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DIGITAL SIGNAL PROCESSING ON MICROCOMPUTER

KobkiJj Simavanichkul
Tasawate k¥eerawat
Advisors

Assistant Professor Dr.Kobchai Dejhan

Mr. Somyot Junnapiyar

Abstract

Recently, the digital system is more and nmore
developed and becomes the system for signal processing
in stead of the analog system because the result of
digital signal processing is much more efficient and
flexible. So the point of the thesis is to study the
design of the signal processor. The board is designed
to plug into IBM-PC computer’s slot. It allows the
TMS320C25 working as a co-processor with Qhe CPU of IBM-

PC computer to perform high speed signal processing.
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2.7 a5t T1EndLUnesy (Spectral Analysis)

s
2.7.1 ﬂ17uﬂ30!l;81 (Fourier Transform)
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(1) ggnTufl?ai (Fourier Series)
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(2) ﬂﬂ7uﬂaeﬂt;aflﬂunuva (Discrete Fourier Transform)
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2.8 avrTudavdiandi Tag (Fast Fourier Transform ®3a FFT)
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3.1 da1UeanTTunae TMS320C25
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LEGEND:

ACCH - Accumuistor high R
ACCL - Accumulstor low MR
ALY = Arithmetic logic unlt R
ARAU = Auxilipry register arithmenc unit  MCS
ARS = Auniliary register pointer butfer QIR
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PC - Program counter

FC Prefeich counter

RPTC - Repsat instruction counter
GREG - Giobst memnory allocation register
RSR : Serial port recetve shift register
XSR - Serial port transmat shift register
ARQ-AR? . Auxihary registers

STO.ST1  Status registers
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-DACK3 BIS AlS SAl6
DRQ3’ B16 Al6 SAlS
~DACKI B17 Al7 SAI4
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g T/C ALUDANUTURIVL 2R INANNAD nn9 990.804 msec. T4NARD

< W . B o
291232170 UN153 L WTENUIAAI NI e B4 Kbyte uutag
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+5vde (11 B3 ua’ar B29) :
g H 1 -~ ‘ ' o
2INSABIUAANUUHARNIINEIW DC  +5V 389T¢uU TeglziaIal1y

- ' ~
INgNa9y (Regulated) +/- 5% aaagﬁuﬂaq +4.75 @iy +5.25 Vdc

+12 Vvdc (31 B9) :
H 1 [y t t < 1 4
PIUREHINVUWARIINETIY  DC +12V 7a47zuuTIadIcyda1a3nuinags

#79 (Regulated) +/- 5% Eaaé?uﬂqq +11.4 84 +12.8 vdc

-5vdc (11 B5) @
8 H 1 e 4 0 ol 3
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J ) <o
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H t e ’ ] - ¢ 4
TIUILARAVUNRIINSIWDC-12V BN T UUTAEITUAAIAITN L NAIATY
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GND ¢ 77 Bi, B10 uar B31) :

3 H 0 a 's
BITNEINRATARALTAAVATIIQ (Ground) PANTEUL

-~ <
NITIRAYYIBUUARARDAN IBM/PC
a ,3 -~ & uglu
A1%TUTY  IBM PC/XT QUINRADRRIMTULEBNADNLUINITAIEUDN
v X - . <, a (gﬁ,
Tau1ntued  Tw IBM/PC REN1A1TLUNINUIUFRIAUULIUUUATADULYY 8
< a Ao 1 o 4 Y] ' ' <
daaa ﬁﬂﬂtﬂunuagtwae 5 dxaqauyl IBM/PC Lwaeumﬁmmﬂmmﬂeq ne
o~ < 4 | e o
Qndqaanuﬁﬂ«nﬁﬁaqaaaan 8 Uy ngnmawﬂuqeaﬁnunssua (Buffer)
' < < -1 &
A1 uazTuFaa@n 8 un1 B8 ?3§ﬂ1§ﬂﬂu51ﬂ Tmangn??tﬂunﬂ
- s o 4 )
CARD SLCTD (wia Card Selected) TITHILITUULNUUBTANTIVIN
& & < A - v l . P Y . {d .
ﬂﬁfﬂnaguuﬁaaaugntﬁﬂﬂ?ﬁﬁﬂuag 2439=n19 Driver HULNUYATAN

' < W o a -
nﬂsaﬁuﬂiaﬂﬁna§a1ﬂaqaaaﬂn 8
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3.5 N1T9BALLLFTI

9%  74HCT85 iiudatyIsuiNaunaaiedd A NAE2ATELATE
IBM PC ¥odaeuantaTaaseiuaane et vudwding  Aasnangiedl
AnqRadaRuusSe DSP Tamia3as IBM PC Asuddlwwwiagaimdn
RAM uuusie DSP far eakbyte (1HiAuamiasd 16 1 &u) Fans
(aaninazaasany 64 kbyte Tuu T4 256 kbyte ﬁaéuuua%a DSP
111301 aantaTaanan T2 Muadn  (outport) pantuUs AT Tdians
f07ur (status register) uuuad@ DSP uind 0 war 1 ies
00 stﬁu 64kbyte t49n
01 qztﬁu 64kbyte ﬁaae
10 3viilu 64kbyte a1y
11 aziilu 64kbyte dafing
souiis 64 Kbytes x 4 = 256kbyte I1f 74LS138
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' o [~ -
(Integrated Circuit = IC ) nulgaluITL YU LuFRuaEn (Static

: 1),y 8 AN} . )
Random Access Memory : SRAM) idumasaqn?ﬁﬁﬂaﬁuiwuiﬂﬂQ1u@1
p Vi v
1aya 32kbyte (HRuBataTd 15 1HU) FIuTievNe 8 &7 @eiiuleHiid
4 I3 L 2 ‘uu
LAl aTENNIIINFAaaatay IBM PC (16 L&u) LﬁuQQKﬁﬂtﬂuavuaa
g 4 s ' -
swanﬁtgannagaQﬁn SRAM 2 @7 (SRAM 2 @2 = 64 Kbytes)
> - ' a o oo [ .
tasasisTasaauwItaeas IBM PC ®IUNI060ARDNUNUIEAITINRN
é - I's 's
yuuyasa DSP 16 2 TueAa Tualua(Byte) uariuail1aia(Word)
- S Ao b < ' . ¢ a3
Tagn1Ttaantinnilanauaaiadd(header) @3  WUIBAIINITWUVEBTAN
-y / < L] L]
NININTATARUNILABTUBIL WY 64 Kbytes asuuoaaﬂTﬁLﬁu 2 nqu aa
- - 4 vd
32 Kbytes 8 1uUnale Uazr 32 Kbytes 8 unuu (Na L naulun
< ' & ]
TMS320C25 UBI LMY Taaﬂﬂsaﬂuuastiauuuu1ua A2NITDIUNAY
LB guasaet THOMHIEAQINIIANNIIN 8 LNATNAAN  UR23INEIM 8 U
- a e ' 4 ¢ - ' v
nuunivaasanuly FIUNTTAIUURE L THULUVULIDTA RBN1TAUNANA 8

- ' 8 4!'» v . ' - - 3 Q‘ - s.-
UNRIYATIVUY URIINATU 8 UNUUANATINUIIUNTEIINUR
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4 4
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AfniadavinTaTaaud21@ad  IBM PC  1HTunq116asanunuilg

A2NAUuLESA  DSP ﬁﬂjﬁ%eaﬁnﬂsuﬁwnﬁqaﬂqnuﬁﬂ (Memory Map)
war  n19153% DMA (Direct Memory Access) I47N15TasN176 46N
1uﬁnﬂ 6 naqgaﬂtmaéaaﬂus(status Register) Tﬂsﬂnﬁ 6 ﬁgn
éaaanYﬂ#nﬁtﬁanqﬂﬁmmwmnaq 74LS157 harlRanfyninTevd ey
IOR 1y SMEMR uasdnygin I0OW fiu SMEMW Tazgl4madwiizalaudn
22910509 NTATADNN 1804 TBM PC Mavuiiv(map) Auwinsaaiuituu

P v} O da C A
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" ¢ ¢ ) o o s “
N1770¥2INEBYUDTA DSP =T aWaTanNdviiea 8 wWaIn Aa

's Iy
wasn 0 : &vaula

wadn 1 : 1Hunsdyiauatati TNS320C25
waTn 2 : WTun171dusI L eaTAa U 8 Tnans
WaTn 3 : THun1TLIuITA L enTA0uE 8 Dnuw
wadin 4 : ?ﬁ?unwsﬂauqn 8255

wadn 5 : uair¥ubausain THS320C25
Wadn 6 : THIUNITEIUTINLARTRDIUY 8 Dna1d
waan 7 : 1¥Tunq9 I endda ur 8 Unuu

<4 ¢y > ¢ v Y a a ¢
Taanng 8 WBSNUR TN ITOANHUNELATIWTNIATRENTITANEAUTIND

V- A VI o ¢ &4 4 ) '
SW081 Taglraavaviwluassnuwasnniaiay IBM PC 1ﬁ01uag

PN [ ~f 's .
ﬂ?ﬁNﬁﬂﬁﬂﬂﬂﬁUﬂWﬁﬁﬂY%i%ﬁLﬂaiﬁﬂﬁu&(status Register)

Y ] .-4 . -
in 0 = LEaﬂQQna@ﬁuaaﬂnﬂuawnaznwnﬁsmama
- 1 .4 . <
un 1 Lﬁanq@naeuuaaﬂvﬂuwﬁnasnﬂnﬂimama !
in 2 : deauld

dn 3 : #92uid

in 4 : deaull

in 5 : &9uld

- -~ -t

n 6 : LapATHan1T6a8aa(Byte/Word)

- [ o <

Un 7 : Tglun159i1n(Reset) TMS320C25
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in 8 : ®ewlh
- 4 . - [ v} 1 .
In 9 : 1R2N CPU NRENINATAAABNUMILIIBA21IUEY
'
UUUa56 DSP
a . v - o
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. o & P o <
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/***************t****t****************************************************/

/* x/
/* Program test one—dimensional */
/* Fast Fourier Transform (FFT) */
7+ */

/*********************k**************kt***********************************/
-

/*

Module Name: One—dimensional, radix 2 FFT test program in C
*
/
#define NBITS 32 /* NBITs is maximm bits in bit-reversal
(adjust to suit computer addressing) */
struct complx { /* definition of complex data type: real, imaginary */
float real;
float imag;
N

/*

Purpose:
To test ane—dimensional FFT in C
(Note; imput data in array X is replaced by its DFT or inverse DFT).

Method:

Loads a "chirp” waveform (cosine, with linearly increasinng fmquency) into test
array, camputes Forward FFT, then inverse FFt.

Forward FFT results in spectrum with terms of same order of magnitude, while
inverse FFT priduces original chirp wave.

*/
main()
{
int jem,n,nhlif,is;
double twopi,arg,cos();
float an,t,freq,scale;
union {
float x[2000] ;
struct camplx cx[1000] ;
} u;

/* real array X and complex array cx share same space */
printf("ioput m = ");

scanf ("%d",&m) ;

n = power2(m); ‘
nhlf = n/2+1;

an =un;

twopi= 6.283185307179586232;
/* set constants */

for (j=0;j<n;j+)
t = 3j;
freq = t*0.25;
arg tﬂxnffreq*t/an,

~
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}

/z

u.x[j]= cos(arg);
}
/* load chirped-simsoidal test signal into real array x */

is =-1;

scale = 1.01;

printf("\nStart calculate FFTA\n");
fftr(u.x, m, is, scale);

/* campute "forward"FFT */

printf(" Complex result of Forward FFT of chirp wave\n");
for (j=0;j<nhlf;j++)

printf(" j%7d, cx %l4g %14g\n", j, u.cx[j).real, u.cx[j].imag);
printf("End calculate FFT\n\n");

is =1;

scale = 1.0/an;

printf(“Start calculate JFFT\n");
fftr(u.x, m, is, scale);

/* campute "inverse" FFT */
printf("\n Real result of Inverse FFT:chirp wave\n");
for (j=0;j<n;j++)

printf(" j%7d, x %l4g\n", j, u.x(3});
printf("End calculate IFFI\n\n");

exit(0);

Function Name: power2 (m)

Purpose:
To camute 2 raised to the power n

%

pover2 (n)
int n;

{

i
/*

int i,p;

p=1;

for (i=0; i<n; ++i)
p*2;
return (p);

Punction Name: fft (x, m, is, scale)
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Purposr:
Camputes DFT of oamplex array x, by the FFT algorithm
(note: input data in array x is replaced by its DFT or imverse DFT).

Arquments:

m specifies arrav size, thus: 2* *m elements,

is= -1 or +1 is sign of camplex exponential in DFT (forward, or inverse),
scale is a real value to scale the result — e.g. scale=1.0 or 1.0/2.0**m.

Method:

First part is bit-reversed permitation using recursive algorithm, which
increments a reversed index corresponding to each bit position.

Second part is radix 2 FFT cowputation, which

optimizes use of weighting factor w, generated recursively.

*/

fft (x, m, is, scale)
struct complx x[];

int m, is;
float scale;
{
int n,ifvd,irev,pass, seq,j,k,
span, step,ira[NBITS], nr[NBITS];
double pi,fract,sin(),cos();

struct complx d,w, temp;

if (m>NBITS)
return (NBITS); /* error return, if m too large */

pi = 3.1415926535897931;

n = power?2 (m);
for (3=0;jm;j++) {
ira[j] = 0;
nr{j] = pover2(j);
A
* revered index sets, ane for each bit—position, initialized
*/
for (ifwd=0;ifwd<n;ifwd++){
irev=iralm-1};
it (irewifwd){
temp.real = x[ifwd].real;
tep.imag = x[ifwd].imag;
x[ifwd].real = x[irev].real;
x[ifwd].imag = x[irev].imag;
x[irev].real = temp.real;
x[irev].imag = temp.imag;

}
/* reversed index pair swapped */

j=m-1;
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shile ((3>0)&(iralj]>=nr(j])
P

* alternate increment of ira [j], mst go back ane
* hit-position

*/

ira{j] = ira[jl+nr[j};

if (Gam1){
for (k=j;kem1;k++) |
ira[k+l]=ira[k];

}

/* work forvard through revesed index bit set */

}
}
/*
* array X is now in bit-reversed order; m camputing passes
* follow
*/
for (pass=0;pass<m;pass++){

sparmpower?2 (pass);

step=2*span;

/*

* span between elements in pair, step to next pair with

* same W

*/

w.real = 1.0;

w.imag = 0.0;

fract = pi/span;

d.real = cos(fract);

d.imag = sin(fract);

if (is<0)

d.imag=d.imag;
/* starting phase-adjusting weight w,modifier d */

for (seq=0;seg<span;seg++){
for (j=seg;j<n;){
}=j+span;
temp.real = x[k].real*w.real - x[k].imag*w.imag;
temp.imag = x[kK].real*w.imag + x{k].imag*w.real;
x[k].real = x[j].real ~ tenpreal
x[k]}.imag = x[j].imag ~ temp.imag;
x[3].real = x[j].real + temp.real;
>/£[J']-imag = %[j].imag + temp.imag;
*
*immer loop arithmetic—'butterfly"
*two-point transforms
*/
J=j+step;
temp.real = w.real*d.real - w.imag*d.imag;

w.imag = wireal*d.imag + w.imag*d.real;
w.real = temp.real;
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/*
*recursive modification of phase adjusting weight w
*/
}
}
if (scale !=1.0){
for (j=0;j<n;j+){
x[j].real = x[j].real*scale;
x[j].imag = x[j].imag*scale;
!
}
return (0);
}

/*

Function Name: fftr (x, m, is, scale)

Purpose:

Computes half-length complex DET of real array x, by the FFT algorithm or
real inverse DFT of half-length complex array X

(note: input data in array x is replaced by its DFT or inverse DFT).

Arguments:

m specifies array size, tims : 2* *m "potional" elements,

Real data assumed packed as alternate real and imaginary velues of an
overlayed camplex array; mmber of real elements is 2* *m (+2dummies);

mnber of camplex elements is 2* *(m-1)+1.

is = -1 or 4] is sign of conmples exponential in DFT (forward, of inverse),and
direction (~1=real-to—camplex, +1=complex~to-real).

scale is a real value to scale the result — e.g.scale=1.0 or 1.0/2.0* *m.

Method:
Uses "odd—even" unscramble/scramble algorithm, and calls to complex FET.
*/

fftr (x, m, is, scale)
struct camlx x[};

int m, is;

float scale;

{
iIlt n:jlkljnmtlm: s
double pi,fract,sin() ,cos();

struct camplx  d,w,tempa,tempb, tempc;

if (m>NBITS)
return(NBITS) ; /* error return, if m too large */

pi = 3.1415926535897931;
mh = m];

n = power2(mh);

incat = n/2+1;

w.real = 1.0;
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w.imag = 0.0;

fract = pi/n;

d.real = cos(fract);

d.imag = sin(fract);

/* starting phase-adjusting weight w, modifier 4, for
(un)scramble */

if (is<0) {
/* (real-to—cawplex FFT follows—do half-length camplex FFT first) */
d.imag=—d.imag;
fft(x,mh,is,scale);
x[n].real = x[0].real;
x[n].imag = x[0].imag;
for (j=0;j<incmt;j++){
k-j;
tempa.real = (x[j].real+x[k].real)*0.5;
tempa.imag = (x[3].imag-x[X] .imag)*0.5;

tempb.real = x[j].imag+x[k].imag;
tempb.imag =x[j].real+x[k].real;
tempc.real = (tempb.real*w.real-tempb.imag*w.imag)*0.5;
tempc.imag = (tempb.real*w. imag+tempb. imag*w.real)*0.5;

x[j].real = tempa.real+tempc.real;
x[j].imag = tempa.imag+tempc.imag;

x[k].real = tempa.real-tempc.real;
x[k].imag =-(tempa.imag-tempc.imag);

tempa.real = w.real*d.real-w.imag*d.imag;

w.imag = w.real*d.imagtw. imag*d.real;
w.real = tempa.real;
/*

*recursive modification of phase adjusting weight w,
*elements unscrambled
*/
}
}
else
{ .
/* camplex-to-real FFT follows */
for (j=0; j<incat;3++){
k=r-j;
tempa.real = x[j].real + x[k].real;
tempa.imag = x[j].imag - x[k].imag;

tempb.real = x[j].real ~ x[X].real;
tempb. imag = x[j}.imag + x[k] .imag;

tempc.real = tenpb.real*v.imag + tenpb. imag*w.real;
tempc. imag = tenpb.real*w.real — tempb. imag*w.imag;

x[j].real = tempa.real - tempc.peal;

67



x[j].imag = tempa.imag + tempc.imag;

x[X].real = tempa.real + tempc.real;
x[k].imag =-tempa.imag + tenpc.imag;

tempa.real = w.real*d.real - w.imag*d.imag;

v, imag = w.real*d.imag + w.imag+d.real;
w.real = tempa.real;
/*

*recursive modification of phase adjusting weight w,
*elements unscrambled
*/
}
tft (x, mh, is, scale);
/*half-length complex fft finishes complex-to-real fft */
}
return(0) ;
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IDT ‘FFT2'
ODOLEY-TUREY 128-POINT, RADIX-2, DIF FFT PROGRAM FOR THE TMS32025.

SINGLE FFT BUTTERFLY.

REAL INPUT DATA, STORED IN PAGE 4 OF HIOCX BO.

FFT QOMPUTATION IS DONE IN PAGES 6, 7 OF BLOCK Bl (OOMPLEX MMBERS).
USES TABLE LOCKUP (FROM PROGRAM MEMRY) OF THE TWIDDLE FACTURS.
INTERMEDIATE VALUES ARE SCALED BY .5 AT EACH STAGE SO AS TO PREVENT
THE POSSIBILITY OF OVERFLOW.

NO EXTERNAL BAM IS USED.

™HE MAGNITUDE OF THE FFT IS OOMPUTED AND NORMALIZED SO THAT ITS MAXIMM
VALUE HAS A NONZERO BIT AFTER THE BINARY POINT.

¥ X % A X % N % X X A A »

i
|
:
|
|
|
i
,%

* N IS THE SIZE OF THE TRANSFORM. N = 2%,

*

N B 128
MBWU 7

*

XIN B SI2 * [OCATION CF RFAL INPUT DATA

XUT BN 640 * LOCATION OF REAL OUIPUT DATA

XFFT B 768 * LOCATION OF (CMPLEX DATA KR THE FFT
*

* BLOCK B2 DATA MEMORY ALLOCATION (DP:= 0 WILL ALWAYS POINT TO B2).
*

X  BU% * TEMPORARY ~ REAL PART

Y  BUYT * TEMPCRARY — IMAGINARY PART

I B 98 * 1ST INDEX

IA BN9® * INDEX TO TWIDDLE FACIORS

IE BN 100 * INCREMENT 'TO IA

HOUN B 101 * CONTAINS VALLE N

QBRIN B 102 * CONTAINS VALUE N/4

Nl B 10 * INCRRMENT TO T.

N2 BWU 104 * SEPARATION OF I AND L

J BN 105 * LOOP COUNTER

K BW 106 * BIT REVERSAL INDEX COUNTER

QE BN 107 * CONTAINS VALUE 1

IR BN 108 * QONTAINS INPUT

SINTEL B 109 * SINE TABLE POINTER

SIN BN 110 * SINE LOCATION

s  BW 1l * (OSINE LOCATION

MX B 112 * MAX VALUE OF THE SQR MAGNITUDE OF EFT ;

*

*

* BBGIN PROGRAM MEMORY SECTICN.

x

KA KAk h IR A KA AR KA IAAAAIIIR KRR A f & Ak ddedk ded ok g ok dook st ke ke e e & ek
x

ARG 0
RSVECT B 32
ARG 32
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INIT IDPK 0 * AIWAYS POINT 70 B2 KR TR STORAGE

D

SO

SSXM * 32010 ARTTHMETIC

SM 1 * SHIFT PRODUCT LEFT BY 1
[ACK 1

SACL ONE

SACL IE * INITIALIZE IE = 1
IAIK N

SACL HOLIN * HOLDN = N

SACL N2 * INITTALIZE N2 = N

IAC HNIN,14

SACH QUARIN * QUARIN = N/4

LRIK AR3,XFFT * ABDRESS OF OOMPLEX INPUT DATA
SAR AR3, JADDR * STCRE (N PAGE 0
IARP 2

LARK AR1,M-1 * ARl CONTAINS K COUNTER

*  RFAD IN 128 REAL POINTS
*

IRIK  ARZ2,XIN
RPIK 127
IN *+,PA0

*  INITIALIZE FFT BAM

IRIK  AR2 XFFT
ZAC

Sa, MX

RPIK = 255

SAQ:

MWNE REAL DATA FROM INPUT LOCATIONS TO OOMPLEX FFT LOCATIONS

IRIK  AR2, XFFT
IARK  AR0,2
RPIK 127

HKD  XIN,*0+

MWE SQUARED MAGNITUDE OF PREVIOUS OOMPUTATION TO OUTPUT LOCATIONS

IRIK  AR2,XOUT
RPIK 127
HXD  XFFT,*+

*  FFT OOMPUTATION

%

KLOG® IAC N2,15
SACH M1,1
SAH N2
ZAC
SACL IA
SACL J

* %
o

“B FAE
n
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SXI5EEEIEE5 BEEE

IAR ARO,I
IAR AR3,TADDR
MAR *O+

[AR ARO,NL
IAC *0+,15

HgH T

»

* AID INCREMENT RCR NEXT LOOP.

IAC I

AlD NI

SAL I

SUB HOIN,1
Bz I00p

IAC SINTHL

71

* AR2 QONTAINS J VALUE
* START AT N2-1

* SINE TABLE BASE ADLRESS

*I=4J (DATA QRGANIZED AS RFAL VALUE FOLLOWED
BY IMAGINARY SO THAT ADDRESS I IS 2 TIMES J).

* 10AD INFUT BASE ADDRESS

* AR3 = I + IADDR

* ADD N2*2 (NL = N2*2)

* I0AD (1/2)XI, POINT TO XL
(L=1+ N2)

* XT = (1/2)(XI - XL)

* STORE XT ON PAGE 0

* XI = (1/2)(XI + XL), POINT TO XI

* STORE XI, POINT TO YI

* IOAD (1/2)YI, POINT TO YL

* YT = (1/2)(YT - YL)

* YI = (1/2)(YI + YL), POINT TO YI
* STCRE YI, POINT TO YL
* READ IN SINE

* READ IN OOSINE

* YT*Q0S—>P
* XT*SIN—>P

* YL = XT*Q0S - XT*SIN
* YT*SIN—>P

* XT*00S—>P

* XL = XT*Q0S + YT*SIN

*I=I+N

*WHIIE I < N

* INDEX SINTBL POINTER BY IE



ADD IE
SACL, SINTBL

IAC J
AID (NE
SACL J
LARP 2

BANZ JLOCP, *~,AR3

IAC IE,1
SACL IE
LARP 1

BANZ FLOOP,*-,AR2

*

*J=J41

*IE=2*1IE

* DIGIT REVERSE COUNTER FOR RADIX-2 FFT CUMPUTATION.

*

IRC2 ZAC
SAadL I
AL J
IAR ARO, IADDR
LARP 4
IAR AR4, HOLIN *RRI=0T0N2
m p =
MAR *~,AR2
IRLOOP SUB J * IF I < J, THEN SWAP
BGEZ NOSWAP
*
IAR AR2,J
MR *0+,AR3 % J=J+ TADIR
IAR AR3,I
MAR *0+,AR2 *T =1+ JADDR
* SWAP I AND L VALUES.
ZAIH *,AR3
ADDS *
SACH *+,0,AR2  * X(I) = X(J)
SACL *+ * X(J) = X(I)
*
ZAIH *,AR3
ADDS *
SA(H *,0,AR2 * Y(I) = Y(J)
SACL *,0,AR3 * Y(J) = Y(I)
NOSWAP [AC HIXIN
SACL K *K=N
INLOOP - IAC-.J
SUB K * IF J >= K THEN
BLZ OUTIOP,*,AR4
SACL J *J=J-K
IAC K,15
SA(H K * X = K/2.
B INLOOP
oUTioP ADD K,1
SACL,J *tL=L+J
IAC I
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* % % %

ADD NE,1
SAL X * INCREMENT 1
BANZ TRIOCOP,*-,AR2

OMPUTE THE MAXTMM VALUE OF THE SQUARED MAGNITUDE OF FFT

IRIK
LARK

IooPl  ZAC

MPYK

SRA
SQRA
APAC
SAH
SUBH
BEZ
IAC

SACL

CQINT  BANZ

»*

»*

AR2, XF¥T
AR3,127

*4 * X(I)**2
*+,AR3 ‘ * Y(I)**2

IADIR * IADIR = X(I)**2 + Y(I)**2

AR2,0
MAX
14
* AR2 CONTAINS EXPONENT
AR2,I * STCRE EXPONENT IN I

AR2, XFFT

AR1, XFFT /

AR3,127

0

%4 * X(I)**z

*+, ARl * Y(1)*%2

I H
* NORMALIZE RESULT

*+,0,AR3 * YOUD(T) = X(1)*=*2 + Y(I)**2

10002, *,AR2

OUTPUT SQUARED MAGNITUDE

IRIK
RPTK
ar

AR2, XFFT
127
*+,PA2
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*  FFT OMPLETE.

*

WA BWOA

*

* QUEFFICIENT TABLE (SIZE (F TAHLE IS /4).

*

SINE BQU $
DATA >0
DATA >648
DATA >C8C
DATA >12C8
DATA >18F9
DATA >1F1A
DATA >2528
DATA >2BIF
DATA >30FC
DATA >36BA
DATA >3C57
DATA >41CE
DATA >471D
DATA >4C40
DATA >5134
DATA >55F6
DATA >5a82
DATA >SED7
DATA >62F2
DATR >66D0
DATA >GAGE
DATA >6DCA
DATA >70E3
DATA >73B6
DATA >7642
DATA >7885
DATA >TATD
DATA >7C2A
DATA >7D8A
DATA >7ESD
DATA >7F62
DATA >7FD9

COSINE B $
DATA >TFFF
DATA >7FD9
DATA >7F62
DATA >7ED
DATA >7D8A
DATA >7C2A
DATA >7ATD
DATA >7885
DATA >7642
DATA >73B6
DaTA >7083
DATRA >6DCA
DATA >6ASE

T4



DATA >66D0
DATA >62F2
DATA >5ED7
DATA >SA82
DATA >55F6
DATA >5134
DATA >4C40
DATA >471D
DATA >41CE
DATA >3C57
DATA >36BA
DATA >30FC
DATA >2BIF
DATA >2528
DATA >1FIA
DATA >18F9
DATA >12C8
DATA >C8C
DATA >648
DATA >0
DATA >F9B8
DATA >F374
DATA >ED38
DATA >ET707
DATA >E0BG
DATA >DADS
DATA >D4E1
DATA >CFO4
DATR >C946
DATA >C3R9
DATA >BE32
DATA >BSE3
DATA >B3Q0
DATA >ABCC
DATA >ARCA
DATA >ASTE
DATA >A129
DATA >9DOE
DATA >9930
DATA- >9592
DATA >9236
DATA >8F1D
DATA >8C47A
DATA >89BE
DATA >877B
DATA >8583
DATA >83D6
DATA >8276
DATA >8163
DATA >8098
DATA >8027
BRD
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1T 'FFT2'

*

*  COCLEY-TUKEY 256-POINT, RADIX-2, DIF FFT PROGRAM ROR THE TMS32025.

*

* SINGLE FFT BUITERELY.

* COMPLEX INPUT DATA, STORED AS X(I), Y(I), X(I+1), Y(I+1), ...

* USES TABLE LOCKUP (FRCM EXTERNAL DATA MEMRY) CF THE TWIDDIE FACTCRS.
* INTERMEDIATE VALUES ARE SCALED BY .5 AT FACH STAGE SO AS TO PREVENT
* THE POSSIBILITY OF OVERFLOW.

*

*

*

N IS THE SIZE OF THE TRANSFORM. N = 2%%M,

*

N BQU 256

M BQU 8

*

INUT  EQU 512 * LOCATION OF COMPLEX INPUT DATA IN INTERNAL DATA MEM
TARLE EQU 1024 * LOCATION OF COEFFICIENT TABLE IN EXTERNAL DATA MEM
*

* BLOCK B2 DATA MEMRY ALIOCATION (DP = O WILL ALWAYS POINT 10 B2).

*
XT  BU% * TEMPORARY - RFAL PART
YT  BW 9T * TEMPORARY — IMAGINARY PART
I B 98 * 1ST INDEX
IA BN * INDEX TO TWIDDLE FACICRS
IE BN 100 * INCREMENT TO IA
HLDN B 101 * CONTAINS VALUE N
QUARIN B 102 * CONTAINS VALLE N/4
N B 103 * INCREMENT O 1.
N2  BU 104 * SEPARATION QF I AND L
J B 105 * LOOP COUNTER
K B 106 * BIT REVERSAL: INDEX COUNTER
NE B 107 * CONTAINS VALUE 1
IADDR  EQU 108 * CONTAINS INPUT
COSTBL  BQU 109 * COSTEL = TABIE + N/4
*
*
* BEGIN PROGRAM MEMCRY SECTICN.
*
*
ARG 0 '
RSVECT B 32
XRS 32
DIT  1DPK O * ALWAYS POINT TO B2 FOR TEMP STORAGE
SO
S * 32010 ARTTHMETIC
S 1 * SHIFT PRODUCT LEFT BY 1
IACK 1
SACL ONE
SAQL IE " *INITIALIZE IE = 1
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»

*

IAIK N

SACL, KN
SAL N2 .
IAC HOLIN, 14
SACH QUARTN
IRIK AR3,INPUT
SAR ARLIMIR
IRIK AR4,TRBLE

* HOUIN = N
* INITIALIZE N2 = N

* (ARARIN = N/4
* ADDRESS OF OOMPLEX INPUT DATA
* STORE ON PAGE 0

* AMRESS OF SINE TABLE

LARP 4

RPIX 191

BLKP SINE,*+
IRIK AR4,TABLE
[AR ARO,QUARIN
MAR *0+,AR2
SAR AR4,Q0STBL
LARK AR1,M-1

* MNVE 192 COEFFICIENTS
* ADDRESS OF SINE TABLE
* QOSTEL = TABLE + N/4, point to J counter

* ARl CONTAINS K ODUNTER

READ IN 256 OMPLEX POINTS

RPTK
IN
RPTK
IN

AR2, INPUT
255
*+,PAO
255
*+,PAO

FFT OMPUIATION

IAC N2,15
SACH M1,1
SACH N2
ac
SACLIA
SACL J

IAR AR2,N2
MAR *-,AR3

LAR AR4,Q0STHL

IAaC J,1
SACL I

*,15
SACH XT
ADIH %0~
SACH *+

IAC *0+,15

 JADDR
Nl
15

H R

B 88

0
ARZ OINTAINS J VALLE
* START AT N2-1

* % %
(=]
[}

* (OSINE TABLE BASE ADDRESS

*I=J (DATA CRGANIZED AS REAL VALUE FOLLOWED
BY TMAGINARY SO THAT ADERESS I IS 2 TIMES J).

* I0AD INPUT BASE ADIRESS

* AR3 = I + JADIR

* ADD N2*2 (N1 = N2*2)

* I0AD (1/2)XI, POINT TO XL
(L=I1I+N2)

* XT = (1/2){XI ~ XL)

* STCRE XT (N PAGE O

* XTI = (1/2)(XI + X1}, POINT TO XI

* STORE XI, POINT 70 YI

* 10AD (1/2)YI, POINT TO YL
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*

*

* ADD INCRRMENT FCR NEXT LOCP.

*
IAC 1
AD N1
SACL T
SUB HOLIN,1
BZ ILOOP

IAR ARO,IE
LARP 4

MAR *O+,AR2
IAC J

AlD NE

Satl J

BANZ JLOOP, *-,AR3

IAC IE.1

SACL IE

LARP 1

BANZ KLOOP,*~,AR2

*

* YT = (1/2)(YI - YL)
* YI = (1/2)(YI + YL), POINT TO YI
* STRE YI, POINT TO YL

AR4 POINTS TO COSTHEL
* 10AD T WITH (0S, POINT TO SIN
* AOC <— C*¥T, POINT 10 YL

* YL = CXYT - S*XT
* SICRE YL

* AOC <— S*YT, POINT TO XL

* XL = C*XT + S"YT
* STORE XL

*I=1I+Nl

*WIIEI<N

* INDEX OOSTEL POINTER BY IE

*J=J+1

*JE=2*IE

* DIGIT REVERSE COUNTER FOR RADIX-2 FFT (OMPUTATION.

*

IRC2 ZAC

SACL I

SACL g

LAR ARO, TADIR

LARP 4

LAR AR4,HIUIN

MAR *-

MAR *~, AR2
SiB J
BGEZ NOSWAP

-

*RRI=0T0N2

* JF I < J, THEN SWAP



IAR AR2,J
MAR *0+AR3  * J =J + JADIR
[AR AR3,I
MAR *0+,AR2 * I =1 + JADIR
* SWAP I AND L VALUES.
ZALH *,AR3
ADDS *
SACH *+,0,AR2  * X(I) = X(J)
SACL *+ * X(J) = X(I)
*
ZAIH *,AR3
ADDS *
SAMH *,0,AR2  * Y(I) = Y(J)
SACL *,0,AR3  * Y(J) = Y(I)
NOSWAP IAC HOLIN
SAQL K *K=N
INLOOP IAC J
SB K * IF J >= K THEN
BLZ OUTLOP,* AR4
SAQL J *Jd=J-K
IAC K,15
SAH K * K = K/2.
B INLOOP
OUTLOP AD K,l
SAL J *L,=L+J
IAC I
AID (NE,1
SACL I * INCREMENT 1

BANZ DRLOOP,*—,AR2

*

OUTPUT FFT VALUES

IRIK  AR2,INPUT

RPIK 255
QT *,PAl
RPIK 255
T *+,PAl

*

* FFT COMPLEIE.

*

WOA B WHOA

*x

* COEFFICIENT TABLE (SIZE OF TABLE IS V/4).

*

SINE B §
DATA >0
DATA >324
DATA >648
DATA >96B
DATA >C8C
DATA >FAB
DATA >12C8
DATA >158K2

79



DATA >18F9
DATA >100C
DATA >1F1A
DATA >2224
DATA >2528
DATA >2827
DATA >2BIF
DATA >2E11
DATA >30FC
DATA >330F
DATA >36BA
DATA >398D
DATA >3057
DATA >3F17
DATA >41CE
DATA >447B
DATA »>471D
DATA >49B4
DATA >4C40
DATA >4B00
DATA >5134
DATA >539B
DATA >55F6
DATA >5843
DATA >5A82
DATA >5CB4
DATA >5ED7
DATA >60EC
DATA >62F2
DATA >64E9
DATA >66D0
DATA >68Aa7
DATA >GAGE
DATA >6C24
DATA >6DCA
DATA >6FSF
DATA >70E3
DATA >7255
DATA >73B6
DATA >7505
DATA >7642
DATA >T76C
DATA >7885
DATA >798A
DATA >727D
DATA >7BSD
DATA >7C2A
DATA >1CF4
DATA >7DBA
DATA >TEIE
DATA >7E3D
DATA >7FOA
DATA >7F62
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DATA >7FA7
DATA >7FD3
DATA >7FF6

QOSINE B §

DATA >TFFF
DATA >TFF6
DATA >TFD9
DATA >7FA7
DATA >7F62
DATA >7FOA
DATA >T7ED
DATA >TEIE
DATA >TDSA
DATA >7CEA
DATA >7C2A
DATA >7BSD
DATA >7ATD
DATA >798A
- DATA >7885
DATA >776C
DATA >7642
DATA >7505
DATA >73B6
DATA 57255
DATA >70E3
DATA >6FSF
DATA >6DCA
DATA >6C24
DATA >GAGE
DATA >68A7
DATA >66D0
DATA >64E9
DATA >62F2
DATA >60FC
DATA >SED7
DATA >5CB4
DATA >5A82
DATA >5843
DATA >55F6
DATA >539B
DATA >5134
DATA >4500
DATA >4C40
DATA >49B4
DATA >471D
DATA >447B
DATA >41CE
DATA >3F17
DATA. »3C57
DATA >398D
DATA >36BA
DATA >33DF
DATA >30FC
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DATA >2F11
DATA >2BIF
DATA >2827
DATA >2528
DATA >2224
DATA >1F1A
DATA >100C
DATA >18F9
DATA >15E2
DATA >12C8
DATA >FAB
DATA >CBC
DATA >96B
DATA >648
DATA >324
DATA >0
DATA >FCDC
DATA >F9IB8
DATA >F695
DATA >F374
DATA >F055
DATA >ED38
DATA >FAIE
DATA >E707
DATA >E3F4
DATA >EOES
DATA >DODC
DATA >DADS
DATA >D7D9
DATA >D4Fl
DATA >DIEF
DATA >CF04
DATA >CC21
DATA >C946
DATA >0673
DATA >(3A9
DATA >Q0E9
DATA >BE32
DATA >BB85
DATA >BSE3
DATA >B6AC
DATA >B3(0
DATA >B140
DATA >ABCC
DATA >A06S
DATA >AROA
DATA >A7BD
DATA >ASTE
DATA >A34C
DATA >A129
DATA >SF14
DATA >9DOE
DATA >9B17
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DATA >9930
DATA >9759
DATA »9592
DATA >93DC
DATA >9236
DATA >90A1
DATA >8F1D
DATA >8DAB
DATA >8C4A
DATA >8AFB
DATA >89BE
DATA >8894
DATA >877B
DATA >8676
DATA >8583
DATA >84A3
DATA >83D6
DATA >831C
DATA >8276
DATA >81F2
DATA >8163
DATA >80F6
DATA >809E
DATA >8059
DATA >8027
DATA >800A
END
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N17UTENANARNINL BN LA TAETER 1T e U RUARUU LI L AT
(Digital Signal Processor) A1TRnTEta 18159020198
Tuiﬂsnauﬁquma%Una LWTWSﬁ?USSN?RwaﬁmmﬂmlaéLaﬁQﬂaaﬂuUUﬁ%ﬂﬁ
ML BT E U1 TR AN NG AUN1TUTE NI ANA RN DL AT TRE LAWY
HANUI U TENIANANRTIN (CPU) naqLﬂ?aoYuTﬂinauﬁaLmaégnaaanu
g% 9u i E Tueuiian 1y LarTagfTUasNa1dv N9 1A 9
NANAIIEWIIEA BT TUNIUNR 18U TE LA H1I9N1 TR T 1918 13A 1
LA L ANIZA2 ML S21TUN 1T TENIANAS IUTas uniieTag L Ak e LAY
ﬁvﬁsvuaawaﬁmmﬁmsﬂaLangnaanuuuuﬁLﬁaiae§uanuan§qunﬂ1ﬁsz
uvawaﬁmmﬂmtﬁeLanTﬂaLawwzﬁﬂ?ﬁﬂ11a§ﬂqaﬁuﬂﬁﬂsﬁu?ﬂnﬁqﬁﬁua
1@ Ta8Arna deT BaEIUIERBN1T) FAUTUSUNTUN19E WA TLTERA
AR TS LA T P T PO, B I T L LT TR LT
S etuT 91 EF U TruanaTuuAN L Bl AL uTYT L TA L 7095 u
(co—processor)1unﬂ5ﬂ7zu1awa%1uﬁu CPU naqLﬂ?a¢1uTﬂiﬂauﬁu
Laad1e Tesnawiafidastunisdaunanieun1 Tl e aua g 8
18 134 AnTUTENtRNaRQyINA w(Digital Image Processing),
WﬁﬁﬁﬂtgaéniﬂuNWEéu (Fast 2Fourier Transform), ARAIf

¢ ¢ .
Tar1gunT1udWaIu(Discrete Cosine Transform) Lﬁuau
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LﬂﬂﬂwﬂﬂﬂﬂLﬂiaﬁTNTﬂTﬂaNWQLmﬂi!ﬂﬂuu aduusz L dun19gealnnan
-y a ..
5ﬂaﬂuﬂsnuﬁ1untﬁu A/D (Analog to Digital) uar D/A
4‘”4 - -
\DigitaltoAnalog) tWNDUIWaT® TMS320C25  AIMIIAIUBUNIUAY
L]
I's oo o ¥ d v
Laﬂngnﬂwaﬂﬁq AMANIINAADNTATAHATI LWATUR N9 UTEUIANR
a 45 1 Y] ¢ a
ﬁmmﬂmauwnns yauiaan(analog) uaz?uLaqnqnauwaanuUUL1a1q1@
. g @ aa ¢ .. .
(real time) L du 1%, dudaesanat@as «Digital Filter), n19

- ' I'4 < v
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