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ABSTRACT

A bandpass sampling technique, which is a method directly downconverting a bandpass signal to a baseband
or a low IF signal without analog mixers, can be an alternative choice for the SDR system to minimize the RF
front-end. In this paper, a complex bandpass sampling technique for two bandpass-filtered signals is proposed.
We derived generalized formulae for the available sampling range, the signal’s IF and the minimum sampling
frequency taking into consideration the guard-bands for the multiple RF signals. Thru the simulation experiments,
the advantages of the. complex bandpass sampling over the pre-reported real bandpass sampling are investigated

for applications in the SDR design.

I.M2 % AzA 7leEe] ML =i vk w2y o]

g XY 7)&g 0)83 T EA AaEHSL

3ol ol=2] WIEA A4xbe] JEER <3l o PRI 7|ES FE o847 71EY ¥4 A=d
AE 7les AR A AmEe] o] shsl Eoll wisle] B} g -sio* (flexibility) 3} -84
Ao, w3 T EA A2"HoME w& AL (adaptability)& 7= £4o] stk ol 7lee

* weioEh AxAFe g FAEAA A AT (iruntop@korea.ackr), ** LGAR} & REAIALGEA
F=EWN I KICS2005-03-096, AHsdAl 20054 39 7d
¥ ¥ A ze{diEha ITATAEITRC)Y] AHeE Y= gUr]

687



FEAIE3) =4 °05-7 Vol.30 No.7C

Wideband Antenna
Band : Digital
g Pass [+ AP L Signal :
Filter : Processing
Wideband FPGA, Micro proccessor

Amplifier :
- RF Part >e

Digital Part —.
a2 1. SDR A7)

Software-Defined Radio(SDR)°l2ty. #&cVl, =
AzAe] FHM ®A = 27 15 o] Al
5 Alse] oA"Y A% e FoE ok
WAl Fol, & RF 88 H233osy 4E
o] F9E& A ol 83he Alage HWikt o
gug slzde] WA glo] AP ddke B4l
B B az et tlRZ sl A3y
AN2E Alzas A 4 olA Pk =3 A7A
(reconfigurable) 7153+ FAlelzl= 712l SDR
SDR X34 SDRE] F87)%5ol A% EFst &
2 &3 glon, MIMO-OFDM Al2els} 3 4
Aol A3 FAEAIeR 2= ot 29
U A flr)e2= RF g E3] dele ke
o] 8N Az" AP 5ol Helx)y] W&
o ofa olgHognt wFEw glovt wkEA 7|
% U RF&AL, MEMS®| W2 3z Adrbgol
A2 rea o,

Aukyel EAIA~El SDR Nde 24317 ¢
e, 4 99 € RFALSE 24 sampling
slo] tAE R A5E Ao} g} o] sl F
A% ukgE Fule] 5 oul] o|Ake] sampling rate
o} 2] Aol Hesjch A ol2F ol
E(Nyquist) )&% A83}] sampling3}A| b
AA & sampling FIF ARECR Qld)] dolg]
Fo] AAHA FTBHAl =l vig- vlEEAeH
YAE AlsAele] dAd Y FA "ok a2
v $27F ¥8ke RFASIT oAl tid 5t
ey FHohw s, wikgst Fuee Aso)
EA P g8 F dgde o Al EA
3R] A "ol olei’t HE o83l YolHE
o] ¥r} 2 sampling FITF AH3l] AlEst
e el Al ke ASE HREFA &
224, old=z=a =i ¢le] ADC(analog digital
converte)AHS-RFS 2 RFAISE o} 2 TFAlE
xe ZIMdd R sleghist & 5 ok olaist 7|
%] BlZ bandpass sampling 7]He|cl 8|2
olg{gt 714> SDR A]xglel HE=A] Z-LE|ojo}
gk

688

o]2]&t sampling W2 3] ADCRE A&}
+ real bandpass sampling 7|He] wHrlpols, &
A7 ool =ERe] E 3 P First
-order bandpass sampling ¥+ sub-sampling ©]2}
A% B2-95= real bandpass sampling ®Al-E 22
Ful 38e] RFAIE9H odde]e}A)(aliasing) ¥
ARE Hgjlof sl=& A1F3t sampling I Al
of 27 z= ¥ sl ADCY YME
(Hilbert) W3-& AH33le] o] Fakp FE9] Az
& AALLEHN sampling T AL wilg- &
olgtA] & < itk o] 7]¥e] complex bandpass
sampling 22 =7{6]° 1 7]&A43l 7gde] 20
a gich

g o]el¥t sampling 7|HEE spte] FAIEA

EFo] opd o] Ao BFE Azl HE3le] s
9] B4l 71716l FAl WEE & 5 s Aol
t}. =% [713% [8]°A+ real bandpass sampling-S
o]43le] thE(multiple) AZE FAlol 315 wHs}
E 7S avlsia o)s) " A EE F=d)
oot 22v} complex bandpass sampling2- o]-8-3F
S o gt awlEAS ¥ 53] s
AZ7F opd ofF Alse] At sl3higt upie o
Zo gt dulslE FAE AARE = "At
A B3 & Aol ¢t} 78| E B =Foi= com-
plex bandpass sampling”|¥-& ARS8l F 71#]9]
EF AZE B¢ s wEsle) A% Aeske
A28 ubH-& Agkelgde}l. 28T sampling S5
Ae w9 R3ddg w23 A sampling T3}
% 4 samplingell 93] WEE 415 9% el
A e fresilch w3 Ad a9=Es
%3] real bandpass sampling>} ¥]3 ¥-A]-8- A]&fs]
t}.
o] =& WAl okt 2 F22 Hof gl
t}. 273}ol|AE real bandpass sampling 7]l w3}
Al gzl 3AbolA= complex bandpass sam-
pling7]Hell ot AlsEe] sFehgt 71 ¥ sam-
plingel] FAE FAEE F=sidnh 4=
E8 FAEE AA| A"l AHgakbe =28l
real®} complex sampling HM& B]E B4 3jic)
upAlte 2 5Aell AEE vt

3

i

I. Real Bandpass Sampling 2%

Real bandpass sampling2 RFAlE A8 EF 4]
9 Fo4 R 2l Alset AR d4E



=% /SDR A|28-& #3 Complex Bandpass Sampling 71% %

Qs 349 f=

SHES sampling FI45 Adsfo} sjug FoT
278} o] E=RellAe 2709 A £ (0% £()
2] spehdghe we’it) WA 270 dbES) A%
£(9,G=1,2)7F 3 2L sepulelER A9
W L fofo, frofe, TEEL BWE
AZ (e v Ful A9 3elAe AeE
I (upper limit), 3¢ FI5(lower limit), sam-
pled bandwidthellXe] 7t Fu14 (IF), 28]z Al
=9 935S 47 vepich =3 fe<fe °1%
T AlZ BF RF Deli] oipdoz oo} Exig
Azeln 7P,

A el AE £(pe sampling 7FsRr St
“available sampling frequency) ¢3%3-& t}g&=} 7
IS

ez vehd 5 gl
2f y, 2f
Ty M
A7V & A gho2 thed) o) Ae] =t
1<n < [gfv%; J @)

714 | | & floor F5F el 28 2% o]
his Samphng 714l 2Js) REAIZZF A4 shapd
3} S Ase] ~HMEL noF) & 3%

= & Ado] complex A3 Y A= JAG e
2 ul2 gojmex] Eala, a3lelx Be A 3¢
o] & IFhe g Hojz=d 4= gjc)

=gk o]2|§ sampling 7]E-S o]43le] A= o}
A ZREZES I Aawel FA shehd
& & 5 slck oldl AlAwle] RME8l= sampling
e w9 FIg Yo EAlshs *11‘““
°ME} AZ 710} £(HE A2 AXA o=
ke FoE Ad=isjolut gk asjme sampling
FEL ok 379 S BE uEgol g,

i

N

@ I F(H RF signal

AN 2

T Iy *

®

Bandpass sampled SW RF slgnal )

T8 2. (a) RF 413, (b) Real bandpass sampling ¥P#el
3 sl HgE A35e) AvEey

2f gy, 211,
nq stls nl*l

3

2f u, 2y,
Ny sfSZS 712_1

@

R ©®)
ol #ME BW,,= BW,,=BW,+BW, &
e, n = 6, A 1<n,< Lfy/BW,]
% 1<n,< [ fy/BW,] & 71k =3 o] A
TAE wSShe 4y FolA P 2 Faigvt
B2 FA sampling FIkpolrh B3] whdv|d)
SDRe] A-8d we AYaw Y v]g A7 =24
Z83l22 SNRe] #43l= 3 HAagke g
sampling FI52 A35 Agaol T&AY A
go] Hc}. I8 E2 e sampling FHHE =
Al2lg AAlRe Ao Faslt) o)L 4% we
Aol 2]gF complex bandpass sampling#2] H]Z
£ 5t H% s A E Aloe

. Complex Bandpass SamplingS
0|28t RF AlZ9| fepsst

a3 32 Ak Fx224 complex bandpass
sampling - ©]§3lqd 7 Ade] sl3pHEe BoF
< £& tlolojzalolct ghUE E8 S0 ¢}
F ALEL LNASH W5 E AR Fo] ¥
HE W3g ©]44t complex bandpass sampling-&
FapAl Dk 5, o] WAl o8 analytic 135S
bandpass samplings E3}] FAle| sl3pH3E} s)=
714elste & <= 9ok

3.1 F AEe 518 wES Y3t 77
Sampling Foo| He
HeEHd F Az AD LD FE sam-
pling F35 WAL Fauz} o] S 98 t}e9
F 2215% 383)o} d} Sampling F3}5o) A

AD I channel
Filter #1 ¥ y Complex
VS Signal
Hilbert O
Filter #2 Transform {25+ Q channel

4 J
% bandpass sampling

1% 3. A<kt complex bandpass sampling ¥

689



324188 =FR] °05-7 Vol.30 No.7C

RF Signal 2
1)

1y Jeyo,

(@ 47 R signal
Iy
2 T

() I-Fsl(f ”
2558 fL‘ “d fq % "

F5, (f)  (m+1)" left-shifted signal

m® left- shlfted

(c) |' } ‘ fuum‘)flq’" '/ signal ' '

0% 4. Y= HE ;ﬂ:f.e,] A559 2¥EZ (a) RF A
3 £(0% f(»S 2FEZ, (b) Sampling FIF £l
9J8] complex bandpass sampling® A3 f,(#, () sam-
pling 34 7.0l <J3) complex bandpass sampling¥l 413
fo(d)

2] AlkKupper limit)28, 1% 49} o] RF A&
Fo(H7F sampling®l] &J3) p#A o}FH Al
£u,.01 S REAE £,(n9] £, Beb Aok Wk
=3 319] AZlower limit) 2ZE RFALE f£,(H2
(m+1) "R 9F o|FH Alzeld £, o] RF
AL f(ne £, Beh Helef et o] F 2AF
& e e Ao 27t 29 Hr

e (res oo 0

(et B —(mtDr = (e, Eh)<o o

o] F g

£ B Al e 2
< Aspe] fr=Hrk.

BW,

(fo—fe)+ 2oz (fe—fo) -2t
m+1 =fs= m

®

A m& AEZ heh B floar@2 4
e

o<ms | ol | ©

ol @8 F AT AU g, -, A0l 5
N3 A2 737§J(0verlap) gol 2 W HAY 5
QXS Uehle Aotk 7 2 AS B
9% real bandpass samplingollA]e] Fub o]5-&
ouishs 9 @ o=l o) Lo g ks
Zalgeo] F5-5]7) wjFolr}. Akt WHAlY) 43

>

690

dleA] = 2137} FAo sampling 2 W H-8-50,
ukes}l Fulerl oplel wkbst Fuee] AP} &
23 oL 3 Hol 2R 40 HAFg
= A% A= Aol viHEA Dok 22,9l 3%
o] AAchkw, ¥keA] Y2 sampling rate® sam-
pling F& AL ofet o] 44 ®)M 5
& $ g1%°] sampling T+ AAL A T
Alze] ukenl Fake A7) FAlo g v)Fch
aBBZ o) AR F AE Aleld] A7} 7}
7he7 e sampling rateE €L 4 Qloh z=iv
= Az Azt zA= g Atele dEn
md 3l TAH7) dEedl E 5o Fol v
£ sampling FHFE 7RA Hel Wef T 4139
)l Gl pztel 022 AR He A5olE
AE alele) Aezb viF JHA S F AR
o]t A3 % samplingsll &8 7, —7, Alelel
A& Fshe Zgelch oleidt Adtelxe
52 shte] AlEe #F3l samplinge 3
ok o] 29, 4 (8)ell 213 sampling ‘7f‘=7+1‘°ﬂ
gk 2ALE okt 7ol Zs] FoiAln

ﬂrﬁ do ofn

fs2fu,~fr, (10)

o8]y 59 A3 A 8)F E3le] sampling 7
F A AL SAePIEf % 5 0

ﬁJ—’F 2ol G E ol A °=l—r\:} a3 s
o] FAlE-] —45P A} JEH 2 nejFch o
—"—%ﬂl/ﬂ X, Y& T A3 F °1h shte] AlE

g% gell o3 ‘4"‘1“"1%‘1 ol (normalized)
HefE BT ik

HII”HIE Iz
“’H

w =)

@

|||

sl

H }lll l!ll |
Il

01

] L R, m I
3hoee , ......... ' i
L ,uu‘ e
2l @ L S s Lt <y
B A Wl : BW+BW=254T Somplig 1= 858
H --=:GB=GBJt = B
0 1 T T I T
0 2 4 8 10 12

AT

18] 5. Complex bandpass samplingol] &J&F F 4159 ks
s} Faje A9} sampling T2t B



=/ SDR A|2812 $)% Complex Bandpass Sampling 7% % dulbs} FAle] &x

gt o] adA HA sampling TS TE
4 sled, BlE 8 Sampling 39 F 7 AL
Folpolt, 2ejugE o] Falpe 4] (99
2 mE T (8) el disizled AHeleld
< 5 gtk 2 A o) A

(fcz—fc,)+B—g/Lz'
BW (11)
[ [(fcz_fcl)_—zl'l} ‘
+1
BW, ,

fs, min —

3.2 B9 T35t /& Sampling Fale

fred A (IDEFE ARl sampling T3]
o spEbdet dshs F Al 7] Radiee] ¢l
< 4 7] uliEel] AAl AgAle Adrl FEo)
Bbe & 4 ok F A ge™e] oA m
soge] QFAle] AL HAldo] ubAgh
ok aelEE wEdEs TEisele} At F Al
o] stabiste] wed wle ¥ 63 o] F /)Y
Rodidg Az B 4 led, A IACEE
& Hotjds GBlol‘j’]:T’_ 3l 22X pEued
& 6B,2n Ao B, Aol wsdd =)
A6 (NEFE thea} e 4o frEle),

CBi=(fe,~Fe)— Lt (mt Df s (12)

GBy=(e,~fe)— g% —mfs  (13)

5

1) Hol
8 6. F IF A3 Al F B3y

5 v
A
= '
m=9 %‘éb i 5
B ‘\&% o sl B L,
4 > pTTeT
o ———— .r,‘k ..... [, ) = N
~ C {\b' / )
N & ! |=GB, =(B
318 mel
g P _—
1
)
2 2 % .‘(T]Fe position of sy
3 4 5 6 7 &
Ve, -7, B

38 7. F AZ Alele] 255} sampling o] |

BERE F o A8 dolrr] $a) o= 3
Aze A27F 28 794 £, —fo,=5.5B (2%
oA HAAyel X8 slcka ZRdsl Bal WA
sampling 7Fs 392 54 @) (9ol o) AA
He, 2 F9E F m=19 d f =4BETHNA
AAB)E sampling F3=2 A ¥aL e
71 REdEe A5 $AE vl A4A
9} sampling Fo55 veple A4 BrF e
AHeA 225 el 6B, 9% ¥¥°] 6B,
7} "ok =3t of" 538 sampling £t Al
9] Aol o] F HIFAe] 2 HE A}
A} o] Aert A 272 f(p 7} sampling
of oaf 9Fo® o5 f,(po] F Az M
A AT 4 1A AT Alo]e] FAlel $)A)5)e]
of gt} olA& ofew 2 2o ¥y ¥ 4
lck '

(Fe,~mf)—Afe,~(m+D)f3=2fc, (14

o] %A% sampling Fuleol] Fsl Aelspd 4
(15)%] Z3A1E A =k

T

15)

T (15)HE e FIESE a3 Seld FAs
ad 794 34 DE BEASSICE asjnz a3
794 Az wkgst 27t 5 589 AE F 2
qo] ZA == sampling FIFE  f.=3.667B
(™A FHACy7) =k

=g, AAAPT Y3k 23d9E 2 sleE
3= sampling FHFE F& = glok 2 99
73-9-of o] EAF Qx| AZ7} EAlshe AS
S APlEla, T Baoe] FAld dske e 2+
7= o®ch e Sl #Hag shiy nsd
ool ke GBHz)E 7ML, WEA] shie
GB(Hz) o149 d9E ZxF 3sh= 428 73
A "rek o7& 4] (nellA g slein|e gl
BW, , WAlel sk HE5dS op(Hz)9) F ol
o] 3 7 Aze] gES Uit @, &

BW, ,=BW,+ BW,+2GB (16)

5 Bw,,o HAFo=A AET F ok sale
= EQs e} o] TaEo)

691



A =FR] "05-7 Vol.30 No.7C

(fcz‘fc,)+ﬂu+GB

' _ 2
f 5. min,cB ‘ {(fc,—fc,)_(_B—%/_u+GB)] ‘
BW, ,+2GB 1
an

aslEe Foe] AEE Al Hxge Uk
e o] HER SAlel 4XY 4 gles], A
el =3 44 78 ¥ % ok

3.3 Samplingoll 2Jst Az HaLE 2%

o]Hell = complex bandpass samplingol| 2]&] u}
#;A Aze] 9%, & FE FelEa HA Az
£ £ = TR RO 3l o) AR

| _fe.
SR
FAR) #5017, 7 +354ol, E5ol-F
4o A2spA Uk aelmE Y FE RF 9
5 Fo4 7o Sampling F5 4 o WA=
Helsto] thee] 4] (19)3} o] EAY 4 3o

. A fp=rem{fc, _fés_)
P"’S[ ar o [4s s
4 fIF;__{ 5 —rem(f ¢, 9 )]

19)

=3 F floor @5 el e £/ (fs/208 B
o] ¥7t obd ApAR o] HolA wi= Al
37} vl2 7)A- Y (baseband)dll $123}7] ool
714l ¢AE YrE Alge] 3. A Hel &
ADCS] samplingol] 23] RFY] A3 5 2#ws}

Invalid samplifig area |
G 7 8

z ; $B?

o i ; H
3 4 fe /BS

12| 8. Complex-sampled bandwidthol|42] 415.9] IF

692

(direct-conversion) & & 1A =l vtz E4A
2 o] "olAs Agelles IF7E £ g20] =
sampled bandwidthollA] 714 =& Falpo] $Jx|3}
A ek ¥ 8ol IF F32] AAE EAIBKH
Tz FE Al Fe] VA G R AR E}
WA S sampling F9E vehdic

IV. Realt Complex Sampling
drAjo] H|w

ol Aol 7]22] bandpass sampling HHH 3}
A|qHt sampling WAl Al E S vla ¥4
el thale] =2k = £, =2 480l BW =
1B (9% £y, =8B°13, BW,=2B3 f,(1)
o] & A5 g FA 3hid e Alads 2w
32} WA real samplingS F-E431& oo AAE
a7 9e vepligich o] ARl g (pe HAL,
fo(DE AALE sampling F3 WSl 27 A
38 FAFHS F IFY HAE RT3 9l
real sampling W& A183PA samplingol 2l Al
58] u=go] 297k vpY 47} slwl, 2ol
A Az A7t 9] HE(, 7 BPHY de
ssedo] wbAdy AHE vebdie, <\ A
(n/7F P ZAAA 29 EFS e} =
gt 9] el bandpass sampling®] obd UHEH
al JolHAE sampling 278 W3k $Folrh
a2)z WA £& sampling Fakeol] o3 HA
%+ sampled bandwidthe] AAAE vepliz gl
o} Aigzoz ulFdgoer FAHEY e ¥EE

P [-- TF of £0)
| = TFof A)) H
i | B Valid sampling area

T T T

7 8 9

12| 9. Real bandpass sampling %A TF9] X9} sam-
pling 7+ %%



=% /SDR Al2#-E& $]1% Complex Bandpass Sampling 7% ¥ k3l FA9 fx

o] 41 (3), @), (5) 2FE TH3h= FHOZ sam-
pling 7Fs F5 49 BFw glch =3 1
Ay F 7P ol o] vlE A sampling 5
2, o] dAle] Afells 10.4B(Hz)3E 7H
At

&2 2 17 10 complex bandpass sampling
< A48 Az A (19)° &g Fe ¥H3E
RojZEr) o] RS complex <3%o]7] wE-el
sampled bandwidth’} 52| Fa 2712 &Aks}
of 2 WAt 7 f2<f<f /20lck 1Bl real W
A7k th2A| samplingol] 8)3] A139] ~HEo]
¢ wAA] GA Ho FobAl AsAesl 22
A Dok w3k a3ldA BelFE $& sampling
AL AR =4 @) el 2fs deidl A
> 24, real bandpass sampling 73-%9 f&
Hucl g4 gou FHA sampling FI¢-E A

< 3.3B(H»)9) Tt 879E 4 5 Stk
aejEg 27he] Alsel slakHste] wimtesw
complex bandpass sampling¥FA]ell4 87 EE= FA4
sampling I wiEF 3uiRE Aolx]7] wiEel
2 $94el d5Hct v HElREek] ADC
A& w5 SelatAl sk o)3e] sich

th5-2 7 7HA] samplingiAelld 27E= A
sampling 3ol Ftd F o] 23] ZAE] £
ot 23 112 f(p7F 2AE A )
ukps)l Faperh W afe] 24 sampling T3
F BT ik old F Alge] HHELE |pR
Zvia 7%t o] A ajZRNE F A5
uel Faiee] A7) Arizte Alse] Ao @
2} 87 sampling F37) 2ok AL o
4t} =3 #H4 sampling T o A
Ql BA4& RoAFA] der) oL A|AlF7]E 9]
Ade]fA] g aejsof & #7 opz} o
2359 ko] Fa s} 58 Fak djy Al
IE/AE aEfslol 317] wiEell 1iellA] Bl
3 5AE vebd pytel] gldt a8ln 7 Als
7F EAF A Sl AF T AR oS
T3 349 2907t 22 sampling FIbrT "ok o]
£ A= AR complex ¥ o 2HE] A2 7
129} vzt o] Z¥L- Al (1)l &gk Ao]
t}. Complex sampling ©l|l4<] # 4 FapE= real
samplingollA] &-73]= o] Ak 3tel F 9=
2] ge] He A57F ek o de] Age] A=
Az 23A4<l f, — 7, 0l F AE A5y &

samplingifrequency ! -~ Fof )
O N Fof G |
Boundary of sampled Bandwidth | fig}: Valid sampling area

1 1 L 1 i I T I T

] 8 6 -4 -2 0 2 4 6 8 10

32 10. Complex bandpass sampling 4-84] IF] $)x9}
sampling 75 39

10 T T T T T T T T :ll

BW, = BW,= B i : | :

ol.| X fn=2B~75, f, =85 :

O fn=38~88f,=98 | : : :

d : fn=4B~9B, fra=108] | i

O e S

TR T D S . . b f

< jwed L : =

R !

B [---00800001 5 - -+ Leooodo - ¥+

RINNE N ool |
L T -

oo RS 1ot :

5 A A G S S S

15 3 25 3 35 4 45 & 65

ey~ fe)/B

33 11. Real bandpass samplingoll 93] 87¥+ 34
sampling F-3}4

9] w7t == 7feltk 28 ZE complex band-
pass sampling WAl &3] 875 # 4 sampling
Foes AHle 29 ZAe oiEF sulziR] Aol
£ 4 5 sk

V.4 E

SDR Al2Hle stege] mA|gle] Az Ede] ¥
Ao g A2 FARES 8% F ke A
oA At olde] ik A olF AlAagle
THE] FEIA A vkeA 2xpe s R
92 A3 HA Ad 7lsAe] A gt o]
2|3k SDR A]x®lel| bandpass sampling 7]4-& ©l
¥ F83H o182 = olch B3 Sl e
SDR Al28l9] 83 849 tjxE A% s
I AHLRE 7BH2E ADCY sampling F3}5=

693



32-54183]3=FR] '05-7 Vol.30 No.7C

BW, + BW, =2B
1 —-—-BW+BW; =258 | 4
——— BW+BW, =3B

——
(fe,~Jf))/B
2] 12. Complex bandpass sampling®l] £7-5}+= 2|4 sampl-

ing F34

7 8 9

o qgks WA =] wiol] AlFR} sampling rate
Adlg a8 Elck o] =EelA ARIRE com-
plex bandpass sampling 7|%H-& AH&-3hegs, 7|&
9} real bandpass sampling ¥H] R} 34 2w o]
AH] 2 sampling FIE L& F S ¥ub
ohulz}, sampling F3k A=e] Fo wl-¢- oA
% o st A4 5He] Fofd SDR A2
+ A= =8e] & Aotk tie] o] 7ML
shpe] B4l 3] oid ol 379 ASE F
Aol sF3pHSt 7ol gloiM v s U 3
A "} 2=z o]21%} complex sampling Al2xH
oA Fa3 seprlelEE AEE 74 A=, it
F3 Fobpe] A9t 2} AZES HIE Foles
Zlo] Frd=|glet.

#rEs

(1] 1. Mitola, “The Software Radio Architec-
ture,” IEEE Commun. Magazine, 33(5), pp.
26-38, May. 1995.

(2] T. Hentschel, M. Henker, and G. Fettweis,
“The digital front-end of software radio ter-
minals,” IEEE Personal Commun., 6(4),
pp.40-46, Aung. 1999.

(3] R. G. Vaughan, N. L. Scott, and D. R.
White, “The theory of bandpass sampling,”
IEEE Trans. Signal Process., 39(9), pp.1973-
1983, Sep. 1991.

(4] D. Akos and J. B. Y. Tusi, “Design and
implementation of a direct digitization GPS
receiver front end,” IEEE Trans. Microwave

694

Theory Tech., 44(12), pp-2334-2339, Dec.
1996.

(5) 1. Liu, X. Zhou, and Y. Peng, “Spectrum
Arrangement and Other Topics in First-
Order Bandpass Sampling Theory,” IEEE
Trans. Signal Process., 49(6), pp. 1260-
1263, June 2001.

[6) M. Valkama, J. Pirskanen, and M. Renfors,
“Signal processing challenges for applying
software radio principles in future wireless
terminals : an overview,” International jour-
nal of communication systems, 15(8), pp.
741-769, Oct. 2002.

(7) D. M. Akos, M. Stockmaster, J. B. Y. Tsui,
and J. Caschera, “Direct Bandpass Sampling
of Multiple Distinct RF signals,” [EEE
Trans. Commun., 47(7), pp.983-988, IJuly
1999.

(8) C. H. Tseng and S. C. Chou, “Direct down-
conversion of multiple RF signals using
bandpass sampling,” ICC. 2003, 3, pp. 2003-
2007, May 2003.

i & 3} Junghwa Bae) A3
T e ﬁ 19994 24 Fedistw Azks
' B CR)
2001d 84 weididtw AHxlF
A A

oy 2000d 99~A) wreelsta
g AAESE RS e
<TAlEol AR, BAlF
g, FAEA 5%

3t 2 (Won Ha) Azl

119964 29 meihha AARE

33H(3kh

1998 849 meldigtw AHxlF
EHAAD

20044 849 Eviskal A
e (Ah

20041 9Y~gA] LGAA AR

ol AR, FAEE, FAEA

ofd

5}



=% /SDR AAH-2 $)% Complex Bandpass Sampling 7] 4 dulst 2Ae] 45

8} Xl 2 (Jinwoo Park) AEA
T e 19799 349 zviEa AHxE
RG]
19831 8y Faledstw A7)
FEHAAD
1987 1149 WAYeo} FHY
gral(atah
19883 3¥~19891d 29 WX
ea Azt o

19891 34~ weidislm AxlHFE T 2
<IilEel FAEA T FEA T A

635



