above is not exact, since with Nyquist
pulse shaping at the transmitter, there will be residual inter-
symbol interference in the baseband samples after the receive
front-end filtering due to the carrier frequency offset. However,
this can be neglected for carrier frequency offsets less than
10% at low SNRs, which is the operating region for modern
codes [1], [2].

III. FRAME ACQUISITION ARCHITECTURES

A. One-Shot Point Estimation and Sequential Detection

It can be easily seen that the entire SOF is guaranteed
to occur exactly once in any window of S + 2W − 1
baseband samples. The random position within this window,
where a complete SOF begins, is denoted by µ and clearly
µ ∈ [0, S + W − 1]. Let r denote a received sample vector
of length S + 2W − 1. The problem we would like to solve
is a one-shot estimation of the position of the SOF. Since it
is a point estimation problem, the metric of interest is the
probability of wrong synchronization, i.e., the probability of
wrongly estimating the position of the SOF. Note that the one-
shot estimation error is typically very high during acquisition
(10% or more), and thus an architecture which controls the
one-shot estimator and resulting in a low probability of false
detection, is also required. This algorithm is described in the
subsequent section.

B. One-Shot Frame Synchronizer

The one-shot frame synchronizer is described by the fol-
lowing equations [6]:

µ̂ = max
µ∈[0,S+W )

−
µ+W−1∑

k=µ+1

|rk|α|rk−1|α
α

+

∣∣∣∣∣∣
µ+W−1∑
k=µ+1

Γ (rk, α) c∗kΓ
(
r∗k−1, α

)
ck−1

∣∣∣∣∣∣
α . (2)

Note that for a real number α and complex number z,
the modulation preserving monomial transformation Γ (z, α)
is defined as [6]

Γ (z, α) = |z|αe arg(z). (3)

It was shown in [6] that α = 1
2 provided near optimal

performance for many different SNRs. The first term in (2)
is the normalizing energy term and the second term is the
correlation term. Note that the regular differential correlator
structure from [9] is a special case of (2) and is obtained by
ignoring the energy term and setting α = 1 in (2).

C. Acquisition Controller Architecture for Point Estimation

The basic idea behind the acquisition architecture is to com-
pare the results of the one-shot estimator on two consecutive
frames of data and see if the maximum metrics occur at the



same position. If so, the acquisition is declared as successful.
Note that there is a certain probability that a wrong position
may have the highest metric in two consecutive frames due
to cross correlation with data symbols and the receiver noise.
This results in a certain probability of wrong detection, which
is the metric of interest in examining the performance of frame
synchronizer during acquisition. The detailed algorithm is as
follows:

1) Initialize: Get W − 1 complex baseband samples and
compute differentially detected outputs. Set cntr ← 0.
Set Lmax ← −∞,µ̂← 0, µ̂old ← −1.

2) Get next complex baseband sample and compute differ-
entially detected outputs.

3) Compute current frame synchronization metric (using
ML or correlator), L.

4) If L ≥ Lmax, then Lmax = L, µ̂ = cntr.
5) If µ̂ = µ̂old, go to step 8, else
6) cntr← cntr + 1, cntr = cntr mod(L+W ).
7) If cntr = 0, set µold = µ̂, Lmax ← −∞, and go to step

2.
8) Stop acquisition, SOF is at counter position µ̂.

Note that a buffer of W − 1 complex differentially detected
samples need to be maintained to perform the computations
for the algorithm.

D. Markov Chain Analysis of the Controller for Point Estima-
tion

Denote the probability of estimating the correct SOF po-
sition with a one-shot estimate by p. The state transition
diagram for analyzing the acquisition architecture described
in the previous section is shown in Fig. 1. Note that the states
WACQ and CACQ are dummy states in order to determine
the probability of wrong acquisition or correct acquisition. It
should be noted that the probability of wrongly estimating a
particular position inside the frame as the SOF (denoted x)
has been assumed to be uniformly distributed over the length
of the frame. With this assumption

x ≈ 1− p
S + 2W − 1

. (4)

This is an approximation in the practical case where the data
symbols are random, and the frame is much larger than the
SOF marker length. The Markov probability transition matrix
is then given by

P =


0 p 1− p 0 0 0
0 0 1− p 0 p 0
0 p 1− p− x x 0 0
0 0 0 0 0 1
0 0 0 0 0 1
0 0 0 0 0 1

 . (5)

The probabilities of wrong synchronization and correct
synchronization in s steps are given by

Pws = P s(1, 4),

Pcs = P s(1, 5).

where P s(1, i) refers to the ithelement in the first row
of P s. The two equations above can be used to determine
the average time taken to achieve synchronization (denoted
l̄), the total probability of wrong synchronization (denoted
Pw) and also the number of frames required to guarantee a
certain probability (denoted q) of synchronization. These can
be numerically calculated as

Pw =

∞∑
k=0

P k(1, 4),

Pc =

∞∑
k=0

P k(1, 5),

l =

∞∑
k=0

k P k(1, 5),

l(q) = min
l

[
l∑

k=0

P k(1, 5) > q

]
.

WP (3)

CP (2)

Start (1)

WACQ (4)

CACQ (5)

End (6)

1-p-x

x
1-p

p

pp

1

1

1-p

p = probability of estimating correct SOF
x = (1-p)/(N+2L-1), N = XFECFRAME in symbols
CP – correct position
WP – wrong position
WACQ – Wrong acquisition
CACQ – Correct acquisition 

Figure 1. Markov chain analysis of the controller used with one-shot
estimation

E. ML Based Sequential Frame Synchronizer

The sequential frame synchronizer looks at a block of W
received samples and decides if the the block began with the
SOF marker or not. One obvious sequential synchronizer is
to use differential correlator and comparing it to a threshold.
As mentioned previously, the problem with this method is
that even small errors in AGC can drastically lower the
performance of this sequential synchronizer. Here we derive
a sequential detector using the LR. The derivation shares
some common features with the derivations for the one-shot
synchronizers described in [5], [6], and thus some of the
intermediate mathematical manipulations will not be described
in detail. We denote the current symbol time index by m. Let
the hypothesis H0 and H1 be the hypotheses that the currently
stored W baseband samples contain the complete SOF and
random data respectively. Thus, for 0 ≤ i < W ,

H0 : r = wi + nm+i, H1 : rm+i = dm+i + nm+i. (6)

The decisions for the two hypotheses H0 and H1 are
denoted by D0 and D1 respectively. The probability of missed



detection is the probability of declaring that the current block
of samples which contain the complete SOF as containing
random data. The probability of false alarm is declaring a
block which contains random data, or containing only a part
of the SOF marker, as containing the SOF marker. These are
given by

Pmiss = Prob{D1 | H0}, Pfalse = Prob{D0 | H1}. (7)

Let rm denote the vector of received samples
[rm, rm+1, · · · , rm+W−1] (of length W ). The Likelihood
Ratio Test (LRT) is given by

Λ(r) =
f (r | H0)

f (r | H1)
, (8)

D0 : Λ(r) ≥ λ, (9)
D1 : Λ(r) < λ. (10)

Obviously the value of λ can be chosen to provide a trade-
off between Pmiss and Pfalse. Considering the initial carrier
phase and frequency offsets as nuisance parameters, we get

f (r | H0) =

∫
θ0

∫
Ω

f (r | H0, θ0,Ω) f(θ0) f(Ω) dθ0 dΩ,

(11)
where f(θ0) and f(Ω) are the probability distribution func-

tions of θ0 and Ω respectively. Note that since the noise is
white and Gaussian,

f (r | H0, θ0,Ω) =

K exp

(
2

σ2
<

[
m+W−1∑
i=m

riw
∗
i−me

−(θ0+Ωi)

])
, (12)

Assuming θ0 is uniformly distributed over [0, 2π), and
integrating the above equation over θ0, we get

f (r | H0,Ω) =
1

2π

∫ 2π

0

f (r | H0, θ0,Ω) dθ0, (13)

= KI0

(
2

σ2

∣∣∣∣∣
W−1∑
i=0

rm+iw
∗
i e
−Ωi

∣∣∣∣∣
)
,(14)

where I0(x) = 1
2π

∫ 2π

0
ex cos(θ)dθ is the zero-th order

modified Bessel function. The factor K can be neglected in
the LRT since it is a common factor in the numerator and
denominator. Using the approximation I0(x) ≈ 1 + x2

4 + x4

64
we get,

f (r | H0,Ω) =
1

σ4

W−1∑
i=0

W−1∑
l=0

rm+ir
∗
m+lw

∗
iwle

−Ω(i−l)

1

4σ16

W−1∑
i=0

W−1∑
l=0

W−1∑
p=0

W−1∑
q=0

[
rm+ir

∗
m+lrm+pr

∗
m+qw

∗
iwlw

∗
pwq

e−Ω(i−l+p−q)
]
. (15)

Now assume that Ω is also is uniformly distributed over
[0, 2π), although physically the frequency offset cannot be
close to the symbol rate due to the Nyquist filtering criteria
used in practical systems. It is then easy to see that

∫ 2π

0

eΩldΩ = δl0, (16)

where, δl0 is the Kronecker delta function. Using this result
in (11) and (15), we get:

f (r | H0) =
1

σ4

W−1∑
i=0

|ri+m|2 +
1

4σ16

(
W−1∑
i=0

|ri+m|2
)2

+

1

2σ16

W−1∑
i=1

∣∣∣∣∣
W−1∑
k=i

rm+kw
∗
kr
∗
m+k−iwk−i

∣∣∣∣∣
2

. (17)

The derivation for H1 is very similar, except that the data
symbols are i.i.d and from an M -ary set. It can be shown that

f (r | H1) =
1

σ4

W−1∑
i=0

|ri+m|2 +
1

4σ16

(
W−1∑
i=0

|ri+m|2
)2

+
1

2σ16

W−1∑
i=1

W−1∑
k=i

|rm+k|2|rm+k−i|2. (18)

F. Simplified Sequential Frame Synchronizer

In (17) and (18), the first two terms serve as “offsets” and
physically do not contribute to the hypothesis test, since they
affect both hypotheses equally. These terms occur because
of the approximation of the Bessel function. While the LRT
has these as additive terms in both the numerator and the
denominator, and thus cannot be neglected, it was found
numerically that including these terms only serve to degrade
the performance. Thus, they are excluded from the LRT
calculation. Finally, following [6], the inner sums in the third
double summation are not squared. Instead, their value is
calculated by passing the received samples through a matched
non-linearity. Using matched non-linearities has been found to
improve performance with sequential frame synchronization,
just as in the one-shot estimator. Thus the two likelihoods
become

f (r | H0) =
W−1∑
i=1

∣∣∣∣∣
W−1∑
k=i

Γ (rm+k, α)w∗kΓ
(
r∗m+k−i, α

)
wk−i

∣∣∣∣∣
α

, (19)

f (r | H1) =

W−1∑
i=1

(
W−1∑
k=i

|rm+k|α|rm+k−i|α
)α

. (20)

Note that the sequential frame synchronizer based only on
differential detection is obtained from the above equations by
restricting the lag i = 1, and this is the metric chosen to
minimize implementation complexity just as in the one-shot
synchronizer [6]. Thus we get:



f (r | H0) ≈∣∣∣∣∣
W−1∑
k=1

Γ (rm+k, α)w∗kΓ
(
r∗m+k−1, α

)
wk−1

∣∣∣∣∣ , (21)

f (r | H1) ≈
W−1∑
k=1

|rm+k|α|rm+k−1|α. (22)

As was the case with the one-shot estimator, the matched
non-linearity chosen was α = 1

2 . Note that in the above
equations any AGC error will affect the likelihoods of both
hypotheses equally. Thus, the LR remains the same and the
entire structure is independent of AGC errors. Of course, there
has to be enough number of quantization levels representing
the soft-decisions in case of large AGC errors, but this is the
same requirement for the point estimation scheme also. Thus,
with the MLRT, we have derived a sequential hypothesis frame
synchronizer which is as resilient to AGC errors as the point
estimation scheme.

G. Acquisition Control Architecture for the Sequential Frame
Synchronizer
λ1and λ2 are two suitably chosen thresholds. The acquisi-

tion state machine first determines if the LR (or the differ-
ential correlation) exceeds λ1. If the LR (or the differential
correlation metric) exceeds λ2 after receiving exactly W + S
samples, the SOF is declared as detected, otherwise the search
is resumed. This is described in detail by the following steps:

1) Initialize: Get W − 1 complex baseband samples and
compute differentially detected outputs.

2) Set cntr← 0, µ̂← −1.
3) Get the next complex baseband sample and compute

differentially detected output.
4) If µ̂ 6= −1 go to step 6.
5) If Lseq > λ1, µ̂ ← cntr, (Lseq is the sequential

hypothesis testing metric). Go to step 7.
6) If (Lseq > λ2) & (cntr = µ̂), go to step 8, else go step

2.
7) cntr← cntr + 1, cntr← cntr mod(L+W ).
8) Stop acquisition, SOF is at counter position µ̂.

H. Analysis of the Controller for the Sequential Frame Syn-
chronizer

Analyzing the sequential frame synchronizer is more com-
plicated since the Markov transitions depend on the position
of the SOF [10]. Here, we rely only on simulation results to
evaluate the sequential synchronizer.

IV. RESULTS

We chose a frame length of S = 512 symbols with a
W = 26 symbol SOF marker. The SOF marker that we use can
be found in [1]. The carrier frequency offset was fixed at 10%
of the symbol-rate for simulation purposes, and the algorithms
do not have any knowledge of the frequency offset. Note also
that the performance of the synchronizers are independent of
frequency offset. In all simulations, the acquisition control
algorithms time out after 50 frames and declare the frame
as not being received.

A. Frame Synchronizer with Point Estimation

Fig. 2 shows the performance of the frame synchronizer with
point estimation. It can be seen that one-shot estimates of the
SOF position are fairly unreliable and are correct less than
90% of the time at an Es

N0
of 1 dB. The acquisition algorithm

greatly increases the reliability of the SOF estimates. At an Es

N0

of 1dB, the probability of false detect, i.e., a wrong position
being declared as the SOF marker, is slightly more than 0.01%.
Fig. 2 also shows the improvement of the ones-shot estimator
based on Maximum Likelihood with Matched Non-linearities
(ML-MN) as compared to the differential correlator. There is
an improvement of about 2.5dB at the 10% error rate at the
output of the one-shot estimator. Fig. 2 also illustrates how the
acquisition controller lowers the probability of false detection.
The Markov-chain analysis also agrees very well with actual
simulated outputs. Thus, we can obtain a probability of correct
frame synchronization slightly less than 99.99% at an Es

N0
of 1

dB using the ML-MN one-shot estimator and the acquisition
control algorithm.

B. Sequential Frame Synchronizer

In order to compare metrics, normalization is performed
such that the output of the sequential synchronizers (correla-
tion and the LRT) with the SOF marker and no noise produces
a value of 1, for both the sequential synchronizers. The idea is
to compare the probabilities of False Alarm (FA) and Missed
Detection (MD) for the correlator and ML-LRT. Fig 3 shows
the distribution of the normalized metrics for the correlator
and the Maximum Likelihood based LRT (ML-LRT) at the
Es

N0
of 1 and 4 dB. This Cumulative Distribution Functions

(CDF) of the correlator output and the LRT were computed
by transmitting 107 SOF markers and collecting the statistics.
This helps to compute the probability of MD for a given
threshold. The CDFs were also computed by transmitting
107 random data symbols and collecting the statistics of
the correlator and ML-LRT. This gives the probability of
FA for a given threshold. It can be seen that the ML-LRT
proposed in this paper is significantly better. For example,
suppose the desired FA rate is 10−3. Then, the probability of
MD for the correlator and the ML-LRT are about 10−1and
10−3respectively. The correlation and ML-RT can also be
compared by picking a threshold to achieve a certain rate of
FA, and then plotting their probabilities of MD as a function
of Es

N0
. This is not given in the paper due to lack of space,

but it was seen that the ML-LRT was more than 5dB better in
terms of required power for practical values of probabilities
of MD. Another feature of the ML-LRT which is apparent
from Fig 3 is that the CDF of the FA is almost the same for
different SNRs. This is due to the normalizing effect of the
f (r | H1) in the denominator of the LRT, which also makes
the ML-LRT resilient to AGC errors.

C. Comparison of Sequential and Point Estimation Frame
Synchronizers

The desired probability of correct acquisition is 99.99%
at an Es

N0
of 1dB. For the frame synchronizer with point
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estimation, this is not even achievable at 1dB. The probability
of correct acquisition is 99.978%. For the MLRT(λ1 =
0.6, λ2 = 0.6) the probability of wrong acquisition was
99.989% and the MLRT(λ1 = 0.62, λ2 = 0.65) had only 7
wrong acquisitions in 106 trials showing that the probability
of wrong acquisition is better than 99.99%. We also obtained
similar results at lower SNRs like 0dB. Note however that
the price to be paid for increasing the thresholds is longer
acquisition times. Note also that the point estimation can pro-
vide better acquisition by using more complicated acquisition
control architectures as described in [11]. However, the same
holds true for the sequential synchronizer also. In general, for
high speed applications on Field Programmable Gate Arrays
(FPGAs), the acquisition control is the bottleneck and it is
preferable to have a simple structure. That is the reason
we have chosen a fairly simple control architecture for both
synchronizers (although the controller is a little simpler for

the sequential synchronizer). In our test cases, it seems that
the sequential synchronizer based on the MLRT derived in
this paper can provide guaranteed acquisition probabilities at
lower SNRs than the point estimation case. This could change
depending on the operating SNR and the frame length, and this
requires further investigation. In any case the trade-off is not
as simple as suggested in [1], [2], namely that the sensitivity
of sequential synchronizer to AGC errors precludes its use in
fast acquisition.

V. CONCLUSIONS AND FUTURE WORK

We have derived a sequential synchronizer based on the
MLRT, which is resilient to AGC errors. It performs better
than the synchronizer based on point estimation at low SNRs.
The performance of both synchronizers was analyzed via
simulations. A Markov chain analysis was also performed
on the frame synchronizer based on point estimation and the
simulation results matched the analytical results. As future
work we plan to perform theoretical analysis of the sequential
synchronizer and also examine the performance with the DVB-
S2 waveform.
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