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Angle tracking technology based on digital channelized large dynamic PCM/FM
telemetry signals

ZHANG Peng, WANG Shi-lian, WANG Hao, ZHANG Wei

(School of Electronic Science and Engineering, National University of Defense Technology, Changsha Hunan 410073, China)

Abstract: The angle tracking technology based on digital channelized large dynamic Pulse Code
Modulation/Frequency Modulation(PCM/FM) telemetry signals is presented by using monopulse angle
tracking system. PCM/FM signal is a kind of narrowband signal, whereas the Doppler frequency shift is
very large, which reaches to £1MHz. In order to capture and track the narrowband PCM/FM signals
accurately in a broad bandwidth and at large Doppler frequency shift, the digital channelized technology is
adopted; and all the subsidiary channels are detected at the same time; the data fusion and amplitude
detection are performed after the detection; and finally the angle error is estimated. Simulation results
show that the proposed method can achieve signal angle tracking fast, efficiently and feasibly.

Key words: single channel monopulse; angle tracking system; digital channelized; large dynamic

A 1 R AT i G A R T AR R ORTIE L Il T S (] KA A g T I A s 2 [ A X s R, Bl Sk
PEsi, PO S 0 25 0 R AR A RAR A s [, T s (8] AT 4% 5 T 0 4 ol 2 T A R A A i R AR
R, IR AR o 0 4 3 SR I B i 0 B R R o B e R A ) e — b S A ER R AR, 5 0 0 N R A 4 T
SR B R L, B I e R A ) 1% R S R BRSNS A R S IO B, & REAEAE 1 K e ) B DN E R 2k R D 5 H
FREGIT W, IF FLRERS IR Sh A R R G0, (15 KL RENS TV X vl CAT A% o SR 3 Ff R B A 1) 1) 28 s A o 1 48 M 1
ARG AR W] WA, Wb TR SRR, (R iRAE R AL, AR TR R P o T 2 ORI
MLEARBUN, S DRI, L& PR SR U0, B DA 2 B TR & b . % A4 PCM/FM 55,
155 1Y R 238 W) 9l 15 +1 MHz, 4 13 h+1 MHz (9 22385 S 00U 90 [, {55 AR 004 98 2 /0200 2 MHz, $21%
5 BT AR XA I A T8 ASAR/N RS TR S I PO BB o AR SCHR TR T RO AR I A RN 2 A I A
B B AR R R T 1, R AR DA R S AR BN T (RS AT BB T 1 D T EIE T, WA RE RN B 2 A TH ),
SRJE A B A 105 18 [8] I JEAT 5 5 A D0, ool 6B B 1] BR G U 2045 5, O I S A0 R BR AU iE A . R3S H PCM/FM
G5 2R K, 28 R AR AR, T H RS T A M LL B, I AR TS 5 A RS E BRI A ME B R
i B4 75 125 2 B3R (Frequency Lock Looped, FLL)XE = A7 W i it 11 I 2E 47 000 0 Ab B2, {HU SR BRRER 9
A PR AF X 3 4 o AR SCHE HH Y 3 T RO TR AR I K 3 45 PCMY/FM 38 N5 5 f R B, ] PR S B X5 5 19 A BRI o
B 2012-07-05; fEEBHA: 2012-08-13




55 5 10 i BE.-ETFHFEELNKXIIEPCM/FMIENE S ARE 529

| HiEESARERRED

I 92 30005 F R 0 e J SR L X vl UG A5 S AT A IR, HUREN 1) PCM/FM 5 5 200k 25 B3 U I 265 35 Dl
WMHERRES S EEEE R,
Uy (1) = Aei@H+9(®) (1
ul(t) = Aﬂ@ej(“’“ﬂt)wz—y) |

Kb ARRAGUESHE; o ABHEIZIE PCM/FM (G503, u AH—fLIRZF SRR, 0 W K& hE LA
HIMEE: 7 O BEIRRIA . 205 SN ¢ HIRHIE S BRI G ¥ F PCM/FM 55, () =K, [ m(@dr, H
Lo ome) AIEENE S, K IR
T PCM/EM 155 1 fA BRIER 3R 50, 5 HELA2 JH DO AR VL4 4 0 5% 2 (35 S b AT VR A 19 B 0 22 05 52 S R
(ENIEIR TR
SHA = Aej(wt+¢)+Aygej(wt+¢+(/>-y+|<(t)) )
A K () Al KR
0, nT <t<nT+T/4
n/2, nT<t<nT+T/2
K(t)= (3)
, nT <t<nT +3T /4
3n/2,nT <t<nT +T
Ao TR IESI O BEAE S W R, RS S RIS KT 1T, W AH AL ¢ S 22 38 T8 AR A7 25 . B B 25 R K,
RN AR T LA 2

> +A' =kAcos (at) + kKAuOcos (ot + o+ K(t)) “4)
B4 B 0 HE B AR S OB R AR, SRIE TR R B, R A Rm g, A E R e,
u=kAubcos (¢ + K(t)) (%)

13 B A5 5 HEAT 2 IR MR8, 58 1 YR IR) 2D A ) 23 185 1 S i O 2 iR 2215 5 AR A iR 2245 %
%,u&cosgo, nT <t<nT +T/4

0 nT <t<nT+T/2

Uy = ’kA (6)
—7#9005(/7’ nT <t<nT +3T /4
0, nT <t<nT +T
0, nT <t<nT+T/2
—ﬁ,uHSin(p, nT <t<nT +T /4
2
U, = 7
0, nT <t<nT +3T /4

kTAyﬁsingo, nT <t<nT +T

SRR 2 IR AE ST, A0 L IR 2% 6 4
Ay =kAuOsing (8)
Az = KAuOcos @ )

2 ETHFFRENNARERZ

XtFBAE G5 M R EE I R 2 B, 55 1 Bl R 0ONL B 245 S5 [ B9 U8 O 28 AA AR A, AR R R A
fih 3 SR AT V) 8 EEPi’l\ijﬁi}i%ﬁﬂﬁ?ﬁm%ﬁ%‘ﬁ@?ﬁ%ﬂ&hEﬁ;&%f SR ) IR 5 5 2 B B b A
8 AL AR S IS I T I /NER 4 (1/5~1/10), SR 2 ANk 3 AN I 48 20 47 BR B T 58 VI 4 sk mT ol N 4% A A
R BR B BRI f’ﬁzjj/J\iKﬁ?ﬁ/u&% T AR R G0 238 SR B, BOR /NG 20 e vk o 2235 W 0RO 1) A7
TEAF AR IE AR AF 58 N (015 5 B I AR BRAIC, B0 4 52 i A 15 25 A 1 A PR BB 49 0012 X4 A5 5315 9 /I 1 22 35 3 40 O 1)
PR f"k?%it%%vﬁﬁ X4 BRI MR L AR . R T X A TR R, R T R TR G £ T



530 s B 5E B FIRK 10 %

Y ) IS 055 K HlE i B D i, B e 22 AU T PCMI/FML T J3E A 9 14 1 E

AICI R BZSH PCM/EM {55 M ERER S T 2 FhO7 %, 58 1 ROy RS AT HCF R iE L, A5 X5 5 it
AT RN, A SE LLR B N A5 4 45 9 ok o8 B AR, SRR BEAT MR Z AT, SEBUE S A M IR B 5 2
il 75 G2 Se BEAT BCA R TE AL 2 B A S 00k, AR RS2 AR S A SE S, 4R R AT BT R AL B B
SR HEAT MR ZE WA T, SEBUE S AR R ER
21 W EE L EED

PrE R B, AR — A S A9 15 5 AR U AT 3 5 B A5 ) o A IR, SR e T RO AR A AR
IR o AR SO R 2 T 2 A B B A B RO R T (RN BO K, — 2 RO . P 1 T
ARG S BRI R
AHk(f:jw)

k=

K

%

TTTAT AN T T <
\ / \ / \ / / \
0-/ |\ 0+ s 3=/ N1+ /7 1\2-/ N2+ /7 \1- / N\ 3+ / \o- 0+
\\ / \\ / N \ / \
/ / / / \
\ | IR | | | | >
- >
@

\
n
4

Owﬂﬁ%'ﬂ“’lﬁ“’zn T oo Tn @y »
4 4 4 2 4
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Fig.2 Angle tracking of the direct detection of the effective sub-channel block diagram
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