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Blind Estimation of Modulation Index for Angle Modulation Signals
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Abstract: Modulation index estimation has important significance in demodulation, FM/PM classification of angle modula-
tion signals, etc. First, angle modulation signals using monotone , PSK, FSK and so on as message signals, are analyzed in time and
frequency domain. Then, uniform mathematical representation is constructed for angle modulation signals. Finally, a blind estimation

algorithm for modulation index without any prior knowledge is deduced. Simulation results indicate that the algorithm is effective for

modulation index estimation with above message signals.

Key words:

1 5

£ B2 VR i — B HR T A AR G P B AL )
A, B RRRIE 72 FE A 3R I A H 8 8 Al A5
F4) 75 A A 28R D8 18 1 236 A o7 ok 8 B A R 5 B i B
ST 2 8 ] ( Frequency Modulation, FM ) F1AH 37 34 ]
(Phase Modulation, PM) B GEFR . SCHk[1 ~ 7145 8 T #E40
FM/PM {55 8615 7 i, 36 1 90 T B4 - )
i 71 30T o i 8

*1 CHEEY FM/PM ESEFNHRA X EH P RE IS SCER

i

SCHER A4 R PM {5 SRR m, | FMAESPSEEEL m,
SCHk[ 1] [-m,m] (1.0,2.0,5.0) x 2%
SCHR(2] <n/2 5.0x2x
SCHik[3,4] <1.5 =5.0
XHR[5,6] 7/(18,12,9) (1,5,10) x 2z
SCHR[7] m,> > my

M T AT, B 25 PN M/ P i 3R
B o AR M) TR o 5 50014 2 S i TS 2% ol e
AEBEA TR A . SR REA ARG T A0 BE I 15 5 (4 1R 1l i

Wik H 11 :2008-12-03; & 71 H 1 :2009-10-24
FAWH WEE A I B R R 2= R AR AR k4

information processing technology; blind estimation; modulation index ; angle modulation signals

B, 50 TR 49 52 B 1o P H a2 S B0 1 BRI RS FMY/
PM {55, 2 T AR 415 30 ] i 8000 o] ] 26 284 52 B A 5 )4 o)
G E AR R, JEAT AR R A S R R S RO
flit BA T EE N E X

KT ALV RE 5 AR 48 BAb T, v oA A
RMFFE SRR A SCE 3 53 B Ay 5\ FSK PSK 45
5 S A P HIE 5 R I AR A 1, S TS T S — 4L
SRR PRSI T IO AT AT S50 15 5 i 18 1
PR T s SCE R HEAR 58 2 W N fE S
RS H5 3 B4 S 43 AT A B R A 1 At A ST
Gi— B RIA A RS HE SRR I R O ATy
5550 4 BRI N RIE AT FLOI AT 4 5 BB N A SO RS
2 fE5H#EE

FRERHIA5 B — Ml R e

s(t):Accos[w(.t+gD(t)] (1)

K A, NEPIEEIRNE , w, = 2xf, , (1) g kIS A AL
Tt .

il

i



738 H ¥

2 Eile 2010 4E

X5 T PMAE S, BRI AH L i B8 Bl RE T 9 1 15 5 18 e 4] 22
1k, B
(1) = k(1) 2)
spu(t) = A.cosl wt + k},m(t)] (3)
Kk, AARBLIRES B EL, m (o) A G 5.
X5 FM 55 , BRI A A O 7 114 42 k23 il Bty 37 i
155 B A2 4k, Bl .
o(1) =2k m(c)de (4)
s ) =Accos[wct+27rkfj’;w m(z)dz] (5)
A ky IS A CHLPRATESS TR T 2 A A3 R AR )
3 AEASNGESHANEREHRITAE

AT B S 43 B AN [R] A I8 i B A R R A S e
AREEAE SR EESAE S 5 —BE R 0 R 5 I
P A WA n R e AT s
3.1 AEAFESHRIMEAS R

AT S DL B R A5 S o B, d3 b R A
55 (R B A 4 A T 2 AT R R A PSK L FSK 45
SR, B AE T SRR IR

ENEE R TREL B m () = Vyecos () (02 =
2nf,,) AT

A.cosl wt + ml,cos(.Qt) 1,PM
s(t) = . (6)
A.cosl wt + mfsm( )], FM
m = k ° ‘/"1
{ P P (7>

A my, « my 73 3 FR A AR AL R T A R AR A ] 45
%&[8]_
#of PM 55 2R A 808 2, W5 28
spu(t) = A, Re[ !+ & ] (8)
2P Rel w(0) 1R BREL « (0) ISR, &0 Q1 R
PREL, FJ& PMA5F 511 Fourier L EURIT N
SPM( t) — AC'RC[G']LU'I .ejml’sin(ﬂt+n/2)J
=AC'Re{ 2 Jn(mp)ej[(w(+th)L]é'(n7r/2>} (9)
L J () 2 1 n_lzj/l\%—% Bessel BR%X .
FZY m(t) = V,cos() B, FM, PM {5 5 78 4 55k
AJ RN N

P ) {007 (4 nfi)] + 60/ + (o + ) 1)
J( m,)cos( nm/2)

FM: Z olf- o+ nf )]+ 6LF + (f + nf,) 1}
L)

(10)

FREY m(¢) = V,sin(Qt), FM.PM {5 5 76 55 38, 7]
TN

PM; 2 {olf= i+ nf) ]+ 0Lf+ (f + nf,) ]}
()

B {00/ = (o + )]+ 80f + (f + )]}
. J ( my)cos(nm/2)

(11)
ME(6) . (10) (11) AT LA HY: B Bl i ] g
FM . PM {55 (IS R A ot |2 —FE .
MBI TS5 PSK B, m(¢) AT 37K A
m(1) = g(t)cos[2nft +2n(i -1)/M],0<t< T,
(12)
o g (o) Bk vhmel 7, MRy it T, B oG i ]
[F1] B .
YIRS S8 FSK B, m(e) Al R H .

m(t) = g(t)cos[%‘(nC +i)t]

= g(t)COS( 2nf, b + %t) O<i<T.

(13)
K £, = n/(2T,) T n, &A™ 1R
PSK  FSK {55 #B & LLIE 3% A5 51 D 280k, {FL i i 2K
P e 2 5 A8 Aok RAE T T 234 1015 8. =X (12)
(13) AT LLF i, ZE AR IC A 0] T, A1, PSK FSK JE 4 1
{5 AR — DR g (o) (4 g REIE K w13z i
g(t) = DR EES  TEAF RS ITRBN, 1%
F A W AR RN (B0 A5 AN [R] T 2, DR st 43 A B
Al PR S i I A 2 Al B AR, S T A A BT 8
A LA RL B B R 15 5 S AT IS
T, Al ST L PSK FSK 25 (5 5 JL 5 8 il B £
JEPEHE S G —Ber Rk AT
s(t) = A.cos[ wt + mpg(t)cos(ﬂt +0,)+0,],0<t<T,
(14)
K 0 MEPERIRANL, 6, 3w W5 5 1)
TRARAL, g (¢) PTICAREIE Dk ih 45 .
3.2 FAREHER/RITAENREES
DA (5) R (9 FM 58 Bl o 1 5 5 A 1], &2
JE A — I AT A

ds%t(t) = %cos [ wl + ZTEk_J m(r)dr]
t

- Alw, + 2Ttkfm(t)] sin[ wt + ZTtk_J ) m(z’)dr]

(15)
A A T BB IR A, E— 5 PR BE B



%40 2

Bk - 1 B VR A5 SR R R RO T 739

1, FrXs5) ik h .
7dsp(,\i,|t(t) =-lw, + 27ck/m( ¢) Jsin[ wt + ZTijJiw m(z)dz]
(16)
M (16) AT UL, FM A5 5 206050 i 28 11 908 i o0 4
55, FLWR B AR AR 54 T 15 8, , L Hilbert 28300«

[ D] < L 2k ()]
*exp {J[ wt + chkfjiw m(z)dr + Tt/Z] }
(17)
w, A—EH KT 27ck/m( )17 AR -

a2 o (0|
. exp{j[ wl + 2nkfjiwm(r)dz- + /2 + go(t)] }
(18)

0, if w(,+27ck/m(t)>0

¢(t)={m it w, +2km(1) <0 (19)

PR, TR (7)) B, ST ERAS | w, + 2mkm (¢) 1538
10X 2 (18) 3K Wi 5 I BT ol 4R 15 6 (¢) , HARG i
2 AR ICHR9,10].

AT 1, + 2mhm (1) VR (o) JUAT 5] 6(1) -

(1) = ‘ w, +27tkfm(t) ‘ 'exp{ d(t)}

= w(,+27ck/m(t) (20)

BB AR HIE S m (1) = V,cos(2nf ) IUASL

(20), % 0 (o) EHIIEIFFRI Il 15

J; 27ckf{ m(z) — mean m(z)]}dr

V., .
=2mk* Rsm( 2nf,7) 1§

= mf'sin(27rfmz) (21)
120 (21) 2R IE 5245 5 19 @ B2 i 22 50 AT A% 2 my, 3X
FERLSEIE T FM {55 1 £ BE VR 4 50 it
XTPMAES, &5 FaR [RAE A A FEE 7R , 7T 45 A7
Uiy =W
J; kp{ m' (z) = mean| m' (z)]}dz = ka,,,,‘cos(an,,,z') l6

=m," [cos(2rrfmz) -1] (22)

[ AT 3 e 2 (22) 3K T 5% A5 5 1 i B O 2 55K P 75
F) m, XA T PM A SR B R HIFEECE AT
3.3 AERARGESASEREMITAE

FET 3.2 W HES B AR RS IR E R s 8Os i
J B AR SCHRE S A R T 45 S i R R e BOE A O
BARSZHLBRINE

(1) s A A B2 981 i 45 5 ) BE 0 8 il S 75y B

F A AR AL TR 65 5 R0 R

(2) X4 A5 5 2EAT i 3 VA — AR AR BRI SR A0 5

(345 R AT Hilbert 2845t ;

(4) M40 Hilbert 4846 45 SR HUE , - 308 13 fif A (02 A5 4]
SKARDL $(1)

(5) R ANAR AL, $3(20) K15 0(1) 5

(6) 0 (o)W HIEIF B 5

(7) A0 P g B JUAR B AR 4B AL 20 22 8]
1 P52 0 22 A 490 40 4 2, 5 DU A 05 DG I 1] 18] B 9
AR A BB I3 2 110 AR O 22 A 0 Al i 4

(8)%F FR b HEMEATHE P-4, LU Al il 4 79 BR
WG 7 Xt £ 3 9 Al i O Al T A S
4 HEGESHT

AR A S VR ] 455 0 L PSKFSK I, X 55 3
TP H B A IR AR 5 R 4 O AT D7 ik AT
S X A R AT HAE AT
4.1 BEETRASNNNEENE

7 B H R ST VR ) B A P R 155 SRR AR
200MHz, ZJ 4% T0MHz, V,, 7 1V,6 i E5 : (1) FM
55 ke 9 SOkHz/V, f,, Ky 40kHz, B} my = 1.25; (2)FM {5
5 ke N SOkHz/V, f,, 4 30kHz, B m, = 5/3; (3)FM {55,
ke 40kHz/ V., f,, 3 30kHz, Bl m, = 4/3; (4)PM {55, k,
9 0.41rad/V, f,, 7 40kHz, Bl m, = 0.4; (5)PM {55, k,
0.81ad/V, f,, h 40kHz, B} m, = 0.8; (6)PM 55, k,

—— Gl
0.25 >
—Aa— G50
—o— 3

10 15 20 25 30 35 40 45 50
SNR/dB

(@) A—Abdhiz=

010 1|5 2|0 2|5 3|O 3I5 4|0 4|5 50
SNR/dB
(&) M— I TR 2
1 RS ASINTME S BRSSO 4 R



740 H ¥

2 2010 4F:

0.8rad/V, £, 20kHz, B} m, = 0.8; B4l K B2 A 1M, ik
1 T RS Monte Carlo 477 L 100 UK, £ 5 il 465 B0 E i
T U — b 2 0 H — T 1 O M 158 22 B 7 14 L (Sig-
nal-to-Noise Ratio, SNR) FAZfL A&l 1.2 Fi7 .

—a— 54
—A—35R5

——13%6

10 15 20 25 35 40 45 50

30
SNR/dB
(a) A—Hdhi 22

O 5 20 25 30 35 40 45 50
SNR/dB
(6) H— AL TR %=

B2 BEEFRABNPMESKAERBEEE TSR

4.2 PSK.FSK EH G RMEEHE

P A2 BPSK Feafi IR (4 £ BE IRl 55, SRAF 9
2K 200MHz, 2, I 41 K T0MHz, V,, 4 1V, 4 75
()M 55, ky 24 50kHz/V, f,, 4 40kHz, f. *A 10kHz, RJ
my=1.25;(8)FM {55, k, Jy SOkHz/V, f,, 41 30kHz, £, Ay
10kHz, Bl m, = 5/3; (9) PM &5, k, 9 0.8rad/V, f,, H
40kHz, £, 43 10kHz, Bl m, =0.8; (10)PM 55, k, 77 0.8,
S N 30kHz, £, 24 10kHz, R m, = 0.8; %70 3 5 Al 153
EME N 4.9% 107 5N 3.1 x 107 Fdi K iy
LM, i & 30 RS, Monte Carlo 477 5L 100 ¥, £ 2 4
FEBCE A THE A4 U9 — 1 i 22 F01 03— fe 249 05 R R 22 Bl
SNR HYZEALANTEL 3 7 .

P A 2FSK FE A I il 14 £ B2 IR A5 5, SRAE I
2K 200MHz, 28 I 41K TOMHz, V,, 4 1V, 4 M7 E 5
(11)FM {55, k; by S0kHz/V,, £, N 40kHz, £, 2 10kHz, 45
K] 20kHz, B m, = 1.255 (12) FM {55, k, N S0kHz/
V, fu 4 30kHz, f. 24 10kHz, 3503 [&] i 20kHz, R} m, = 5/3;
(13)PM 155, k, 4 0.8rad/V, f,, }j 40kHz, f, 2y 10kHz,
HAE8) B 20kHz, B m, = 0.8; (14)PM {55, k, 24 0.8,

S 9 30kHz, £, 7 10kHz, 55 % [] & 20kHz, Bl m, = 0.8;
B R I, i & 357 1 B 75 Monte: Carlo 475 . 100
W, VAT BOE Al T A 0 — b g 22 F U — 16 34 7 R
BeZE b SNR AR fL QN &l 4 i .

SR FMIE )
07 —o— 5 3t8 (FMf55)
06 —o— it9 (PMfE %)
' —— 510 PMAE5)
4 05
lm 0.3
0.2F

0 L L L & 5

10 15 20 25 30 35 40 45 50
SNR/dB

(@) A—Abdhi 2=

0.25 —E=357 FMIE5)
—— 58 FPMfES)
j:% —e—3 59 (PMfE5)
é 02F \\ —o— 510 (PM15 )

T a m a5 5o
SNR/dB
(b) H—HB iR iR
FEl3 BPSKEW AN KA ERAEHEREETER

0.7 —&= i1 FMES)
—— 12 (FMES)

06T —— H13 (PMES)
o5 —o— Bit14 PMES)

"

E 04}

N

& 03}
0.2

oe

10 15 20 25 30 35 40 45 5
SNR/dB
(a) H— i 2

0.258 —&= 511 FMfE5)

—a— 12 FMA55)
—o— 13 (PMIES)
02 N —— 514 (PMIE5S)

10 1 I5 2.0 2% 3l0 3‘5 4IO 4‘5 50
SNR/dB
(8) AT AR
B4 2FSKEH I 1050 B BIRMOE i3 46 R



%40 2

Bk - 1 B VR A5 SR R R RO T 741

4.3 HEERSH
H 4R bR B BPSK . 2FSK 25 Jt 8 1l BN 1% £ 25 9
TR ECE Ml T 05 A2 g g B, vl AR AR SCEEAE T

M 2

(1)24 SNR=20dB B, % B9 (PSK , FSK 45 FE 7 18 il
E S A PRI BCE T — e R ZE BT 0.2,
H—E ¥ 5 MR ZE/NT 015, AT F T T RS2

(2)%FF FM.PM IS A BE RS 5, oA BE R 48 5k
B A THE A — T 22 FNA — b 35 Jr AR R 22 4030 5

(3)%F BEER 1 B9 TRIHEEGE F, 24 SNR= 15dB B, ¥
R ECE A R TR FM/PM (55 iR, AT
SRR 3 1 IE AR R )
5 Mg

ICM 2R

ARSCE A A A BE R A B A R S T

T PSK FSK A5 {55 H 15 e il if 9 48— B ik 5

PETHE I3 T R 45 H05 A T 9 R B B

FETE SR T BRI A R 2 LA R R A ]

AR, HAEE B AR A9 (R L, B TR DM R 5

TR EER S S B R SR, B —E N E R
SCMZBEH .

S 30k

[1] Jeremy R W, Gary D B. A method for differentiating between
frequency and phase modulated signals [ A ]. Proceedings of
1999 Information, Decision and Control Conference[ C]. Ade-
laide, Australia, 1999.489 — 494.

[2] Shintaro T, Eiichiro M. Automatic classification of analogue
modulation signals by statistical parameters| A ] . Proceedings of
1999 Military Communications Conference [ C]. NJ, USA,
1999,1:202 - 207.

(3] BhX4HE, WRZE, 5 vi ). TUE 4R (55 i 98 i 26 80 A 3R
BRRELI] . P S R, 2003,23(3) 57 - 64.
Zhong Xing-wang, Chen Hao, Yi Ke-chu. Automatic modula-
tion recognition of TTC signals of satellite[ J]. Chinese Space
Science and Technology,2003,23(3) :57 — 64. (in Chinese)

[4] He Jia, Guo Qing. Automatic recognition of modulation scheme
in satellite TT&C channel[ A]. Proceedings of the 7th Interna-
tional Conference on Electronic Measurement & Instrument
[C].Beijing, China,2005.4.

[5] Engin A. Performance comparison of wavelet families for ana-
log modulation classification using expert discrete wavelet neu-
ral network system [ J]. Expert Systems with Applications,
2007,33(1):23 - 25.

[6] Engin A, Derya A. Using combination of support vector ma-

chines for automatic analog modulation recognition[ J] . Expert
Systems with Applications,2009,36(2) :3956 — 3964

[7] EI-Mahdy A E. Automatic modulation classification of compos-
itt FM/PM speech signals in sensor arrays over flat fading
channel[ J].IET Communications,2007,1(2):157 - 164.

[8] sk 'Wtik, (R B IE 5 A [M]. db gt B 7 Tk H R
#1,2000. 100 - 120.

Zhang Xian-da, Bao Zheng. Communication Signal Processing
[M] . Beijing: Publishing House of National Defense Industry,
2000. 100 — 120. (in Chinese)
(9] BRI, ol —5*, 22 3CR] . BT AR X JC RO AR {5 5 44 1 F
Slbk N IR 1 45 1 2 M [T ]38 £ 2 41, 2003, 24 (4) £ 153 -
160.
Huang Zhi-tao, Zhou Yi-yu, Jiang Wen-1i. The automatic analy-
sis of intrapulse modulation characteristics based on the relative-
ly non-ambiguity phase restoral [ J]. Journal on Communica-
tions, 2003,24(4) : 153 - 160. (in Chinese)
[10] RAMR, B A, VFER T . H RO A5 5300 59— b
Bk [I] AL T2, 2007,35(4) : 782 - 785.
Wu Yue-xian, Ge Lin-dong, Xu Zhi-yong. A novel identifica-
tion method for commonly used digital modulations[J]. Acta
Electronica Sinica,2007,35(4) :782 - 785. (in Chinese)

[11] IV, 8N, D EH . M-QAM 155 (1 14 il il =X 351
(1]l A5 %41, 2004,25(2) : 68 - 74.
Zhan Ya-feng, Cao Zhi-gang,Ma Zheng-xin. Modulation clas-
sification of M-QAM signals[ J] . Journal on Communications,
2004,25(2) :68 — 74. (in Chinese)

fEH &I

% B U3, AR 1980 4F 8 AT
REOF-IT..2002 4F 6 H 2006 4F 3 H 43575 % 42 )i
22 TR B AR T op b AR 2006 4F
4 HBEAE B RHE R 7Rk 5 TR A B
P o2 or, WFSE T 1o Dby A T s e A X
PN TR L5
E-mail : hjhy-penggeng@ 163 . com

BEE BRI, B S0 1976 4F 9 H AR T AL
2003 AETEE B RHEOR 24K 241 LA, 19 e 303k 2006 4R 2 A
LTS 1 L2 e SR 24 2 WS 7 [0 A AR M5 5 b BB 1
[N ERER (S U N X EREE (23 (S HIE

E-mail : talden @ yahoo . com. en
EXH B WA S 1967 4 AR T INANE R
IR A F AR JEE R 5 LA %

B—F 9,88 RSN 1948 FF AT R AR T A
TLIRENL TR T AL LA



