Title: Digital Filtering for Atmel Mega32 (Version 2)
Author: Bruce R. Land

Introduction
!ll
#
% & "( )) ))
*++ ,(+
- ¢ "
123 % 123
)45 ,68&3 %
#
7 123
8 "
(
% 1 o
!II
%
# "
% ,6"
11 1 % ,6"
1 *
) ¢
9 79
*n
/ 11
L1/ (19
; Ul
#
.6 "
# 7 # 9

/101

(+++

1+

*+ ("

%

<=">

1(

!II
&%)



7 @)@*>6

"& " ! &

" &/

mg -

me o " "
moa

N

Digital Filters at a high level
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a(l)*y(n) = b(l)*x(n) + b(2)*x(n-1)
- a(2)*y(n-1)
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A(l)*y(n) = b(l)*x(n) + b(2)*x(n-1)
- a(2)*y(n-1)
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Fixed point Arithmetic.
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. + b(nb+1l) *x (n-nb)
. - a(natl)*y(n-na)
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16-bit fixed point format
£-bit integer £-bit fraction
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sign bit Inarv point

32-bit multiply result

E-bit overflow  &-bit integer E-bit fraction 8-bit underflow
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Binary point
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#define multfix (x,y)
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((int) ((((long) (x))* ((long) (y)))>>8))
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.macro mult acc

muls r23, r2l

add r31,
mul r22,
add r24,
adc r30,
adc r31,
mulsu r23,
add r30,
adc r31,
mulsu r21,
add r30,
adc r31,
.endm
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#define float2fix(a)
#define fix2float (a)

r0
r20
r0
rl
r27
r20
r0
rl
r22
r0
rl

((int) ((a)*256.0))
((float) (a)/256.0)

Implementing the filters
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;r31:r30:r24 += r23:r22 * r2l:r20 += pl*p2
; (signed)pl-high * (signed)p2-high

; pl-low * p2-low

; (signed)

; (signed)
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pl-high * p2-low

p2-high * pl-low
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int IIR2 (int xx)
// xx 1is the current input signal sample
// returns the current filtered output sample
begin
#asm
push r20 ;save parameter regs
push r21
clr r27 ;permanent zero
clr r24 ;clear 24 bit result reg; msb to lsb => r31:r30:r24
clr r30
clr r31
lds R22, Dbl ;load bl from RAM
lds R23, bl+l
1d R20, Y ;load input parameter xx from stack
ldd R21, Y+1
mult acc ;7 bl*xx
lds R22, b2 ;load b2 from RAM
1ds R23, b2+l
lds R20, xn 1 ;load x(n-1) from RAM
lds R21, xn 1+1
mult acc ; b2*x(n-1)
lds R22, b3 ;load b3 from RAM
1ds R23, b3+l
lds R20, =xn 2 ;load x(n-2) from RAM

lds R21, xn 2+1
mult acc ; b3*x(n-2)



lds R22, a2

lds R23, a2+l
lds R20, yn 1
lds R21, _yn 1+1
mult acc

lds R22, a3

lds R23, a3+l
lds R20, yn 2
lds R21, _yn 2+1
mult acc

lds R20, =xn 1
lds R21, xn 1+1
sts _xn 2, r20
sts _xn 2+1, R21
1d R20, Y

ldd R21, Y+1

sts xn 1, r20
sts _xn 1+41, R21
lds R20, yn 1
lds R21, _yn 1+1
sts _yn 2, R20
sts _yn 2+1, R21

;load -a2 from RAM
;load y(n-1) from RAM
;7 —az*y(n-1)

;load -a3 from RAM
;load y(n-2) from RAM
;7 —a3*y(n-2)

;load x(n-1) from RAM

;store x(n-2) to RAM

;load input parameter xx from stack

;store x(n-1) to RAM
;load y(n-1) from RAM

;store y(n-2) to RAM

;to scale the filter by 16, uncomment the next 8 lines

; asr r3l1 ; divide by 16 for coeff prescale
; ror r30
; asr 1r31
; ror r30
; asr r3l1
; ror r30
; asr r3l

; ror 1r30
sts _yn 1, r30
sts _yn 141, r31

pop r2l
pop r20
#endasm
end
Testing the Filters
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;store new output as y(n-1) to

;restore parameter regs
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bandpass [300 1200] exact
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Conclusions
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