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Abstract

In order to improve the signal processing speed of FM signals on software defined radio, three im-
provements have been made to the existing FM demodulation methods. One is to use a fast arc-
tangent algorithm to extract the phase of a complex signal, the other is to optimize the phase un-
wrapping algorithm of the complex signal, and the third is to minimize the low-pass filtering op-
eration based on the symmetry of the FIR filter coefficients. The practice demonstrates that the FM
signal demodulation speed of the improved method can be increased to more than twice of the
original one, and the new method has strong practicability, which has been applied to the engi-
neering practice of FM signal processing on software defined radio.
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1. &g

DAILARE S B R o B, DABCTS 50BN, DU T AR N SCPE IR B TE 4% i (Software De-
fined Radio, SDR) H 1992 4E i Jeo Mitola #2Hi LIk, CL4HfE 7ol NiE HINEEE, 51k 7 aRmEHIEE.
NN SIRME . B AR E LU B OGERI 2 M. AR, A To 2k i e 2k
s, HEBEANLLBIUREE RS, JEHIEsh BT R AR R B, R&AE i R uE N
TR E R =iy, P AEERMET G, Mt SME RIS . WA TG 2 T 1445
ILATRE R — A9 R ZE WA iz O Bk B, SR DU B s i i v A 6, R AT e
PRI 4% A SR B ) FH SR S R 5 P G 2% B Th B 1 1 T8 R [1] [2]

TEFAER L i, M SRR — AN H SRR . TS8R AR BAR (S 5 2 SUE A%
B 55 MRS . SR AL, RIS S5 B B s A b, e R RS R A E
BULAL « FM 18 SUR T A (Frequency Modulation), ARk 15 5 1A% 4715 B 5 A0S 5 I 740 T A2 1k
AP, (ERLIRME A, A IR SIEEE SR, 5 FM G5 E, 75 RS,
HR o S S M I K TGS, B FM {55 P8 S AE 0B, FM REI R L3RS 772 1)
M, BT ERES R EMEEAH. DEBGEMEEBIEE. X FM 551 & KB A
frfwFez /N T 0.5 B, FM {55 RS 58 B LR s, BRONAS AT, 75 IR A S 7 A A[3] [4] [5] [6] [71.

H AT AE 5 (R — Mo AR T PR AN AR TR B R . AR A T 00E T 48 4 RS 5,
T A 7 A R % A4 s VA AR 56 A IS 5 300E o FEARAE AR o, SR SR 0 o 1 T A AR
SRR FEE N AT 26 A0 B A 1 45 5 R A R TR TR, 8 B A AU i 2R A8 B B RS 5 o 7EAE T
HH O 5 S A AR A T, A Tk 5 RIS S A IR, G ARE B I AR A B A3 24 B R G S (7]
A2 T H RS O TE LR B O L R RS ROl AT TS, RO R R . AT SRR
HEPHIER FM 55, i sl s R R 2 Bt EAL, BT Tk AL BB e gk AT i
W, A R A S B A AR FM AR TR SR FE SCHR[8]45 HE B AR 705, A SCTR THIRFF 90 I 1 2
XKk,

ETHATL A FM B SRR, KR HE 5B E 2R 2L, BRI AE FM (55
RS, YD AEARRD B S R OO L, AR A E R FM (S S, iR
ML ARRL SR @SR =y O R AR AT, IR Ok IS R T PR REIEAT VA
2. EEER

TR, AN RSP P SR R . B O RN R A0 B FM (55, G Rium ot
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FIVRA. JEPALEE, RBIEFIEES s(t) (t R [a]):

s(t)= Aexp[jZ;zJ';m(r)dr} =1+jQ @
XA NESIEEL, &% | 2B, me) A EENE S, 1 Q 2RI E S S I [FAH
By &, AP

I=1(t)= ACOS[Zﬂfmm(r)er
Q=0Q(t)= Asin[Zﬂﬁwm(z’)dr}

3.FM EERBRER

FM {55 1% U AR 0 ) 1 Fos, e DUASBEERAL R TR RS 5 s “THEMRAL” Bk,
RENZE SR A1), B TMAAELL 2r AEMESEITEN, W -r<p(t)<z, FUCATHRE s(t)HE
RILRIEAR L, 5200 BT 2B 50 B, [ 1 b “ K857 BV AR ARG o (1), 283 “Pi”
RERSEHL O R, TERUE S a(t) . a(t) 4 “fRIE IS (Low Pass Filtering, LPF)” HiLRALH, 24T
BIHARAE S m(t). FEUHAE, 15 1A LPF 2B, HARH R IERR A T E R IME 5 S, )
IERRE L FM SRR R 19 KHz S9005E 5 BRshE L ch i 4 S S b B FR (I 2 R, X
PRI gt i R o 5 S BEAT LA A, P 28 (S SR, AR XRS5 M A . T
L#EAT AT o

O]

so—[irrmi 2O s P2 |4 F em)

Figure 1. The conventional demodulation procedure of FM communication signals
on SDR

E 1. #ETskE FM S22 NRERTE

B SR BRI ThEE, Sehr EARTHE QN MRIEDI[8]:
B=p(t)=atan2(Q, 1), -z < p(t)<x (3)
Boe, atan2 R—MELMEREL 2 |atan2(x)| < 7/4 B, HARRIFIEAN[9]:

1. 15
atan2(x):x—§x +§X -, =1<x<1 4
B (@) AT, AR M A PRS0 2 0K R E VTS 3 atan 2 IR IRME . PR AR QN IRIEY)
MR, AR 2R . BRBBN AR, MEEAHELE QN5 g XN KR,
KX PR O RS — AR M, HEARYE QN ME(AS Q. | IIFFS) L RIE T AT EMN . X
PR B e T, WUR TN B PR EEE R, MRS R ENANES MRS AT ik
THERHE, MRS RZHAEELIE g, HIX—Z X EERER KRR, 5T AME
JFH AL 5 e s $7 7 5 (COordinate Rotation Dlgital Computer, CORDIC) 7 V&1 S0 i ) S IE V) B 8, 1E3IX —
T R ) B AL, AR R ke ALK [10]
Hk, B 1 “RBL BHRGAE DR 2L BT HEHUR IR 0 BERS BERE R, Wi FM
HoE AL, FRERR, ZBREHEIN o(t) KR ESEIC. FHERENRE, tHENH R
RMA MR KFZIRE, S AKAUE SRR 2 35 o (t) BIE R IETE 55 K7 I S iy, 2l i
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HUFT BB BB, AR5 SR R B Y R N R . 28R 7, BOEAE TN o (t) RH 16
MR SHEER, K0 &-32768~32767, 4% FLifidig s FIR 32767 J5, HE KUASH R FHE
(1) 32768, 1M A BETFE-32768, XPHRAZLE] 1 “far” BEE STRBIKMSETH0, MTE mt)+ H A
B,

B, B P RIEE B LPF FSEBL RS, W B SR AR e

<

m[n]=3 h[K]a[n—Kk]n=01 - N1 (5)
0

X NS AT, T AREEE Y], B0 mn] = m(nT), LLEEHE. h NZPEAAL FIR (Finite Impulse
Response, 7 B Jikh o J52) i 8 8 6% (0 A2 Bk i B2, Moy h BB, N o [n] B & ROREA . SEfR b
A(5) &K B iufd B -5 ¥ (Discrete Fourier Transform, DFT), EL A 5 A& K s {8 B A% 4 (Fast Fourier
Transform, FFT)SEHL . 7EIX B FFT (825t H B A SRR B A IE B, BUIR FRT Jj& DFT [ —Fh& Rt
FO7, HEHTEEEL N MBEEBONLE, SRAASEM LT B SRS S, A
K2/ IBEETTHHTE , RN M A, B (5) T mn] iz SR SO HER AT FRT Z2/8[10] [11]
[12]. 534k bik LPF R R HZMEARGL FIR SRS REUPTFRIE, FHXSIN 5 K 75 5 AL 7],
AFIT FM 15 S i (1 S 3:47

4. FM 15 SR EEUUH

AR E, 175 FM ESREERE, BT LR odr, XEMFEMEA. M55, LPF =7
THAE H et .
4.1. HEENS IR SuH#

Fas =2 1 T P 121V E /S UL N R A W R CTES 5 95 8 I - X PO 7 1 FoS I IS | NI ~ VL s TR
BRI £ EE SIS 2 0°~45° 0 3% HL4S H— R A7 By 205 QN IR IEY) B (VA [10]:

=
Il

e

Tozsisgr Q) VI

7R qq)enm
j 2 Q%+0.281251% "' ’ ©)
SN o

sign(Q) 7r+—|2 102812507 (1,Q)elV, Vv

xR

2 Qrrozsizsie (M=

A (6) sign AFFTEEL (1,Q) e I FARE T LA, QT —FM, (1,Q) e l Famsi(l, QAL T2 —
SR, DLHEHE. B TAEERI x, 0.28125x = x/4 + x/32, FEHEMLH x/4 W6 x 4 F 2 Az, x/32 7]
¥ x AR 5 AL, MM ERIERAEE R, AEEAE, K (6)FTn I R IEYI R s F RN, HiR
ZEMEREILEE 2. W 2 el LUEH, 24 B E—-180°~180° 7L FBIAR B, A B 4 s i1 5 s IE V) Sk
BRI R B SEIE 2 WM RZENT 0.9%, USRI R (6) g BAs A i, X AR
err & X H:

err = x100% (7

-5
B

DOI: 10.12677/5€a.2020.92013 112 Bk TR R


https://doi.org/10.12677/sea.2020.92013

KER 5

. ||
]

. | |

0:2 A /||‘

AN S AN
JINJ LV U

0
200 150 -100 50 0 50 100 150 200
FBEC)

Figure 2. A relative error curve of the fast arctangent calculation algorithm
2. RRTE R IEVIEAEMIRE ML

(%)

FEXIRE

4.2. HIEES S EABUHE
THPEAES sOMARNL g MBUETEEE -7 < B(t) <7 o R THECEER L, g(t) FEMN -7 2 7
B 7 B -7 KIRAZ, RAWEEN 27 . WEILFTBLEH, “EB5%7 BT Z o(t), JAEEEZ
T B 2 B (t) B BOA B ST R BRI, BT B () BEAT R, SRS o (t) #EAT R T
FERRMFER . R 25 p(t) KA B 7 g B, P88 RA 2GR . Hb) i,
ATBLERE 1“5 Bk, siEUOR “XE57 . BT ARG T8 —, BRI B(1) 15
MG R a(t), bR 2EEHEBOE R R
a[n]=p[n]-B[n-1]
if (a[n]>7r)
a[n]:a[n]—Zﬂ (8
elseif (a[n]<-7)

a[n]=a[n]+27

4.3. FIR 3838 75 B izt
BEREONT, EEA, AT S BAETRE ST I TR B 2 i AR A3 7], [ I FER FHE
ok Bt E I H . SRRIHE NG)H M TR IREGE MN. 5T T2 AL FIR IR 2S h ki,
H AR AW FRE[12]:
h(n)=h(M -1-n),n=0,1,---,M -1 )

IR h ZEEIRSFRAEBCT T FIR SRS A 1 3 o, 4 3(a) %o M N Er (M = S)IITHIE, 141 3(b)
TR MOYEEM = 6)HITETE . x(n) AIEBA AT A, y(n) g a4 i 51, I EK(9), FIR JEHHRAE
P IR el D B ORI — A
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Figure 3. The improved FIR filter structure where (a) M =5, and (b) M =6
B 3. i fE FIR K EELEM: () M=5, (hHM=6

5. MEREAY

K 4 R AIA SR M G Tr ik q . BB WUH s To g AR FM T 3455 g A L 72 5 i 4
P, AP T BLF BT 2k F i BRSO L R 2 R B R SR 5 ) Lo 3R 2 98.5 MHZ (BT 98,500,000
Hz). K “HikE” Bonp2 s S sQrEmCR, A “BAE7 aTeL i eiiiE e, “&F
B ER 23 s (R AR R O JE T S S m(O R o LEA i AR B R R RS S, & 4 R
HFHAESHIATIRER < BRBE” « “rmE” RE. “QiEilE” MEERHA BRELR.
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Figure 4. The FM communication signal demodulation interface using the improved method
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FEF 4 Fros MVEREVEAE SCIt rp, B e R EOR MR ik S A i rs ol FM R I, B
HI TSR EE REAN R, A7 7 45 W B PR 75 8 E IR ) AN i o 12 SR e el L i B AR
B A, SRAASC S 20 FM 55 S0, S 0 H 250 . B8 RIEAEIER
PEASBAZ I TE DT, R B TC 2 FL A S 2 WSO R SR 3 A Rl SR AR R A DA SR N [ 22 Ak 24 i1 K
EIRFFRATPIE, WG RR XA UL T T B A SR A . X3RN, RSO )E, e
2 FM 55 A R B3R B 20 ORI  IERR T B A R

6. L5RIB

BAF LB LE R T &, KEME T OB TR e o 252, RO A AR B G
REGTUIEEE. AP TLLE FM G503, MIA FM MRRERAT 1 ook: R R
RAEVISE B AL SR atan 2 SRS 5 ARAL, IZEERRE SR AR IS AT R, HARHUAR L
KIS R R (AR ZA KT 0.9%). ML L EBEis EMMABHE =8 —, #t—PRhisiEE. FH
LRIEARAL FIR BERAS R AR MEDCAC RS B PR AT, AL PR BT FEfeid BN B A JFOR ) — 4. SRR
EWIR A SCHR At i Ja, FM(E 5 IR VA 5 AT 4 i B 20 SR B4, IER 1 7 ik i Rk
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