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Abstract : Reliable receptions for pulse—code modulation/frequency modulation ( PCM/FM) telemetry sig-
nal with low—bit-rate in large dynamic conditions are studied. A non-coherent scheme based on continu-
ous phase modulation (CPM) principles is proposed, which includes the correction of carrier frequency
offset and differential phase sequence detection by Viterbi algorithm. Principles of three types of non—co-
herent demodulations for PCM/FM, i. e. limited—discriminator detection, multiple—symbol detection and
differential phase sequence detection, are discussed. Their detection performances and adaptabilities to
large dynamic conditions are compared as well. Computer simulations show that the sequence detection for
2 —symbol phase difference performs the best when without residual Doppler frequency offset. While with a
frequency offset of 0. 05 times of symbol rate, the sequence detection for 1—symbol phase difference is bet-
ter than that for the 2—symbol phase difference, and also better than the other two methods. The discus-
sions about PCM/FM signal include three typical non—coherent demodulations, which are important refer-
ences to the receptions of PCM/FM signal in large dynamic conditions.

Key words :PCM/FM; large dynamic; non—coherent demodulation; differential detection

1 51 & — B R A, LS8R PCM/FM {5538 i
PCM/FM 552 Wk b dm i — i R gl thl (5 5, i PRSI (FM) {5 5 iR Oy =Sl f g i, i T A 1

*  UgFE HHEE:2013-07-01;1&E HH#5:2013-10-10 Received date;2013-07-01 ; Revised date;2013-10-10
HEWH: B F A RHFEe— T 9% NASF B4 A 4£ 7 B (10876103)
Foundation Item:The Joint Funds of the National Natural Science Foundation of China and China Academy of Engineering Physics NSAF ( No.
10876103 )
#%  JBFAEE : suntrain08 @ gmail. com Corresponding author : suntrain08 @ gmail. com

- 1428 -



EORKE

WK, R, A KRB PCM/FM B 5 i AR T

23 WHBEDE Y CPFSK 551" | BV HA 3 S A 4
P, PRI AT DL 2 B8 2248 467 98 1] ( Continuous  Phase
Modulation, CPM ) {5 *5- B4 fiff 8] 7 1% 32 A fift i 701 A6
M AT A BT R AR P A A T ( Maxi-
mum Likelihood Sequence Estimation, MLSE ) B £z 1
R B BT S 455K 4 A T K6 I ( Multi —Symbol
Coherent Detection, MSCD) e s AEAH 89 2 B
A ) 1 B TR % 33 f# )8 ( Limited Discriminator,
LD) ! Z85 SR AH T 4501 ( Multi—Symbols Non —co-
herent Detection, MSND) """ A 3; 2% 43 f# ¥ ( Differ-
ential Phase Detection, DPD) "' DL K i JH 76 38 JH 31
BN Y 3 45 s B F AR 3 (Short —Time Fourier
Transform , STFT) B4 5 I 451 fige 3 g ke 1011 452

HY T 3& M H bR i s /AT, S EUEUE S A
K28 R DL e 2235 M 8 A 3R R B R a2k
Rtk UHAEM B RN TR T, RS2
W AT 23 5 A T TR AR 2 =  E Sl
Vi, X 45 PCM/FM 155 iR ok 1 — & fPk ik

RN PCM/FM 5 5 1Y 2 E 07 ] e
FLIAS e (FFT) Al 1T 56 A S5 05 A 98120 Sk
[12 ] FHEE T FRT 0905 45 B4R IUE 5 09 235 )
AR T, SR 5 A TR S A, 308 2ok S 1Y)
220r iz ik — LI BR AR B U . {5 PCM/FM {55
SR A ELME LA A AU B O 2 5 5 B2 T
FFT BUACRAG TR RS A 780 24, e il e 15 1
LRI 75 0 i A 2 [ sl 68 000 £k 780 14 1 F R X
T2 e AN RN AN Z2 45 A I S B 22 AP
FTRRASON o PR, AR SCFoR T BT FFT AR Ak 11T
I TR 2284 S0 00 T AR Al T ik ORAE
ORI AR TR B Al L 18 Lo S 00 i R 1 g
U HANAFAET TRR BN 1Y 22 755 A AH K6 000 1 22 43
eI, F 30 T A T R S A8 BB i A AR T i A
Bk, M T ORShASEREE T el i e i 2 5 Ak
JEEAR S P A5 250 T A T e VR R ™ A% 1Y) 28000
[ 20 S AR v R BhAS SR T B PR 2 5 2
8RB AR 38 M 22, DRI AR SO 8 A T il
P, A0 ARSI Ry (e RE A b SRR
Xf STFT X KA SR A T H &,

2 PCM/FM {ES&58)

PCM/FM {5 3 L T T A3 WL
ST9L, FLIFILA POM £ 5301 B Vi R e
WS AR AR TR . TSI

55113
S(0) =1(1) +jQ(1) = (0

S BRI (1) 7127
o()=] Dm(r)dr (2)

Horp D =2mK R AT, K R VR B m(e) A
TP U8 Bl 5 005 S 1B T U 8 P A e 1k
h(t) U m(e) TR

m(1) =Y a,8(t —nl) @h(t) = Y a,h(t - nT)

(3)
Hrp a, HARIEZE PCM 5 I 25 B 5 75 31 i SO P
M, 8(t — nT) FAMEEFH], QRFEBR, fEnT<t<
(n+1) T B a1 18] B 9, PCM/FM () B BF AR A7 7T 3%
A
d(1ya) = 211'[92 a, f h(7 —nT)dr =
27K, Y, a,H(t - nT) (4)

L AL 95 B S A 3 CPM) £ 52 6
WERERIRL (1) AT kst

Y(130) =2mh Y ag(i = iT) ;nT <t < (n+ 1)T

(5)
Horb b TR, o AZHHIBSICA S, q (1) R
FAGZ LK e, KX (4) 53 (5) B MER I,
PCM/FM {55 WAl LA —Ff CPM {55, SEBs I,
T H A LUK PCM/FM 5 -5 H S 030 3 iy 7 352 Sy
2RC(FKGER 2 ANAFS F I B T s bk o) ) CPM
55 JFBUAREE R 0.7,

3 KzE PCM/FM BH 5

HIEWEIR PCM/FM {55 238 8w 50K, FF
BIRAEAE AT, BRSO 91 4 R BR3P 4l 0
FEIARC, RH O AR A 8 51 RE 2 22— R ) 2 AL O 25
FERX— 2R FRATHR L A0 18T 1 Bros i [ 25 5 A
YE S

(3 (3
&) S x(l) %

R B
VCO st

1 Kshds PCM/FM {55 [ 5 8 5
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for large dynamic PCM/FM signal

Y® | k8T

M3
B
=

- 1429 -



www. teleonline. cn

HLIREAR

2013 4F

WE 1 Fos, B K& R PCM/FM {551
BRPATRAG T, 38 3 490 3R BR R A A OF 2235 ) — By
AR e AR RSB AR A R A R
PG AT R IR S S AEAH T, A ST 1Y) 280k
BRAR T R TR Ja 2 18 SCP R 47, FE i 1
fTAR L B B Se I FFT Al 31 K 3h 78 (9 95 3%
Bl , K540 s 2234 B AU S 1E B0 S T8 LN, SR 5 7
I FH PR AR AT R R BRI (0 00 O A 31 s
FER T PAM i (4 JE 88 S B Al - Oy
LN | < R R U Wte S o R e i N R S 151 i
i SR A A LR, R S5 555 e i pksr, 44K,
FHLA AR S 8 B 04 7 1 — A, L 28 B A kG

Zo5 B, 76100 kHz A7 PCM 1 3 % 4%
PR BBSEREIZSSF 92 MHZ 2 W1t R |
200 kHz MY 22385 il — B A2 £k %8 J230 kHz 1Y 2385 4 —
BrAs bR AR T iR 22 107 24 (A —14k
FRDHAE R ), RIS A T 5% B 18 2 19 4 XHE K
3% ~5% Rb A, iX— 5% B AR 75 B AE IS AR A T
fE RS T LA T, 540 BR TR o B R 5
BRSSP AR TN,

4 JEHETREAE

4.1 PBRIRESITARA

IS 5 6 43 i 981 J2: H AT PCM/FM S 5 i 98 1Y) B
W 2T E XG5 e AT IR, CRIE
SO B 2 AR, AR T R FH B80T S 0 58 W
BF S LU Se A T B S A AR e AT — B 2= 0
SO A AT DA 3 ek 25 R A e T 0, 2%
TR O AE T N 1] 2 7

e L

®) . ‘cos(anct)
—ig
-sin(2nf¢)

Q—{err

P2 22 B i e D BIAE ]

Fig. 2 Functional block diagram of demodulation with

differential product discriminator
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Fig. 3 Block diagram of multi—symbol non—coherent demodulation
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Fig.4 Functional block diagram of differential sequence detection
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Fig. 5 State transition grid pattern of Viterbi detection
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Fig. 6 Performences of three non—coherent demodulations
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