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ABSTRACT

The under-sampling technique for a bandpass signal is one of the effective methods to overcome the limit of
the sampling-rate of the high-speed analog-to-digital converter (ADC) in a digital intermediate frequency (IF)
down-conversion process. Considering the amount of the data to be processed, we often employ this technique
with relatively narrowband signals. For the reconfigurable transceiver systems such as software defined radio
(SDR) supporting the multi-modes and multi-standards, however, not only the digital IF down-conversion process
with narrowband signals but also the digital IF up-conversion process with wideband signals are of great
importance. In this paper, digital IF up/down-conversion algorithms that are particularly suitable for the
IEEE802.11a wireless LAN environment of bandwidth 20MHz are proposed, and their effectiveness is

demonstrated by the real-time implementation of the DSP hardware and software.
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A3 cycledE £Y = AUtk

1ol 43} Intrinsic3} unrolled WHH-S- Ceo}
linear ojAl B2 oA BT AR 7153}A]4k, software
pipeline 7|2 oJAlEe]E I Z2F uf
AHgxlofo} g}l F 3, 4, 5= 9Jolla] Awg 7zt
o] HHZk dot productel] wHgF 7hkgt Aol ||
o4} oF = glo] SlollA AR A3} 7S A}
43l I=5 A F= Zol: AHolx)= A}
< UAEE DSPof|A] AlAkE]= cycle = £ 5
Q171 wfiol] AAIZE el o).

¥ 3. IntrinsicS A3} o

int dotp(short a[l, short b[])
: int i, sum = 0;
for (i = 0; i<100; i++)
{ sum = sum + _mpy/(alil, blil);

return(sum);

¥ 4. Unrolledg A}£3} o

}nt dotp(short a[l, short b[])

int i, sum0 = 0, suml = 0, sum;

2. Algso|lM Zo}

2 =Folde oF Helld AXZ Z2 g 2]
31 7S ARl a¥ 33 a3 5 wEshe
IEEE802.11a°] o3t S=/lz] w3t dve|&9)
DSP ==z 1a3lg AR sl 739 <dare
Foll gt C F=9} linear o]AlE2] F=E AR4-3)
< A% E AYE cyce 5 n|usle] ¥ 6S
DDCel| w3t ZAxs Jepfigia, & 72 DUCH
gk Aa-s Yepdiick

2 AlEEeAdNA AE] 9 7] 2AES A
HyzL  DDCelM=  sl¥=EE  dHole e
40Msps©] 37, DSPel|A] kol #z|sh= dloje|oke
2k wordE *e|slgirt 12{= 2 600MHz= E=}t
3= DSPollA] AAzke g g 3l7] fJsire &
62] F cycles x 40M/2k 2] A7} 600MKEc} =}
ofo} gkl E 604 C FEwHS AREES oS Ab
HBH oF 4864M2] Zx7} 19 77, linear oAl
HE AME3le] HAIE P& = of 517Me] &
=8 Jepde o 4 ok 222 DDCY F3
o] AAeR FIEE ¢ & 9tk DUCHKX =
dHE = 4571 20Msps?] ATl AlE}h 919
5|31, DSPellA] ghiel] zeleh= dlolEleke 1k
wordE #2]s}xick DDCo4] A43F 7} vhr)
A2 52 £55 Ave, C FZouke AR

H 6. DDC9 Al&Ed#old Az}

. 5 s o Fipa Data
for (i = 0; i<100; i+=2) Deci Total
{ NCO | LPF | oo™ Format| o
sum0O += a[i] * blil; tion ; cycle
suml += ali+1] * bli+1]; ting
. CE= | 13,557 |181,047| 25,409 | 23,209 | 243,222
sum = sun;O + suml; 3
return(sum); inear
i 4457 (17,207 | 2, 1, 25,842
} ASM 5 20 746 432 5,
H 5. LDWE A} dot product of4lEe] «
MVK 50, Al ; loop counter
[l ZERO A7 ; sum( =
[l ZERO B7 ; suml = 0
LOOP:
LDW  xA4++, A2 ; load ai & ai+l from memory
I LDW  *B4++ B2 ; load bi & bi+l from memory
SUB Al 1, Al ; decrement loop counter
[Al] B LOOP ; branch to loop
NOP 2 ; no operation

MPY A2, B2, A6
I MPYH A2, B2, B6

NOP

ADD A6, A7, A7
I ADD B6, B7, B7

; al * bi

; ai+l * bi+l

; no operation

;o sum0O += (ai + bi)

; suml += (ai+l * bi+l)

I %%}‘ 2%% ﬁ4 r 1 | s Ils,gm = sum0 + suml
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7. DUCS| Aselell s}

Interpolation Data | Total

Zer.o LPF NCO |F ()mat C'V,E le

padding ting T

Cal= | 15921 | 34,333 | 15,785 | 11,999 | 77,313
Linear ”
3458 | 12,723 | 2 4383 | 20,5

ASM 3458 | 12,723 | 2,241 | 4,383 0,557

{(1,00531e+7, 10,1048 [FFT Mag [Cin
(c) LPF 53} %

= 2f 1,546M2] 45 Ho|il, linear o]AlH2]
AREEte] FHASEE S wle o 411IMe] Fx
- RS oF 4 Qlok Z2{EE DUC 4] A

o2 23de ¢ 5k

AlEdelAd Aol o 4= 9l%e] 600MHzZ

Eaksli= TMS320C6416  DSPE AR&sfo]

IEEE802.11a5 $]3+ DDC®] 3& °F 86%2]

r..‘L T

DSP ARR1& AHgstal, DUCS] 782 of 69%] (5.00486e6, 61062 FFTMag  ILin
DSP 78l AMg-3lsirl. DDCe] Czxe} DUCS] (d) Decimation §-

C Fxeo] &% zol7} = 71 DUCY C 3= 32 10. DDCe] v ~#|eg] A3}

£ o A3} Y] wEelck et C Zunted

= A o] o] witell linear o] Alieis} =101 x|

zzage] H4st 7Ee A6 & sl T |

Ash= epdlel HgsA HABE sfof dck.
o8- 7 due|Ee] ~dER] PSS £3)

A5-S 3Pck TAelA gt dwe]Es vigke

2 DSP =g 7188 TIAle] DSP 7t 4 E 9o

9] Code Composer Studio [10]el|4] 71Z38}eict 1 =

% 10 DDCo| &t Aspolw, 23] 11 DUCH RS TRT FEER

djgk Azfo]c. (@) Input 415

(IOS3teT, 4155 FFT Mag T
(a) BPF 23} 3- (b) Zero padding $-

= F vamq

(9,99538e+5, 72,9873 [FFT Mag

{Cin~ [(6.4325e+6, 983.974) [FFT Mag
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[(6,4325e+6, 7207.52) [FFT Mag
(d) NCO &3} %
02 11. DUCS] whAE AsEz] Az}

% 109] AAE AHER, ()] A= 23 3
o] BExolx] BPF £33} ¥ %4 Ful47} 10MHz
o|a1, tjed¥o] 20MHz<! IEEE802. 1la 1\]-°J=°ﬂ A
Risly ’:li"]‘:]'- o] A37} 7+ BFE AAWA =
o (d)e] Ads vehds o 5 Sk 13:4 “
< DUC?] ZA3s vepd Zlez 7]-dy §l¥ 4
35 9l9)9] sine R B3Ik o] At A
a3 59 £58 AAWEA Az 23 =456
3, a2y 11 ] (@2} 2 Aas S 5 e,
o] Al o] 4 T3t 0MHze A7)
t}. e 2 "L‘(TLOHA"'L:‘ IEEE802.11a ’\]-C’ko“
2515t DDC2} DUC ot7e]ZS DSPR A7+ %
s Tase)

V.82 E

t]xE IFe] 78S SDRAZ wnleje] Al St
oAl P4l Qho|r) H =ol|lA= 5GHz Y
©| FAl@iql, IEEE802.11acl] 288 4= 9l t]X]
o IF 2Py H3e JdE5s) AE8S o8
glo] gz Hljke AAEIGICE o] e
DSPE o]gsle] AAZtem Fa=|glon, AAR
TMS320C6416 DSP ol ZE¥]o] % Exts)o
golaleir). AAEl DSP dluge] wES sl
T35 AEp7] wiitel ohE 541 2 Az o
)5S EEEle] A 5= Al AR

B mellA] g CAE IFE ok S8 Holk
of Hg& & QxF ke visglew, IF Fu}
T AEE T AlZe] d9E, NCO9| J3tw
of Wit tradeoff ¥MAIS A fFysle] ol
TETS AYsh= SDR Alxdlox A48 5 9]
Zez 7]gxick

2
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