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Abstract DVB-S2 protocol is the second generation of digital television satellite broadcasting protocol, which has been widely
used all over the world because of its outstanding signal transmission performance. The existing DVB-S2 signal reception mostly
uses standard commercial equipment,which is not convenient for analysis of each module of signal reception. Therefore, this paper
carried out the use of cognitive radio USRP X310 equipment and Matlab digital algorithms to realize the reception and analysis fi-
nal transmission effect which affected by relevant algorithm parameters. This work can provide reliable design guidance for deeper
research on signal protocol, subsequent DVB-S2 signal generation and communication countermeasure. Based on DVB-S2 proto-
col, this paper designed a complete simulation and realization for the reception and analysis system of digital satellite television
signals. In order to achieve maximum transparency of the communication protocol, this paper only used cognitive radio equipment
to amplify and sample original analog signals,and the rest is completed by digital signal processing algorithms on the software
platform. The hardware device to receive and sample DVB-S2 analog signals is a cognitive radio equipment USRP X310 and the
software platform for all the digital signal process is MATLAB platform. This paper discussed the details of hardware configura-
tion,digital signal processing framework and theories and implementations of some key modules. The key modules are symbol
synchronization, physical layer frame head detection and analysis.and carrier synchronization. In the experimental part.this paper
took a specific television program on Ku band of Asian Satellite 5 as an example to illustrate the whole DVB-S2 signal process. Fi-
nally,original data transmission stream is obtained and the video and audio of the program can be successfully broadcast.

Keywords Satellite communication, DVB-S2 protocol.Cognitive radio

FUREBRYWMRN T HATR TR mi #%TE, EHFER
MG A SR AR I 3 A R E M
S B 0 HRE R R A R R R i A R ATSC(Advanced Television System Committee) .FXIH Y DVDB

1 3l

il

FH HI9:2019-07-30  i&fE HIH.2019-12-16 A IATFERHATHR] (OSID) |, 14 B 77 — 4RI FE 15 K .
HETH ERARBHAHES (61971025)

This work was supported by the National Natural Science Foundation of China (61971025).

WAEAEE . EMHAM (wzulin@buaa. edu. cn)



HP 7 45 5 TOARIE LB Y DVB-S2 {5 5 el 5 i i

227

(Digital Video Broadcast) #1 H A< i) ISDB(Integrated-Services
Digital Broadcasting) ., H: FVRT W R bR i A b 2. T
BL{% 338 {5 9, DVB-S(Digital Video Broadcast-Satellite) B
SRR T AR ERBF DR HREmME . 5 R
DVB-S #rifE (DVB-S2) M T4 — U e, ZEB0R B A TARK
WCHE AR Tz SEARER T B AT E PR TR S A U R U
RIEAKFE,

EHHF R T ARZFH IR T KRB, iE5 %k
R4 5 »Savvopoulos ZE 3t 1 T 3 F R4 L4k 1 1) DVB-S2
WL S R HE B8, fa] L3R T % HE B 45 1y i B A BT vy 4 3
TEJIAN— 26 G HE SRR BB . D HE ZL 18 3 FPGA (Field-
Programmable Gate Array) # Fic DSP (Digital Signal Proces-
sing) & I, Savvopoulos TE 5 — A 5T H 4 HE 42 v )
TR 5 U SR SR T — R R T AR
R — 52 58 R da F) M R IR A5 M S B AR, 4
¥ Gardner TEAL S T-Q HWAF 5 Al 2D BE P b 42 11 1 — Fib 4
AT AL P A SRATE OB 7T LR AT A5 ) 25 19 5 I iR 22
T 3 R TR AR 5 A7 78 5 e WU Bl I AT 9K AT G A Y P E
EAPREEEGEEGN SRS, g2k WL B
Sun S48 3T DVB-S2 Bras by 212 4 5k i Sk 25 4 1 15

ERE
Tfﬁ%*“sééé

B 24 R 06 55 (R T AR 9, L TRU o A R o ELTR) A5 B
R )3 (T L 2RI TR) 25 o ) 2 AR A T A U A
R TTEBA 143 28 B 4% B2 D v QA S v 1 (BRI £
WA SO0 AR B SR & R BB Bk S B AT
f)) LDPC ( Low-Density Parity-Check) #% #l BCH ( Bose-
Chaudhuri Hocquenghem) % i 38 F fiff A5 5 3k © 4 0] DL 2
Tl AL R BT

t T FPGA # DSP 8 {15 4% 1A =i FLZ503R 8 ) 4 4
ANF) Tk B b p A 5 B, AR S Rl RO
2 RO 7 ) A b AR S RO A S e B L AR SR A A
JeZH, USRP X310 F1 Matlab F & 52 3 7 %f 25 [a] fff DVB-
S2 A5 S UL ST . BT — B M E X DVB-S2 fF
SRR AT R G AR SO PR R b 3 A i R B
AL I D B S O 4 R A S I v A OC R S Bk B L
5%,

2 REMESXBRABRNT

T S BAS M OB TR A S I e AT A A 9
B AR SCHE R T TN JE £ USRP X310 il Matlab #14
FEMESHERALE, ZEERWME 1R,

e,

R bless

|
|
SR || g :>i@&%4li>

T A2

TloAME A L2 A s
A

Y

sl

WEE| |RIET 7 Sk
sk P Sk AN O AR

A K A AT i

|
:
|
ez 245 !
|
|
|

F 1 DVB-S2 {55 Hlom
Fig. 1 DVB-S2 signal receiving process

B A2 ) P TR AR 5 2R Rk v 91 Sk A T 7 50 I Mg
ARG i A T2k s USRP X310 Ay 0. A0
TE 2 H A P9 PR AR R {5 BEAT AR AR . T
AR A B AFTE— A BURARAR AL B 2 i TR 2
TR B R B — WO 7 A B R BRI A 5 4 S
11 TG 2 v BT I R LSRR SRR AN E AR AR 53 S AR 1 DL LR B
B, TWBBENES CARERTFRE S T LS 2R
#| Matlab F & s AR BAE 5 P 6 AT 5S4 21

B e A R 4 E B S 10 A B, 43 i R IR g
e RAE AL (CHRAR) L =YL VE BE g 3 A5 5 [F) 28 1)
R WSk S I 55 e AT | R TR 2B LA A R L R sk AT S
HAFWURTS . T SCK RIS IR AT S A 25 P R WSk A T AN
BABA L ARDL R 2 3 FhOCHER AR 523
2.1 HSE$

TEHCF S 5 AR R Ge . i T 50 2 58 J0 Bk o 73 0 5
S AR S AR ME I IR AR AR I O B AR AR B I R AR
B AL N AT 5 R 28 8 TR T B B R Y . A5 [ 8

S R FH PN A 08 I A X O 3RS B S Sk AT o, TR B
R R AU IR AT R M, F A4 1Y Gardner £F45 [
ARG G AE S TR AL P R 2 A B AT TR L
AR ME 2 fis.

LGN X (1)

— | PERIE T <

XQ(n i 4 Gardner xQ(n[S)
2 R Z AR

7(n)
. e(n) . )
R w [¢ E7N: 33 &3

K2 SR

Fig. 2 Symbol synchronization process
EAFSFEPH. L QMM EBEFHES o (KT M
xq (T S 308 3o 47 (L U8 0l #5476 (L (L v & ARFRE & AR B A
Ty FEIR SRAF a5 14 FF ) TR] BRG B hy SR 8 050 38 14 81800 5 SR 285
Gardner 7 B 352 22 K 0 25 1153 tH % 05 55 A b B b 11 4 437 3%
2 cC) sn REEEEE A0S 0 A SRRE A B S — A B B Ik



228

Com puter Science T HEHMLFL2:  Vol. 47,No. 4, Apr. 2020

o D I T MR P e AR 20 o S L e G iR A BHE
Ak 5 A v ) 25 IR 0 S A AR L L e+ B S AT ) il 11 4
{68 A% 1Y A (R, AT AR B R 2P S T Q B AT SR
1T M xq(nTs) o Ts A a6 J5 A1 A8 W A4 5 1 IF i) fs] &
A4 A B B 5

DAY 37 208 904 45 368 R Y 25 0 X4 (R0 e A L A O B O
G k) Hi A FH y(R) o 3K SR F ST 7 H (K DK R A% (R T
4 SREE R RIS B H R HO

y(k):’:ﬁ} Cx (L +1,—1) (D

Hrb, 1, :*4/12:*&12 =4/2—1=1;C; R&F p, WIHE
BRER, 3X B3 A Be W R E, () TR e R iRIH S
BRI 0. 50

Co;=ap; —aw

C=—ai+(at D

, (2)
Co=—api t (@D +1
Cr=au; —am,
78 B 1R 22 K I 28 48 F Gardner 535 .
r(n):y(n*%)[y(n)*y(nfl)] (3)

Sty GO Ay = DR BSR4y (=)
KBS I B X I S P PS40 ELA I A
R RE MR 00 2% M 15 1 035 5 B b 15 4 S o 2 B 2 2 £ 7 1D T
g v T R 400 075 00 S0 2 5 5 B 15 A M b ) 2
AR 22,

IR 758 0 2 3 2 A 90 25 AR B 0 9 8 L A SC R
FE IR 2R b 0 — B L R4 40 3 R

1@%E> N0
DY
4’< : > ’( Zfl
A

3 — B LU AR DB A 4 1

First-order proportional-integral filter structure

Fig. 3

TR R £y A0 Ay 1 AN (O F () FFR

_ B¢+ 2TsB,+1D)
GGy (E+1/UD)?

_ ATB}
GoGy(CH1/407

Forp MEFEARGE B, REES R, Y MEAE B BRI,
B IR 2 i 2R B8 AT ARS8 IR AEA G LAY 2 B e S T Y
WA T Ve BT R AR I, 2 i 2R G AR R [ A G AN T AE
AR P DA R 10 TR T EAR A O 2 sl e A
— TR REUE . Go A Gy S AR BCE 4R 5 d4  AE B R
LR ARIG 25 W W R 2.7 M 15 ¢ AL R IR
0.707,

T 20 B R o 2 )RR B O 05 0 D B E I
RV B B 9 P (o B AT B A 2P KR

W, =W, +K,eln) (6)
Hr, Ko B 1,

ky

ks

B4R T NCO B Y i fE 66 5 B, gk TR — 4
TS R A I A A U T e 2 s P A 2 D A A —
YA B 04 B 20, e B A B e BOTT SIS (D R, H AR
ZIRFEARAE

pk:% 7

TR IR G 28 A TR B o 1, (X I 45 WA IR 5 % T
B B 0 A7 A 5 2 A T A — 38 5, Bk n =0 () T

1= (g —W,) mod (1) (8
Horfr W, S AR IR 108 U 2 B B B A NCO Y i R %
FEHHAK ., B M T Gardner £ 5 7 465 g X A5 5
YL 4R AT B R PR IR 3 B AR A5 5 09 3 SR B A% B
Neps » T 40 A AT 5 1 UG SR A A5 7T 2 — 45 5 Naps I R
AT S — A, I, Gardner 53 %5 6 12 R 5 2 4R R RE 4r
TR A5 AR LA SRR A, WO E T A b 150 AR LA
SR RN M B4 S #EAT R AE K, WAL A5 IR 2D 05 Y R DA [
ANEEAR B4 IR T B [ S A 5 R 2B IR R TR
SR 4 ME S BIRERUBIR)T IR 1A 2 A3
TG 4 A FONR IR R IR 2D 45 R GERFERY 4 5,

20
15

15
10 10
05 05
S 0 C o
-05 -05

-10
-10

-15
-15

-20

-20 -15-10 05 0 05 10 15 20 -15 <10 05 0 05 10 15
7 I
(a) (b)

20 20
15 15
10 10
05 05
Q o0 < o
-05 -05
-10 -10
-15 -15
-20 -20

-20 -15-10 05 0 05 10 15 20 -20 -15-10 -05 0 05 1.0 15 20
I 7

() (d)

B4 R — B A [F R 4 5 F 30 4555 [ 45 1 A 3 [
Fig. 4 Constellation maps of symbol synchronization at different

starting points

FH UL AT T BT AN R AR 46 5T B A4S R 2 5 R 2 Go 3t
A S SRR G My 2%, RA @K 7%
FohiR s A R ERERE M.
2.2 IEE Mk

32 T Sk A I AT X DVB-S2 BT 115 5 dE AT i
FE R FH T AT b A i R o D 2 A g T A R A i 2
i EAF S50, DVB-S2 {55 9 3R 2 ikt 90 4~ BPSK
55 A FAI O B 180° B s 5 45 B0 P 3K & 25 40 R 56 43
B e G ) B
Bk A 200 M o B A A T 5 vk
A CKAGS X={x1:x.x, ) WHZ WK FE L



HP 7 45 5 TOARIE LB Y DVB-S2 {5 5 el 5 i i

it TS AL A 45 SR PeakPos
L VIR e R S5
coef SOF={—1, =1, —1s —1s1sisisls —1sisisis —1als —1s —1sis
1y ialsly —islsls —if

coef PLSC=

{—iyisis — iy =1y —isly 1y —Qsisisisisis —1is 1

iy iadals —isdsls —isls —isds —islsis —1i,—1}
2.FOR p < 1 to m—90 DO:
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4 FOR q < 1 to 89 DO:

5 Clq) =X,(q) * conj(X,(q+1))

6. END
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8
9

Vplse=0
FOR q <= 1 to 32 DO:
10. Vplsc <= Vplsc+coef _PLSC(q) * C(2 * q+25)
11. END

12.  Vadd(p) =abs(Vplsc+ Vsof)

13.  Vminus(p) =abs(Vsof — Vplsc)

14.  PeakDetector(p) =max(Vadd(p) , Vminus(p))

15. END

16. sync_flag=False

17. FOR p <= 1 to floor(m/L)—1 DO:

18. IF sync_flag {8 THEN.
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20. sync_flag < True
21. PeakPos(p) =maxp
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24, PeakPos(p+1) =PeakPos(p) + L
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