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Frequency-Shifting Digital Demodulator by Bandpass Sampling

SAd AN MAEF Ol
Sung-Bin Moon*, Sae-Yeon Kim*, Shin-Chul Jung*, and Byung-Sub Lee*
e <

E =RME Oy YEE o)f3ld toET NI E /AN EYdsl= Ho| JM5FE Ho|T ok
23 S MEYL 12 HASH AEH vls] R} folgA FAY & 9lon, AEHNHE F3 94
ggoze Fay Aoz} 5 HE Hglch olnl 2 dA e JRAEY PHL 2% dYFH HEYY &
W A9, 22t S MZL 343t NCO (Numerical Controlled Oscillator) 9 mixer7t AAHE X
HZAAFE FEG F7 Yok o] AL 7|Ze] HAREZALH Hg THol Lola [ QAYET WA
g5}t $5stad 2o A% dojuh} FA /¢ $4 st 3 AEHAE S8 ovA A€ A
A7t 7HsEE Byt

Abstract

A frequency-shifting technique that uses a digital filter in order to interpolate a bandpass-sampled
signal at a low-pass position is investigated. The discussion focuses on the derivation of the required
digital filter, It is shown that second-order bandpass sampling offers more flexibility than first-order
bandpass sampling in the sense of sampling frequency choice. It is also shown that the well-known
quadrature-sampling method for frequency-shifting is a special case of the general second-order
sampling technique. The advantages of the mixer-free digital quadrature demodulations are increased
flexibility for sampling frequency choice and high precision for I/Q component extraction, and this type
of modulation can be applied for modern radar signal processing with high performance.
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Fig. 1. Traditional and direct digitization front-end designs.
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Fig. 2. Spectra of bandpass signal by second-order sampling in integer bandposition.
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Fig. 5. Conventional Digital Quadrature Demodulator.
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= Be ko) Beside Yol &, 24 o
AEFMEY 7ty AFNEY WY FEEH
2o o|5HA AN AuATE AE +
Ak,

1% 72 A3 SLC(Side Lobe Canceller)
ojthe] 23t AEH Y AFAEY 7HE AL
3 It} F gEivel BEGE ] FAE B
E 33 e ojAun AL MEYFuSFE 1A
E 22 HEFY 7P ARAEHE 58 A3HQ
HdA3ZE FEHA 71 Yo, $dd 92
£ LMS(Least Mean Square)@x2Eoly DMI
Direct Matrix Inversion) €259 DSP(Digital

Main amt

E,(M)FED(Ali LR i

Square - Root - Sum |

oy

Weighs E’?pglﬁ

81723 AEF 7iute] ARAEHS HLH Foln
A=H

Fig. 7. Radar receiver with quadrature sampling based
on second-order bandpass sampling,



Sli]

Signal Processing) #4< AJSZH Y3 A%
e 2807 AL £ UG

oA BT AL MEYFHLE AMEEE 23
AMEF 714k A MEHE ol FAAN2H)
HELFOEN AR N2" F8o| A LolFAH,
3 A Qid 234359 A FEo| 7}
S8k,

N. AlZ20|4
4-1 24 LIS M2

E 12 22 953 MEF9 Agdold As
8709, ZFFE o3 FHrddE /1A
gog HojA ZFE B

224 AFS AEFE S HLed, 19 8AHY &
YEHLE AE3Fosd g F/1508 243
o, 28 9% /1A QoA A9 EHTE AP
€ oldst 7§ Idoith o|FA dite 2YE
TS SEHHYT F, o] 2HEHS NS AN
st E2RUE S HXE & Ro] 1 10904,
ERNE G Y3 A AL ¢ F A

4-2 27 MBS SDMEY

E 2 24 AEYIN AZAEY S NEY A
Az, ARNIAHEL [HE3 Qid 4%
L2 Wroq A4 Yt

22 AEH S 71N ¢ AR EYE e 1A
a3 QA2 HEYE 2HEYL 747 29 1%
I9 129 2 AEY FHFE d9E 598
3712 AASA7) Al 198 113 37 12604

1. 22 Y5 A& AzeA
Table 1. Signal environment of second-order bandpass
sampling.

AlF O x
20Hz, N5 ‘;H‘f?—v 6AHz

50Hz (B
vhs} ol | 340Hz | AEY FH45 | 64Hz

AN, AAD, B, oA - I MEFE o4E 7

& Ho| UAY 22 A2Y 4

700 4
600
500

400 4

T v T 1
[} 100 200 300 400 500 600

J% 8. 23t MERE 718 2HEY
Fig. 8. Spectra by second-order sampling,

TO0 -

g€ 8 &

08 9 7|AY 9o Hojgd AHEY
Fig. 9. Spectrum shifted to baseband.

—e— W M B
a4
]
| =
24 % . -x »
1 | [ - . "
SR [ -. [ h
) o ' ’ .
v ; | ! -
-1 4 " . " \ /
4 / i d
£ ¥ L b /
.24 g . F
ad o
5 10 15 2 26 3 3 40 45 50

Number ot Sample

32 10, 1RGN B4E A5 BPNE vy
Fig. 10. Comparison original signal with reconstructed
signal at baseband.

imaginary 3 #0 reald A0 E D oA 9
3 W4T AL ¥ & U AFE AR 990



42

B2 234 AEY 71 ARANEY AZT
Table 2. Quadrature sampling signal environment bas-
ed on 2nd bandpass sampling.

gdaz o | O | X 4(‘)“@’ 16Hz
Wed EZua | s6Hz | MED F34 | 16

Amplitude

211, MEYE 1A 24 EY
Fig. 11. Spectra of 1 channel,

real
- iaginary

600+

400

200

s I

-400

-800

3812, AEEE QAd A¥EH
Fig. 12. Spectra of Q channel.

HA QA s 2AY AAAS BAFsoof
i

I9 14T A A5 AT 93& T 139
AFEAE QA NZTE oj&std AAN 29
Edfojt},

J9 155 94R4E 2YEJS ATEHAA
AuE A7 fgoln, EQdd JEe ERNsrt

FAYPEN =24 Al 4 W A1 & 20009 69

600 -

Amplitude

A2 13 f4EARE VM QAd AE
Fig. 13. Spectra with phase compensation,

1200 -

1000

Ampiitude

400

200 4

T2 14 E99 1949 ~¥Ed
Fig. 14. Reconstructed I channel output,

34

24

14
o-
1 -
-2 -
-3

2115, Egg A5 BEejase vig
Fig. 15, Comparison original signal with reconstructed
signal.

10 20 30 40 BO 80 70 80 9D 100 110 120 130 140 150
| Number of Sampiing I

¢A3 dAHE ¢ F U



Ha
ox
e
o

v.g 8

HYEd MEDLS o143 AEE 71ANG7
A Bojdele u 92¥ A2 MY F7 dol 98
A HEZ, o]dY opd2T FHFHALYIR
o 333 asiAn, 92 &9 mixerZ A% 2
239 ZAo] QA 5] AdEH.

12 g3 AEHY )84 Fapd 4
A58 2HEY thoo] hgxY Zeu A 9
T ¥ FAAMT fo=2B7F - 232
A ES AEYE HLatd g9 Ax G2
glo] HAA AFY Fo5r 2 AEYFHr
(fse=B)3e°l Z2AE 5 on, Yooz
FosAol bedE AFdES T EATh

OAY A BEZ7194 AG3A HEFFor
8 93¢ AY A NCOSH mixer Mt =8
22 A7t 7Hs] g Alxdol By g
& 2 71 3o, AIgHoRE B AFE op)
3 oA EY AATL FHsEe EATh

23 AEF e gAY A2 §2)e A9
QAEAES FANZERY Felste o] ¥2 A
4& Holv, AEHF,E HH3 49T 5
e ZHol Sl7) W 2 1A% dolty
FANN S5 F 71 AT

ikl

1 | El

HO

[1] Dennis M. Akos, Michael Stockmaster, James
B. Y. Tsu, and Joe Caschera, “Direct

2 o EI(3Ew)

] 19723 109 744

19919 3€~19999 24 : @+
gty dFFAFRTRS
(F8AH

1999 3¥~84 @ ¥3YF
2 Y PFFENEFET
A F

BAEOL ¢ N3, Adaptive Amay

M, BUY, o4 dYES AEYE 08T Foi Mol YAE §2 A2H 43

Bandpass Sampling of Multiple Distinct RF
Signals”, IEEE Transactions on Commu-
nications, vol. 47, no. 7, July, 1999,

[21 R G. Vaughan, N, L. Scott, and D. R
White, “The Theory of Bandpass Sampling”
IEEE Trans. Signal Processing, vol. 39, no. 9,
Sept., 1991.

[31 D. A Linden, “A Discussion of Sampling
Theorems” Proc. IRE, vol. 47, pp. 1219~
1226, 1959,

[4] Alan J. Coulson, Rodney G. Vaughan, and
Mark A. Poletti, “Frequency-Shifting using
Bandpass Sampling”, IEEE Transactions On
Signal Processing, vol. 42. no. 6, June, 1994,

[5] Guo Guirong, Zhuang Zhaowen and Wang
Feixue “Mixer-free All Digital Quadrature
Demodulation”, Proceedings of ICSP, 1998.

[6] D. W. Rice and K. H Wu, “Quadrature
Sampling with High Dynamic Range”, IEEE
Trans, Aerosp. Electron. Syst, vol. AES-18,
no. 4, Nov,, 1982.

[7] Xiang Jiabin, Ma Xiaoyan “A Fully-Digital
Processing Approach for Radar IF Signal
Direct Quadrature Sampling” Air Force
Radar Academy, Wuhan City, Hubei, China.

(8] Leopold E. Pellon “A Double Nyquist Digital
Product Detector for Quadrature Sampling”
IEEE Transactions On Signal Processing, vol.
40, no. 7, July, 1992,

M

(&tthk)

1976'3 11€¥ 30¢4

1995 3¥~19993 2¥ : =
g3y gFeIRELTER
(F8Ah

19993 3¥~8d4 : gFgFuU
¥ dEd FFFAYERIEH
A 7

ZME0F : A&, Adaptive Array



44

A H(mEE)

1976'd 84 3194

19963 3¥~20003 29 : @33
T FFEAARFHF
gA})

2000 3¥~#A g3
Iz UEgd 38T
A% F

ZAIE0E - A1 EAH ), Adaptive Array

Uy =84 A4 A 13 20009 69

0] ¥ M(=m%)

1957 19 194

19799 29 : @IgFUgw 3
FTFAPEF (T8}

19819 24 : MEusE Be
AT RI(FHYAD

1981 29~19921d 14 : &2
AFAETA

1990 59 : New Jersey Institute of Technology (2%
g}

19929 9¥~3A: dFYFYRT FFFANAE 8D
s

HRIEO0L : A FA, AE AT, Adaptive Array



