APPENDIX B

Real-Valued Input FFT

B.1 Faster real FFT for the DSP96002

page 132,60,1,1
opt nex
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;Motorola Austin DSP Qperation 20 August 1992

B T Y

; Test program for DSP96002 rfft96. asm
EEEEEE R RS E RS SRR S SRS E RS SRR E RS SRR R R SRR R R EEEEEEEEE S S
1024 real -val ued i nputs
Maxi num sanpl e rate: 0.58 ns at 40.0 Miz
Menory Size: Prog: 141 + 32 words ;
Dat a: 2*1024 wor ds(i dat atodata) + 256 words (twi ddl e factor)
Nunber of clock cycles: 23200 (11600 instruction cycl es)
d ock Frequency: 40.0ME
Instruction cycle tinme: 50.ns

R R

Real - Val ued | nput Radi x 2 Cool ey- Tukey Decinmation in Tine FFT

; nornmal ly ordered i nput data
; normal |y ordered output data

PR s R
,

; Equates Section

B R R

RESET equ $00000000 ; reset isr
MAI N equ $00000100 ; main routine
points equ 512 ; poi nts=real data nunber /2
passes equ 9 ; 1 0g2( poi nt s) =passes
idata equ $0
odat a equ $1000
coef equ $800
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BCRA equ $FFFFFFFE ; port a bus control reg
BCRB equ $FFFFFFFD ; port b bus control reg
PSR equ $FFFFFFFC ; port select reg
i ncl ude ‘ si ncosf . asm ;using external cos and sin table,
;if useinternal ROM delete this line
i ncl ude ‘ gen96. asm

i ncl ude ‘cfft96. asm
i ncl ude ‘split96. asnm

B R R
R R
,

si ncosf poi nt s, coef ;twiddle factor for split is afull cycle sinand cos
gen96 points, idata
org p:MAIN
novep #$0, x: BCRA ; no wait states for portb P, X Y,1/0
novep #$0, x: BCRB ; ...don't care about page fault
novep #$00FFOOFF, x: PSR ; external X menory on Port-B
; Y:menory on Port-A
bclr #$3, onr ; disable the internal data ROW

CFFT96 poi nt s, passes, i dat a, coef , odat a
SPLI T96 poi nt s, coef, odat a

nop

nop

jmp ¥

END

; Sine-Cosine Table Generator for rfft96.asm
Last Update 5 August 92

éi ncosf nmacro poi nt s, coef
si ncosf ident 1,2

si ncosf - macro to generate sine and cosine coefficient
; | ookup tables for Decimation in Tine FFT
; twiddl e factors.

; points - nunber of points (2 - 32768, power of 2)
; coef - base address of sine/cosine table

; posi tive cosine value in X nenory

; positive sine value in Y nenory

L g12/92

pi equ 3. 141592654
freq equ 2. 0*pi / @vf (poi nt s*2)
org x: coef - poi nt s/ 2
Figure B-1 Faster real FFT for the DSP96002 (sheet 2 of 4)

B-2 MOTOROLA



count set 0

dup poi nts/ 2

dc @os(@vf (count)*freq)
count set count +1

endm

org y: coef - poi nts/ 2
count set

dup poi nts/ 2

dc - @i n(@vf (count)*freq)
count set count +1

endm
freql equ 2. 0*pi / @vf (poi nts)

org x: coef
count  set 0
dup poi nts/ 2

dc - @os(@vf (count)*freql)
count  set count +1
endm

org y: coef
count  set 0
dup poi nts/ 2

dc - @i n(@vf (count) *freql)
count  set count +1
endm
endm ;end of sincosf nacro

R T
’

: split N2 Conplex FFT(Hh) for Nreal FFT(Fn)

‘SPLI T96 macro points, coef, odat a
SPLIT96 ident 1,2

Fi =0. 5(H +H/ 2-1*)-0.5) (H - H/ 2-i *)Wi=0,1,,, N1

points is real data /2

nove #points-1, n0 ; nunber of conpl ex FFT i nput data
nove #points/2-1,n4 ;1 oop count er

nove #odata,r0 ;r0 ptr to A=H

nmove r0,r4 ;rd ptr to A

nove #-1,n6 ;linear address

nove n®6, nb nove e, ni

nove #coef-points/2+1,r6 ;twiddle factor start |ocation
lea (r0)+n0,r1 ;rl optr to B= H/ 2-i

nove rl1,r5 ;r5 ptr to B

nove Xx:(r0)+,d0.s y:,dl.s ; DC=Ar 0+A 0

faddsub.s do, d1 x:(r0)+,d2.s y:,d3.s ; dO=N quest =Ar 0- Ai O,
; d1=DC, d2=Ar, d3=Ai
nove dil.s,x:(r4)+ do.s,y: ;save DC and N g
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nmove x:(rl)-,d7.s y:,dl.s
faddsub. s d7, d2 x:(ré)+,d8.s y:,d9. s

frnpy d9,d7,d0 faddsub.sd3, dl

fnpy. sd8, di,dl dl.s, d6.s
nove #0.5,d4.s

Hir=Ar+Br, HLli=Ai-Bi, H2r=Ai+Bi, H2i=Ar-Br
=(HLr+*W* H2r - W* H2i ) / 2

=(HLr- (W*H2r-W*Hi )/ 2

" =(W* HRr - W HRI +HLI )/ 2

" =((W*H2r - W*HRi ) - HLi ) / 2

x

do n4,_end_split

fnpy d4,d0,d0 faddsub.s
; d0=Bi ', d1=nAr +nBr, d7=nBr - nAr =nH2i , d3=nAi

; dO=nW*nH2i , d2=nA +nBi =nH2r, d3=nAi - nBi , save B’

fnpy.s d8,d2,d1 d2.s,d6.sd6.s,y: (r4)+
_end_split

nove y:(r4),do.s

fneg. s do

nove do.s,y:(r4)

endm

d2.s,d5. s; dO=W*H2i , d3=A - Bi =HLi ,

fnpy d8,d7,d2 fsub.s do,dl x:(rl),d7.s ;d2=-W*H2i, di=W*Hor-
s WrH2i, d7=nBr
fnpy d9,d6,d0 faddsub.sd5,dl x:(r6)+,d8.s y:,d9.s

; dO=W*H2r, d1=2*Ar’,d5=2*Br’, d8=nW, d9=nW
fnpy d4,d5,d2 fadd.s d2, do x:(r0),dl.s dl.s,d6.s
;d2=Br’, dO=W*H2r-W*H2i, d6=2*Ar’,dl=nAr
fnpy d4,d6,d2 faddsub.s doO, d3 d2.s, x: (r5) ;d2=Ar’, d3=2*A",
;d0=2*Bi’ , save Br’
fnpy. sd4, d3, d3 d2. s, x: (r4) y:(rl)-,d2.s ;d3=A", save Ar’,d2=nBi

d7,d1 d3.s,d6.s

frnpy d9,d7,d0 faddsub.sd3, d2 di.s, d5.sd0.s,y: (r5)

; d7=Br, d1=Bi

; d7=Br - Ar=- H2i ,

; d2=Ar +Br =Hlr, d8=W, d9=W <0
; d1=A +Bi =H2r , d5=Hlr

; d1=W*H2r, d6=Hzr

; d4=0. 5

;do points/2-1

y:(r0)+,d3.s

; d1=nW*nH2r, d6=nH2r, save A’

;conjugate of last Al el enent

;split
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B.2 Real FFT for DSP56001/2

This programoriginally available on the Mtorola DSP bul |l etin board.
; It is provided under a DI SCLAMER OF WARRANTY avai | abl e from
Mot orol a DSP (peration, 6501 Wn Cannon Drive W, Austin, Tx., 78735.

; 1024-Point Real Input Non-In-Place FFT. (test programn

; 34886 clock cycles. Sanpling period can be 0.87215ns @40 Mz clock rate
Use 292 program words, 4*512 words for data and 2*(128+256) words for twi ddl e
factor

Store EVEN index input data to X menory and CDD index input data to Y.

Assune scal ing down at input, i.e. all input data are divided by 1024 before FFT.
The outputs of this real input FFT are twice larger than true values. |If the
original FFT values are desired, scaling up factor should be 512.

‘sincosr’ generates twiddle factor for FFT.

‘bitrevtwd56’ sorts the twiddle factor in bit-reverse order.

The generation and reordering of twiddle factors can be done of f-1line.
‘gen56’ generates input test signals, delete it if you provide input.

; ' CFFT56’ does 512 points FFT.

; ' SPLIT56" extractes 512-point conpl ex val ues for real input FFT.

Only DC to N quest frequency are cal cul ated by this program

I nput data al ways starts at | ocation | DATA=0, a 512-conpl ex buffer starts at any
external nenory |ocation, CDATA is required to hold 256-point output data
groups.

The output of the FFT replace the inputs started at | DATA
X: | DATA contains DC*2 and Y: | DATA contains N quest*2.

REFTS6Ti dent 1,0

page 132,60
opt nond, nonex, | oc, nocex, nu

i ncl ude ‘sincosr’

i ncl ude ‘ bi trevtwd56’
i ncl ude ‘ gen56’

i ncl ude ‘cfft56°

i ncl ude ‘split56

; Latest revision - Nov. 11 92

reset equ 0
start equ $40
PA NTS equ 512
| DATA equ $00
CDATA equ $1000
OCEF  equ $800
si ncosr PO NTS, CCEF
gen56 PQ NTS, | DATA
Figure B-2 Real FFT for DSP56001/2 (sheet 1 of 5)
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opt nex
org p: reset
jnp start
org p:start
novep #0,x:$fffe ;0 wait states
bi t r evt wd56 PA NTS, CCEF
CFFT56 | DATA, CCEF, PA NTS, CDATA
SPLI T56 | DATA, CCEF, PQ NTS, CDATA
end
; Sine-Cosine Table CGenerator for rfft56.asm
. Last Update 11/11/92
’si ncosr nacro poi nt's, coef
sincosr ident 1,2
si ncosr - macro to generate sine and cosine coefficient
| | ookup tables for Decimation in Tine real FFT
; twiddle factors. Only points/4 coefficients
; are generted. For real FFT another points/4
; coefficients with higher freq. are created.
points - nunber of points (2 - 32768, power of 2)
; coef - base address of sine/cosine table
; posi tive cosine value in X nenory
; positive sine value in Y menory
L g1
pi equ 3. 141592654
freq equ 2. 0*pi / @vf (poi nt s*2)
org x: coef - poi nt s/ 2
count  set 0
dup poi nts/ 2
dc @os(@vf (count)*freq)
count  set count +1
endm
org y: coef - poi nts/ 2
count  set 0
dup poi nts/ 2
dc -@in(@vf (count)*freq)
count set count +1
endm
freql equ 2. 0*pi / @vf (poi nt s)
org x: coef
count  set 0

Figure B-2 Real FFT for DSP56001/2
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dup poi nts/ 4

dc @os(@vf (count)*freql)
count  set count +1

endm

org y: coef
count  set 0

dup poi nts/ 4

dc @i n(@vf (count)*freql)
count  set count +1

endm

endm ;end of sincosr macro

bitrevtwd56 macro PQ NTS, CCEF

bi trevtwd56 ident 1,2

: bitrevtwd - macro to sort sine and cosine coefficient

; | ookup tables in bit reverse order for 56156

; PA NTS - nunber of points (2 - 32768, power of 2)
; QCEF - base address of sine/cosine table
; negative cosine (W) and negative sine (W) in X menory

; Vi Chen

; July-28, 1992

' nove #COCEF, rl1 ;twiddle factor start address
nove #0, n0 ;bit reverse address
nove #PQA NTS/ 8, n0 ;sincosr use N4 points data,

;offset for bit rev. is N8
nove #PQA NTS 4-1, n2

nmove r1,r0 ;rl ptr to normal order data
nove (rl)+ ;no swap on 1st data
nove (r0)+n0 ;r0 ptr to bitrev
do n2, _end_bit ;does N 4-1 points swap
move rl,x0
nove r0,b
cnp x0, b
jgt _swap
nmove (rl)+ ;no swap but update points
nove (r0)+n0
jnp _not hi ng
_swap
move r1,r5
move r0,ré4
nove x:(rl),x0 y:(r5),y0
move x:(r0),a vy:(rd),b
move X0, x: (r0)+n0 y0,y: (r4)
nove a,x:(rl)+ b,y:(r5)
_not hi ng
nop
_end_bit
endm ;end of bitrevtwd nacro
Figure B-2 Real FFT for DSP56001/2 (sheet 3 of 5)
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Split N2 Conplex FFT(Hn) for Nreal FFT(Fn)
éPLI T56 macro | DATA, CCEF, PA NTS, CDATA
SPLI T56 i dent 1,0

Fi =0. 5(H +Hn/ 2-i*)-0.5] (H-H/ 2-i*)Wi=0,1,,, N1

: Bit reverse input, Normal order output
; This macro anplifies coefficients of FFT by 2.

assuming inputs are scal ed by 2°N before conpl ex FFT.
PANTS is the nunber of real data /2

R e R R

If absol ute val ues of spectrumare desired, then scaling up factor is 2*(N-1),

QCEF is twiddl e factor |ocation other than TF used i n conpl ex FFT (see si ncosr)

nove #PA NTS- 1, nO ;nunber of conpl ex FFT input data -1

nove #PA NTY 2-1, n2 ;1 oop count er

nove #CDATA, r 0 ;710 ptr to Ar=H

nove #QOCEF- PA NTS/ 2+1,r2 ;twiddl e factor start |ocation

nove r2,ré ;16 -> W

|l ea (r0)+n0, r5 ;r5 ptr to Br & Bi

nove #| DATA r3 ;r3 pointer for A

nove r3, rd

nove no, rl ;rl ptr for B, r1=B

nove #PA NTY 2, n0

nove nO, n5

nove nb, n8 ;8 and nil |inear address

nmove nd, nml

nmove #0, nD ;bit reverse address

nmove no, nb ;bit reverse address

nove x:(r0), b ; b=Ar0

nove x: (r5), x1 y:(r0),a ;a=Ai 0, x1=Br

add a,b x: (r1)+, x0 ; b=Ar 0O+Ai 0=DC, for ptr reason inc rl

subl b, a r3, r4 ;rd ptr to tenp location

asl b y:(rl),a ; a=somret hi ng

asl a b, x: (r3)+ y:(r5),b ; a=N qui st =Ar 0- Ai 0, save DC, b=Bi

nove a,y:(r0)+n0 ;save N g in y: CDATA tenp,

nove y:(r0),y0 ; YO=A

do n2, _end_split

add yO,b y0, a a, y:(rl)- ; b=Ai +Bi =H2r , a=Ai , save prev. Bi’

subl b, a x:(r0),b b,yl ;a=Al - Bi =Hli, b=Ar, yl=H2r

sub  x1,b x:(r0)+n0, a a,y: (r4) ; b=Ar - Br =H2i , a=Ar agai n,

;save Hli tenp, r0->nA

subl b, a x:(r2)+ x1 y: (r6)+,y0 ; a=Ar +Br =Hlr , x1=W, yO=W

mac x1,yl,a b,x0 a,y:(r5) ;a=HLr+W*H2r, x0=H2i , save Hlr tenp

macr yo0, x0, a y:(r5)-n5,b ca=HLr +W*H2r - W*H2i =Ar’, b=Hilr

subl a,b a, x:(r3) y:(r4),a ; b=HLr - (W*Hr - W*Hi ) =Br’ ,

; a=Hli , save Ar’

mac  -x1,x0,a b, x:(rl) y:(r5),b ;a=HLli - W*H2i , save Br’, b=nBi

Figure B-2 Real FFT for DSP56001/2 (sheet 4 of 5)
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macr yl,y0,a y:(r4),yo0 ; a=W*H2r - W*H2i +HLi =Ai *, yO=HLi
agai n

sub y0,a x:(r5), x1 a,y: (r3)+ ca=W*H2r-W*H2i, x1=nBr, save
A

sub y0,a y:(r0),y0 ; a=W*Her - W*Hi - HLi =Bi ’ , yO=nAi
_end_split

move YO0, a a,y: (rl) ;save last Bi’,conjugate |ast A

neg a #CDATA, 5

nove # DATA r0

nove a, y:(rd)

nove y:(r5),a

nove a,y:(r0) ;move N g. back

endm ;splith6

Figure B-2 Real FFT for DSP56001/2 (sheet 5 of 5)
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