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DESCRIPTION
METHOD FOR DETECTING FRAME SYNCHRONIZATION AND STRUCTURE
IN DVB-S2 SYSTEM

TECHNICAL FIELD

The present invention relates to a method for
detecting frame sync and frame structure in a satellite
broadcasting system; and, more particularly, to a frame
sync and structure detecting method that can acquire an
estimation wvalue for detecting a transmission frame
structure and overcome distortion of a correlation
analysis value caused by frequency error by summing
differential correlation values for positions of Start of
Frame (SOF), which is a sync word indicating the start of
a frame in consideration of the length of a variable
frame, and selecting the maximum value 1in a channel
environment of a satellite broadcasting system.

This work was supported by the IT R&D program of
MIC/IITA [2005-5-013-02, “Development of  Broadband
Adaptive Satellite Communications and Broadcasting

Convergence Technology’].

BACKGROUND ART

Specific embodiments of the present invention will
be described by taking a Digital Video Broadcasting-
Satellite 2 (DVB-S2) as an example of a satellite
broadcasting system. As the boundary between
broadcasting and communication becomes obscure and bi-
directional services are available recently, 1t 1is
required to develop broadband services and reliable
transmission services. Thus, satellite Dbroadcasting
systems which require high transmission capacity with
given bandwidths and signal power adopt adaptive
modulation and coding methods.

Particularly, the FEuropean standard for digital

1
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video satellite Dbroadcasting, i.e., DVB-S2, utilizes
adaptive modulation and coding methods which select
optimal modulation scheme and coding rate adaptive to
channel conditions. The use of the adaptive modulation
and coding methods allows receivers of a satellite
communication system to control links adaptively to
propagation conditions and thereby acquire transmission
capacity up to about 100 to 200%.

However, each receiver of the satellite
communication system adopting the transmission method
essentially requires a frame structure detection process
for identifying a varied transmission frame and a frame
sync position detection process for detecting the start
point of a frame.

Generally, the performance in the frame sync
detection process and the frame structure detection
process that are carried right after symbol
synchronization in the initial synchronization mode are
significant parameters that become basic assumption for
acquiring performance required in the entire system.

One of the methods for detecting frame sync is to
estimate the start point of a frame by deciding
reliability of correlation analysis values after
correlation analysis. According to the method,
correlation values are all stored in a method applicable
to the decision of reliability of correlation analysis
and the maximum value among them is used. F.W. Sun, Y.
Jiang and L.N. Lee disclose a method for detecting a
frame based on a maximum value in an article entitled
“Frame Synchronization and Pilot Structure for Second

7

Generation DVB via Satellites,” International Journal of
Satellite Communications and Networking, Vol. 22, pp.
319-339, 2004.

According to the article, frame sync 1s detected

based on a maximum value of correlation analysis values
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within a predetermined section of a DVB-S2 frame
structure, and the frame structure and frame sync
position are detected through Reed Muller (64.7) decoding
of physical layer signaling code (PLSC) bits.

However, the conventional frame detection method
requires an additional process for correcting frequency
and phase errors in the PLSC decoding. In addition, a
process of detecting accurate position information of a
frame should precede the PLSC decoding. Therefore, there
is a 1limit in applying the conventional frame detection
method to an environment with frequency errors.

Another frame detection method for transmission
frames having variable frame length 1s disclosed in
Korean Patent Application No. 10-1999-7000294 by NTT
Docomo, entitled “Transmission Method, Device and Receipt
Device of Variable Length Frame.”

According to the frame detection method of the
technology disclosed in the above patent application,
frames with variable length should be segmented based on
predetermined segmentation rules to be transmitted in the
form of multiple coded streams and added with a sync flag.
Then, frame structure and frame sync position of
transmitted frames are detected based on flags upon
reception. Therefore, the technology cannot be applied
to frames with fixed sync words, such as frames of a DVB-

S2 system.

DISCLOSURE
TECHNICAL PROBLEM
An embodiment of the present invention devised to
deviate the above problems 1is directed to providing a
frame sync and structure detecting method which acquires
an estimated value for identifying frame structure and
start point of frame. It overcomes distortion of

correlation analysis values caused by frequency errors by
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summing differential correlation values for positions of
Start of Frame (SOF) in consideration of the wvariable
frame length, and selecting a maximum value in a channel
environment of a satellite Dbroadcasting system where
signal-to-noise ratio is low and frequency error is high.
Herein, the SOF is a sync word indicating the start point
of a frame.

Other objects and advantages of the present
invention can be understood by the following description,
and become apparent with reference to the embodiments of
the present invention. Also, it 1is obvious to those
skilled in the art of the present invention that the
objects and advantages of the present invention can be

realized by the means as claimed and combinations thereof.

TECHNICAL SOLUTION

In accordance with an aspect of the present
invention, there is provided a method for detecting frame
sync and frame structure in a satellite communication
system, which includes the steps of: acquiring Start of
Frame (SOF) differential correlation value sequences for
reception symbols; acquiring sums (di,e) of the
correlation values normalized for SOF positions based on
the number of symbols per frame by using the above-
generated SOF differential correlation value sequences;
and selecting a maximum value (d,,x) among the sums of
correlation values, detecting z as a frame sync position
of a transmitted frame, and detecting x as a frame
structure index of the frame.

Also, the method of the present invention detects
frame sync and structure of received frames by using a
Start of Frame (SOF), which is a sync word indicating the
start of a frame, when frequency is not synchronized due
to signal distortion caused by low signal-to-noise ratio

and high frequency errors. Therefore, it can detect
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frame sync and structure of transmission frames with high
reliability in receivers of a satellite communication

system.

ADVANTAGEOUS EFFECTS

The frame sync and structure detecting method of
the present invention can acquire an estimated value for
detecting a transmission frame structure and a frame sync
position and overcomes distortion of correlation analysis
values caused by frequency errors by summing differential
correlation values for positions of Start of Frame (SOF)
in consideration of the variable frame length, and
selecting a maximum value in a channel environment of a
satellite broadcasting system where signal-to-noise ratio
is low and frequency error is high. Herein, the SOF 1is a

sync word indicating the start point of a frame.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a transmission frame of a
Digital Video Broadcasting-Satellite 2 (DVB-S2) system in
accordance with an embodiment of the present invention.

Fig. 2 1s a flowchart describing a method for
detecting frame sync and frame structure in a satellite
communication system in accordance with an embodiment of
the present invention.

Fig. 3 illustrates a process of summing normalized
correlation values for SOF positions in accordance with
an embodiment of the present invention.

Fig. 4 shows performance of a frame sync and
structure detecting method in a satellite broadcasting
system in accordance with an embodiment of the present

invention.

BEST MODE FOR THE INVENTION

The advantages, features and aspects of the
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invention will Dbecome apparent from the following
description of the embodiments with reference to the
accompanying drawings, which is set forth hereinafter.
When it is considered detailed description on a related
art may obscure the point of the present invention, the
description will not be provided. Hereinafter, specific
embodiments of the present invention will be described in
detail with reference to the accompanying drawings.

' Fig. 1 dillustrates a transmission frame of a
Digital Video Broadcasting-Satellite 2 (DVB-S2) system in
accordance with an embodiment of the present invention.
Referring to Fig. 1, the transmission frame of the DVB-S2
system, to which the present invention is applied,
includes a Start of Frame (SOF) 103 having 26 symbols, a
physical layer (PL) header 101 including a physical layer
signaling code (PLSC) 104 having 62 symbols, and a
forward error correction (FEC) frame 102 having a pilot
symbol and data symbols. Herein, the SOF 103 is a sync
word indicating the start of a frame.

The frame length and structure of transmission
frames vary according to adaptive modulation and coding
methods of a DVB-S2 system. The varying structures of
transmission frames are presented in the following table
1.
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Table 1
Presence of Total number of
Frame , TS FEC symbols
: pPil
Structure Modulation bits/frame tlot (Number of total
Scheme (number of
Index (t) ilot symbols) frame
b Y symbols (1))
Present
-
0 QPSK 64800 (36%22=792) 33192(33282)
1 OPSK 64800 Not ?gfsent 32400 (32490)
2 OPSK 16200 Present 8280 (8370)
N (36x 5=180)
3 OPSK 16200 Not fg?se“t 8100 (8190)
4 8PSK 64800 Present 22104 (22194)
N (36x14=504)
- Not present
5 8PSK 64800 0) 21600 (21690)
6 8PSK 16200 Present 5508 (5598)
= (36x3=108)
. Not present
7 8PSK 16200 (0) 5400(5490)
Present
B
8 16APSK 64800 (36x11-396) 16596 (16686)
Not present
9 16APSK 64800 (0) 16200(16290)
10 16APSK 16200 Present 4122 (4212)
(36x2=72)
Nct present
11 16APSK 16200 (0) 4050 (4140)
12 32APSK 64800 Present 13248(13338)
(36x 8=288)
13 32APSK 64800 Not fg?sent 12960 (13050)
Present
14 32APSK 16200 (36x 2=72) 3312(1402)
15 32APSK 16200 Not ﬁgfsent 3240 (3330)
16 Durnmy 2 x 3240 (3330)
*QPSK : Quadrature Phase Shift Keying
8PSK: 8-Phase Shift Keying
16APSK: 16 Amplitude Phase Shift Keying
5 32APSK: 32 Amplitude Phase Shift Keying
The Table shows variable frame structures
varying according to a modulation scheme (e.g., QPSK,
8PSK, 16APSK, and 32APSK), data length (e.g., 64800 and
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16200 bits/frame), and the presence of pilot symbols. A
dummy frame 1is also included as one of variable frame
lengths. Thus, there are a total of 16 frame lengths and
17 frame structures.

Herein, t denotes the index of a transmission
frame structure, and the number of symbols for each frame
(¢, t = 0 ~ 16) 1is wvariable according to the frame
structure index. Also, position information of known
symbol sequences such as SOF and pilot 1is variable
according to the number of symbols for each transmission
frame.

Fig. 2 1is a flowchart describing a method for
detecting frame sync and frame structure in a satellite
communication system in accordance with an embodiment of
the present invention. The drawing i1llustrates a process
of detecting the 16 frame lengths and acquiring frame
sync.

First, in step S201, SOF differential correlation
value sequences for reception symbols are calculated
based on the following Equation 1. Herein, since even a
structure having the maximum number of frame symbols
among the 16 combinations should be taken into
consideration as for the length of the correlation value
sequence (a structure whose frame structure index 1s 0 in
the Table 1), 33282 symbols for each of Ny frames, which
comes to a total of 33282 x Ny differential correlation

values, are calculated.

24+n

C(Vl) = Zq;hm—n Eg. 1

where c¢(n) denotes a differential correlation
value of an n®™ SOF (n = 0 ~33282 x Np -1); when an m"™
reception symbol is T, o denotes differential
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information between adjacent reception sympbols which is
Jn = ol me1; and when a transmitted reference signal of an
m® SOF is sp, hm denotes differential information between
adjacent transmission reference symbols which 1is hy =
SuS a1 -

The Equation 1 is normalized into the following

Equation 2.

244n
— 2
m=n
where p(n) denotes an n"® power normalization

coefficient.

Subsequently, 1in step 5202, sums dj,¢ (1=0~33281)
of correlation values normalized with respect to Ny SOF
positions are calculated and stored for each structure
(t=0~15) based on the above-generated SOF correlation
sequences, the number (l¢) of symbols (which means the
distance between SOFs for each structure) for each frame
with respect to the 16 frame structures (t), and the
following Equation 3.

Referring to Fig. 3, the process will be described
more 1n detail.

Referring to Fig. 3, the calculation of the
Equation 3 takes detection of frame sync (i) and a frame
structure (t) all into consideration, and the calculation
is carried out by increasing i, that is, by moving the Np
correlation values by one symbol at a time to detect
frame sync at different SOF positions, which are marked

as an arrow in the drawing, for each structure.
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Ny 2

D> oell, x k+1i)
k=0

d,, = o Eq. 3
25 x N, x>, p(l, xk+i)

k=0

where Ng denotes the number of frames; i
(i=0,1,...,33281) denotes a symbol index related to frame
sync detection; t (t=0,1,..., 15) denotes an index

indicating a frame length among the 16 frame lengths; and
1. denotes a frame length when a frame of a frame

structure t is transmitted.

In step S203, when the maximum value among the
calculated dj,¢ values 1is d;,x, z 1s detected as a frame
sync position of a transmitted frame, and x 1is detected
as a frame structure index of the frame.

Meanwhile, the dummy frame has the same symbol
length per frame as frames of 32APSK, 16200-bit frame,
and a frame without a pilot (which corresponds to a frame
structure index 15). When index 1s counted on the basis
of 3330-symbol length, the frame 1is identified at the
real part of a demodulator based on automatic gain
control (AGC) and a shape of constellation formed after
completion of frequency sync and phase sync after frame
sync 1s acquired and a temporary frame structure is
detected.

Fig. 4 shows performance of a frame sync and
structure detecting method in a satellite broadcasting
system in accordance with an embodiment of the present
invention. Herein, a case where a frame is identified
not to have the transmitted frame structure but to be one
of the other 15 frame structures or a case where
detection of a frame sync position of a transmitted frame
fails is defined as an error in the detection of frame

sync and transmission frame structure. The drawing shows

10
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a simulation result of a detection error rate 1in the
detection of frame sync and transmission frame structure
according to variation of the number Ny of used frames.

First, the simulation adopts an Additive White
Gaussian Noise (AWGN) channel whose signal-to-noise ratio
is as low as -2.35dB (ES/NO=-2.35 dB). Also, the
simulation assumes a transmission bandwidth of 25MHz,
uniform distribution of frequency error in a section of
[-5MHz, 5MHz], and the maximum frequency error of 20% of
bandwidth.

As 1llustrated in Fig. 4, when 17 frames (Ng=17)
are used for the detection of frame sync and a frame
structure of a transmission frame, 1t 1s possible to
acquire performance of less than about 1077 based on the
frame sync and frame structure detection error rate.
When the number of frames 1s increased, additional gain
in performance is expected.

The method of the present invention <can be
realized as a program and stored in a computer-readable
recording medium, such as CD-ROM, RAM, ROM, floppy disks,
hard disks, magneto-optical disks and the like. Since
the process can be easily implemented by those skilled in
the art to which the present invention pertains, further
description will not be provided herein.

The present application contains subject matter
related to Korean Patent Application No. 10-2006-0123329,
filed in the Korean 1Intellectual Property Office on
December 6, 2006, the entire contents of which is
incorporated herein by reference.

While the present invention has been described
with respect to certain preferred embodiments, it will be
apparent to those skilled in the art that various changes
and modifications may be made without departing from the

scope of the invention as defined in the following claims.

11
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WHAT IS CLAIMED IS

1. A method for detecting frame sync and Iframe
structure in a satellite communication system, comprising
the steps of:

acqguiring Start of Frame (SOF) differential
correlation value sequences for reception symbols;

acquiring sums (dj,«) of the correlation values
normalized for SOF positions Dbased on the number of
symbols per frame by using the above-generated SOF
differential correlation value sequences; and

selecting a maximum value (d,x) among the sums of
correlation values, detecting z as a frame sync position
of a transmitted frame, and detecting x as a frame

structure index of the frame.

2. The apparatus of claim 1, wherein in the step
of acquiring Start of Frame (SOF) differential
correlation value  sequences, the SOF differential
correlation value sequences are calculated based on an

equation expressed as:

24+n

c(m)=> q,h,.,

where c¢(n) denotes a differential correlation
value of an n'™ SOF (n = 0 ~33282 x Ny -1); when an mth
reception symbol is T, U denotes differential

information between adjacent reception symbols which 1is
Om = rmfﬁﬂ; and when a transmitted reference signal of an
n™® SOF is Sm, hm denotes differential information between
adjacent transmission reference symbols which 1is h, =

*
SmS m+1 -

12
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3. The apparatus of claim 1, wherein in the step
of acquiring sums (di,t) of the correlation values
normalized for SOF positions based on the number of
symbols per frame,
the sums (dj,+) of the correlation values normalized for
SOF positions are calculated Dbased on an equation
expressed as:

Ny 2
Zc(lt Xk +1)
di,t = = N,
25x N, x Y p(l,xk+1)

k=0

where Ng denotes the number of frames; i
(i=0,1,...,33281) denotes a symbol index related to frame
sync detection; t (t=0,1, ..., 15) denotes an index
indicating a frame length among the 16 frame lengths; and
1. denotes a frame length when a frame of a frame

structure t 1s transmitted.

4. The apparatus of claim 3, wherein in the step
of acquiring sums (di,«) of the correlation values
normalized for SOF positions based on the number of
symbols per frame,

the sums (di,¢) of the correlation values
normalized for SOF positions are calculated by moving Np
correlation values at different SOF positions by a frame
symbol position at a time, that is, by increasing 1, for
each frame structure 1n consideration of frame sync (i)

and frame structure (t) in order to detect the frame sync.

5. The apparatus of claim 1, wherein the frame
has a variable frame structure varying according to a
modulation scheme (e.g., QPSK, 8PSK, 16APSK, or 32APSK),
data length (e.g., 64800 or 16200 bits/frame), and

13
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presence of pilot symbols.
6. The  apparatus of claim 5, wherein  the

satellite Dbroadcasting system is a Digital Video

5 Broadcasting~-version 2 (DVB-52).

14
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FIG. 2

(  Start )

A

Calculate SOF differential correlation 5901
value sequence for received symbol

A J

Calculate sum (d;,) of correlation values for SOF positions
according to the number of symbols for each frame based on p—S202
the generated OSF differential correlation value sequence

\

Select maximum value (d,,) among correlation value sums
acquired above, detect z as sync position of a frame, —~ 5203
and detect x as a transmitted frame structure index

End
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