12.1

SECTION 12
FIR DIGITAL ANALYSIS SEGMENT
12.1 COMMANDS

This FIR digital analysis and modification segment performs a number of operations which use
the now familiar COMMAND mode data input. Before demonstrating the segment capabilities,
com- mands applicable to this type of analysis and their functions are presented in alphabetical
order.

12.1.1 ADD (add a factor)

This command can be used to add a quadratic factor to the factored transfer function. It needs a
pair of coefficients (the a; and b; constants in equation 11.1) which we may enter together with
the command, or after the program prompt. The use of this command is demonstrated in example
12.3.3.

12.1.2 CH (change a quadratic factor)

If we wish to change the coefficients of a quadratic factor, this command permits us do so direct-
ly, instead of deleting a factor and inserting another. The use of this command is demonstrated in
example 12.3.4.

12.1.3 CLR (clear files)

If we have recombined a factored form into one or more impulse response functions by the use of
the MULT command, and would like to try a different way of recombining them, this command
can be used to clear the generated impulse response functions. The original function (function no.
0) and the factored form itself are not affected by this command. Note that the command differs
in this respect from the CLR command used in other analysis segments. The use of this command
is illustrated in example 12.3.1.

12.1.4 DEL (delete a factor)

This command is the opposite of the ADD command and deletes a second order factor. It needs
the implied serial number of the factor to be deleted, which may be entered together with the
command. When we add a factor, it is added to the bottom of the list, while when we delete one,
all factors below the deleted one move up one notch. We must keep this in mind, since these, as
well as other commands, use the implied serial numbers as parameters. In any case, the PRF
com- mand may always be used to display the current sequence of factors. This command is
demon- strated in example 12.3.3.

12.1.5 DOS (temporary return to DOS)
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This command permits us to return to DOS temporarily to execute another program or DOS
command. See also Section 6.1.7.
12.1.6 END (leave segment)

This command terminates the operation of the analysis segment and returns us to the top of the
program. All internal files are cleared.

12.1.7 FAC (factor a function)

If we wish to factor an impulse response function (see equation 11.1 above) whether calculated
by the design segment of the program or entered directly into this segment, this command will
per- form the operation. No additional parameters are needed.

This operation is that of factoring a polynomial, i.e. finding all of its roots. The powerful proce-
dure built into the program can be used for the extraction of roots of high degree polynomials.
We may enter the polynomial coefficients as if they were the weights of a specified FIR filter,
and use the FAC command to obtain the quadratic factors and thereby the roots of this
polynomial. The function may have up to 101 coefficients (taps), unless it is symmetrical or
antimetrical, in which case it may have up to the full 512 taps. The use of this command is
demonstrated in example 12.3.1.

12.1.8 FILE (write filter data into ASCII file)

This command is used if we wish to store the filter coefficients in a readable (ASCII) file. It will
request a file name to which the .FIR extension will be appended automatically. The use of this
command is shown in example 12.3.4.

12.1.9 FLIP (flip zeros inside the unit circle)

If a factored form of the transfer function is available, either as a result of having been entered
directly into the program, or by the use of the FAC command, FLIP will cause all zeros lying
outside the unit circle to be flipped to their image locations inside of the circle. Old factors are
overwritten. The use of this command is demonstrated in example 12.3.1.

12.1.10 FREQ (frequency domain analysis)
This familiar command is used to obtain a frequency domain analysis of the filter. It prompts us
to enter the frequencies at which the analysis is to be performed. This prompt accepts up to five

lines of data of the forms:

* FA, FB, DF -- where FA is the starting frequency, FB (> FA) is the ending frequency
and DF ( < FB) is the increment, all in Hz;

* FA,FB,-N -- where FA and FB are as above but the frequencies are selected
logarithmically with N frequencies per decade;
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e F1,F2,F3 ... -- where F1 <F2 <F3 < ... are individual frequencies, from one to 25 on a
line.
The prompt may be terminated by entering END or a carriage return. All frequencies are then
generated, sorted, merged and duplicates eliminated and the first 501 values are used for the ana-
lysis. The loss, phase and delay versus frequency data is calculated and may be tabulated. Any of
these can be plotted subsequently in the usual narrow, wide or graphics forms.

If the first value we enter is negative (it may not be zero), all subsequent values are interpreted as
rad/sec units rather than Hz. If the analysis is repeated, a slash (/) or the keyword OLD will re-
quest program to re-use the previously specified frequencies. If the keyword MAX is entered
instead of the DF increment, the program uses a frequency increment that yields 501 frequencies.
The use of this command is demonstrated throughout this manual.

12.1.11 HELP

This command yields a list of commands available with a brief description of each. The ‘7’ is an
acceptable alias.

12.1.12 LBL (replace title line)
See Section 6.1.21.
12.1.13 MULT (multiply factors)

If a factored form is available, any number of these factors may be multiplied into a polynomial
impulse response function. The program will request the number of factors followed by their im-
plied serial numbers. Up to five separate impulse response functions may be generated this way.
A factor can only be used once, in one of these functions. An attempt to use it again will not be
ac- cepted by the program. A different arrangement of factors can be achieved only, if we first
delete the current choice by the use of the CLR command. If we wish to recombine al// the
remaining factors, the letter 'A' (for 'all') is acceptable in place of the number of factors. The use
of this com- mand is demonstrated in examples 12.3.1 and 12.3.3.

12.1.14 PRF (print factored form)

This command displays the factored form of the transfer function on the screen. The use of this
command is shown in example 12.3.3.

12.1.15 PRI (print impulse response function)

This command displays any one of the available impulse response functions on the screen. If
there is only one, that function is printed. If there are several, the program will ask for the
function number, which is then printed. The use of this command is illustrated in examples
12.3.1 and 12.3.3.

12.1.16 PROG (write FORTRAN program)
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See Section 10.1.20.
12.1.17 RCL (recall stored function)

See Section 6.1.27.

12.1.18 SAVE (write a permanent disk file)

See Section 6.1.30.

12.1.19 SCAL (scaling of impulse response function)

Recombined transfer functions have unity multipliers and usually large in-band gains. It is there-
fore recommended that a MULT command be followed immediately by a SCAL command that
applies a multiplier to yield unity in-band gain. The use of this command is demonstrated in
exam- ples 12.3.1.

12.1.20 SQR (‘‘square root” process)
If possible, this command will generate the "square root" of the impulse response.

Consider a linear phase lowpass filter of the form shown in Fig. 12.1. The only restriction is that
it must be an odd length, symmetrical filter function. If we now add the quantity & to H(z), i.c.
to its center coefficient, the shape will become like that shown in Fig. 12.2. Note that many of the
zeros of this new transfer function are now double. If we factor this function and convert it into a
minimum phase one (the FAC and FLIP commands used in sequence), we can show that al/
zeros will now be double.

Consequently we can call the SQR command to take its square root. This will yield a new filter
of about half the length of the original, which still retains equal ripple in both bands and a
minimum phase (see Fig. 12.3).

This function is therefore the optimum minimum-phase solution to a filter problem. The only
remaining question is how to relate the new &' ripple values to the old & ones. Or more
importantly, we must determine how to select the &; values for the design of the original
linear-phase filter in such a manner that the minimum phase design meets the requirements.
While the derivation of this relationship is not difficult, it is involved and the exact results are
quite complex. However, less exact, but sufficiently accurate, expressions can be found readily.

For convenience, we will relate passband loss ripple values and stopband suppression values in
dB. Let us assume that we need a final filter with a, passband ripple and a, stopband loss. We
first design a linear-phase filter with a passband ripple given by:

a)=2a, (12.1)

and a stopband loss given by:
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a; =2a,+6dB (12.2)
Note that the frequencies are the same for both filters, and although different passbands may use
different ripple values, all stopbands must use the same stopband loss a,. Both expressions are
quite accurate for less than about 2 dB passband ripple and more than about 10 dB stopband loss.
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Fig. 12.Linear-phase lowpass
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Fig. 12.2 Shifted lowpass function

For filters obtained by S/FILSYN, the SQR procedure may be used for any length. However, it is
doubtful if accuracy can, in fact, be maintained for long filters. Therefore for long minimum
phase filters an alternative design procedure is recommended. Even for shorter filters, the roots
will not be exactly double, but will appear in closely spaced pairs. These pairs are checked for
closeness and then averaged. The averaged values, in turn, are recombined into the square root
function. This operation will always be performed even when the program finds that the pairs are
not as close as desired. However, when that occurs, an advisory message is printed. A frequency
domain analysis will tell us how good the results really are.

The use of this command is shown in example 12.3.2

12.1.21 STO (temporary store)
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See Section 6.1.34.
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Fig. 12.3 “Square root” filter
12.1.22 TRUN (truncate coefficients)

This command will round or truncate the coefficients of any one of the available impulse
response functions to a specified number of bits. If the number of bits entered is positive, the
routine per- forms truncation, if it is negative, rounding is performed. If more than one function
is present, the program will prompt us to select one. This command is demonstrated in example
12.3.1.

12.1.23 UNDO (undo selected commands)

The purpose of this command is undo the last preceding active command, i.e. one that changed
the overall transfer function.

12.2 STAND-ALONE USE OF THE SEGMENT

This program segment, as all analysis segments, may also be used as a stand-alone unit for the
analysis and modification of existing FIR filters. For this purpose the segment is directly
reachable from the beginning of the program by selecting the digital (D) option at the very first
prompt. Subsequent prompts will then lead us directly to this segment, where filter data may be
entered manually from the keyboard or read back from a previously written file.

In the multi-executable version of the program, this segment may be reached by calling the FIR
program and selecting the analysis (A) option.

12.3 EXAMPLES

FIR digital analysis segment S/FILSYN Manual



12.7

The following examples demonstrate the use of the FIR digital analysis segment of the
S/FILSYN program.
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Example 12.3.1 Equal Ripple Lowpass -- FAC, MULT, SCAL and TRUN Commands

We will recall the results of example 11.5.1, stored in file EXNOI, for this first example. The
procedure is simple as shown below:

C:>fir
* k k kK S/FILSYN * Kk Kk kK
RELEASE 3.2 VERSION 1 4/1/94
** FIR SEGMENT **

Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> a
READ DATA FROM FILE? ENTER FILE NAME OR: N
>  exnol

example # 1
*xkkx*x TMPULSE RESPONSE ****x%

FUNCTION NO. 0
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL

H( 1) = -2.5007369D-03 = H( 39) = -0.00A3E3670
H( 2) = -5.4111211D-03 = H( 38) = -0.01629F8CO
H( 3) = -5.4150233D-03 = H( 37) = -0.0162E1040
H( 4) = 1.6054693D-03 = H( 36) = 0.0069374E0
H( 5) = 1.4557569D-02 = H( 35) = 0.03BA0OB7CO
H( 6) = 2.4822060D-02 = H( 34) = 0.065ABD100
H( 7) = 2.1755816D-02 = H( 33) = 0.0591CA080
H( 8) = 3.6276549D-03 = H( 32) = 0.00EDBDFE30
H( 9) = -1.6521698D-02 = H( 31) = -0.043AC4180
H( 10) = -1.9262802D-02 = H( 30) = -0.04EE68300
H( 11) = 2.3680239D-03 = H( 29) = 0.009B30DS0
H( 12) = 3.0874243D-02 = H( 28) = 0.07E75FD80
H( 13) = 3.5031106D-02 = H( 27) = 0.08F7CC700
H( 14) = -4.8954837D-04 = H( 26) = -0.002015424
H( 15) = -5.1926974D-02 = H( 25) = -0.0D4B16100
H( 16) = -6.5564498D-02 = H( 24) = -0.10C8D5C00
H( 17) = 9.6633856D-04 = H( 23) = 0.003F54788
H( 18) = 1.3695237D-01 = H( 22) = 0.230F4F800
H( 19) = 2.7466232D-01 = H( 21) = 0.465045000
H( 20) = 3.3263367D-01 = H( 20) = 0.55277B000

WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)

> n

PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E

> e

First, we would like to divide this function into a cascade of two functions, each one of about
half the length. The advantage of this division over a single, high degree function is that the
cascade version might be less sensitive to coefficient accuracy and hence could be realized with
shorter coefficient word lengths. The first step therefore consists of factoring this function:
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COMMAND:

>

fac

10 ROOTS FOUND
20 ROOTS FOUND
38 ROOTS FOUND

=
O WO JOo U WN

I R e = W = S SO SR
OO Jdo U WN P

**** FACTORED FORM
.9446931342D+00
.8478476205D+00
.7060967020D+00
.5235836099D+00
.3055544951D+00
.0585173311D+00
.9072308314D-01
.1046091660D-01
.2833229946D-01
.4243723332D-02
.9023998823D-01
.8766113149D-01
.0264734572D-01
.1666360578D+00
.4088277706D+00
.5496099668D+00
.2981820872D+00
.8977758699D+00
.9938254095D+00

(& R e e

MULTIPLIER =

Kk kK

PR OORRPRRERRRERR R PR

.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.5544735916D+00
.4330459226D-01
.8405448071D-01
.4618718658D+00
.0000000000D+00

1.0000000000D+00

12.9

The root extraction might take some time, hence the program prints a progress report every time
10 more roots are found. We can very easily recombine half of these factors into one function
and also make the results individually linear-phase, if we keep the last four quadratic factors
together pairwise, as follows:

COMMAND:

>

mult

HOW MANY FACTORS IN THIS GROUP?

>

10

ENTER 10 SERIAL NUMBERS OF FACTORS

>

1357911 13 17 18 19

*% DONE **

COMMAND:

>

ORIGINAL:

>

scal

1

*% DONE **

COMMAND :

>

trun

ENTER NO. OF BITS

>

ORIGINAL:

>

-12

1

* * DONE * *

0 OR ANOTHER: NO.

0 OR ANOTHER: NO.

We followed the MULT command with a SCAL command in order to provide unity gain in the
passband, and then rounded (negative number of bits specified) the coefficients to 12 bits. This is
now identified as function no. 1. Since these commands are nonprinting, we will look at the re-
sulting impulse response:

COMMAND :

>

pri

S/FILSYN Manual

FIR digital analysis segment



12.10

ORIGINAL: 0 OR ANOTHER: NO.

> 1
**x%kx% TIMPULSE RESPONSE ****x
FUNCTION NO. 1
SAMPLING FREQUENCY = 1.0000000D+04
DECIMAL HEXADECIMAL
H( 1) = 1.7089844D-03 = 0.007000000
H( 2) = 6.1035156D-03 = 0.019000000
H( 3) = 1.3183594D-02 = 0.036000000
H( 4) = 2.2216797D-02 = 0.05B000000
H( 5) = 3.2226563D-02 = 0.084000000
H( 6) = 4.3212891D-02 = 0.0B1000000
H( 7) = 5.6884766D-02 = 0.0ES000000
H( 8) = 7.3486328D-02 = 0.12D000000
H( 9) = 9.1064453D-02 = 0.175000000
H( 10) = 1.0498047D-01 = 0.1AE000000
H( 11) = 1.1010742D-01 = 0.1C3000000
H( 12) = 1.0498047D-01 = 0.1AE000000
H( 13) = 9.1064453D-02 = 0.175000000
H( 14) = 7.3486328D-02 = 0.12D000000
H( 15) = 5.6884766D-02 = 0.0ES000000
H( 16) = 4.3212891D-02 = 0.0B1000000
H( 17) = 3.2226563D-02 = 0.084000000
H( 18) = 2.2216797D-02 = 0.05B000000
H( 19) = 1.3183594D-02 = 0.036000000
H( 20) = 6.1035156D-03 = 0.019000000
H( 21) = 1.7089844D-03 = 0.007000000
WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> e

The result is a linear-phase function, i.e. symmetrical, and the rounding is obvious. The
remaining factors can be recombined into a second linear-phase impulse response:

COMMAND :

> mult 9

ENTER 9 SERIAL NUMBERS OF FACTORS
> 2 4 6 8 10 12 14 15 16

* % DONE * %

COMMAND :

> scal 2

* * DONE * *

Note that we could have entered the letter A instead of the number 9 in response to the first ques-
tion, since the A indicates all of the remaining factors. In that case the serial numbers would not
have been requested. This is now identified as function no. 2 and is also symmetrical. This time
we did not truncate or round the coefficients before printing:

COMMAND :
> pri 2
*x*xx IMPULSE RESPONSE ****%
FUNCTION NO. 2
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL
H( 1) = 2.9295633D-02 = 0.077FEB280
H( 2) = -5.0287980D-02 = -0.0CDFAC4CB
H( 3) = 1.5928973D-02 = 0.0413EBDOE
H( 4) = -6.8975763D-02 = -0.11A865457
H( 5) = 7.2758696D-02 = 0.12A05059F
H( 6) = -5.3823246D-03 = -0.0160BC6CO
H( 7) = 1.1563240D-01 = 0.1DSA15CAD
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H( 8) = -5.6541156D-02 = -0.0E797B2F3
H( 9) = 1.1256188D-02 = 0.02E1AF7F6
H( 10) = -1.4788168D-01 = -0.25DB92E2A
H( 11) = 1.1256188D-02 = 0.02E1AF7F6
H( 12) = -5.6541156D-02 = -0.0E797B2F3
H( 13) = 1.1563240D-01 = 0.1DSA15CAD
H( 14) = -5.3823246D-03 = -0.0160BC6CO
H( 15) = 7.2758696D-02 = 0.12A05059F
H( 16) = -6.8975763D-02 = -0.11A865457
H( 17) = 1.5928973D-02 = 0.0413EBDOE
H( 18) = -5.0287980D-02 = -0.0CDFAC4CB
H( 19) = 2.9295633D-02 = 0.077FEB280
WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> e

If we so desired, we could now round these coefficients and analyze functions 1 and 2. We could
then analyze the original function (still available) also rounded to 12 bits, and find that the sum
behaves better that the original function. Since the component functions are symmetrical, we
could realize an overall savings in hardware using the cascaded form.

To illustrate two other commands, we will use the factored form of our current example and
convert it into a minimum-phase set of factors by applying the FLIP command:

COMMAND :
> flip
*xKk* FACTORED FORM ****
1 1.9446931342D+00 1.0000000000D+00
2 1.8478476205D+00 1.0000000000D+00
3 1.7060967020D+00 1.0000000000D+00
4 1.5235836099D+00 1.0000000000D+00
5 1.3055544951D+00 1.0000000000D+00
6 1.0585173311D+00 1.0000000000D+00
7 7.9072308314D-01 1.0000000000D+00
8 5.1046091660D-01 1.0000000000D+00
9 2.2833229946D-01 1.0000000000D+00
10 -4.4243723332D-02 1.0000000000D+00
11 -2.9023998823D-01 1.0000000000D+00
12 -4.8766113149D-01 1.0000000000D+00
13 -6.0264734572D-01 1.0000000000D+00
14 -6.6669115537D-01 0.0000000000D+00
15 -6.6669115537D-01 0.0000000000D+00
16 -1.5496099668D+00 6.4330459226D-01
17 -1.5496099668D+00 6.4330459226D-01
18 -1.2981820872D+00 6.8405448071D-01
19 -1.2981820872D+00 6.8405448071D-01

20 1.9938254095D+00 1.0000000000D+00
MULTIPLIER = 1.0000000000D+00

Note that one quadratic factor has been split into two linear ones. This should be done whenever
possible, to enable us to separate the factors. The old factors are overwritten and can be recov-
ered only if we again factor the original function, which is still available.

If we now want to obtain a minimum-phase equivalent of our original function, we must first

clear the deck, i.e., delete the previously obtained functions 1 and 2. We may then once more use
the MULT command to obtain the desired function:
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COMMAND :
> clr
* % DONE * %

COMMAND:

> mult

HOW MANY FACTORS IN THIS GROUP?
> a

* % DONE * %

COMMAND :
> scal 1
DONE **

COMMAND:
> pri 1l

The results are shown below:

**x*xxx TIMPULSE RESPONSE ****x
FUNCTION NO. 1
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL
H( 1) = 7.7993356D-03 = 0.01FF23237
H( 2) = 3.4752872D-02 = 0.08E590725
H( 3) = 9.0660718D-02 = 0.17358A70E
H( 4) = 1.6936369D-01 = 0.2B5B6B31B
H( 5) = 2.4125545D-01 = 0.3DC2EADSE
H( 6) = 2.6332785D-01 = 0.43697444F
H( 7) = 2.0688600D-01 = 0.34F67B274
H( 8) = 8.4746307D-02 = 0.15B1EF17A
H( 9) = -4.6727200D-02 = -0.0BF65051F
H( 10) = -1.1966508D-01 = -0.1EA25EF43
H( 11) = -1.0116101D-01 = -0.19E5B027E
H( 12) = -1.8033327D-02 = -0.049DD506C
H( 13) = 6.2599663D-02 = 0.100688121
H( 14) = 8.3871812D-02 = 0.15789F815
H( 15) = 4.0625133D-02 = 0.0A66689FF
H( 16) = -2.1797295D-02 = -0.059481EB3
H( 17) = -4.8866978D-02 = -0.0C828BD83
H( 18) = -2.1945225D-02 = -0.059E33C87
H( 19) = 3.0555527D-02 = 0.07D27CABS5
H( 20) = 6.2141086D-02 = 0.0FE87A6C3
H( 21) = 4.8808742D-02 = 0.0C7EBACEE
H( 22) = ©5.7232841D-03 = 0.017714C62
H( 23) = -3.0886539D-02 = -0.07E82E217
H( 24) = -3.6316554D-02 = -0.094COAADE
H( 25) = -1.4806735D-02 = -0.03CASFCCA
H( 26) = 1.0050050D-02 = 0.0292A3DCE
H( 27) = 1.8577090D-02 = 0.04C177D8F
H( 28) = 9.5907328D-03 = 0.027489CBC
H( 29) = -3.8724788D-03 = -0.00FDC969C
H( 30) = -9.3687135D-03 = -0.0265FCEE3
H( 31) = -5.0877309D-03 = -0.014D6DF60
H( 32) = 2.0701301D-03 = 0.0087AB0O4F
H( 33) = 5.1848005D-03 = 0.0153CA849
H( 34) = 3.1687315D-03 = 0.00CFAATEL
H( 35) = -3.9376802D-04 = -0.0019CE54C
H( 36) = -2.0461782D-03 = -0.0086192C5
H( 37) = -1.3693694D-03 = -0.0059BE34E
H( 38) = -8.6098361D-05 = -0.0005A47DA
H( 39) = 6.7130779D-04 = 0.002BFEADO
WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> n
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PLOT - NO: N, PULSE: P, STEP: S

> p

ENTER STARTING AND ENDING TIME OF PLOT
> 01

The response is clearly asymmetrical with the largest tap weights being close to the front end of
the filter. The requested plot of this impulse response is shown on the following page. Plot re-
quests can be repeated as often as required.

We perform a frequency domain analysis of this function and request a plot of the delay and the
loss versus frequency. The first few lines of the tabulated results are (see page 12.14):

COMMAND:

> freg

ENTER FREQ:

> 0 4900 100

ENTER FREQ:

>

TABULATE: Y/N

>y

ORIGINAL: 0 OR ANOTHER: NO.
> 1
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0.0000E+00 +=-======-- t————= X b +

I I * I I I

I I I * I I

I I I I I

I I I T *T

5.0000E-04 +--———-—-——- - tmm—————— [F T [T

I I I I * I

I I I = I I

I * I I I

I = I I I I

1.0000E-03 4+=-===F————f——mm——— - [T —— +

I I = I I I

I I I* I I

I I I = I I

I I *T I I

1.5000E-03 +---===-——- oK o [T —— +

I * I I I

I I = I I I

I I * I I I

I I I* I I

2.0000E-03 +-——————--— o [T T ———— [T —— +

I I * I I I

I I I I I

I I* I I I

I I * I I I

2.5000E-03 +-——————--- +-————- e [T —— +

I I I I I

I I * I I I

I I * I I I

I I * I I I

3.0000E-03 +---===-——- K o [T —— +

I I * I I I

I I * I I I

I I * I I I

I I * I I I

3.5000E-03 +----==-——- B e PR [T —— +

I I * I I I

I I * I I I

I I * I I I

I I I I I

4.0000E-03 +---—————- T b b Y

I I I I I

I I I I I

I I I I I

I I I I I

4.5000E-03 +---—————- T N b Y

I I I I I

I I I I I

I I I I I

I I I I I

5.0000E-03 +---————-- T b b Y
-1.5000E-01 5.0000E-02 2.5000E-01

-5.0000E-02 1.5000E-01
PULSE VS. TIME
example # 1

RESULTS OF THE ANALYSIS FUNCTION NO. 1 BITLENGTH =

FREQUENCY GAIN PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
0.000000E+00 .0000 .0000 4.7480E-04
1.000000E+02 -.2116 16.7864 4.4936E-04
2.000000E+02 -.76l6 31.7911 3.7777E-04
3.000000E+02 -1.3712 43.7579 2.8891E-04
4.000000E+02 -1.6159 53.2266 2.5272E-04

FIR digital analysis segment
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.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+03
.100000E+03
.200000E+03

L2517

-.5433

.0436
.1351
.7884
.4892
.5260
.8140

63.

95.
116.
136.
152.
167.
187.

2968

.3523

9526
7767
3864
5940
6373
8029

OV 1O O W

.2426E-04

.5900E-04

.6270E-04
.7730E-04
.0022E-04
.1021E-04
.5871E-04
.8182E-04
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We now save the data on a file and display the delay characteristics of this filter using the

GRAPH utility, followed by the loss plot.

.| mEany Lo
A
.-I -
164 tad
-
1.5% IlII 1 1
-II
|
I
1
.
-I
il 1
| |
- i
Hi.m ;
- | f |
a 1
3 /
"-
L4 )
LK.} i.8 .8 .8 4.8 5.A
FrusygiHz il
1 aEany Lo
. n.!lli|l|||4|
BERERN
AR
6.8 I T, II- 1 I: AYAYAYR . [TRY \ !
|
4.4 |
1
|
]
Sm.w |
E /
i )
a J
N ST, . S
LK.} i.8 F 3.8 4.0 5.A
Fruy CHe JxLd

To conclude this example, shown below are the available FIR analysis commands, seen when
the HELP command is entered. (This is the printout shown on a workstation or mainframe
system, on a personal computer the display is substantially more elaborate):
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PLOT - NO: N, LOSS: L, PHASE: P, DELAY: D

> n

COMMAND:

> help

ADD : ADD A QUADRATIC FACTOR

CH : CHANGE A QUADRATIC FACTOR

CLR : CLEAR IMPULSE RESPONSE (S) IF FACTORED FORM IS PRESENT
DEL : DELETE A QUADRATIC FACTOR

DOS : TEMPORARILY RETURN TO DOS

END : TERMINATE DESIGN

FAC : FACTORING IMPULSE RESPONSE

FILE : WRITE FILTER DATA IN ASCII FILE

FLIP : CONVERT ZEROS OUTSIDE UNIT CIRCLE TO INSIDE

FREQ : FREQUENCY DOMAIN ANALYSIS
HELP : PRINT LIST OF COMMANDS

LBL : REPLACE TITLE AND UPDATE DATESTAMP

MULT : MULTIPLY SELECTED FACTORS INTO IMPULSE RESPONSE
PREF : PRINT FACTORED FORM

PRI : PRINT IMPULSE RESPONSE

PROG : WRITE FORTRAN SIMULATION OF FILTER

RCL : RECALL A SAVED SET OF DATA

SAVE : SAVE FACTORED FORM AND IMPULSE RESPONSE (S)
SCAL : SCALE IMPULSE RESPONSE TO PREVENT OVERFLOW

SQR : TAKE THE 'SQUARE ROOT' OF THE FUNCTION
STO : SAVE A SET OF DATA TEMPORARILY

TRUN : TRUNCATE COEFFICIENTS

UNDO : UNDO SELECTED COMMANDS

COMMAND :

> stop
*** PROGRAM TERMINATED ***

Example 12.3.2 Square-Root -- SQR Command

To demonstrate the SQR command, we will try to find an optimal minimum phase filter to
satisfy the requirements of the filter designed in example 11.5.4. Therefore, we must first design
a linear phase lowpass with requirements calculated from equations 12.1 and 12.2:

a, =2 dB and a/=36dB

If we enter these requirements into the design segment of the program, along with the same fre-
quencies used in example 11.5.4, it will estimate a filter length of 23 taps. Analysis shows that 23
taps are not enough to meet these requirements. Therefore, we will try a length of 25 instead:

C:>fir
* % K K % S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94

** FIR SEGMENT **

Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER TITLE

> example # 4b

DESIGN - EQUAL RIPPLE: 1 OR WINDOWED: 2

FIR digital analysis segment
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> 1

ENTER FILTER LENGTH

> 25

FILTER TYPE - FILTER: 1,
> 1

ENTER NO. OF BANDS

> 2

ENTER BANDEDGE FREQUENCIES (
> 0 1.5k 2k 5k

DIFF.:

2, HILBERT TR.:

ENTER 2 FUNCTION VALUES OR SLOPE

> 10

SPECIFY WEIGHTS: 0 OR LOSS VALUES: 1
> 1

ENTER 2 LOSS VALUES

> 2. 36

IS PASSBAND SHAPED? (Y/N)

> n

As shown below, the resulting filter meets all specifications:

FINITE IMPULSE RESPONSE

(FIR)

4 VALUES)

LINEAR PHASE DIGITAL FILTER DESIGN

example # 4b

REMEZ EXCHANGE ALGORITHM

BANDPASS FILTER
FILTER LENGTH = 25

***x*xx IMPULSE RESPONSE *****

FUNCTION NO. O
SAMPLING FREQUENCY =

DECIMAL
H( 1) -1.0916109D-02 = H( 25) =
H( 2) = -3.1296302D-02 = H( 24) =
H( 3) = -2.7347861D-02 = H( 23) =
H( 4) = -8.4471200D-03 = H( 22) =
H( 5) = 2.5206538D-02 = H( 21) =
H( 6) = 3.5993811D-02 = H( 20) =
H( 7) = 6.2368782D-03 = H( 19) =
H( 8) = -4.7296394D-02 = H( 18) =
H( 9) = -6.8092644D-02 = H( 17) =
H( 10) = -6.4702332D-03 = H( 16) =
H( 11) = 1.3253805D-01 = H( 15) =
H( 12) 2.7795899D-01 = H( 14) =
H( 13) = 3.3999747D-01 = H( 13) =
WISH TO WRITE RESPONSE DATA ON FILE?
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS:
> e
BAND 1
LOWER BAND EDGE .000000000
UPPER BAND EDGE .150000000
DESIRED VALUE 1.000000000
WEIGHTING 8.724232000 63.
DEVIATION .103867300
DEVIATION IN DB 1.810891000 -36.

1.0000000D+04

HEXADECIMAL
-0.02CB65ECO
-0.080308D00
-0.070044F80
-0.022997280

0.0673EF880

0.0936E3F00
0.0198BD740
-0.0C1B9DDOO
-0.116E85000
-0.01A808800
0.21EE03800

0.472852000

0.570A13000

(Y/N)
G OR END: E

BAND 2

.200000000
.500000000
.000000000

095730000

.014361710

855880000

12.17

BAND

We have now automatically entered the analysis segment and can therefore use the SQR com-
mand. First we get the roots in factored form, already inside the unit circle and then the recom-

bined function:
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COMMAND :
>  sqr

10 ROOTS FOUND
24 ROOTS FOUND

**xxx FACTORED FORM ****

1 -7.6873960582D-01 0.0000000000D+00
2 -7.6873960582D-01 0.0000000000D+00
3 5.2186120023D-01 0.0000000000D+00
4 5.2186120023D-01 0.0000000000D+00
5 1.1142055492D+00 7.9960127300D-01
6 1.1142055492D+00 7.9960127300D-01
7 2.9832588684D-01 8.1931935117D-01
8 2.9832588684D-01 8.1931935117D-01
9 -4.5913869703D-01 8.8623666145D-01
10 -4.5913869703D-01 8.8623666145D-01
11 -1.3138437770D+00 5.9703999318D-01
12 -1.3138437770D+00 5.9703999318D-01
13 1.6625372113D+00 7.7058691734D-01

14 1.6625372113D+00 7.7058691734D-01
MULTIPLIER = 1.0448018567D-01
**x*xxx IMPULSE RESPONSE *****
FUNCTION NO. 1
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL
H( 1) = 2.9992100D-01 = 0.4CCT79F63A
H( 2) = 3.1647897D-01 = 0.5104C4025
H( 3) = 2.9456081D-01 = 0.4B685659D
H( 4) = 1.5864296D-01 = 0.289CD3206
H( 5) = -3.7591733D-03 = -0.00F65C767
H( 6) = -9.4516543D-02 = -0.18323C765
H( 7) = -7.5904214D-02 = -0.136E75654
H( 8) = -4.1868952D-03 = -0.011264721
H( 9) = 5.4210775D-02 = 0.0DEOCI1E2D
H( 10) = 3.6138406D-02 = 0.09405DD8B
H( 11) = 1.2491181D-02 = 0.03329F3F9
H( 12) = -5.8230023D-02 = -0.0EE829AC6
H( 13) = -3.2139758D-02 = -0.083A4FA79

The factored form shows the factors to be in identical pairs, but the new function no. 1 contains
only one of each pair. We can now analyze this function which shows a passband ripple of 0.89
dB and a minimum stopband loss of 15.9 dB. These results meet all requirements with a bit to
spare. The loss plot is shown on the next page. We can therefore conclude, that this 13 tap opti-
mal minimum phase filter performs better that the 15 tap linear phase one of example 11.5.4, at
least with respect to the loss. Any savings in filter length will naturally vary from case to case
and may be offset by the fact that the tap-weights are no longer symmetrical.

Example 12.3.3 Stand-alone Use of the Segment -- DEL, ADD, PRF and MULT Commands

With this example, we will illustrate how to enter filter data directly from the keyboard into this
analysis segment. We elect to enter factored form coefficients (the a; and b; values in equation
11.1). However, entering an impulse response function is equally easy. The conversational

session is:
C:>fir
* Kk Kk kK S/FILSYN * Kk kK
RELEASE 3.2 VERSION 1 4/1/94

** FIR SEGMENT **
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Copyright (C)
All Rights Reserved.

SYNTHESIS: S,

> a

1

983 - 1995 Dr.

ANALYSIS:

A OR END: E

READ DATA FROM FILE? ENTER FILE NAME OR: N

> n

ENTER TITLE

> example # 5

ENTER SAMPLING FREQUENCY IN HZ
> led
COEFFICIENTS:

> 2

1 OR FACTORED FORM:

HOW MANY FACTORS

> 5

0.

S/FILSYN Manual

0000E+00

.0000E+02
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I I
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fom - +
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I I
I I
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fom ket
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1 T
1 T
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fom - +
I I
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I I
fom - +
I I
I I
I * I
I * I
fom ket
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0.0000E+00 8.0000E+00

4.0000E+00
LOSS

VS. FREQ

ENTER 5 LINEAR COEFFICIENTS
> .1 -.1 .2 -.2 1.
ENTER 5 QUADRATIC COEFFICIENTS

> 1. 1. 1. 1. 0.

1.2000E+01

1.6000E+01
2.0000E+01

In the single-executable version of the program we proceed as follows:

vax2 $ run sfilsyn
* % K K % S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94
Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

READ DATA FROM FILE: Y/N

> n

PLACER: P, SMAIN: S, LADDER: L, DIGITAL:

> d ! This is the analysis segment.
DIGITAL - FIR: F OR IIR: I

> f ! Here we select the FIR analysis.

READ DATA FROM FILE? ENTER FILE NAME OR: N
> n

ENTER TITLE

> example # 5

D, ACTIVE: A OR END: E

The procedure becomes identical from this point on. Once all the data is entered, we get the

factored form printed:

***xx FACTORED FORM ****

1 1.0000000000D-01 1.0000000000D+00
2 -1.0000000000D-01 1.0000000000D+00
3 2.0000000000D-01 1.0000000000D+00
4 -2.0000000000D-01 1.0000000000D+00
5 1.0000000000D+00 0.0000000000D+00

MULTIPLIER = 1.0000000000D+00

If we so desire, we can now change one of the factors by the DEL and ADD commands as shown
below. We will then multiply all the factors into an impulse response function and print the

results.

COMMAND :

> del

ENTER SERIAL NO. OF FACTOR
> 5

* % DONE * %

COMMAND :

> add

ENTER A PAIR OF COEFFICIENTS
> 0 -1

* % DONE * %

COMMAND:
> prf

FIR digital analysis segment
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***xx FACTORED FORM ****

1 1.0000000000D-01 1.0000000000D+00
2 -1.0000000000D-01 1.0000000000D+00
3 2.0000000000D-01 1.0000000000D+00
4 -2.0000000000D-01 1.0000000000D+00
5 0.0000000000D+00 -1.0000000000D+00
MULTIPLIER = 1.0000000000D+00

COMMAND:

> mult a

* % DONE * %

COMMAND:

> pri

ORIGINAL: 0 OR ANOTHER: NO.

> 1

12.21

Note that in this case there in no original function 0. The resulting function is:

**xxxx TMPULSE RESPONSE ****x

FUNCTION NO.

SAMPLING FREQUENCY =

DECIMAL
1.0000000D+00 =
0.0000000D+00 =

= 2.9500000D+00
2
1
0

.1684043D-19
.9504000D+00 =
.0000000D+00
= -1.9504000D+00
= -2.1684043D-19 =
= -2.9500000D+00
= 0.0000000D+00
= -1.0000000D+00 =

janjiyusiiusjiasiasiin viia via viiasiias i
R OWWJo U WN
Il

=

1
1.0000000D+04

HEXADECIMAL
1.000000000
0.000000000
2.F33333333
0.000000000
1.F34D6A162
0.000000000
-1.F34D6Al162
-0.000000000
-2.F33333333
0.000000000
-1.000000000

Some of the coefficients while not exactly zero, are very small, i.e., 2.16e-19. This is a precision
problem and we can set them to zero by requesting a truncation to 47 bits, which is the largest

number of bits the program accepts

Example 12.3.4 Factoring a Polynomial -- FAC, CH and FILE Commands

This final example shows how simple it is to use this segment to perform a polynomial root
extraction. Let us assume that we need to find the roots of the polynomial:

X+ 2x4+ 33 +4x2+5x + 6

We call the analysis segment of the FIR program and enter the six coefficients of the polynomial
as if they were the coefficients of a FIR transfer function. The sampling rate is immaterial:

C:>fir

* ok kK Kk S/FILSYN * Kk kK Kk

RELEASE 3.2 VERSION 1

4/1/94

** FIR SEGMENT **
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Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> a
READ DATA FROM FILE? ENTER FILE NAME OR: N
> n

ENTER TITLE

> factor polynomial

ENTER SAMPLING FREQUENCY IN HZ

> leb

COEFFICIENTS: 1 OR FACTORED FORM: 2
> 1

ENTER FILTER LENGTH

> 6

SYMMETRY - IS IT EVEN: O, ODD: 1 OR NONE: 2
> 2

ENTER 6 COEFFICIENTS

> 123456

factor polynomial
***xx TMPULSE RESPONSE ****%*

FUNCTION NO. 0
SAMPLING FREQUENCY = 1.0000000D+05

DECIMAL HEXADECIMAL
H( 1) = 1.0000000D+00 = 1.000000000
H( 2) = 2.0000000D+00 = 2.000000000
H( 3) = 3.0000000D+00 = 3.000000000
H( 4) = 4.0000000D+00 = 4.000000000
H( 5) = 5.0000000D+00 = 5.000000000
H( 6) = 6.0000000D+00 = 6.000000000

The FAC command does it all:

COMMAND :
> fac

***xx FACTORED FORM ****

1 1.6115729388D+00 2.1447877722D+00
2 -1.1033709269D+00 1.8752402162D+00
3 1.4917979881D+00 0.0000000000D+00

These represent the factors:

x>+ 1.6115729x + 2.1447878
x2-1.1033709x + 1.8752402
and x + 1.4917980

which are indeed the factors of the polynomial specified.

The CH command can be used to change any one of the factors in the factored form. An
example:

COMMAND :

> ch

ENTER SERIAL NO. OF FACTOR
> 3

ENTER A PAIR OF COEFFICIENTS

FIR digital analysis segment S/FILSYN Manual



> 1.5 .02
** DONE **

We must print the factored form to observe the results:

COMMAND :
> prf

***xx FACTORED FORM ****

1 1.611572
2 -1.103370
3 1.500000

MULTIPLIER

9388D+00
9269D+00
0000D+00

2.1447877722D+00
1.8752402162D+00
2.0000000000D-02
= 1.0000000000D+00

12.23

We demonstrate the FILE command to write a readable (ASCII) file containing the filter data and
we end the program after writing the file and then list what is in this file.

COMMAND :
> file

ENTER FILE NAME

> test

ORIGINAL: 0 OR ANOTHER: NO.

> 0
* % DONE * %

COMMAND :
> stop
ARE YOU SURE?

>y

(Y/N)

*** PROGRAM TERMINATED ***

C:>type test.f

ir

factor polynomial

**x*xxx TIMPULSE RESPONSE ****x
FUNCTION NO. 0

SAMPLIN

H( 1) = 1

H( 2) = 2

H( 3) = 3

H( 4) = 4

H( 5) = 5

H( 6) = 6
S/FILSYN Manual

G FREQUENCY

DECIMAL

.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00

1.0000000D+05

HEXADECIMAL
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000

oUW
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SECTION 12
FIR DIGITAL ANALYSIS SEGMENT
12.1 COMMANDS

This FIR digital analysis and modification segment performs a number of operations which use
the now familiar COMMAND mode data input. Before demonstrating the segment capabilities,
com- mands applicable to this type of analysis and their functions are presented in alphabetical
order.

12.1.1 ADD (add a factor)

This command can be used to add a quadratic factor to the factored transfer function. It needs a
pair of coefficients (the a; and b; constants in equation 11.1) which we may enter together with
the command, or after the program prompt. The use of this command is demonstrated in example
12.3.3.

12.1.2 CH (change a quadratic factor)

If we wish to change the coefficients of a quadratic factor, this command permits us do so direct-
ly, instead of deleting a factor and inserting another. The use of this command is demonstrated in
example 12.3.4.

12.1.3 CLR (clear files)

If we have recombined a factored form into one or more impulse response functions by the use of
the MULT command, and would like to try a different way of recombining them, this command
can be used to clear the generated impulse response functions. The original function (function no.
0) and the factored form itself are not affected by this command. Note that the command differs
in this respect from the CLR command used in other analysis segments. The use of this command
is illustrated in example 12.3.1.

12.1.4 DEL (delete a factor)

This command is the opposite of the ADD command and deletes a second order factor. It needs
the implied serial number of the factor to be deleted, which may be entered together with the
command. When we add a factor, it is added to the bottom of the list, while when we delete one,
all factors below the deleted one move up one notch. We must keep this in mind, since these, as
well as other commands, use the implied serial numbers as parameters. In any case, the PRF
com- mand may always be used to display the current sequence of factors. This command is
demon- strated in example 12.3.3.

12.1.5 DOS (temporary return to DOS)
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This command permits us to return to DOS temporarily to execute another program or DOS
command. See also Section 6.1.7.
12.1.6 END (leave segment)

This command terminates the operation of the analysis segment and returns us to the top of the
program. All internal files are cleared.

12.1.7 FAC (factor a function)

If we wish to factor an impulse response function (see equation 11.1 above) whether calculated
by the design segment of the program or entered directly into this segment, this command will
per- form the operation. No additional parameters are needed.

This operation is that of factoring a polynomial, i.e. finding all of its roots. The powerful proce-
dure built into the program can be used for the extraction of roots of high degree polynomials.
We may enter the polynomial coefficients as if they were the weights of a specified FIR filter,
and use the FAC command to obtain the quadratic factors and thereby the roots of this
polynomial. The function may have up to 101 coefficients (taps), unless it is symmetrical or
antimetrical, in which case it may have up to the full 512 taps. The use of this command is
demonstrated in example 12.3.1.

12.1.8 FILE (write filter data into ASCII file)

This command is used if we wish to store the filter coefficients in a readable (ASCII) file. It will
request a file name to which the .FIR extension will be appended automatically. The use of this
command is shown in example 12.3.4.

12.1.9 FLIP (flip zeros inside the unit circle)

If a factored form of the transfer function is available, either as a result of having been entered
directly into the program, or by the use of the FAC command, FLIP will cause all zeros lying
outside the unit circle to be flipped to their image locations inside of the circle. Old factors are
overwritten. The use of this command is demonstrated in example 12.3.1.

12.1.10 FREQ (frequency domain analysis)
This familiar command is used to obtain a frequency domain analysis of the filter. It prompts us
to enter the frequencies at which the analysis is to be performed. This prompt accepts up to five

lines of data of the forms:

* FA, FB, DF -- where FA is the starting frequency, FB (> FA) is the ending frequency
and DF ( < FB) is the increment, all in Hz;

* FA,FB,-N -- where FA and FB are as above but the frequencies are selected
logarithmically with N frequencies per decade;

FIR digital analysis segment S/FILSYN Manual
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e F1,F2,F3 ... -- where F1 <F2 <F3 < ... are individual frequencies, from one to 25 on a
line.
The prompt may be terminated by entering END or a carriage return. All frequencies are then
generated, sorted, merged and duplicates eliminated and the first 501 values are used for the ana-
lysis. The loss, phase and delay versus frequency data is calculated and may be tabulated. Any of
these can be plotted subsequently in the usual narrow, wide or graphics forms.

If the first value we enter is negative (it may not be zero), all subsequent values are interpreted as
rad/sec units rather than Hz. If the analysis is repeated, a slash (/) or the keyword OLD will re-
quest program to re-use the previously specified frequencies. If the keyword MAX is entered
instead of the DF increment, the program uses a frequency increment that yields 501 frequencies.
The use of this command is demonstrated throughout this manual.

12.1.11 HELP

This command yields a list of commands available with a brief description of each. The ‘7’ is an
acceptable alias.

12.1.12 LBL (replace title line)
See Section 6.1.21.
12.1.13 MULT (multiply factors)

If a factored form is available, any number of these factors may be multiplied into a polynomial
impulse response function. The program will request the number of factors followed by their im-
plied serial numbers. Up to five separate impulse response functions may be generated this way.
A factor can only be used once, in one of these functions. An attempt to use it again will not be
ac- cepted by the program. A different arrangement of factors can be achieved only, if we first
delete the current choice by the use of the CLR command. If we wish to recombine al// the
remaining factors, the letter 'A' (for 'all') is acceptable in place of the number of factors. The use
of this com- mand is demonstrated in examples 12.3.1 and 12.3.3.

12.1.14 PRF (print factored form)

This command displays the factored form of the transfer function on the screen. The use of this
command is shown in example 12.3.3.

12.1.15 PRI (print impulse response function)

This command displays any one of the available impulse response functions on the screen. If
there is only one, that function is printed. If there are several, the program will ask for the
function number, which is then printed. The use of this command is illustrated in examples
12.3.1 and 12.3.3.

12.1.16 PROG (write FORTRAN program)
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See Section 10.1.20.
12.1.17 RCL (recall stored function)

See Section 6.1.27.

12.1.18 SAVE (write a permanent disk file)

See Section 6.1.30.

12.1.19 SCAL (scaling of impulse response function)

Recombined transfer functions have unity multipliers and usually large in-band gains. It is there-
fore recommended that a MULT command be followed immediately by a SCAL command that
applies a multiplier to yield unity in-band gain. The use of this command is demonstrated in
exam- ples 12.3.1.

12.1.20 SQR (‘‘square root” process)
If possible, this command will generate the "square root" of the impulse response.

Consider a linear phase lowpass filter of the form shown in Fig. 12.1. The only restriction is that
it must be an odd length, symmetrical filter function. If we now add the quantity & to H(z), i.c.
to its center coefficient, the shape will become like that shown in Fig. 12.2. Note that many of the
zeros of this new transfer function are now double. If we factor this function and convert it into a
minimum phase one (the FAC and FLIP commands used in sequence), we can show that al/
zeros will now be double.

Consequently we can call the SQR command to take its square root. This will yield a new filter
of about half the length of the original, which still retains equal ripple in both bands and a
minimum phase (see Fig. 12.3).

This function is therefore the optimum minimum-phase solution to a filter problem. The only
remaining question is how to relate the new &' ripple values to the old & ones. Or more
importantly, we must determine how to select the &; values for the design of the original
linear-phase filter in such a manner that the minimum phase design meets the requirements.
While the derivation of this relationship is not difficult, it is involved and the exact results are
quite complex. However, less exact, but sufficiently accurate, expressions can be found readily.

For convenience, we will relate passband loss ripple values and stopband suppression values in
dB. Let us assume that we need a final filter with a, passband ripple and a, stopband loss. We
first design a linear-phase filter with a passband ripple given by:

a)=2a, (12.1)

and a stopband loss given by:
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a; =2a,+6dB (12.2)
Note that the frequencies are the same for both filters, and although different passbands may use
different ripple values, all stopbands must use the same stopband loss a,. Both expressions are
quite accurate for less than about 2 dB passband ripple and more than about 10 dB stopband loss.

HA

1PN A AN 25

0 s/ FREQUENCY

Fig. 12.Linear-phase lowpass

0 ) FREQUENCY

Fig. 12.2 Shifted lowpass function

For filters obtained by S/FILSYN, the SQR procedure may be used for any length. However, it is
doubtful if accuracy can, in fact, be maintained for long filters. Therefore for long minimum
phase filters an alternative design procedure is recommended. Even for shorter filters, the roots
will not be exactly double, but will appear in closely spaced pairs. These pairs are checked for
closeness and then averaged. The averaged values, in turn, are recombined into the square root
function. This operation will always be performed even when the program finds that the pairs are
not as close as desired. However, when that occurs, an advisory message is printed. A frequency
domain analysis will tell us how good the results really are.

The use of this command is shown in example 12.3.2

12.1.21 STO (temporary store)
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See Section 6.1.34.

28y

=~ —}—> FREQUENCY

Fig. 12.3 “Square root” filter
12.1.22 TRUN (truncate coefficients)

This command will round or truncate the coefficients of any one of the available impulse
response functions to a specified number of bits. If the number of bits entered is positive, the
routine per- forms truncation, if it is negative, rounding is performed. If more than one function
is present, the program will prompt us to select one. This command is demonstrated in example
12.3.1.

12.1.23 UNDO (undo selected commands)

The purpose of this command is undo the last preceding active command, i.e. one that changed
the overall transfer function.

12.2 STAND-ALONE USE OF THE SEGMENT

This program segment, as all analysis segments, may also be used as a stand-alone unit for the
analysis and modification of existing FIR filters. For this purpose the segment is directly
reachable from the beginning of the program by selecting the digital (D) option at the very first
prompt. Subsequent prompts will then lead us directly to this segment, where filter data may be
entered manually from the keyboard or read back from a previously written file.

In the multi-executable version of the program, this segment may be reached by calling the FIR
program and selecting the analysis (A) option.

12.3 EXAMPLES
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The following examples demonstrate the use of the FIR digital analysis segment of the
S/FILSYN program.
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Example 12.3.1 Equal Ripple Lowpass -- FAC, MULT, SCAL and TRUN Commands

We will recall the results of example 11.5.1, stored in file EXNOI, for this first example. The
procedure is simple as shown below:

C:>fir
* k k kK S/FILSYN * Kk Kk kK
RELEASE 3.2 VERSION 1 4/1/94
** FIR SEGMENT **

Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> a
READ DATA FROM FILE? ENTER FILE NAME OR: N
>  exnol

example # 1
*xkkx*x TMPULSE RESPONSE ****x%

FUNCTION NO. 0
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL

H( 1) = -2.5007369D-03 = H( 39) = -0.00A3E3670
H( 2) = -5.4111211D-03 = H( 38) = -0.01629F8CO
H( 3) = -5.4150233D-03 = H( 37) = -0.0162E1040
H( 4) = 1.6054693D-03 = H( 36) = 0.0069374E0
H( 5) = 1.4557569D-02 = H( 35) = 0.03BA0OB7CO
H( 6) = 2.4822060D-02 = H( 34) = 0.065ABD100
H( 7) = 2.1755816D-02 = H( 33) = 0.0591CA080
H( 8) = 3.6276549D-03 = H( 32) = 0.00EDBDFE30
H( 9) = -1.6521698D-02 = H( 31) = -0.043AC4180
H( 10) = -1.9262802D-02 = H( 30) = -0.04EE68300
H( 11) = 2.3680239D-03 = H( 29) = 0.009B30DS0
H( 12) = 3.0874243D-02 = H( 28) = 0.07E75FD80
H( 13) = 3.5031106D-02 = H( 27) = 0.08F7CC700
H( 14) = -4.8954837D-04 = H( 26) = -0.002015424
H( 15) = -5.1926974D-02 = H( 25) = -0.0D4B16100
H( 16) = -6.5564498D-02 = H( 24) = -0.10C8D5C00
H( 17) = 9.6633856D-04 = H( 23) = 0.003F54788
H( 18) = 1.3695237D-01 = H( 22) = 0.230F4F800
H( 19) = 2.7466232D-01 = H( 21) = 0.465045000
H( 20) = 3.3263367D-01 = H( 20) = 0.55277B000

WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)

> n

PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E

> e

First, we would like to divide this function into a cascade of two functions, each one of about
half the length. The advantage of this division over a single, high degree function is that the
cascade version might be less sensitive to coefficient accuracy and hence could be realized with
shorter coefficient word lengths. The first step therefore consists of factoring this function:
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COMMAND:

>

fac

10 ROOTS FOUND
20 ROOTS FOUND
38 ROOTS FOUND

=
O WO JOo U WN

I R e = W = S SO SR
OO Jdo U WN P

**** FACTORED FORM
.9446931342D+00
.8478476205D+00
.7060967020D+00
.5235836099D+00
.3055544951D+00
.0585173311D+00
.9072308314D-01
.1046091660D-01
.2833229946D-01
.4243723332D-02
.9023998823D-01
.8766113149D-01
.0264734572D-01
.1666360578D+00
.4088277706D+00
.5496099668D+00
.2981820872D+00
.8977758699D+00
.9938254095D+00

(& R e e

MULTIPLIER =

Kk kK

PR OORRPRRERRRERR R PR

.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.0000000000D+00
.5544735916D+00
.4330459226D-01
.8405448071D-01
.4618718658D+00
.0000000000D+00

1.0000000000D+00

12.9

The root extraction might take some time, hence the program prints a progress report every time
10 more roots are found. We can very easily recombine half of these factors into one function
and also make the results individually linear-phase, if we keep the last four quadratic factors
together pairwise, as follows:

COMMAND:

>

mult

HOW MANY FACTORS IN THIS GROUP?

>

10

ENTER 10 SERIAL NUMBERS OF FACTORS

>

1357911 13 17 18 19

*% DONE **

COMMAND:

>

ORIGINAL:

>

scal

1

*% DONE **

COMMAND :

>

trun

ENTER NO. OF BITS

>

ORIGINAL:

>

-12

1

* * DONE * *

0 OR ANOTHER: NO.

0 OR ANOTHER: NO.

We followed the MULT command with a SCAL command in order to provide unity gain in the
passband, and then rounded (negative number of bits specified) the coefficients to 12 bits. This is
now identified as function no. 1. Since these commands are nonprinting, we will look at the re-
sulting impulse response:

COMMAND :

>

pri

S/FILSYN Manual
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ORIGINAL: 0 OR ANOTHER: NO.

> 1
**x%kx% TIMPULSE RESPONSE ****x
FUNCTION NO. 1
SAMPLING FREQUENCY = 1.0000000D+04
DECIMAL HEXADECIMAL
H( 1) = 1.7089844D-03 = 0.007000000
H( 2) = 6.1035156D-03 = 0.019000000
H( 3) = 1.3183594D-02 = 0.036000000
H( 4) = 2.2216797D-02 = 0.05B000000
H( 5) = 3.2226563D-02 = 0.084000000
H( 6) = 4.3212891D-02 = 0.0B1000000
H( 7) = 5.6884766D-02 = 0.0ES000000
H( 8) = 7.3486328D-02 = 0.12D000000
H( 9) = 9.1064453D-02 = 0.175000000
H( 10) = 1.0498047D-01 = 0.1AE000000
H( 11) = 1.1010742D-01 = 0.1C3000000
H( 12) = 1.0498047D-01 = 0.1AE000000
H( 13) = 9.1064453D-02 = 0.175000000
H( 14) = 7.3486328D-02 = 0.12D000000
H( 15) = 5.6884766D-02 = 0.0ES000000
H( 16) = 4.3212891D-02 = 0.0B1000000
H( 17) = 3.2226563D-02 = 0.084000000
H( 18) = 2.2216797D-02 = 0.05B000000
H( 19) = 1.3183594D-02 = 0.036000000
H( 20) = 6.1035156D-03 = 0.019000000
H( 21) = 1.7089844D-03 = 0.007000000
WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> e

The result is a linear-phase function, i.e. symmetrical, and the rounding is obvious. The
remaining factors can be recombined into a second linear-phase impulse response:

COMMAND :

> mult 9

ENTER 9 SERIAL NUMBERS OF FACTORS
> 2 4 6 8 10 12 14 15 16

* % DONE * %

COMMAND :

> scal 2

* * DONE * *

Note that we could have entered the letter A instead of the number 9 in response to the first ques-
tion, since the A indicates all of the remaining factors. In that case the serial numbers would not
have been requested. This is now identified as function no. 2 and is also symmetrical. This time
we did not truncate or round the coefficients before printing:

COMMAND :
> pri 2
*x*xx IMPULSE RESPONSE ****%
FUNCTION NO. 2
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL
H( 1) = 2.9295633D-02 = 0.077FEB280
H( 2) = -5.0287980D-02 = -0.0CDFAC4CB
H( 3) = 1.5928973D-02 = 0.0413EBDOE
H( 4) = -6.8975763D-02 = -0.11A865457
H( 5) = 7.2758696D-02 = 0.12A05059F
H( 6) = -5.3823246D-03 = -0.0160BC6CO
H( 7) = 1.1563240D-01 = 0.1DSA15CAD
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H( 8) = -5.6541156D-02 = -0.0E797B2F3
H( 9) = 1.1256188D-02 = 0.02E1AF7F6
H( 10) = -1.4788168D-01 = -0.25DB92E2A
H( 11) = 1.1256188D-02 = 0.02E1AF7F6
H( 12) = -5.6541156D-02 = -0.0E797B2F3
H( 13) = 1.1563240D-01 = 0.1DSA15CAD
H( 14) = -5.3823246D-03 = -0.0160BC6CO
H( 15) = 7.2758696D-02 = 0.12A05059F
H( 16) = -6.8975763D-02 = -0.11A865457
H( 17) = 1.5928973D-02 = 0.0413EBDOE
H( 18) = -5.0287980D-02 = -0.0CDFAC4CB
H( 19) = 2.9295633D-02 = 0.077FEB280
WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> e

If we so desired, we could now round these coefficients and analyze functions 1 and 2. We could
then analyze the original function (still available) also rounded to 12 bits, and find that the sum
behaves better that the original function. Since the component functions are symmetrical, we
could realize an overall savings in hardware using the cascaded form.

To illustrate two other commands, we will use the factored form of our current example and
convert it into a minimum-phase set of factors by applying the FLIP command:

COMMAND :
> flip
*xKk* FACTORED FORM ****
1 1.9446931342D+00 1.0000000000D+00
2 1.8478476205D+00 1.0000000000D+00
3 1.7060967020D+00 1.0000000000D+00
4 1.5235836099D+00 1.0000000000D+00
5 1.3055544951D+00 1.0000000000D+00
6 1.0585173311D+00 1.0000000000D+00
7 7.9072308314D-01 1.0000000000D+00
8 5.1046091660D-01 1.0000000000D+00
9 2.2833229946D-01 1.0000000000D+00
10 -4.4243723332D-02 1.0000000000D+00
11 -2.9023998823D-01 1.0000000000D+00
12 -4.8766113149D-01 1.0000000000D+00
13 -6.0264734572D-01 1.0000000000D+00
14 -6.6669115537D-01 0.0000000000D+00
15 -6.6669115537D-01 0.0000000000D+00
16 -1.5496099668D+00 6.4330459226D-01
17 -1.5496099668D+00 6.4330459226D-01
18 -1.2981820872D+00 6.8405448071D-01
19 -1.2981820872D+00 6.8405448071D-01

20 1.9938254095D+00 1.0000000000D+00
MULTIPLIER = 1.0000000000D+00

Note that one quadratic factor has been split into two linear ones. This should be done whenever
possible, to enable us to separate the factors. The old factors are overwritten and can be recov-
ered only if we again factor the original function, which is still available.

If we now want to obtain a minimum-phase equivalent of our original function, we must first

clear the deck, i.e., delete the previously obtained functions 1 and 2. We may then once more use
the MULT command to obtain the desired function:
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COMMAND :
> clr
* % DONE * %

COMMAND:

> mult

HOW MANY FACTORS IN THIS GROUP?
> a

* % DONE * %

COMMAND :
> scal 1
DONE **

COMMAND:
> pri 1l

The results are shown below:

**x*xxx TIMPULSE RESPONSE ****x
FUNCTION NO. 1
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL
H( 1) = 7.7993356D-03 = 0.01FF23237
H( 2) = 3.4752872D-02 = 0.08E590725
H( 3) = 9.0660718D-02 = 0.17358A70E
H( 4) = 1.6936369D-01 = 0.2B5B6B31B
H( 5) = 2.4125545D-01 = 0.3DC2EADSE
H( 6) = 2.6332785D-01 = 0.43697444F
H( 7) = 2.0688600D-01 = 0.34F67B274
H( 8) = 8.4746307D-02 = 0.15B1EF17A
H( 9) = -4.6727200D-02 = -0.0BF65051F
H( 10) = -1.1966508D-01 = -0.1EA25EF43
H( 11) = -1.0116101D-01 = -0.19E5B027E
H( 12) = -1.8033327D-02 = -0.049DD506C
H( 13) = 6.2599663D-02 = 0.100688121
H( 14) = 8.3871812D-02 = 0.15789F815
H( 15) = 4.0625133D-02 = 0.0A66689FF
H( 16) = -2.1797295D-02 = -0.059481EB3
H( 17) = -4.8866978D-02 = -0.0C828BD83
H( 18) = -2.1945225D-02 = -0.059E33C87
H( 19) = 3.0555527D-02 = 0.07D27CABS5
H( 20) = 6.2141086D-02 = 0.0FE87A6C3
H( 21) = 4.8808742D-02 = 0.0C7EBACEE
H( 22) = ©5.7232841D-03 = 0.017714C62
H( 23) = -3.0886539D-02 = -0.07E82E217
H( 24) = -3.6316554D-02 = -0.094COAADE
H( 25) = -1.4806735D-02 = -0.03CASFCCA
H( 26) = 1.0050050D-02 = 0.0292A3DCE
H( 27) = 1.8577090D-02 = 0.04C177D8F
H( 28) = 9.5907328D-03 = 0.027489CBC
H( 29) = -3.8724788D-03 = -0.00FDC969C
H( 30) = -9.3687135D-03 = -0.0265FCEE3
H( 31) = -5.0877309D-03 = -0.014D6DF60
H( 32) = 2.0701301D-03 = 0.0087AB0O4F
H( 33) = 5.1848005D-03 = 0.0153CA849
H( 34) = 3.1687315D-03 = 0.00CFAATEL
H( 35) = -3.9376802D-04 = -0.0019CE54C
H( 36) = -2.0461782D-03 = -0.0086192C5
H( 37) = -1.3693694D-03 = -0.0059BE34E
H( 38) = -8.6098361D-05 = -0.0005A47DA
H( 39) = 6.7130779D-04 = 0.002BFEADO
WISH TO WRITE RESPONSE DATA ON FILE? (Y/N)
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> n
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PLOT - NO: N, PULSE: P, STEP: S

> p

ENTER STARTING AND ENDING TIME OF PLOT
> 01

The response is clearly asymmetrical with the largest tap weights being close to the front end of
the filter. The requested plot of this impulse response is shown on the following page. Plot re-
quests can be repeated as often as required.

We perform a frequency domain analysis of this function and request a plot of the delay and the
loss versus frequency. The first few lines of the tabulated results are (see page 12.14):

COMMAND:

> freg

ENTER FREQ:

> 0 4900 100

ENTER FREQ:

>

TABULATE: Y/N

>y

ORIGINAL: 0 OR ANOTHER: NO.
> 1
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0.0000E+00 +=-======-- t————= X b +

I I * I I I

I I I * I I

I I I I I

I I I T *T

5.0000E-04 +--———-—-——- - tmm—————— [F T [T

I I I I * I

I I I = I I

I * I I I

I = I I I I

1.0000E-03 4+=-===F————f——mm——— - [T —— +

I I = I I I

I I I* I I

I I I = I I

I I *T I I

1.5000E-03 +---===-——- oK o [T —— +

I * I I I

I I = I I I

I I * I I I

I I I* I I

2.0000E-03 +-——————--— o [T T ———— [T —— +

I I * I I I

I I I I I

I I* I I I

I I * I I I

2.5000E-03 +-——————--- +-————- e [T —— +

I I I I I

I I * I I I

I I * I I I

I I * I I I

3.0000E-03 +---===-——- K o [T —— +

I I * I I I

I I * I I I

I I * I I I

I I * I I I

3.5000E-03 +----==-——- B e PR [T —— +

I I * I I I

I I * I I I

I I * I I I

I I I I I

4.0000E-03 +---—————- T b b Y

I I I I I

I I I I I

I I I I I

I I I I I

4.5000E-03 +---—————- T N b Y

I I I I I

I I I I I

I I I I I

I I I I I

5.0000E-03 +---————-- T b b Y
-1.5000E-01 5.0000E-02 2.5000E-01

-5.0000E-02 1.5000E-01
PULSE VS. TIME
example # 1

RESULTS OF THE ANALYSIS FUNCTION NO. 1 BITLENGTH =

FREQUENCY GAIN PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
0.000000E+00 .0000 .0000 4.7480E-04
1.000000E+02 -.2116 16.7864 4.4936E-04
2.000000E+02 -.76l6 31.7911 3.7777E-04
3.000000E+02 -1.3712 43.7579 2.8891E-04
4.000000E+02 -1.6159 53.2266 2.5272E-04

FIR digital analysis segment
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.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+03
.100000E+03
.200000E+03

L2517

-.5433

.0436
.1351
.7884
.4892
.5260
.8140

63.

95.
116.
136.
152.
167.
187.

2968

.3523

9526
7767
3864
5940
6373
8029

OV 1O O W

.2426E-04

.5900E-04

.6270E-04
.7730E-04
.0022E-04
.1021E-04
.5871E-04
.8182E-04
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We now save the data on a file and display the delay characteristics of this filter using the

GRAPH utility, followed by the loss plot.
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To conclude this example, shown below are the available FIR analysis commands, seen when
the HELP command is entered. (This is the printout shown on a workstation or mainframe
system, on a personal computer the display is substantially more elaborate):
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PLOT - NO: N, LOSS: L, PHASE: P, DELAY: D

> n

COMMAND:

> help

ADD : ADD A QUADRATIC FACTOR

CH : CHANGE A QUADRATIC FACTOR

CLR : CLEAR IMPULSE RESPONSE (S) IF FACTORED FORM IS PRESENT
DEL : DELETE A QUADRATIC FACTOR

DOS : TEMPORARILY RETURN TO DOS

END : TERMINATE DESIGN

FAC : FACTORING IMPULSE RESPONSE

FILE : WRITE FILTER DATA IN ASCII FILE

FLIP : CONVERT ZEROS OUTSIDE UNIT CIRCLE TO INSIDE

FREQ : FREQUENCY DOMAIN ANALYSIS
HELP : PRINT LIST OF COMMANDS

LBL : REPLACE TITLE AND UPDATE DATESTAMP

MULT : MULTIPLY SELECTED FACTORS INTO IMPULSE RESPONSE
PREF : PRINT FACTORED FORM

PRI : PRINT IMPULSE RESPONSE

PROG : WRITE FORTRAN SIMULATION OF FILTER

RCL : RECALL A SAVED SET OF DATA

SAVE : SAVE FACTORED FORM AND IMPULSE RESPONSE (S)
SCAL : SCALE IMPULSE RESPONSE TO PREVENT OVERFLOW

SQR : TAKE THE 'SQUARE ROOT' OF THE FUNCTION
STO : SAVE A SET OF DATA TEMPORARILY

TRUN : TRUNCATE COEFFICIENTS

UNDO : UNDO SELECTED COMMANDS

COMMAND :

> stop
*** PROGRAM TERMINATED ***

Example 12.3.2 Square-Root -- SQR Command

To demonstrate the SQR command, we will try to find an optimal minimum phase filter to
satisfy the requirements of the filter designed in example 11.5.4. Therefore, we must first design
a linear phase lowpass with requirements calculated from equations 12.1 and 12.2:

a, =2 dB and a/=36dB

If we enter these requirements into the design segment of the program, along with the same fre-
quencies used in example 11.5.4, it will estimate a filter length of 23 taps. Analysis shows that 23
taps are not enough to meet these requirements. Therefore, we will try a length of 25 instead:

C:>fir
* % K K % S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94

** FIR SEGMENT **

Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER TITLE

> example # 4b

DESIGN - EQUAL RIPPLE: 1 OR WINDOWED: 2

FIR digital analysis segment
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> 1

ENTER FILTER LENGTH

> 25

FILTER TYPE - FILTER: 1,
> 1

ENTER NO. OF BANDS

> 2

ENTER BANDEDGE FREQUENCIES (
> 0 1.5k 2k 5k

DIFF.:

2, HILBERT TR.:

ENTER 2 FUNCTION VALUES OR SLOPE

> 10

SPECIFY WEIGHTS: 0 OR LOSS VALUES: 1
> 1

ENTER 2 LOSS VALUES

> 2. 36

IS PASSBAND SHAPED? (Y/N)

> n

As shown below, the resulting filter meets all specifications:

FINITE IMPULSE RESPONSE

(FIR)

4 VALUES)

LINEAR PHASE DIGITAL FILTER DESIGN

example # 4b

REMEZ EXCHANGE ALGORITHM

BANDPASS FILTER
FILTER LENGTH = 25

***x*xx IMPULSE RESPONSE *****

FUNCTION NO. O
SAMPLING FREQUENCY =

DECIMAL
H( 1) -1.0916109D-02 = H( 25) =
H( 2) = -3.1296302D-02 = H( 24) =
H( 3) = -2.7347861D-02 = H( 23) =
H( 4) = -8.4471200D-03 = H( 22) =
H( 5) = 2.5206538D-02 = H( 21) =
H( 6) = 3.5993811D-02 = H( 20) =
H( 7) = 6.2368782D-03 = H( 19) =
H( 8) = -4.7296394D-02 = H( 18) =
H( 9) = -6.8092644D-02 = H( 17) =
H( 10) = -6.4702332D-03 = H( 16) =
H( 11) = 1.3253805D-01 = H( 15) =
H( 12) 2.7795899D-01 = H( 14) =
H( 13) = 3.3999747D-01 = H( 13) =
WISH TO WRITE RESPONSE DATA ON FILE?
> n
PLOT - WIDE: W, NARROW: N, GRAPHICS:
> e
BAND 1
LOWER BAND EDGE .000000000
UPPER BAND EDGE .150000000
DESIRED VALUE 1.000000000
WEIGHTING 8.724232000 63.
DEVIATION .103867300
DEVIATION IN DB 1.810891000 -36.

1.0000000D+04

HEXADECIMAL
-0.02CB65ECO
-0.080308D00
-0.070044F80
-0.022997280

0.0673EF880

0.0936E3F00
0.0198BD740
-0.0C1B9DDOO
-0.116E85000
-0.01A808800
0.21EE03800

0.472852000

0.570A13000

(Y/N)
G OR END: E

BAND 2

.200000000
.500000000
.000000000

095730000

.014361710

855880000

12.17

BAND

We have now automatically entered the analysis segment and can therefore use the SQR com-
mand. First we get the roots in factored form, already inside the unit circle and then the recom-

bined function:
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COMMAND :
>  sqr

10 ROOTS FOUND
24 ROOTS FOUND

**xxx FACTORED FORM ****

1 -7.6873960582D-01 0.0000000000D+00
2 -7.6873960582D-01 0.0000000000D+00
3 5.2186120023D-01 0.0000000000D+00
4 5.2186120023D-01 0.0000000000D+00
5 1.1142055492D+00 7.9960127300D-01
6 1.1142055492D+00 7.9960127300D-01
7 2.9832588684D-01 8.1931935117D-01
8 2.9832588684D-01 8.1931935117D-01
9 -4.5913869703D-01 8.8623666145D-01
10 -4.5913869703D-01 8.8623666145D-01
11 -1.3138437770D+00 5.9703999318D-01
12 -1.3138437770D+00 5.9703999318D-01
13 1.6625372113D+00 7.7058691734D-01

14 1.6625372113D+00 7.7058691734D-01
MULTIPLIER = 1.0448018567D-01
**x*xxx IMPULSE RESPONSE *****
FUNCTION NO. 1
SAMPLING FREQUENCY = 1.0000000D+04

DECIMAL HEXADECIMAL
H( 1) = 2.9992100D-01 = 0.4CCT79F63A
H( 2) = 3.1647897D-01 = 0.5104C4025
H( 3) = 2.9456081D-01 = 0.4B685659D
H( 4) = 1.5864296D-01 = 0.289CD3206
H( 5) = -3.7591733D-03 = -0.00F65C767
H( 6) = -9.4516543D-02 = -0.18323C765
H( 7) = -7.5904214D-02 = -0.136E75654
H( 8) = -4.1868952D-03 = -0.011264721
H( 9) = 5.4210775D-02 = 0.0DEOCI1E2D
H( 10) = 3.6138406D-02 = 0.09405DD8B
H( 11) = 1.2491181D-02 = 0.03329F3F9
H( 12) = -5.8230023D-02 = -0.0EE829AC6
H( 13) = -3.2139758D-02 = -0.083A4FA79

The factored form shows the factors to be in identical pairs, but the new function no. 1 contains
only one of each pair. We can now analyze this function which shows a passband ripple of 0.89
dB and a minimum stopband loss of 15.9 dB. These results meet all requirements with a bit to
spare. The loss plot is shown on the next page. We can therefore conclude, that this 13 tap opti-
mal minimum phase filter performs better that the 15 tap linear phase one of example 11.5.4, at
least with respect to the loss. Any savings in filter length will naturally vary from case to case
and may be offset by the fact that the tap-weights are no longer symmetrical.

Example 12.3.3 Stand-alone Use of the Segment -- DEL, ADD, PRF and MULT Commands

With this example, we will illustrate how to enter filter data directly from the keyboard into this
analysis segment. We elect to enter factored form coefficients (the a; and b; values in equation
11.1). However, entering an impulse response function is equally easy. The conversational

session is:
C:>fir
* Kk Kk kK S/FILSYN * Kk kK
RELEASE 3.2 VERSION 1 4/1/94

** FIR SEGMENT **
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Copyright (C)
All Rights Reserved.

SYNTHESIS: S,

> a

1

983 - 1995 Dr.

ANALYSIS:

A OR END: E

READ DATA FROM FILE? ENTER FILE NAME OR: N

> n

ENTER TITLE

> example # 5

ENTER SAMPLING FREQUENCY IN HZ
> led
COEFFICIENTS:

> 2

1 OR FACTORED FORM:

HOW MANY FACTORS

> 5

0.

S/FILSYN Manual

0000E+00

.0000E+02

.0000E+03

.5000E+03

.0000E+03
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0.0000E+00 8.0000E+00

4.0000E+00
LOSS

VS. FREQ

ENTER 5 LINEAR COEFFICIENTS
> .1 -.1 .2 -.2 1.
ENTER 5 QUADRATIC COEFFICIENTS

> 1. 1. 1. 1. 0.

1.2000E+01

1.6000E+01
2.0000E+01

In the single-executable version of the program we proceed as follows:

vax2 $ run sfilsyn
* % K K % S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94
Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

READ DATA FROM FILE: Y/N

> n

PLACER: P, SMAIN: S, LADDER: L, DIGITAL:

> d ! This is the analysis segment.
DIGITAL - FIR: F OR IIR: I

> f ! Here we select the FIR analysis.

READ DATA FROM FILE? ENTER FILE NAME OR: N
> n

ENTER TITLE

> example # 5

D, ACTIVE: A OR END: E

The procedure becomes identical from this point on. Once all the data is entered, we get the

factored form printed:

***xx FACTORED FORM ****

1 1.0000000000D-01 1.0000000000D+00
2 -1.0000000000D-01 1.0000000000D+00
3 2.0000000000D-01 1.0000000000D+00
4 -2.0000000000D-01 1.0000000000D+00
5 1.0000000000D+00 0.0000000000D+00

MULTIPLIER = 1.0000000000D+00

If we so desire, we can now change one of the factors by the DEL and ADD commands as shown
below. We will then multiply all the factors into an impulse response function and print the

results.

COMMAND :

> del

ENTER SERIAL NO. OF FACTOR
> 5

* % DONE * %

COMMAND :

> add

ENTER A PAIR OF COEFFICIENTS
> 0 -1

* % DONE * %

COMMAND:
> prf

FIR digital analysis segment
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***xx FACTORED FORM ****

1 1.0000000000D-01 1.0000000000D+00
2 -1.0000000000D-01 1.0000000000D+00
3 2.0000000000D-01 1.0000000000D+00
4 -2.0000000000D-01 1.0000000000D+00
5 0.0000000000D+00 -1.0000000000D+00
MULTIPLIER = 1.0000000000D+00

COMMAND:

> mult a

* % DONE * %

COMMAND:

> pri

ORIGINAL: 0 OR ANOTHER: NO.

> 1

12.21

Note that in this case there in no original function 0. The resulting function is:

**xxxx TMPULSE RESPONSE ****x

FUNCTION NO.

SAMPLING FREQUENCY =

DECIMAL
1.0000000D+00 =
0.0000000D+00 =

= 2.9500000D+00
2
1
0

.1684043D-19
.9504000D+00 =
.0000000D+00
= -1.9504000D+00
= -2.1684043D-19 =
= -2.9500000D+00
= 0.0000000D+00
= -1.0000000D+00 =

janjiyusiiusjiasiasiin viia via viiasiias i
R OWWJo U WN
Il

=

1
1.0000000D+04

HEXADECIMAL
1.000000000
0.000000000
2.F33333333
0.000000000
1.F34D6A162
0.000000000
-1.F34D6Al162
-0.000000000
-2.F33333333
0.000000000
-1.000000000

Some of the coefficients while not exactly zero, are very small, i.e., 2.16e-19. This is a precision
problem and we can set them to zero by requesting a truncation to 47 bits, which is the largest

number of bits the program accepts

Example 12.3.4 Factoring a Polynomial -- FAC, CH and FILE Commands

This final example shows how simple it is to use this segment to perform a polynomial root
extraction. Let us assume that we need to find the roots of the polynomial:

X+ 2x4+ 33 +4x2+5x + 6

We call the analysis segment of the FIR program and enter the six coefficients of the polynomial
as if they were the coefficients of a FIR transfer function. The sampling rate is immaterial:

C:>fir

* ok kK Kk S/FILSYN * Kk kK Kk

RELEASE 3.2 VERSION 1

4/1/94

** FIR SEGMENT **
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Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> a
READ DATA FROM FILE? ENTER FILE NAME OR: N
> n

ENTER TITLE

> factor polynomial

ENTER SAMPLING FREQUENCY IN HZ

> leb

COEFFICIENTS: 1 OR FACTORED FORM: 2
> 1

ENTER FILTER LENGTH

> 6

SYMMETRY - IS IT EVEN: O, ODD: 1 OR NONE: 2
> 2

ENTER 6 COEFFICIENTS

> 123456

factor polynomial
***xx TMPULSE RESPONSE ****%*

FUNCTION NO. 0
SAMPLING FREQUENCY = 1.0000000D+05

DECIMAL HEXADECIMAL
H( 1) = 1.0000000D+00 = 1.000000000
H( 2) = 2.0000000D+00 = 2.000000000
H( 3) = 3.0000000D+00 = 3.000000000
H( 4) = 4.0000000D+00 = 4.000000000
H( 5) = 5.0000000D+00 = 5.000000000
H( 6) = 6.0000000D+00 = 6.000000000

The FAC command does it all:

COMMAND :
> fac

***xx FACTORED FORM ****

1 1.6115729388D+00 2.1447877722D+00
2 -1.1033709269D+00 1.8752402162D+00
3 1.4917979881D+00 0.0000000000D+00

These represent the factors:

x>+ 1.6115729x + 2.1447878
x2-1.1033709x + 1.8752402
and x + 1.4917980

which are indeed the factors of the polynomial specified.

The CH command can be used to change any one of the factors in the factored form. An
example:

COMMAND :

> ch

ENTER SERIAL NO. OF FACTOR
> 3

ENTER A PAIR OF COEFFICIENTS
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> 1.5 .02
** DONE **

We must print the factored form to observe the results:

COMMAND :
> prf

***xx FACTORED FORM ****

1 1.611572
2 -1.103370
3 1.500000

MULTIPLIER

9388D+00
9269D+00
0000D+00

2.1447877722D+00
1.8752402162D+00
2.0000000000D-02
= 1.0000000000D+00

12.23

We demonstrate the FILE command to write a readable (ASCII) file containing the filter data and
we end the program after writing the file and then list what is in this file.

COMMAND :
> file

ENTER FILE NAME

> test

ORIGINAL: 0 OR ANOTHER: NO.

> 0
* % DONE * %

COMMAND :
> stop
ARE YOU SURE?

>y

(Y/N)

*** PROGRAM TERMINATED ***

C:>type test.f

ir

factor polynomial

**x*xxx TIMPULSE RESPONSE ****x
FUNCTION NO. 0

SAMPLIN

H( 1) = 1

H( 2) = 2

H( 3) = 3

H( 4) = 4

H( 5) = 5

H( 6) = 6
S/FILSYN Manual

G FREQUENCY

DECIMAL

.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00

1.0000000D+05

HEXADECIMAL
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000

oUW
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