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A Novel Soft—decision Demodulation Method with Time-delay
Integration for MSK Signals

YAN Tao' ,ZHANG Dapeng’ , TAO Qi

(1. Aeronautic Electronic Engineering Department, The First Aeronautical Institute of Air Force, Xinyang 464000, China;
2. Unit 95883 of PLA, Beijing 102206, China)

Abstract; A novel soft —decision demodulation method is proposed for the soft information computation of
minimum shift keying( MSK). The new method can be considered as the improved time—delay—decision de-
modulation scheme. With this method, the log—likelihood ratio of each information bit is computed by the
product of in—phase and quadrature component of MSK signal according to deduction from the theory of con-
ditional probability and the log—likelihood ratio is taken as soft output of MSK. Analysis and simulation re-
sults indicate that the proposed novel method can achieve better noise suppression performance in Turbo co-
ded MSK system,and it is applicable to other coded modulation systems because of its easy implementation.
Key words : coded modulation system; minimum shift keying ; time—delay—decision demodulation ;log—like-
lihood ratio ; soft information ; noise suppression performance
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Fig. 1 Block diagram of the MSK transmitter
with differential encoding
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Fig. 2 Block diagram of the MSK receiver with

time—delay—decision demodulation scheme

5, WNAZ R 5 G ) MSK 15 5 r (1) $2 U8R
W IRIFREILE (o) 3 4 B [T AR A TEAS” A %
PEATAIOGIB SR, S IS T ], T A 18 S 45 R A TR
A E I TE P B T SRR 2T, N 5E R, B
ST S ARG5S [ ) e ) DO i oo £
KL F e A AR S PR RS it R

3 RAZRTRSE MSK RFRERIE T %

MSK® (%9 32 B 4] ke it 3 4 1 i e P A5 T Y
fr B X AT — A G H B | DR ik mT LA v K50 4l 5
P o R S 3R A A ] i ) A S B O ) RS A
B A RANRE B T B A 0 ) Bk AR
RYL, AT ARG MSK A5 5 9 B fi 98 5 5L, 5 2t



555

1%, SRS , B0 < SR FHSE F AR 73 189 MSK 5K e fige 8] 5 vk

53

MSK {55 B 42 I DR figf 3 5 S8 A7 el itk
TESE IR TR A 8 J5 G v, e A g 4 e 0 15
For(e) Sr PR EE AL IR S 0 DA e S A LA
Hh %) [ AR AR TG R T B2 A oG ) S A e fF L o s 4 R
X AR D58 UM 22 ik B . B BCHIAE
ARG [RI AR FIIE 52 P % A5 5 AR R B R fdE AR
G385 SRR A A R A s L Qe 3 5 K 7 B 2
HHE T AT 3R 1 I 3845 MSK {55 Y Bk Tk
IR DR — ME AR ST 0 [R) 2 S MSK AR
SR R OCHE A SCRIE A 2253 K FR A
WIcE FHAT 0T,
HT T 223 i A R L2 T A AH AR AL T A7 7R G HK
N 1RSI, 75 SR A R AT I 20 04 15 5 98 i R e
PTE DL, % A A BRARFIRE 251 T #1720 ik
%, K MSK W% k=1 0 20 AR i )l T 2245
R LI 2555 kB 20 8 il i i s o] 3%
INH = HeH g, = 21 ORI E O 2251 G i
FH AT k2080 k-1 15 20 % A RS T 1Y)
KF, TE AWGN (B, o0k W A i e J5 X6 by 422 U
Ui A5 5 AT LR R
Vi =P %, 0 (3)
yk:JExk+wk0 (4)
X ,p HEMRLI 0, o, IR N(0,1) 734 i &
HrEs LA, 0 T(3) P FIRLL ¢, A

PrY i1 =“/p7¢kxk71 o, o (5)
i X =%, 'ft/\it(“) s 53
Y zﬁﬁokxk-l"'wko (6)

it (5) M= (6) Mg
Y=y to o =y el (7)

B, X o', =0,~,0, , ,]RI N(0,2) 531,
HII7 % o2 =2, 7E Turbo ¥R 8 4, Hy A SISO
PRI AR 102 G T5 B LR X B8R LR B, A
AWiF5E y, KT 2095 R 5 ¢, FIETE 28005
By, W SR % B s 4L (PDF)
V2mo,

FR AR X BOLSR b B e S, A HETHIE I AL 15 2
X EUSA L

A=In

pP(Y/ Y,y )=

P/ Yicr s ¥ :_1)_
P(Yk/yk-l,‘ﬁk:"‘l)__ykilyko )

H1_ER B AT R0 SR EARL AR LESRAE T & 1) 2]
i A MSK 8 il #5175 55 o0 By 1A e BE i AT LLR
i, MSK {5 5305 B4 T 4R A G Ry, 5
A — e IS Sy, B A SR, AR X —
RFASCAE MSK JE 38 i 94 7 HE 18] (4 S A - 25 Hh

MSK {5585 BARBO 2, WK 3 s,

] [@-DT,2G)T;]

cos(nt/2Tg)

cosa, t

(@) PRI

‘§i L{ay)

+

sina,¢ sin(n#/2Tg)

[2iTg,2(i+1)Tg]

B

B3 MSK {5 HCH e IE P
Fig. 3 Block diagram of soft—decision demodulation
for MSK signal
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Fig. 4 BER comparison between Turbo coded MSK systems
respectively using time—delay soft decision demodulation
method and amplitude weighting scheme in the receiver
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