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ABSTRACT

As the digital system with high sampling rates is required to process numerous dala, it is difficult to realize the
real time processing for this system. By using the nonlinear energy tracking signal operator, in this paper four kinds
of AM/FM demodulators are proposed and designed by the undersampling scheme of decreasing the sampling
rate. Particularly, the undersampling frequency and 3dB bandwidth are controllable of these systems and their
conditions are given respectively. Through the analysis of the designed detectors, useful results are obtained in

respect to characteristics and errors.
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2 (DERE AM 9] o2t M & x(n)& th&3 7o
x(m)=V,(1 +m- s(n) - cosQ.n+0) @
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~ sin?(D) - [cos’(D)-— %]2

71 NZHE s(n)=cos(Q@n) g | D=Q,
+8Q,, - s(m)o]T}h.
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Fig. 1. Proposed digital demodulator of AM/FM
(2) HP-QI (b)HP-Q1-LP
(c) HP-Q3-LP (d) BP-Q3
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A0 ¥ ADERE 2tz 78 F 3en, 1 A3y
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— ! Detected signal by noise and DC component
>>>>> : Detected signal

- . " y

orl j

s,(n)

s(n)
=

s4(n)
5(n)

Sample
(©)

J 2 AM UAY B27 2R A2 duilss

Fig. 2. Detected signals obtained from digital AM demodu-
lator
{a) HP-Q1 (b) HP-QI-LP
(c) HP-Q3-LP (d) BP-Q3
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Fig. 3. Output signal of digital AM demodulator
@YFAE x(m) B)NE gn)
©AE pn) (D) H 279 28UZ

24.FM CIX|E Ex7(0| 235 Fot

FM A3 2RE FEANF s(n)e] e AM Bx
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24zt gl st 2AMH LR 4% ¢ ) o] 24 Y
T& FM Bz7)9 28 A5§& 7zt op&a 2

E x ()] =¥ [cos(Q.n +Bsin(Q,,n) +6)]
% 2sin2(B) * [1—cos(B)] (16a)
2sin*(B)

1 +cos(B)

Y [x(n)] = 4sin?(B) - [1 —cos (B)]
_ 2sin*(B)
"1 +cos(B)

(16b)

¥, [x(n)] = 4[1 —cos(B)] - sin?(B) - [cosz(B) ——‘li— ]2
(16¢)
Wl x0) ~ 4sin?(B) - [cos?(B) | (164)

71N B=Q,+pQ,, - s@)olm, 4 (16)3 4 (10)

o 25E 4 )M AEMNET s(m)L ZAH =R
AB7t 7hestA o el 2 (16a)o 4 i)1—cos
B =1, i)sin?(B) =1, ii)sin*(B)=1, ¥ iv)1/(1 +cos
(B)=19 7 9ol 471 9] FM ¥ 2321 E B2 g
Ao NEE AE T 3leH, 2 TAHES

sin~! (\/ g42(n) )—ﬂc

Sy(n)= :HP1—-QI (17a)
2,
A 0<gm=<2)
cos”! (] __g.,z(n) )—.QC
Sp(n)= i :HP2-Ql (17b)
” 0<gm)<4)
cos™! ( 200 -—1)—QC
siy(m) = 0 ‘HP3—-Q1  (17¢)
" (g =1
sin™! (4\/;42(") )_Qc
Sqa(m)= 5 :HP4—Q1 (17d)
" 0<g,m<2)

olm, ¥ e o= A (16b) ¥ 4 (10b)2HH
FM A3 38 7353 4 0N} §AH 129 471A]
o Aog NIZEL A

sin™! (gsz(n) )—.Qc
ssi(n) = I :HP1-Q1 —~LP (18a)
" 0<gim<4)
or 15572,
Ssa(m) = I :HP2-Q1—LP (18b)
" 0 < gs(n) <8)
B 4
cos™! (—gs(n) -1)—Q.
Ss3(m) = I *HP3 —QI —LP (18¢)
" (gs(m) = 2)
sin™! (41 /gst‘(n) )—Qc
Ssu(m)= 0 :HP4—Q1 —LP (18d)
" 0<gsm<4)
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npR7ER 2 4] (16c) B (16d)= 2H2E 4] (10¢), (10d)°1]
A Zve AN3E 28 5 Yo, 2 AR ES
7 o33 Zhr

So(n)z
\N;;Wl o
4 HP—Q3—-LP (19
@ (0 < gy(n) <2.25)
Sg(m) =
cos ! (\/ \/:g.:(.—n} 4_*.:1—)—.(2r

:BP-Q3 (19)
Pom 0 < go(n) < 2.25)

A (1) 2.2 5 2] (17) 9 (18)3 7Fo] zhzt 47}
o AHANFTES Fwste AAHAM o]RE Uit
FEAH & cos(B) =002 F

2m+n
2

0.4+p0Q,, - cos(@Q,n)= (m: ¢+ (2D

o] Fr}. o7 A Q,,n{a/4e}H, Taylor A ] 25

cos(@Qm)x1oB2 A QNEREH MEY Fu4e
a(f.+Bfw

=TS (22)

1
fs:?’_ 2m+1

olny, od 7ol 2m+1)& A FE FM Hx7] oAl 9]
undersampling factorojt}.

AStE FM Hx71E0]|A4 2] 3dB < E(bandwidth)
2 AM Bzl Mg v&g dHog 4 (16a) 3
(16b)& °|-&&te] &

2(fc+Bfw
m+0.83

20fc +Bfm

= /=037 @

olt}, w3 BrO. +p2ol@ & w, 4 (16c) 2
(16d)2} 79 Zztell thsted tha e} 54

(1 —cos(B)) - sin2(B) « (cos?(B)—0.25) < 0.5
sin2(B) - (cos’(B)—0.25) < 0.5
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o 2HE gg9 A S A+ 5 vk
20/ B 10 20/ +B S

mT06 == Tmt043 (24)
20/ +Bfw 2(fc+BS
w1058 == Tmro.az (25)

o 71oll A full sampling?l 2 -%-(m=0) f.> B f..°)
zhd, A 2)2 58 4EY Fure APF R

Fskaeol 4l % S A

2.5.FM C|X| & E=7|2| AlE3|0]M

FM Aaats 2 (11D~(2008 oj &3t 4 (8)9)
FM A58 219 13 7ho] At Bx718 F3)
st} o 7)ol Al DCAR2] 27 42 3}, WA
7bS-ALRY Fe-2 Hol whEa A7)0 10%E st
Hago E3pstd e, f.=1 KHz, f.=90 MHz?)
2A9-9 50%(B=135) H %3] simulationdt A& 2

# 4ol YeERAT} o] Ao MEY Fatere m=
150()0;]_ o] & oF 120 KHz o]t}

AMolAf ot uprkA 2, At Bx7]EA FM
Al &7} quadratic ¥ ¥ & 337 S, #2312 5=
Ao 27t date 71RNEE AL 5 A

—— : Detected signal by noise and DC component
: Detected signal

——t

E()]

85,(n)
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s4(n)

0 k N

200 250

300

s6(n)

a2 4. UAY FM Sx7]| 2588 d2 AR5 E

Fig. 4. Detected signals obtained from digital FM demodu-
lator
(a) HP-Q1 (b) HP-QI-LP
(c) HP-Q3-LP (d) BP-Q3

FM Signal

] 50 100 150 200 250 300

0 50 100 150 200 50 300
Sample
(c)

q(n)

g,(m)

o] 2445 ZRY 4 (17)~(Q20)& o &5 FM A
T2RE WEdE Ao PAY F Yok A€
o} 29 1) A ZolM 4 ()9 (& Yo 2 3
A& ool m=1500, /=90 MHz, ¥ f,=1 KHz<!
AL 50% Wz MAE YN q), pn) 2
29 g,(me 29 59 =A8kA}

. o052 o

AM F= FM 9] 253 s(n) =cos(Q,n)3 19 1
oA AQtd HxIAM IAMHOE Hyd Wx
1}¢] Error& RMS(Root Mean Square)E A A3}
Az Ag2 1 2 /NS 9, 29 4 26 2
(27)¢] SER(Signal to Error Ratio)& M Z¥ F34
g HstAA Rt

1

O 5. YA" FM 5x7]9 23403

Fig. 5. Output signal of digital FM demodulator
@YFNZE x(n) D) A Z g(n)
@NEZE p) () BZ719 2843

SER, = - 26)
1
~ n};} {s(m)—s;(m)}?
(VAN
] 50 100 Salrb:‘ﬂelw 250 300
(d)
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o 7ol A s(n):HR AT
sy W [x(M] L2 HE 78 s
x(n):AM =& FM A&

SER,= ! @7

VL 5 (s -ssr
N,,:.sn Spln

71 NM 5, () ¥ [, (] ZHE T S
x,(n):AM E¥ FM A 3d F& 3 DCAY
g He AT

agla 7)Ee 748 59 AEE AN Y
Aoty B2 E & A8 4709 AEMHP-Q,
s8] MEZ(HP-QI-LP), 971l ME(HP-Q3_LP) ¥
S7AE R ¢ 6709 A E(BP-Q3)E AM % FMA
52 2Adog Pt AEEA diste] 27t o4
Z vl 2ty Jepi ok

3.1. AM F§ZX7|2| SER

A otd undersamplingel] o8 B2A2EH9 &Y
NZERE A (148 o] 83t ZAH R HxE
vzt A& F qlok o)FA de Wz 4 ¥
%z99e) 935 vRste PR 2 Q60& AHE
st BE3 FHFEE o] 98 19 6(a)d e
ek g71oM 4 (2609 sy ()& A (1904 Y
AMAE x(n) 2 RE At 82718 F8 Foa
e Ax AAE Wzsel), o] A%z ¥ o, A<t
g wgo] 97t Fof EAol $4¥E ¢ 5 Uk

0000 Exaeting method
.. HPQ!

150 Ve HPQIP
—— HP.O3LP
a0 oo BP0
N
80 /
‘% 0 -
i .

o8 1 12 14 16 18 2 22 24

s
Sampling Frequency(rz) o
ta

SER2

283 4 Q7oA s, ()& o viEat 27 9) 20%
o Fse WA sH-AIRE FE 2 27)7F 490 DC
ARE 4 (2)9] AM A5 EFF AL Add B
15 Y4HNER QYL A5 A (198 AR
o AAE ABAFolh Hlsg Uy o oy of
3 exER 4 QDS ol en, HE3 Fas
o] e} FRHAE AAE 19 6(b)oll TAISGAT
o] A}, A whyol & % DCrF 4 dHA
aiA NEgE Asts o) B $58E &
2= 9t} o7l A £,=710 KHz R f,=0.5 KHzY
o o] s, 50% W3 (m=0.5)% 3 -0}

3.2. FM SZ=7|2| SER

AM Bz 7)ol A 9} v 43 WY © 2 undersampling
Aol o& AAE Bz ayRe dAE Aaas
Z & 4 (17D~Q0)2 AME-3td 4] 2604 SERE <
A A ste] JeERA 28 7)ok 2ok o} 22 A<t
B o] 284358 £ A7 S B
Fo}, 2@ 7o) B 7HAQt o 27§ vkE
Fubpe] Hoaslel 20%E stgew, f,=1 KHz,
f=90MHz 2 DC=4V2 3%l 50%(f=15) 33}
o ¥B3 Faeda FANNT AHE 2AEA
t}. o] A#AZ A<HE undersamplingel] 2] 3k B3]
Eo] 38 & £ gtk 2% (o) ¥ (de ¢
Wzel AE AzgoM Had Hxge o4
g 4 (7 2 (18)= %€ 2tz 2] 27)9] SERE 4 4]
AEY Fapo me} 73t vhebd G wojch

|

o000 Extang method
vy
30 Q1P
—— HP-GRLP
oo EP-Q3
]
dh
L fox
s 82 4
il , 3
e - . B
RSN A 1
10 e
. ;
08 1 12 14 t6 18 2 22 24
Samping  Frequency(He) X1
o)

712 6. Undersamplingol 2} § AM ¥-327]¢] SER
Fig. 6. SER of AM demodulator by undersampling

(a) SER, (b) SER,

124

www.dbpia.co.kr



# 3% /Undersampling 7' o] 9% AM % FM A3.9] tjxg £27) HA s} 54

SERt

177 e AT Ae AT A8 192

. x10*
Sampling Frequency(Hz)
(@)
CHPLQL
onoo : HP2-Q1
44 HPSQY
—  HP4-Q1
o
4 -
% gt
o s,
R
1z 13 t4 14 16 17 t8 19 2
x10°

Sampling Frequency(Hz)
©

SER2

SER2

12 13 14 15 16 97 18 19 2

Sampling Frequency(Hz)
(b)
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5 0000 : HP2-Q-LP
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