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Abstract

The use of fixed-point digital signal processors, such as the TMS 320C2S5, requires scaling of
data at each arithmetic step to prevent overflows while keeping the accuracy. A software which
automatizes this process is developed for TMS 320C25. The programmers use a model of a hypothe-
tical floating-point digital signal processor and a floating-point format for data representation.
However, the program and data are automatically translated to,a fixed-point version by this software.
Thus, the execution speed is not sacrificed. A fixed-point variable has a unique binary-point
location, which is dependent on the range of the variable. The range is estimated from the floating-
point simulation. The number of shifts needed for arithmetic or data transfer step is determined
by the binary-points of the variables associated with the operation.

A fixed-point code generator is also developed by using the proposed automatic scaling
software. This code generator produces floating-point assembly programs from the specifiations of
FIR, IIR, and adaptive transversal filters, then floating-point programs are transformed to fixed-
point versions by the automatic scaling software.
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* Second-order elliptic IR lowpass filter
®
* pass band edge 0.2%P[
* stop band edge 0, 3*P(
®
N SEQU  >60 2 input
YN SEQU  >61 % output
UN SEQU >62 % temporary variable
UDl  FEQU >63,UN  * delayed samples
UD2  FEQU >64,UN
Al FEQU >85,,2 % coefficients
BO FEQU >67,,2 * coefficients
®
AORG 0
B START
% coefficients
COEFF AORG 32
DATAF 1.59567 % all
DATAF -0.86490 * a2l
DATAF 0.99999 = b0l = b2l
DATAF -0, 74048 #* bll
® start processing
START EQU  $
LDPK 0 *DP =0
LARK ARO, Al % ARO = &Al
LARP 0 #* ARP = 0
RPTK 3
BLKP COEFF, *+ * coefficients load
* initialize filter
ZACF
SACF UN * initialize temp. var's
SACF  UD1
SACF  UD2
* main body of filter
WAIT BIOZ CONT
B WAIT
CONT INF XN, PA2 * input data sample
LACF XN * load XN
LTF UD1 * load T with de.ayed sample
MPYF Al * multiply T with coeff Al
LTAF UD2 % load T with de.ayed sample
MPYF  Al+1 * multiply T with coeff A2
APACF
SACF LN * store temp. variable
®
ZACF
MPYF  BO * multiply T with coeff B2
LTDF UDL * load T with delayed sample
MPYF  BO+1 * multiply T with coeff Bl
LTDF UN * load T with delayed sample
MPYF  BO * multiply T with coeff BO
APACF
SACF YN * store output sample
* D/A converter
OUTF YN, PA2
B WALT * retry
%
END
a8, HE A4 el AER ehalY 2%
IR #¥
Fig. 8. A 2nd-order elliptic IIR filter using
floating-point instruction set.
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Estimating the ranges:--
Mean  StdD Range  AMax  Exp
XN -0.083 +0.561 +1.000 +1.000 0
YN -0.461 +2.339 +9.818 +5.663 8
UN —-0.323 +2.349 +9.721 +6.145 8
P{2] E(UN) {E (Coeff.) =84+1=9

Acc[2]—0.363 4-2.583+ 10. 694 +9.243 4
PI3] E(UN) rE (Coeff.) =84 0=8
3[-0.337+1.992--1.992+8.308+6.144 4

Determining the numbers of shifts -

sal2) =11 sm|2]=1 sol2/=1
sm{3]=1 so[3] =0
a9, Mol A B A4S el A Felol
oE!
Fig. 9. Result of simulation showing statistical

characteristics of variables used.
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Table 2. Comparison of SQNR according to the
number of standard deviation,
A 4 (o) 2-314-718-14[15-28
ewEES 35 1505 0 0 ()
SQNR (dB) 102 49.66 | 45.10 | 39.50
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according to the implementation methods.
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* Second-order elliptic [IR lowpass filter
x®
® pass band edge 0, 2%PI
K stop band edge 0. 3%PI
%
XN EQU >60 # input
YN EQU .61 * output
UN EQU  >62 * temporary variable
D1 EQU >63 % delayed samples
UD2  EQU  >64
Al EQU  >65 * coefficients
BO EQU  >67 * coefficients
AORG O
B START
% coefficients
COEFF AORG 32
DATA >661F 0,797832%2(1) * all
DATA  >C8AS  -0.43245%2(1) * a2l
DATA  >7FFF  0.999999%2(0) * b0l = b2l
DATA  »A138 -0.74048%2(0) = bll
* start processing
START EQU &
LDPK 0 * DP =0
LARK ARO, Al * ARO = &Al
LARP O * ARP = 0
RPTK 3
BLKP COEFF, *+ * coefficients load
* initialize filter
ZAC
SACH N * initialize temp. var's
SACH  LDY
SACH LD2.0
* main body of filter
WAIT BIOZ CONT
B WALT
CONT [N NN.PA2Z * input data sample
LAC XN 11 % load N
SPM 1
LT LD * load T with deiayed sample
MPY Al * multiply T with coeff Al
LTA D2 % load T with delayed sampie
MPY  AL+1 o multiply T with coeff A2
APAC
SACH (N, 1 * store temp, variabie
*
ZAC
MPY  BO * multiply T with coeff B2
LTD (D1 * load T with delayed sample
MPY BO+1 * multiply T with coeff Bl
LTD  UN * load T with delayed sample
MPY  BO *multiply T with coeff BO
APAC
SACH YN,0 * store output sample
* D/4 converter
OUT YN, PA2
B WAILT retry
END

2710, TMS 320C254 ebsdd 2 1IR 9
Fig.10. A 2nd-order elliptic IIR filter for the
S 320C25.
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