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Study on Frame Structure Detection in Physical Layer

Based on Multi-fractal Spectrum
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Abstract: In order to achieve the justification of whether a frame structure detection exists or not under the
condition that protocol is unknown, an algorithm for frame structure detection in physical layer based on
multi-fractal spectrum is proposed. Firstly, the relationship between bias and occurrence probability of 0 and 1 bit
is defined. Through analyzing the generation principle of channel code, scrambler, frame sequence and calculating
the occurrence probability of 0 and 1 bit, the conclusion is that the bias of synchronization word is larger than the
others. Then, due to the above conclusion and the character that bias distribution can be described by multi-fractal
spectrum, the width of multi-fractal spectrum of split sequences is calculated. At last, frame structure can be

detected by observing distribution of the width of multi-fractal spectrum of split sequences. Simulation results

Vol.40No.2
Feb. 2018

show the proposed algorithm is effective, and it has value in engineering application.

Key words: Physical layer; Frame structure; Multi-fractal spectrum; Bias

1 5I&

Bl A #E o ) CH R R, ToZkIm s AV Re i[5 7
NATT A 35 v Py s ek B 1 A, A T
WA BT 2 bl A5 I R v AN ] B 1 A R
3o EAEBAE M ZE GBI, Bl b Sk
T SR BAHATE R arEe . Rk, £
fE W BOR A U2 B0 T B N AR5 12 K.
W HR 2 A A A AU ) 1R LR R e A e, 2

W 5 I0T: 2017-04-20; Bl H - 2017-10-27; FI4% iR 2017-12-04
Y R lixinhaol989616@126.com

BAETH: ERAREY IS (61171170), ZHA ORBIE IS
(1408085QF 115)

Foundation Items: The National Natural Science Foundation of
China (61171170), The Natural Science Foundation of Anhui
Province (1408085QF115)

PRSI RO AR A 2505 ST A ) B S A 1) i
Z 1P AR AE USRI AN, Bt A B
RS B 2 PG AN AR, T ) 2E
JEWIES R, TR, B SRS R AR RS DN AR R A
TEAR PR I TP o

Hs ALY B2 AL N S P e st BIAE(S 18
G R ) it s P A N £ RS AR A i 1 [
Ao RYEIIBCRII A, BRI g S AE
E#Z KT R R . Bk, A& 1EEAE T i
WU 0T 1 A2 BT 0 ) L AR . A
Il Py S SAUIF 5 = B4 oh T DB IR0 B A
RELFUNSCRR[5) 52 Hh K RARPER S k(6] 4 th
ISR AL STIR[7) 5 g5 QS AN
SCHR (SRt A S 505 . X TR R R OL, 3
RR[O) A R AH G DR IE « e I P AR HORISORI UL g 58



F2H

AR

BET 2 L3 A% 0 B o 5 A A S0 5 401

JRIFE I, BRI L. i AT
5, AR Z A E PR AE R A T 581k
AW FEARE AR ZE SR TR, A
DRSS RR AN, i 2215 S W A 2 A5 A7 e L ot
SRJGHEAT B0, SR AR R ) B
WTRT I o DAL, IR Aol 25 P A0 L2 i e s
SE RAT RN R
ISR T AR KIS MTEAR K
WAERAE — AREEAARNE, Joh 2 H5p JE Prdttid (1)
TERFEASEIA WA T R
PUBt G B AIPCAS (K0T (i PR TS, DA S
P T R EE T 2 H o A K B i R 5
e I MG FA L P AR T A R

PEZE S, PR, G A A A B A R
MRS NS5 R LRSS, SR T4
HEAT IR 93 I 0F S A5 B IR 90 e 51 1) 2 343 0l 5 i
B, RIS L B A% o FEE I AT, SO
Bt AT TS BRI AR
2 [alEREIA
2.1 RGEK

CUAT I TR A5 R e A5 A5 AL M AR 4
B2 F R S AT S A, R R R S R
e EE R SRR, A AR A
JE R 4 SR AR, PR S T BRI 2%
BRAS A MG, Rl amis . ASL i, 45
W 1 s

PN Y AW

A IR LR Ve o i
oy PR | TR o A
Sk g P— Bl ik !
280 15 AN\ iéé/q : :
NG [CRe B T |
AL FL
) 175 S AFAED MW = e oo [T e A
Bl s, wiib e e Y i o h e e -
K1 R4k
5 g P RS R B T R AN IR AT A B
TERME B BE R A%, N FEAT (5 4 T 25 iz AR , .
IS A5 5 I T BT i N s 2 L ] i o o
\ N NS NI 4 \ RN H M2 I
FIA0 58 AT M FHEAT INRAL B s iy Ji) 2 A A

Mo N A J e W B AT A g, R4 T RS 2R LA
A B2y B8 U 3 5E A B R s AR i IR B T
ANFE, TR S BN 1 B RHEFT R )
PRZ iR, S HT ) 2 B E S 2RS40, B
BB M . S R B R A B MR RS
(CCSDS) il 7 (1) 18 425 4% ) 51 T (TC) A7 75 40 H1 2 it
SR, TR AL 200 (TM) ANAFAE Y B2 Mot 45 12,

EAEG RS T, Relom L ARHER R S S
T BT ST AR R B AT A T B e,
1 BTN AAEEY BT E LR E LSS
B, ARG IR g FRECRE AN S, BeJa A RE
ARG R
2.2 $3Bin

FRAB P TLAN ], 50 0 Eiie A% a2 ) 2 22
2 UL 2 Fros 4 B2 w2 f B

YEL i gE R, W ER S A R A A J ]
W, T R AR AT s B R 1T i G b B
15 e B A6 B — ot rp AR A RS S B, A5 S B

N\
WRIZfS

2 YyE R WA R

At 5 R FA RN AEAEAAE I ZE S0 Pris,
TSGR AR, e it B 2R AUA AT 3 A
AIRE: Yufd)EA. YLD E SR B 5 o
2.3 FIIMEESRIL
WA ER L AR5 P4 1 445y B € Koy i
|L,/€] B (o) 27 1) T HURE ), U85 BURE 4 AH W2 1) -1
BERIEOF R BERIEOR S ¢ (L KT ¢ = 2°),
GEvt &R IR P, O AT R, o
WM TITMEPLKNEHAN, . 22HERE:e =
1/¢, WA ()R (2) lar,
Pe) oxe” (1)
N;(e) x g~/ (2)
o R o O A ) A e v i AR



402 BT 516G 8 %R

40 35

TR fla) R E o [HFIRII 0 TE4EEL,
WK fo) FRoA Z BRI, ZFE B E’JJUE
% S B 4 KA i r%%ﬁ%m
3 FIMERYE

O A RS g b T2 AL S 2 1 o AL 5 A R
i, HTERL W = A A, FEUhbE
L IR N 2 R 6 a4 R (I PR S i 27/ 1P S WS R S
PR ) N, R, A S E BB
2 ME o AR RN 2R M o AL AS 1) E [RD2E Nk A AT A
Pk 57 o

EX 1P 5 RS 1B K <,
M EANE AL 12 — ¢, BN TFFIH 0,1 bit
53 A tE Ol o
3.1 ZkME5reARg

fERALKE R kv DI L n S o) 2H AL
(n,k), ‘B kxn B ERHFE G h(3)E X
9 90,0 Jop 7 Gom
9 910 i 0 G
G=|.|=| . : . : 3)

91 95-1,0 YIr-11 M

Horp, 9ij = (O or1), gOagl)"')gk—l%%‘rizﬂngn

B ri e BBk B A R = (20,350 70 ),

i=12-, i)W E, 52T (=
1,2, o
9
9,
cz’:mz"G:(mi,mxi,l?“'?mi,k—l) : (4)
Gi1

DTS €, = (cip0Cipv i€ g )y i =120

M (n, k) LR L2 4T ¢, = (c;05c000 1€ ) D
(ERIFI @, = (2,0,3,0,- 13, ) 1O, LA (it 22
o, LA G = (g90,9,,.9,) WEE—FHH 2
W, i=01--n—1, {5 FFH LRI RE o &
Ry BT R R Pr (2, = 1) = (1/2)— ¢, j =
0L k—1, We,, =1,5=01-k—1 HIAHER
AT LA R Ay 1)

Pef, =)= i[ - laeel

[ )" ] (5)
%@@?%Mﬁ%ﬁTUﬁrﬁ
o =L ne, —)=tear @)

1T W T g2 R geh, ARt G R

k— 140 0 5, Rk G RIRT &k — 1 51 ARG E
AW, =1i=0,1--k—1, J&in—k5FIERE
W, >Li=kk+1-n—-1. HT <05, frble,
<, BAGTI ¢, KA MIE @, 7T AR E(T)
/AW

1 n—1 1 n—1
Coy == P, SO 0= ¢ (7)

n =0 n =0
G 7 S A P mT 3 — 2P s Ay
—2S e, - 1Y)+ 11 )"
SOC: - n prd (loc,,;’_y - n prd 9 QOJ n ~ 9 QOJ
_ k 1 n—1 1 W, ﬁ
—;@*FEJZ:;E(?‘P) i (8)

X (8) AT %, Stk 73 AR Y 41 v O RN 1 53 A B A Ml 7R
N RAAE B,
3.2 LEBFS

B B I8 DL f(2) = 14 bz + bya® +---
+b, et AENAR IR Z I, N A e = (¢,

CL+1,"' Cor 1) ?%‘;iu*jtﬁ%r?ﬁja:(aLaaL+17".7a2L—1)’
MG 2 It it 2 =X (9) 1
azi:Ci@ija’i—jﬂ Z:LaL+1aa2L_1 (9)
Jj=1
F2(9) R s SR B A
ar, Cr apy  ap, o ag \[b
ap 41 Cr1 ar, ar a || by
= . |+] . I .| (10)
Gor1 Cop1 Gop—2 Gop-3 *° CQr1|b,

XA kRS o B2 PE o 410 ¢ BEAT B [ 22 N
o, AT BN I PR 6 102tk o 4R I3y 41

a=(ay,ap,,ay ) WP T2 B A 2k
§=0, Mgy HiEY.
JEER
a; = 1 BRI T LIRS
Pr(a, =1)=1/2—§ (11)
M, =0,(a,y aiy o oap)(b by o b)) =10F, G
T 5RO H IR A «
Pr(e, = 0)=1/2+ ¢ (12)
B L B
b
Pr|(a;, a_;) =1
by
W 1 (1 W
-2 [Flee el 0w



F2H

AR

BET 2 L3 A% 0 B o 5 A A S0 5 403

Hrb, o ORI E, W 250 (b b, - b;)

AT He =L(ay gy - ag)(b by b))

= 0, Gt/ @5 T BRI -
Prie=1)=1 "

oA 351 0 tH IR 2 <

ol LR

24\ U

I, 2ot ANy 51 1 H B 1T

b
Pr(a, =1)=Pr|(a,, - a,,)| i |=1|Pr(c, =0)
by
b
+Pri(a,_y - a,_)| } [=0|Pr(¢=1),
by
el P o3 FRUICR B P
o2 G- G+ G-+
l—azay4wwmé+ﬂ+%pﬂwwné_”

(16)
H TS 74 O () H B S AR ], DAL
IRt 6 < 0.5, (16) T HE— DAL A

1 1(1 1(1
Rt PR Rt B
Bé=0, jiF ke

3.3 43NN
Ml — e th 1) 22 P KB . R BK
L VBRI, R 7 PR ORI AR A P\
fE BBUT ORI AT A kAL n » I3 o
VST B FT /R BRI ORI L3 (KA i, 1
BT PO d = (dy,dy,ody ) o HESRSHHT

l— i PEN < A7 ity >

Y A
[F]5 5 {5 BB

A . A . A

le— KJEL, > KJEL >

K3 Eiifs B

AP RI S, 20 A L I BUBER X (18) s

Pd@:U:%—% i=12.4  (18)
5 BB 1R IR 2 an =K (19) s
PM@:U:%—mi:LZm@ (19)

PR, — it L IR AR W] oA (20) &R .
(1/2=X)-4 +(1/2—n)-b

(4 =1) b+
_L oAb AL o (20)
2 L+

1 (20) A4, — WM ey = (N +0-b)/
(h+1) . AFfuf et (20) FIst (22) Bt

o A-n
7—n+ll+l2 L (21)
_ n—XA
7_A+l1+l2 L, (22)

(D)5 BBt ndiig: i), g
T 5 P 5 AT Tk AR o DRI, Pl 1 s 45 B A
O B K STy NG 50 a4 R (O M P 2 )
Atk X K TS BB .

) E BB ek elam, iy
S REA 0. BT F T A e K T0, HEif
DA Rt N K15 BB It g

R FIR AT, DA KT R
B mrE, BIX>g . Kk, dhatenmrsm, H8
BB A 2 1 LR ARG 114 A S8 P Al KT U
Bt By >ns tia(22) i, R bt kT
YRR R, EDX > ~ o AT DI 58, )
T MR, LS AL R PR P A e 3 T ek
N
4 ZESMIERITE

% o) JE B W v SRS AT T VR R G B
UL T EH RA TN G, PR SCE
H G B 75T 2 By Tk vk 5.

HHEE AR B x, (e) » W21t E )
IR P, (e) H ¢ IRJ7REAT INBUKRAN,  HA ik
LW

X, (6)=>"Pe) =& (23)

A 2R (23) e m I AE A URAL,  RITEE 73 R B y, (o)
PTG R e HmBRERER, Wn UM In y, ~ Ine il
LLINRL AT 2

In, ()

() =——"—,
Ine

—BHE 7(q) BN TR FRH,

e—0 (24)



404 BT 516G 8 %R

540 %

FEREE P () KR/NEAT 20 R )5 kA, 5(23) /]
ol (25) T
X,(6) =) F(e) =) N(P)P" (25)
P N(P) 2R 1 P H . (1) A
X(2), @5 ATLLERA
X, () = ngf(a)gaq — zgaqff(a’) — 7@ (26)
e a A E RS R T2 E B G, B B
5N
Z gra-fla)=7(e) _ 1 (27)
e — 0N, RKASH ag — fla)—7(g) > 0 I
#T0,aq — fla)— 7(q) > 0 IIIAR Z I, B4k
IR I TC PR, IXFE— 2RI ag — f(o) —(g) = 0
I H R B ok, RN

7(q) = ag — f(@) (28)
T o AT UM BA R B A, B
_dr(@)
‘T4 (29)
Ha(23). 3 (24) 1K (29) Al 75
oo drl@) _ d[Inx©)_ d () A
~dg  dg| e | dg Ine
DI LCRYIC)
 In 5.23(5)‘1 (30)

A520(24) F1 (30) Fo A 28 (28) 7
P (1 C N AC IR SLIC
In 5.2 P(e)! Ine
AT SR o A2 B2 T (o) R A TR 3
SRR Z BTG, 2 A TR ) 5 R R R
PSR IR R Ih 5l N = £ I /B VN2 4 0 2
T AN P S A i PEAEAE 22, TSR 7

(31)

G\ 2 F oy % e FEAEL A o A, R AR 4 At 4 4
P b TC R
5 BiEDE

RHUF IR KE o = 96 bit 70 750 EK
B € =8 bit BEATIUN, BARDTRIT.

T 1 BKENLARFRTPH T, %R
BeAR 3K o R 1 | Ll p| BE(Lo) o i) FHUEE) s

HH 2 FRMIR A I T B
LI TERE B E 0y, - oy FFERTI A

WIR 3 AT AT AR R R AR, Ui T
PP AL BT, R AL
6 {AERE

SEE 56 36 P TG A BT 43 ) £ (7,4) 23 414D
(510 3 BRI LL fz) =1+ 2" + 2P EIARIRZ
T, (7,4) 50 4B AE NS B EdE 1 B PP
JFANR R, A IR RTaS IR LR R0, MRk
SEIG BT A (4 BE A o

TG 1 TiRFBIR A

(1)(7,4) SR e fis BB AE RIS &A1
T, HIEH2x10° bit H(7,4) 5 2H A5 R ) 4 B
1 WBEmT 2 FJC R, I 4 By it o 1)
YRR K 2800 bite EHUFVITF MK E o = 96
bit. FrFHN 3 EIKE ¢ = 8 bit, X L& 3 P
AT Z E AL R, AR WK 4 Pos.

fP 4 aT%n, PrER 1 S EM 2 P75 A
Z B U 58 BE A AT AT AE B ARV AE, Py R
AYEG AN (7,4) 7 LR R I B ) 2 T4y
TE RS 55 JE o3 AT ANATAE B IR AL, % BedR 20 P 91 11
ZEN ARG IR R . 2 XNV 3 Rl

1 YEWHFELS T

/B [F]25 5 K% (bit)
a1 11000101110001011100010111000101110001011100010111000101011110011110101110010000 80
Yy 2 1010101010101010101010101010101010101010101010101010101010101011 64

1.0 1.0 1.0
sy 08
=
3 0.6
&
&
5 04
N
0.2 ‘

0 200 400 600
sl
(a) P ELIL

800 1000 0 200

753351
(b)Y 2

600 800 1000 0 200 400 600
sl
(c) W ELW 51

K14 (7,4) 50 U A BB, 2 B YA T8 /) A



5 2 3] PR T 2SR A0 LR Wi A R ST ST 405
®2 (THHHEBEHMBEER, SESHEREESHHAE ®3 (15,1)NERMRIERR, SESNREREESIHHAE
2l PyEET 1 B 2 JE 5 il PyEET 1 VB 2 PRl
Uik 0.0084 0.0086 0.0041 Ji% 0.0057 0.0057 0.0029

Z O T e FE A AR 0 7 ZEHUE

f2 2 AT, W E 1 S E 2 (K 2R,
KT TWEWUF IR J5 2, FRHPERWT 1 YR b
2 PR PP A1) 2 B4y Tk 5 58 HUAEL 23 AT LL TG A #R i
FEA I B RORERE o, R 1 54 Em 2 54743
82 1114 22 540 T8 0 i P A 2 K

(2)(15,11) 7 ke i BB AE iR ) 4%
R, #38H2 x 107 bit [1(15,11) 4> 2544 il i B
g 1. B 2 AT EROEE, b B
R 2SOl 3000 bito B HUE TR K
¢ = 96 bit « FFSPHIFEISE € =8 bit, X LK 3
PR EAT 2 B Tk 58 L 00V, 25 R W&l 5 pr
7o

M 5 AL, PRI 1 SR 2 SR R
Z T T 5 B oy A AP AL A, P ARy
AP A (15,10) 2 4R B 81 1) 2
I3 TEAE 08 B I AT ANAEAE U R, 25 BR 22751
(12 FAy TR s FESEAAM R . 3 3 XN 3 B
G\ 22 Ty T vk 58 BEAE o AR 11 7 ZEHUE

f2 3 A, W E 1 S ER 2 (K ZEAH T,
KT TWEWUF K J5 2, FRZEYERWT 1 YR b

2 YR IF B 22 T 4 T i v JE A 43 A1 L e B
FEA (B B RE S s, B BRI 1 54 P 2 %450
JP 5 2 T8 22 50 53 FES 1% 50 B A 22 T K

()P B A5 BB (R I 41
T, FEH2x10” bit LA f(z) =1+ 2" + 2 fE A
JRZ I, (7,4) 50 RS R NG B 1) B [H)25
YRS F5 R L EI 1. A EI 2 A R MIAL
P, Iy b RS 41 Sl 3000 bit.
PP SR> K o = 96 bit « 59055150 B K &
£ =38 bit, X LA 3 FhEEE AT 2 E 0BG 0 AL
L, AR 6 R,

m & 6 %, WE 1 5B 2 55T
2 TG Tl v B oy A AT A MUl P rh sy
AP TTAN R A R A 1 B ) 22 43 T
O S A AATAE AR VA, S B AR P SI 2
Fo I B A ] 26 4 XSS 3 FlUPa %
LG T v i S A 431 14 77 22 B

HHEE 4 AT, PRt 1 53 2 1) )7 2B,
KETWEWFFI 7 2, R 1 5P
2 PR3 F B 2 3 T i i B HUAF 53 A1 LL TG A7) B gt
PP B RCRE R i, RIAERMT 1 554050 2 %455

1.0 1.0
i~ 0.8 . 0.8
a2 2
sz 0.6 : 1 21 0.6
R 1
R 04 . R 04
il | e
® 02 “ ‘ ® 02
0 200 400 600 800 1000 0 200
iVl
(a) P E i1

Kl 5

1.0

]

400 600 800 1000 0 200 400 600 800 1000
Il 5 F 5l
(b) P EE 2 (c) A ELWT 51

(15,11) 7> 2R Je A SR BL, - 22 FEA FAE 95 FE 7 Al

0.6

0.4

EA 5N

0.2

[ ——

0 200 400 600 800 1000 0
sl
() Ei1

i |
200

400

1.0

®

J

X

£ R

I
1000

600 800 1000 0 400 800
55l o4l
(b) P EL 2 (c) TEREL 51

Bl 6 PURHR R s BB, ZE B LM



406 BT 516G 8 %R

40 75

4 HEKEGRERR, SEMREREEITNAE

Py EL 2
0.0078

gl MyEiii 1
Vg 0.0079

T |
0.0029

J¥ 3 2 [R) 1) 22 T 43 T il i FEEAE ZE 8K

KU 2 EEMAETIBEE 54

HEHL 2% 10° bit H1(15,11) 53 2165 A4y B () 4 BE i
1, AR 73 AL EE S 3000 bite £EAN A A2
FAF N BT 100 I ZERE RIS U1 FLSER:, flA
SCHIFAEAN R R A AR TEAAAS I ) BT )RR
%, ERWE T PR,

1.0
0.8
\
¥ 06 ™
£
=
Z 04
0.2
0 0.015 0.025 0.035 0.045
EUES

K7 IERAS IR 2> A P

RN A /NT 2%, R X i ] 2D
F OB AT O T 5E ML/, G TS R 2 LR
7E 80% LA I-; B RIGAR M Ty, Py eh [ 2D
A BRI BEALVERG 58, I B i PR 1B
LAY, BRI SRR T B 5%, IERfR A4
N 50%.
7T HRIE

A LT 22 23 T 0% X ) B it 45 g A
H, WO T ORBCRBUR S 441 N R B E T B
PRI ) R SERI AR 7 gt SRS An
YRR R PE R 22, AR SR R U PR A I 2
A>T g AR R b, 3l SR U 1) 4 AT
SEHL T AR AT T E ORI . TR
FIrR 0 M1 AT R TE SN, RIASCRE R
ARAF ORI TERE . AR B WS, [R5
RIS R 2B O ORI DSB8 7 AR
I BRA TR AE i SR TTRIFST o

2 % X

(1] kAo, A X g LIRS M) dER: T

A HRAL, 2010: 1-2.

ZHANG Yongguang and LOU Caiyi. Channel Coding and

Recognition Analysis[M]. Beijing: Publishing House of
Electronics Industry, 2010: 1-2.

2]

3]

(4]

(6]

(7]

(8]

(9]

[10]

(1]

ZEAHIN. CCSDS B s J= s U B BB FT D). (1 1
B3], HEREEBEF AR, 2011

LI Xiangying. Key technologies of protocol identification for
CCSDS data link layer[D]. [Ph.D.dissertation], Center for
Space Science and Applied Research Chinese Academy of
Sciences, 2011.

QIN J, HUANG Z, LIU C, et al. Novel blind recognition
algorithm of frame synchronization words based on
soft-decision in digital communication systems[J]. Plos One,
2015, 10(7): 135-144. doi: 10.1371/journal.pone.0132114.
LIANG Y, RAJAN D, and ELIEZER O. Sequential frame
synchronization based on hypothesis testing with unknown

IEEE  Transactions on
2972-2984. doi: 10.1109/

channel state information[J].
Communications, 2015, 63(8):
TCOMM.2015.2438895.

FRELF, EHE. BTSSRI T ERT ). RS
LifE AT, 2014, 44(6): 33-36

GUO Kaifeng and WANG Meng. Research on detection of
frame head on fixed frame length[J]. Journal of Signal and
Information Processing, 2014, 44(6): 33-36.

K, Hvels. G am A TR IR T T] S TR,
2013, 34(5): 554-560.

ZHANG Yu and YANG Xiaojing. Recognition method of
concentratively inserted frame synchronization[J]. Acta
Armamentarii, 2013, 34(5): 554-560.

AN, T ) LR 0 B R BSOS 2 T EOR ([D). e
3], T HEBEERARKRE, 2014,

WANG Hezhou. Research on bit-stream oriented link
protocol identification and analysis techniques[D]. [Master
dissertation|, University of Science and Technology of China,
2014.

TR R A ) SR IR BT S SBR[,
{5 XHL, 2007, 99(4): 41-44

ZHANG Yijia. Design and implementation of algorithm for
LAN data recognition|[J].
Countermeasures, 2007, 99(4): 41-44.
Fiok, Mels, FE. 55T AT S UE ORI e 1 3 A 4 )t 7] 2 1t
PUN[T]. PRI S 362448, 2011, 33(3): 69-72

BAI Yu, YANG Xiaojing, and WANG Mao. Recognition

frame Communication

method of frame synchronization codes based on relativity
filter and hadamard transformation algorithm[J]. Journal of
Detection and Control, 2011, 33(3): 69-72.

YADAV R P, KUMAR M, MITTAL A, et al. Fractal and
multifractal characteristics of swift heavy ion induced
self-affine nanostructured BaF2 thin film surfaces[J]. Chaos
An Interdisciplinary Journal of Nonlinear Science, 2015,
25(8): 083115. doi: 10.1063/1.4928695.

OROZCODUQUE A, NOVAK D, KREMEN V, et al
Multifractal

analysis for grading complex fractionated



2 M ERRS T 2 E A TR Y B2 2 R R AT 5T 407
electrograms  in  atrial  fibrillation[J].  Physiological based on run feature[J]. Journal of Data Acquisition and

(12]

(13]

[14]

Measurement, 2015, 36(11): 2269-2284. doi: 10.1088/0967-
3334/36/11/2269.

kT, DVB-S2 fif i 4% S8 5% & VLST sE3iJ D). [t
B3], HH K%, 2010.

ZHANG Yulong. Research on VLSI implementation and key
algorithm of DVB-S2 demodulator[D]. [Master dissertation],
Fudan University, 2010.

VR, RAH), . RN M. S o ERE
TR HiRAL, 2006: 1-2.

SUN Xia, WU Ziqin, and HUANG Jun. Fractal Principle and
Application[M]. Hefei: Press of University of Science and
Technology of China, 2006: 1-2.

EGL, KR, IR, A R TUERERRIE I M ALY 5
AN ). Bodls R AR5 AL BE, 2015, 30(6): 1205-1214.
LI Xinhao, ZHANG Min, SHI Yingchun, et al. Blind

identifying of type of linear block code and convolutional code

(15]

(16]

Processing, 2015, 30(6): 1205-1214.

BAil, JKR, RGeS T ES AR K A 2
VONTTVE]. BRI 530154, 2015, 37(5): 7-13.

LU Quantong, ZHANG Min, LI Xinhao, et al Self-
synchronized scrambler recognition based on code weight
distribution distance[J]. Journal of Detection and Control,
2015, 37(5): 7-13.

LIU X B, KOH S N, CHUI C C, et al. A study on
reconstruction of linear scrambler using dual words of
channel encoder|[J].

Forensics and Security, 2013, 8(3): 542-552.

IEEE Transactions on Information

2. U, 1989 4, i, WIS A E E AL IR
S B, 1966 4FE, B, W, FEOFRITIROVBEES
CUSLINNE SR

5, 1989 FAE, i, EEWFTUT 0 R AE E G A .



