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Abstract

In order to eliminate the effect of amplitude modulation in the source with direct frequency modula-
tion on phase generated carrier (PGC) demodulation, an improved PGC method was proposed based
on differential cross multiply (DCM). The simulation results confirm that the improved scheme has
eliminated the effect of the associated amplitude modulation. The stability and signal to noise and
distortion (SINAD) are also enhanced significantly. The SINAD of demodulation signals is improved 15
dB, and the stability of demodulation signals is increased 23 times.
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1. 5|

TR RS th T H R m . W AT 58 A2 M B AP A, AE K RN e 22 5 R0
B RAF IR AT 5 [1] [2] 0 7585 B G LT A5 R 38 10 A 22 R AR J5 10, AHASE A= F 8 8 A 45 R (phase gen-
erated carrier, PGC) & — M LM A, N A 72 [3]-[6].

B ARG N PGC AR 772 AN T ZE 5 NMEINA R, 1h) HA5H) K, 8 T SEoipe et 4ok
ARG 5 RO BE B, BN T RERFEARKE 240, AR T HRKBOCLF KT 8564551 SR, B
W EIR ) 7 AEAR R T & T — /NSRRI, BIE AR IR IL[6] o IXFhpk A= VR i ) 5
i (55 75 A 1t R AR AR Ak, WRASREIE BR B I Remm, KA I S R R IS SR A AR e, JEEE
SEHORHE, CEGERGERE. BTV R KR 28K (EKF) WS Eh TR SR R A A 8O
2, XF7iEK PGC R RS 2 AEAR I N Z NS THIRS R & . MY EKF 5%,
R ARBOIEACA T F, SERth, B Al X SR . — FHERRfS T X L S8, AT DAY AR R
FVEA T AME R, T 2 i AR VAR S N R s [7]. B, EKF SE K] LE AR5
MZYGEAB I, X b FE 38 1A 715 B8 0 BERE y, mT RE RS MR S M o J2 [ 2 A3 238 (FPD-PGC) (1 77 1%,
MOGEELEMNT, R 3 x 381 3 x 2 A atedetl, BEEFEREN. CRMMA LR ZE. FIFHIXF
A FaEMMIA 2, S5a N RIS, o LGt IS 0 8, Jo T B 24 r SR ml g i Hh AR
PS5 o (ERIX PP 7V T BRI o I NBAM 228, BN T KRG R FPERRAR, R IHE  M: B
FE— 2 FEFE E AR AR T 00K B 2 2 (R X Bk M ARG s 8]

ARSI AL PGC-DCM (14 28 SUHIFR) 1A 7 id, $RH —Fhesast Jrid, Fdad k15 5, aprxd
LSO AT R TR S5 S, UE A G2 PGC AR T IR I AT M, 7 IR NI N 2 2 A A AR 2 ik
filt YRR T AR AR TRME X R 15 5 A PR RS

2. PGC AR &t R R R R M
T WAL LR, WA H T PR

I(t)=A+Bcos[6(t)] @)
A5 B SHIEINFEME IR RA K, 0(t) TR T ARIALE, & AFRN:
0(t)=0(t)+4(t)+o @

O(t) /&t =F K, 22 B A S W A AL ZE O (t) « JEIRRZ S AL AR AL 2 ¢ (t)
SN ET A R EE 7= A AR AL 2 @ o RBMAKIE S RBIUE S, Er AR N:
®(t)=Dcoswyt 3
H, DEREITIRE, o XRETRME.
JEEAREE R AR AL 2 o (t) W AE N
#(t)=Ccosa,t 4)

Hrp, CRBBAS THRMARG AT, o, AEEE 5 M.
WAL EHES, TS5 AR y:
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I (t)= A+Bcos[ Ccosat +D(t)+d, +¢, ] (5)
¥ g g ItND(t), 15
®(t)=Dcosa,t+o(t) (6)
A (5) AT LA AL A -
I(t)=A+B cos[Ccosmt+D(t)] (7)

FIH Bessel BRI AT 1H[7]:
|(t)= A+B{[3,(C)+ 2%, ,(-1)* 35 (C)cos 2kt [cos (1)
2554 (<) Jua (C)cos(2k + D)t [sin (1)

Ji (C) IR k i Bessel BAi L.
I 1 fras A PGC-DCM 7 iR A2 I[9] [10], K¢ X(8) 4 B3 LA cos .t Fll cos 2t » FHHEIRAN
FIr A5 4 ol 368 3t ARG g0 I 28 DB B K TE S A R o o Q) VR AR 5 vI 15«

(®)

cos(wt)/ cos(3w,t)

Q v1(t)/v3(t)
MUL
(Vour ) } D00

MUL

—>?—>._ LPF|
& . Voft)

cos(2w.t)

Figure 1. Flow chart of demodulation of PGC-DCM (MUL: multiplier; LPF: low-pass-filter; d/dt: divider; SUBT: subtractor;
INT: integrator)
1.PGC-DCM &7 A mIER(MUL: 3R3ERS; LPF: {RIBIEINES; d/dt: fisr8s; SUBT: WGAES; INT: FAoER)

V, (t)=-BJ, (C)sin®(t) ©)
V, (t)=-BJ,(C)cosd(t) (10)

BIAME S ML A O (1) IER, — MO (1) MR, MM ERNES, o EHE S5
SR HLE BRI, O (t) T BLIEF TR MR k.
i

A ] 1 proR AR R, 20(9) A (10) &y A8 XA TR J5 15 -
v, (t)=B23,(C)J, (C)(N)T(t)cosz 0 (11)
v, (t)=-B%J,(C)J, (c)aq’T(t)sinz o(t) (12)
QL) AN(L2)38 ki 25 7T 45«
S(t)=B%J,(C)J, (c)a@T(t) (13)
X ERBATR D A
®, (t)=B2J,(C)J,(C)d(t) (14)
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R ERIESHEZS O(t) . B J(C)J,(C) AR, HE (1) liEtk. MNERALZRATLIEL, C
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Figure 2. J,(C)J,(C) and derivative of J,(C)J,(C) with C variation
B2 J,(C)J,(C) R J,(C)I,(C) 5%uhs C thTE 1k

DFB ot 75 81 FH R I3 N FELIAC 1 77 2 3R AR T 8 ol 3030 P e AT TR B, AN ] a4 ) 2 BN AR
[FARAR HOE AR SR L], B RE . BB, W @)XMMEIE, FARA AR
Gl R I TR R A I E S U WAL

I (t)=(1+mcos @,t){ A+Bcos| Ccosat+ (1) ]} (15)

[EIREF) ] Bessel #5351 @ T A 45
I(t)= A(l+mcoswt)+B(l+mcoswt){[ ()+Zi( ) ()cosZka)t}cosd)(t)
k=

=1

(16)
2B ez o sy
FI o, B9 — (555000 — (05T, RS G 5 75
v, (t)=Am Bm[a —3,(C)Joosd ()~ B, (C)sin (1) (17)
V2(t):B7m[J3(C)—J1(C)}sin<D(t)—BJZ(C)COS(D(t) (18)
G A SRTAERA 17
,(0)-8{2,()2,(0)+ T [3,(©)-1,©)][2,(0)-3,()]fo(0) .

+@{%[Jg(c)—Jl(c)]sincp(t)—az (C)cosd)(t)}

M ERFT S, IR RS O (1) ks, mHES o(t) KIS, 19):rhfpi
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FELANETTsin D (t) A cos ® (t) AR A5 5 AAF MR B, 1T HiE 2 SBUR IS R AT E. R
K o Wt R 45 AT MR A
¥ (6) A\ sin® (t) Al cosd(t) v, FEXSEA AT T ZE/RIETFr] 15

sind(t {Zi Joa (D )cos(2k+1)wst}cosw(t)
k=0 . (20)
ﬁ{\]o( )+ kZ::( 1) 3, (D )coskat}smq)(t)
cosd(t) = {JO (D)+23(-1)" 3,y (D)coszkwst}OSgp(t)
- (21)

Ms

{ (- ) Joa (D )cos(2k+1)a)st}singo(t)
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3. MK PGC BiIBS =

AR (19) 2 AR L At 1= A 1 i 1A ﬂ%ﬂ%éﬂ?(l?)*ﬁ‘]ﬁﬁﬁ?ﬁlﬁ%Fﬁ%%ﬁ@éﬁ%o HE R
HTE S R B TR S — 590 cos ot TRA™ A1), 8 T IHRRIZ AN BRI, AT LA =590 cos 3wt 5
TG IR, XFERAPT 24 RN

B
Vy (t) :7m[

ME2)XF LR H, H5A7) X aERANIES O (t) BT 2ME, XAETAEE R, X

FEHQE)ARBANAEE LIRS, Bl g2 s H S5 5 iR LS

J3,(C)-1J,(C)]cosd(t)-BI,(C)sind(t) (22)

2,08 2,(0)3,(©)+ T [3,(0)- 2, @[3, @)1 @] () @)
SR, ﬁ#lﬁ RS SRR FRBRETSC YA, Uk CE, A EESHRE
J,(C)J,(C)+ [ +(C)=3,(C)][35(C)—3,(C) | b C {Ei % oty s AN HE 6 C (KB C A At 22

2

€ 3 k. MIEI 3 FHRTLIEH, % C = 348, @ﬁzJs(c)Jz(c)+m7[a4(c)_J2(c)][J3(c)_Jl(c)]
WA, HIX C 3808 0.
4. BHERAESR

FIFH LabView #F4 515 5 FE R, 43 (15)% A=0.54, B=0.48, m=0.87, C=2.37/3.48, D=0.4
mV, fE5M0% fi=1KHz, P fo=10 KHz, R F=200 KHz. RFEEAEGMIETTERN, EFT
RENL R WE A FTR, TRATE R EE S AL E R AU E A E S0 fi=1KHz, E&H/ES5H
EVEYEIN, 55 R EL TR OO AR T T R A(b) B, AR IR R A8 R XA A (S S T
FEEDEAE SRS IL T, SR A AR & R4 H PP 8RS 99 EL(SINAD, B4 15 5 Dh 3 5k a 1)
R T P4 P R TR I L) R R AE A VA v bR, ANAE IR T DUE HE o ik B g L W R
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Figure 4. PGC demodulation simulation spectrum diagram. (a) Traditional method; (b) Improved method
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Figure 5. Comparison of signal stability between two demodulation methods (The period before 500 seconds is the traditional
method, and the period after 500 seconds is the improved method)
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