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Highlights

Digital-FIR Coefficient Packer

Digital-FIR Optimal Standard

Digital-FIR Root Editor

Digital-FIR Fixed Point Coefficient Export
Variable Fixed Point Implementations
Reducing FPGA logic or LSI circuitry

H Design Objective

Design several FIR filters and reduce their coefficient complexity.
Examine the changes in the coefficients

View the changes in the filter response

View the changes in the Z-Roots

Packing coefficients is a term frequently used when implementing FIR filters with
FPGA logic or directly within LSI circuitry. This can be defined simply as reduc-
ing the size of the binary coefficients to a minimum. There are actually two aspects
to the size of a coefficient that may be important:

(1) The fixed point word size in bits

(2) The number of 1's within each coefficient

Reducing the word size is clearly important. A coefficient of 16 bits requires less
logic to implement than a coefficient of 24 bits. The second factor concerns the
amount of logic required to implement specific step sizes given the resolution of
the word size.

For example, if a coefficient had only a single '1' in the binary word with all other
bits zero, then multiplying by the coefficient would merely require a number of bit
shifts. This is far easier than a full fixed point multiplication.

A lot depends on what sort of logic algorithm is used to implement the filter opera-
tion. However in many cases the number of 1's in a binary coefficient closely
correlates with the number tédrmsrequired in the logic. Therefore it may be
important to minimize the number of 1's or terms in the binary coefficients.
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B The Digital-FIR: Coefficient Packer dialog

Packing coefficients is really nothing more than an exercise in sophisticated
rounding and/or truncating. However when performed by hand this can be
somewhat tedious.

The Digital-FIR: Coefficient Packedialog on the Target menu makes this
much easier. Not only does this dialog provide efficient means for manually
editing the coefficients, it also provide$udly automaticmeans of optimiz-

ing for minimum binary size.

Digital FIR: Coefficient Packer HE
Setup
r—Configuratior Operation:
Filter “word Hewx/Binary Format Scaling Lin Phase Redraw F& |
[1:FIR Fs= 20.0000K M= 75 24 [Sign Magnitude | 40000 [VES ——
plirnize: |

—temony Feduce Coef F5 |

Fecall I Store-1 | Store-2| Store-3| Store-4| Store-5| Store-Bl Store-?l Store-Sl e
Wiginal | Fesaiil| Besaliz| Hecaa] Becad] ecalis] Recaie] Fecaiz] Feeais] | | Mook Bits M
[[30 [ o [ o [ o [ o [ o [ o [0 [ O [+ =l TruncA"|

r—Coefficient D ata

Index IHeaI Ilnteger IHex IBinar_l,l -
0f -0.001122951508091270 3420 8024CC 10000000001 0010011001100
1 -0.000671267509773030 -BE31 S015FF 100000000001 010111111111
2 -0.000061988830595270 520 800208 100000000000001000001 000
3 0.001193404198248530 10011 00z271e 000000000010011100011011
4 0.002707242966952900 22710 O058BE 000000000101100010110110
5 0.003710627557575060 27 007997 000000000111100110010111
£ 0.003327369691490830 2792 00e0 08 000000000110110100001 000
7 0.001037955284601930 8707 002203 00000000001 0001 000000011
8 -0.002859115601917320 -23984 8050E0 100000000101110110110000
9 -0.0070617198597697550 59238 S0E7EE 100000001110011101100110
10| -0.009557247166315670 -B0172 81392C 1000000710011100100101100 LI

The Data page of the packer dialog is shown above. The coefficients are

displayed in four different formdReal Integer, Hex andBinary. Any of

these forms may be edited and the other forms will be automatically recom-
puted to match. The dialog performs seamless conversion of the coefficients
between any of the numeric formats on a continual basis while editing.

At any time during the editing, the FIR filter can be recalculated and viewed
on the graphs using tiRedrawbutton. A memory system is also imple-
mented to allow previous configurations to be stored and recalled. This al-
lows for easy trial & error comparisons of different coefficient sets.
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B Example #1
The procedure and results can best be demonstrated by a couple examples. For
this first example the following design goal parameters will be used:

- FIR Lowpass
- Fs = 20kHz
- Fc = 2kHz

- Ft=1kHz (Fpass=1.5kHz, Fstop=2.5kHz)
- Ripple < 0.01dB
- Attenuation > 60dB

Before we can reduce the coefficients of the FIR filter, we must first create an FIR
filter. For this example a simple optimal equal ripple will be used. The inevitable
price paid for reducing or rounding the coefficients, is that the ripple and
attenuation may no longer be equal ripple. In fact each may become slightly worse.
For this reason it is generally besbterdesign the optimal filter prior to packing.

This gives more freedom in rounding the coefficients to achieve better packing.

The Digital-FIR: Optimal Standardlialog was used to create the filter as shown
here. For this example the ripple was designed at 0.005dB and the attenuation at
70dB. This provides some working room for packing.

The order of the FIR came out to be about 75 for this design. The response of the
filter is shown on the following page.

Digital FIR: Dptimal Standard E
—Frequency P r— Transformation
Fsampling (Hz] | 20.0000% * LowPass " BandPass
" HighPass " BandReject
Foomer [Hz) | 2.0000F
_ —Filter Type
Fpasswidth (Hz] | 1.0000F & Lin Phaze Bipolar ¢ Min Phase Bipolar

Ftransition [Hz] | 1.0051K _I ' Lin Phaze Unipalar € Max Phase Bipolar

—amplitude Parameter: —Pazzhand Transfer Function———————————

Passhand Ripple (dB) | 0.0050 % Flat [No Curve] I= | rwerse
Stopband Atten (dB) | 70.00 ¢ Data Curve I 1: Target VI
FIR Filter Order (M) I 75 € Guide Curve I 1: VI

Lancel | Help |
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Digital FIR: Coefficient Packer HE
setup |Data | We now open the
—TFBE Optimization Filter Shape PaCker dlalog to Setup
I 1-FIF Fs= 20.0000K M= 75 j ’V(:' Lowpass " Highpass " Bandpass " Bandreject the parameters- Forthis
Optimization P design we will simply
P Passband Ripple [+dB] [ 10.0000m choose 24 bit fixed co-
ISC:.lzuFDaDCDt;[ |Max i;zl;;ﬂaﬂotor Stopband Attenuation [dB] I £0.0000 effiCientS fOI‘ the |n|t|a|

¥ Linear Phase [symmetric: filter)

FPassband Edge Freqg [Hz]
Stopband Edge Freg)(HE]

I 1.6000kK.
I 200.0000rm

[word Size Stoptiand Edae Freg (HE) I 300.0000m
4 12 20 ©oz8
~a 1B = 24 el Stopband Edge Freq [Hz] I 2.5000K,
Help
432

formatting.

Note thatthe maximum
scaling factor has been
computed as 4. This
means that we could
scale the coefficients up
to better use the fixed
point word size. How-

ever for this example
we shall leave the scal-
ing at 1.0.
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* Lowpass " Highpass " Bandpass " Bandreject

"D plimization Filter Shape

The constraints for the optimization process are setup in

the panels as shown here on the left. Here we define the

O ptimization P.
Passband Ripple [+dB]

Stopband Attenuation [dB]
FPassband Edge Freqg [Hz]
Stopband Edge Freg)(HE]
Stopband Edge Freg)(HE]
Stopband Edge Freq [Hz]
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[tooooom exact goals for the filter. Since the filter is Linear Phase,
ET only half the coefficients are operated on with the other
[Tsoook half being mirrored automatically.
[Zo00mmm
E When all the setup parameters have been defined, then
[zsoook we selected thBata tab page. The 24 bit fixed point
coefficients are now shown below.
Digital FIR: Coefficient Packer HE
Setup  Data |
r—Configuratior Operation:
Filter “word erx.-"Binary.Format Scaling Lin Phase Redraw F2 |
|1: FIR Fs= 20.0000K M= 75 W |S|gn Magnitude | 1.0000 [YES

—temony Feduce Coef F5 |

Fecall I Store-1 | Store-2| Store-3| Store-4| Store-5| Store-Bl Store-?l Store-Sl e e
W T T T T T R e e | e AR
[0 [ o [ o [ o [ o [ o [ o [ 0o [ 1@ |4 'l TruncAIIl

r—Coefficient D ata

Index IHeaI Ilnteger IHex IBinar_l,l -
0 -0.000280737877022820 -2355 800933 100000000000100100110011
1 -0.000167727470476050 -1407 80057F 10000000000001 0101111111
2 -0.000015497 207648820 -130 ENNEH 10000000000000001 0000010
3 0.000298261642534940 2802 0009CE 000000000000100111000110
4 0.000676751137094920 5E7T 00620 000000000001011000101101
5 0.000927567482426560 77al OMEES 000000000001111001100101
£ 0.000831842422872710 E978 00Ee42 000000000001 101101000010
7 0.000259399414183290 2176 000ss0 0000000000001 00010000000
8 -0.000714773300479330 -5936 801 7EC 100000000001011101101100
9 -0.0017653703659779580 -14803 803904 100000000011100111011001
10| -0.002389311791578920 -20043 S04E4B 100000000100111001001011 LI

The Hex/Binary format used for the packer is exclusively Sign-Magnitude. Al-
though Two's Complement is typically used for operation with DSPs, Sign-
Magnitude is often the preferred choice for discrete logic implementation. More-
over, both positive and negative coefficients have the same number of 1's (terms)
in their magnitude representations. However when exporting the coefficients later
either Two's Complement, Sign-Magnitude, or Offset Binary can be deployed.

Note the value shown under tRecall Originalmemory button. Thisis the number
of 1'sin the magnitude portion of all coefficier8$0. We seek to reduce this value.
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FIR Coefficient Packer Optimizer x]| We could certainly attempt to reduce the co-
Statu efficient sizes through manual editing, but
Current Term Count Evaluations Starting Term Count H H H HI _
s 200 T instead we will simply use tH@ptimizebut

39%

about 39% of its original size.

The coefficient results are shown below. Note that many more of the Binary
coefficients are now zero. Most of the coefficients are only 14 bits long, with

a small number of ones in each value.

We could further attempt to reduce the coefficients through manual editing if
we desired. Several features are provided on the dialog for this purpose.
However in this example we will just go with the optimized result.

The FIR response of the packed coefficients is now shown on the following
page, along with a comparison of the root locations. The packed filter has some

of the zero roots moved off the unity circle.

Digital FIR: Coefficient Packer HE
Setup  Data |
r—Configuratior Operation:
Filter “word Hewx/Binary Format Scaling Lin Phase Redraw F&
[1:FIR Fs= 20.0000K M= 75 ’7 [Sign Magnitude | toooo YES —
ey Reduce Coef F5 |
Recall I Store-1 | Store-2| Store-3| Store-4| Store-5| Store-Bl Store-?l Store-Sl e
Qriginal ( Fiecall1 | Fecali2] Recald| Becalid] Recals| Besalis| Recslz] Becalid] | | Mo ofBis _Rnda |
[0 [0 [ o [ o [ o [ o [ o [ 0o [ © [+ =l TruncA"|
r—Coefficient D ata
Index | Real I Integer I Hex I Binary -
-0.000244140625113630 -2048 800800 1000000000001 00000000000
1 -0.0001831 05468835270 -1536 800600 10000000000001 1000000000
2 -0.000015258789069610 128 800080 10000000000000001 0000000
3 0.000244140625113690 2048 000800 0000000000001 00000000000
4 0.000488281260227370 4036 001000 000000000001 000000000000
5 0.000915527344176330 7EE0 00MEDD 000000000001 111000000000
£ 0.000854492187897900 7168 001coo 000000000001 110000000000
7 0.000244140625113630 2048 000800 0000000000001 00000000000
8 -0.000732421875341060 -B144 801800 100000000001 100000000000
9 -0.001708984375795810 -14336 803800 100000000071 1100000000000
10| -0.002441406251136870 -20480 805000 1000000001 01 000000000000 LI
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The passband ripple is well below the £0.01dB constraint, and the stopband
attenuation is below the 60dB constraint.

Equal ripple behavior has been lost, but this is generally unimportant for many
applications. This was the trade-off for reducing the coefficient complexity.

Exporting the FIR data

There are many options available for exporting the coefficient data from
FilterShop. In the case of fixed point coefficients, we must choose a specific
word size.

Examining the coefficients we see that the widest coefficient occupies 17 bits.
Therefore the 20 bit word size will be used to contain the data in five even Hex
digits. The C++formatting will be used. If we had desired Two's Complement
or Offset Binary, this could also be obtained at this time.

The final complete coefficient export file is shown on the following page.

Digital FIR Coefficient Export Format E
Mumeric Format
" Real Floating Paint &' Hex Fixed Point
" Integer Fixed Point " Binary Fixed Point

Line Format
’V(" Index & Coef ¢ CoefOnly ¢ Clang f+ C++Lang ‘

Word Size Scaling
’V(" 4 42 &0 28 ’V

1.0000 *
rg 18 C O 5]
Hex / Binary Format
’V(" Two's Complement (* Sign Magnitude ¢ Offszet Binary ‘
i~ Preview
const int NumOfTaps = 76; ﬂ
const unsigned int H[NuwlfTaps] = {

Ox80080,  J* Hi  0) */
Ox80080,  J* Hi 1) */
O0x80008,  J* Hi 2} */
0x00080,  J* Hi 30 */
0x00100,  J* Hi 4} */
0x001ED,  J* H{ &) */
0x001Ca, i* HY 8] *f LI

Ok Lancel Help |
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Application Manual



Application Note 13

/*

/* FIR Filter Coefficient Data */

*/

/*

/* (C)opyright 1993-2000 by LinearX Systems Inc*/
[* FilterShop(TM) Version=3.2.0.685*/

/* Date=Sep 4, 2000 Time=Mon 4:13 am*/

/* Design= AppNotel3_1.fsd*/

*/

/*

/* Fs(Hz)= 20.0000K*/

/* Order= 75*/

/* Coef Line Format= C++ Language*/

/* Coef Numeric Format= Hex Fixed Point*/
/* Coef Scaling=1.0000 */

/* Coef Word Size= 20*/

/* Coef Hex/Bin Format= Sign Magnitude*/

*/

/*

const int NumOfTaps = 76;
const unsigned int H{NumOfTaps] = {
0x80080, /*H( 0)*
0x80060, /*H( 1)*
0x80008, /*H( 2)*
0x00080, /*H( 3)*
0x00100, /*H( 4)*
0x001EO, /*H( 5)*
0x001CO, /*H( 6)*
0x00080, /*H( 7)*
0x80180, /*H( 8)*
0x80380, /*H( 9)*
0x80500, /*H( 10)*/
0x80440, /*H( 11) */
0x80160, /*H( 12)*/
0x00340, /*H( 13)*
0x00800, /*H( 14)*
OX00AAO, /* H( 15) */
0x00940, /*H( 16)*/
0x00340, /*H( 17)*
0x80600, /*H( 18)*/
0x80F80, /*H( 19)*/
0x814C0, /*H( 20)*/
0x81200, /*H( 21)*
0x806C0, /*H( 22)*/
0x00B00, /* H( 23)*/
0x01D00, /*H( 24)*/
0x02700, /*H( 25)*/
0x022C0, /*H( 26)*/
0x00DCO, /*H( 27)*
0x81400, /*H( 28)*/
0x83780, /*H( 29)*/

FilterShop 3.2
Application Manual

*/

Ox84ES0,
0x849CO0,
0x82080,
0x02D80,
0x094CO0,
0x10200,
0x15CCO,
0x19080,
0x19080,
0x15CCO,
0x10200,
0x094CO0,
0x02D80,
0x82080,
0x849CO0,
Ox84ES0,
0x83780,
0x81400,
0x00DCO,
0x022C0,
0x02700,
0x01D00,
0x00B0O,
0x806CO0,
0x81200,
0x814CO0,
0x80F80,
0x80600,
0x00340,
0x00940,
0x00AAOQ,
0x00800,
0x00340,
0x80160,
0x80440,
0x80500,
0x80380,
0x80180,
0x00080,
0x001CO0,
0x001EO,
0x00100,
0x00080,
0x80008,
0x80060,
0x80080};

Digital FIR Coefficient Packing

/¥ H( 30) */
/¥ H( 31) %
< H( 32)
/¥ H( 33) %
I* H( 34) %
/¥ H( 35)*
I* H( 36) */
< H( 37)
1* H( 38)
¥ H( 39) %
1* H( 40) */
¥ H( 41) %
I*H( 42) %
¥ H( 43) %
I*H( 44) %
I* H( 45) %
¥ H( 46) */
< H( 47) %
¥ H( 48) */
I* H( 49) */
/¥ H( 50) */
/¥ H( 51) %
/¥ H( 52) *
/¥ H( 53) *
1* H( 54) %/
/¥ H( 55) */
/¥ H( 56) */
¥ H( 57)*
I* H( 58) */
1* H( 59) */
I* H( 60) */
¥ H( 61) */
¥ H( 62)
1* H( 63)
¥ H( 64) */
1* H( 65) */
1* H( 66) */
¥ H( 67) %
1* H( 68) */
/¥ H( 69) */
/¥ H( 70) %
FH( 71) %
FH( 72) %
*H( 73) %
1< H( 74) ¥
*H( 75)

/*

*/
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B Example #2

The previous example demonstrated the ease of packing using the Optimize
feature. However there is still some benefit to be gained by use of manual
coefficient editing. In this example we shall take the previous packed filter and
reduce it further.

Digital FIR: Coefficient Packer HE
Setup  Data |
r—Configuratior Operation:
Filter “word Hewx/Binary Format Scaling Lin Phase Redraw F& |
|2 FIR Fs= 20.0000K M= 75 20 [Sign Magnitude | toooo YES ——
plirnize: |

—temony Feduce Coef F5 |

Fecall I Store-1 | Store-2| Store-3| Store-4| Store-5| Store-Bl Store-?l Store-Sl e
Wiiginal | Recall | Becali2| Becala] Becald] Becalis] [Recalie] Becalz] Fecaia] | | Moo Bits M
[H20 [0 [ o [0 [ o [ o [ o [ 0o [ © [+ =l TruncA"|

r—Coefficient D ata

Index IHeaI Ilnteger IHex IBinar_l,l -
0 -0.000244140625113630 128 80080 1000000000001 0000000
1 -0.0001831 05468835270 56 80060 10000000000001100000
2 -0.000015258789069610 -8 80008 10000000000000001 000
3 0.000244140625113690 128 00080 0000000000001 0000000
4 0.000488281260227370 286 00100 000000000001 00000000
5 0.000915527344176330 480 OmMED 00000000000111100000
£ 0.000854492187897900 448 ooica 00000000000111000000
7 0.000244140625113630 128 00080 0000000000001 0000000
8 -0.000732421875341060 384 80180 10000000000110000000
9 -0.001708984375795810 -8396 80380 100000000071110000000
10| -0.002441406251136870 -1280 80500 100000000101 00000000 LI

This time the packer was setup using a 20-bit word size, since the previous
optimization reduced the active number of bits to 17. Examining the coeffi-
cients we see that #2 is the widest coefficient of 17 bits. In fact it is the only
coefficient using the full 17 bit word size.

Since the value of this coefficient is already near zero, we can simply edit the
value to be zero and examine the changes in the response. This is shown on the
following page. The original response is shown in Red, and the new response
in Black. There is not much visible change in the response.
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You might wonder why the optimizer did not perform this same adjustment. If we
use the cursor to readout the value of the lobe at 5.3kHz we see that it is now -
59.96dB. This violates the -60dB constraint so the optimizer could not allow this
adjustment. However for this example we shall assume that the -60dB constraint
is not that critical, and that we wish to see what manual adjustments can yield.

The widest coefficients are now 15 bits. We can again change the word size to 16
bits to eliminate some of the extra trailing zeros. This is shown on the next page.
There are only 4 coefficients using the 15 bit word size: #1, #5, #12, and #15.

Truncating the LSB in each of these coefficients produces the response as shown
in the following graph. The worst case lobe is now at 9kHz and at a level of -59.7dB.
The passband ripple still remains easily within the £0.01dB constraint.

Therefore with a little manual editing, we have further trimmed the coefficient word

size from 17 bits down to 14 bits, and only lost 0.3dB from the stopband. The total
term count is now 115. The final coefficients are shown on the following page.
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Digital FIR: Coefficient Packer

Setup  Data |
r—Configuratior
Filker ‘word Hex/Binary Format Scaling Lin Phaze
|2 FIR Fs= 20.0000K M= 75 16 [Sign Magnitude | toooo YES
—Memony

Recall I Store-1 | Store-2| Store-3| Store-4| Store-5| Store-Bl Store-?l Store-Sl
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Operation:
Redraw F8

Optimize |
Reduce Coef F5 |
Significant
Noof Bits 102
|4 VI Trunc &l |

['ns [ o [ o [ o [ o [ o [ o [ 0o [ 0
r—Coefficient D ata
Index IHeaI Ilnteger IHex IBinar_l,l
0 -0.000244140625113630 -8 8008 1000000000001 000
1 -0.0001831 05468835270 -B 8006 1000000000000110
2 0.000000000000000000 a 0o0a 0000000000000000
3 0.000244140625113690 g oo0g 0000000000001 000
4 0.000488281260227370 18 oma 000000000001 0000
5 0.000915527344176330 30 0mME 0000000000011110
£ 0.000854492187897900 28 omc 0000000000011100
7 0.000244140625113630 g oo0g 0000000000001 000
8 -0.000732421875341060 -24 8018 1000000000011000
9 -0.001708984375795810 -BE 8038 1000000000111000
10| -0.002441406251136870 -80 8050 100000000101 0000

El
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/*

/* FIR Filter Coefficient Data */

/*

/* (C)opyright 1993-2000 by LinearX Systems Inc */
/* FilterShop(TM) Version=3.2.0.685 */

/* Date=Sep 5, 2000 Time=Tue 11:42 pm */

/* Design= AppNotel3_2.fsd */

/*

/* Fs(Hz)= 20.0000K */

/* Order= 75 */

/* Coef Line Format= C++ Language */

/* Coef Numeric Format= Hex Fixed Point */
/* Coef Scaling=1.0000 */

/* Coef Word Size= 16 */

/* Coef Hex/Bin Format= Sign Magnitude */

/*

const int NumOfTaps = 76;
const unsigned int H{NumOfTaps] = {
0x8008, /*H( 0)*
0x8004, /*H( 1)*
0x0000, /*H( 2)*
0x0008, /*H( 3)*
0x0010, /*H( 4)*
0x001C, /*H( 5)*
0x001C, /*H( 6)*
0x0008, /*H( 7)*
0x8018, /*H( 8)*
0x8038, /*H( 9)*
0x8050, /*H( 10)*/
0x8044, /*H( 11)*/
0x8014, /*H( 12)*/
0x0034, /*H( 13)*/
0x0080, /*H( 14)*/
0X00A8, /*H( 15)*/
0x0094, /*H( 16)*/
0x0034, /*H( 17)*/
0x8060, /*H( 18)*/
0x80F8, /*H( 19)*/
0x814C, /*H( 20)*/
0x8120, /*H( 21)*/
0x806C, /* H( 22)*
0x00BO, /*H( 23)*/
0x01DO0, /*H( 24)*
0x0270, /*H( 25)*/
0x022C, /*H( 26)*/
0x00DC, /*H( 27)*
0x8140, /*H( 28)*/
0x8378, /*H( 29)*/
O0x84E8, /*H( 30)*/

FilterShop 3.2
Application Manual

*/

*/

*/

*/

0x849C,
0x8208,
0x02Ds8,
0x094C,
0x1020,
0x15CC,
0x1908,
0x1908,
0x15CC,
0x1020,
0x094C,
0x02Ds8,
0x8208,
0x849C,
0x84ES8,
0x8378,
0x8140,
0x00DC,
0x022C,
0x0270,
0x01D0,
0x00BO,
0x806C,
0x8120,
0x814C,
0x80FS8,
0x8060,
0x0034,
0x0094,
0x00AS8,
0x0080,
0x0034,
0x8014,
0x8044,
0x8050,
0x8038,
0x8018,
0x0008,
0x001C,
0x001C,
0x0010,
0x0008,
0x0000,
0x8004,
0x8008};

Digital FIR Coefficient Packing

¥ H( 31) %
I*H( 32) %
/< H( 33)
1* H( 34) %/
/¥ H( 35) %
/¥ H( 36) %/
¥ H( 37) %
/¥ H( 38) %
/¥ H( 39) *
/¥ H( 40) %/
< H( 41) %/
1< H( 42)
/¥ H( 43) %
1*H( 44) %/
1< H( 45) %/
I* H( 46) %
I*H( 47) %
I* H( 48) %/
¥ H( 49) %/
/¥ H( 50) */
/¥ H( 51) %
< H( 52) *
I* H( 53) %/
/¥ H( 54) %
1* H( 55) */
I* H( 56) */
/¥ H( 57) %
/¥ H( 58) */
/¥ H( 59) */
I* H( 60) */
/¥ H( 61) %
I*H( 62) %
/¥ H( 63) %
I* H( 64) %
I* H( 65) %/
I* H( 66) */
I*H( 67) %
/¥ H( 68) */
1* H( 69) */
1* H( 70) %/
FH( 71) %
I H( 72) %
I*H( 73) %
¥ H( 74) %
< H( 75)

/*

*/
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Digital FIR Coefficient Packing

Digital FIR: Dptimal Standard E
Frequency Parameters———— [~ Transformation
Fsampling (Hz] | 20.0000% * LowPass " BandPass
" HighPass " BandReject
Foomer [Hz) | 2.0000F
_ —Filter Type
Fpasswidth (Hz] | 1.0000F & Lin Phaze Bipolar ¢ Min Phase Bipolar
Ftransition [Hz] | 1.0083x _I ' Lin Phaze Unipalar € Max Phase Bipolar

B Example #3

Application Note 13

An example of higher stopband attenuation will now be demonstrated. The
final design goals for this filter are:

—amplitude Parameter:

Pazsband Ripple [dB]

0.0500
Stopband Atten [dB] | 134.00

FIF Filker Order (N) I 99

—Passband Transfer Function——————————

* Flat [No Curve]

= Data Curve I 1: Target 'l
= Guide Curve I 1: DigSim 'l

= | [Fverse

- FIR Lowpass
- Fs = 20kHz
- Fc = 2kHz

- Ft = 1kHz (Fpb=1.5kHz, Fsb=2.5kHz)
- Ripple = +0.1dB
- Attenuation =120dB

As before an initial FIR design slightly
exceeding these specs is produce using the
Optimal Standard FIR dialog. The order
chosen here was 99. The response of the
beginning filter is shown below.

LCancel | Help |

Top= 2.::0!: Magnitude Response Tre:: 25.00C
+j: ! I | +jz.z
S M A A
o NESRN ES/SIC AR VA e
*40:: \ -0.200| lll 74n:ﬂ
iy \ -50.0
-60.0 \ oo
- \ -70.0
ey ‘ -80.0
-90.0 ‘I oo
e AR AT RTATATATY
Yy gv”u ”." i |Ipu|| B iy B
i:g“ Flitershap :Ez
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Digital FIR: Coefficient Packer

Setwp | Data |

H B

TFB

| 1:FIR Fs= 20.0000K

N= 93 =l

(Optimization Filter Shape
’7(3' Lowpass = Highpass " Bandpass " Bandreject

—p

r—Optimizatian P.

I
Scale Factor

ax Scale Factor

| 1000000

[ 4000000

[ Linear Phase [symmetric filter]

Passband Ripple (2dB) I 100.0000m
Stopband Attenuation [dB) I 120.0000
Passhand Edge Freq (Hz) I 1.5000K

Stoptand EdgeiFreq|(HE] I 200.0000m

word Size
4 (o E

8 e &

I i
7 B alcr

Stopband Edge Freq (Hz] I 200.0000m
Stopband Edge Freq [Hz) I 2.5000K,

Exit I Help

Digital FIR Coefficient Packing

The packing dialog is ini-
tially setup with the starting
parameters as shown here.
A word size of 24 bits is
selected. Note that a maxi-
mum scaling factor of 4 is
possible.

The response belowin Black
shows the resulting response
with 24 bit coefficients. The
response already violates
the 120dB constraint before
any packing even begins.
We could choose toincrease
the word size, or we could
scale the coefficients by 4.0
for better utilization.

Top= 25.00C - Tref= 25.00C
Magnitude Response

+20.0 el L +20.0
o Digital FIR: Coefficient Packer [+ x] 100

0.0| 0.0
-10.0 \\ -10.0
-20.0 -20.0
-30.0 \ -30.0
-40.0 \ -40.0
-50.0 \ -50.0
-60.0 \ -60.0
-70.0 \ -70.0
-80.0 1 -80.0
-90.0 " -90.0
-100.0 -100.0
-110.0 -110.0
-120.0 -120.0
vl A A ) /\nn \J’ﬂ AN A [\ n[\f\ .
-140.0 'II m I‘nn“ ” -140.0
-150.0 H HH 8 | i H I 1 ]seo
-160.0 { § -160.0
-170.0 F Iterth[i -170.0
-180.0 0 Hz 1.00K 2.00K 3.00K 4.00K 5.00K 6.00K 7.00K 8.00K 9.00K 10.0}(80.0

FilterShop 3.2 443

Application Manual



Digital FIR Coefficient Packing

Digital FIR: Coefficient Packer

Optimization Filker Shape
’7(:' Lowpass

¢~ Highpass

{~ Bandpass

" Bandreject

Setup |Data I
~TFB
| 1:FIR Fs= 200000k N= 33 =]
P
Scale Factor Max Secale Factar
4000000 [ 4000000

¥ Linear Phase (spmmetric: filker]

wiord Size
4 12 20 28
8 16 24 3R

O ptimization P:
Paszband Ripple [+dB]

Stopband Attenuation [dB]
Passband Edge Freq [Hz]
Stoptvand Edae Frea [HE]
Stopbatd Edae Freg (HE)
Stopband Edage Freq [Hz)

[oomomm
[eoom
T
T
ErT
[Zoow

E it I

Help

Application Note 13

To scale the coeffi-
cients a value of 4 is
entered, and the stop-
band attenuation is
changed to 108dB.
This is necessary if we
wish to keep the 120dB
stopbandelativeto the
passband level. Since
we are adding 12dB to
the passband (1:4) the
same must be added to
the stopband. Ripple
remains unchanged.

The response is shown
below in Black. The
atten is now 113dB.

Top= 25.00C - Tref= 25.00C
Magnitude Response
+20.0 el L +20.0
o \ Digital FIR: Coefficient Packer [= <] 100
0.0 \\ 0.0
-10.0 \ -10.0
-20.0 \\ -20.0
-30.0 \\ -30.0
-40.0 -40.0
-50.0 \} -50.0
-60.0 -60.0
-70.0 -70.0
-80.0 -80.0
-90.0 -90.0
-100.0 -100.0
-110.0| -110.0
el fi Fawaty A O AAAA .~ A Aaan iz
Vi | VAl ?%1 !
-140.0| r\ 'n (\ -140.0
’ III &R \' L | u L H I 1 ’
-150.0 | L | -150.0
-160.0 -160.0
-170.0 —4-170.0
FilterShap
-180.0 180.0
0 Hz 1.00K 2.00K 3.00K 4.00K 5.00K 6.00K 7.00K 8.00K 9.00K 10.0K
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Application Note 13

Digital FIR: Coefficient Packer

Setup  Data

~Configuration Operation
Filter word Hex/Binary Format Scaling Lin Phase Fedaw F2 |
[1:FIR Fs= 20.0000K N= 93 24 [Sign Magnitude [ 40000 [vES —

—Memary

Recall | Store-1 | Sture-2| Sture-3| Stura-4| Stura-5| Stura-E' Slura-?' Slura-Sl

T e e e e e e e e |

Mo ol

Reduce Cosf F5 |
Significant
Bits Rind All

FIR Coefficient Packer Dptimizer

o0 [0 [ o [ o [ o [ o [ o [0 [0 [ =] Tnca]
Coefficient Data
Index | Real Ilntagar | Hex | Binary I;I
26 0.015328526504025110 128585 01FE43 000000011111011001001 001
27 0.002842664713351650 23846 005026 0000000007 011101 00100110
28 00136921 40585599530 114858 S1C0AA 10000001170000001 010 a
29 00294831991 33297060 247323 23CE1E 100000117170001100001101
30 -0.038B00954836793630 -325486 B4FTEE 100001001111011101101110
1 -0036792153097638060 -308635 f4B538 100001001011 10011 m1
32 0021420001 993617040 173684 22BDE4 1000001 010111101111 00100 J
33 0.005132794382578130 43057 004831 00000000710101000001 10001
34 0036222338693319380 303855 D442EF 0000010010 00m 011101111
35 0.062005043058658500 520136 OFEFCE 000001111110911111001 000
36 0.0720962286331 20760 E04787 093473 00001001001110100111001 LI

Statu:

Current Term Count
379

Digital FIR: Coefficient Pacl

Evaluations

4100

Starting Term Count
451

Selup  Data |

Configuration———— .

Filter “word Hes/Binay Format Scaling Lin Phase
|2 FIR Fs= 20.0000K N= 99 24 [Sign Magritude | 10000 fYES

[ temony

Recal I Sthore-1 I Store-2| Store-EI 5tnre-4| Stnre-5| 5tore-5| Stole-?| Stole-EI

Ovignal | \=eea) [Eeear] IGeeara] [Feeae| Jeeans] Feears| imeean) eean]

Mo of

Redraw F2 |
Optimize |
Feduce Coef F5 |

Significant
Fits Find &Il |

[ [ 0 [ o [0 [ o [ o [ o [ 0o [ © 4 = Truncﬁ"|
- Coefficient D ata
Index |Real I Integer I Hex I Binary -
-0.0000057 22045901100 -48 500020 1000000000000000007 10000
1| -0.0000228881 83604410 192 g000co 100000000000000011000000
2| -0.0000551741 33327870 -488 a0mEs 100000000000000111101000
3 -0.0001094341 27858580 418 A00356 100000000000007110010110
4| 00001 5E402587I63460 13z A00520 1000000000000701 0071 00000
5 -0.0001 487731 93428650 1248 A004E0 100000000000010011100000
6| -0.000002622604371340 -22 A00076 10000000000000000001 0110
7 0.00039005279553 790 3z 000CCE 0000000000001 10011001 000
8 0.001124382019566550 9432 002408 00000000007 0010011011000
9 0.002231597907425730 18720 004320 0000000007 001 00710071 00000
10 0.003617763520971760 30348 007680 0000000007170717 010001100 LI

FilterShop 3.2
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Digital FIR Coefficient Packing

The 24 bit coefficients are
shown here. The total num-
berofterms (1's)is451. Since
the response was already
slightly difficult to hold in
the 24 bit word size, we
should expect that less pack-
ing will be possible than the
previous example.

Running Optimize reduces
the term count down to about
84% of its original size, or

379. The coefficient results
are shown below.

Inspecting the coefficients

shows that only three values
are using the LSB bit. Manu-

ally truncating those bits to

zero, the response on the
lower graph of the next page
is produced. Not much sig-

nificant change from the up-

per graph.

The actively used coefficient

bits now span 23. Examining

the Binary values again shows
that only 5 coefficients use

the 23rd LSB bit.

To further reduce the effec-
tive coefficient word size, we
cantruncate these bitsto zero,
leaving a 22 bit word size.
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Digital FIR Coefficient Packing Application Note 13

Top= 25.00C Tref= 25.00C

. Magnitude Response N
oo O =1 | ...

0.0 \ 0.0
-10.0 \ -10.0
oo I\ oo
-40.0| \\ -40.0
_50.0] “ -50.0
s M !'\/\q]a'\f\f“\n\ e ANV Nl
vqyn B WYY BV VN
ArAARfERA A AR ARAAARAAAAARAARAN
s00 II| Py I‘H\lllilll HI ) ]i' |' IIJH u',r || e

Top= 25.00C Tref= 25.00C

dB

Magnitude Response

+20.0, +20.0
nmal Digital FIR: Coefficient Packer +10.0

0.0 \ 0.0
-10.0 \\ \ -10.0

e N\ o
\

-40.0 -40.0
-50.0 \\ -50.0
-60.0 -60.0
-70.0 -70.0
-80.0 -80.0
-90.0 -90.0
-100.0 -100.0

ros AYATIITART AR AV VNS AV Wanme awre I
VY LAV VY i
1 MARAARAARAAAN LATE

I &) i I
HE S L L PR !
-160.0 -160.0
= Fiitershap|
-180.0 180.0
0 Hz 1.00K 2.00K 3.00K 4.00K 5.00K 6.00K 7.00K 8.00K 9.00K 10.0K
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Application Note 13 Digital FIR Coefficient Packing

Digital FIR: Coeflicient Packer Zlx]| This packer dialog shown
Setp Data | here displays the reduced
r—Configuratior Operation; 22 b|t CoefﬁC'entS, and the

Filter ‘wiord Hex/Binary Format Scalng Lin Phase Redraw F8 . h b | .
[2 FIR Fs= 200000K N= 93 | 24 [SignMagritude [ Tooo0  fvES response Is shown below In

L

Optlimize B|aCk

—Memaons Reduce Coef F5

Recal | Store-1 | Store-2| Store-3| Store-4| Store-5| Store-Bl Store-?l Store-Sl

.

Original | Freeali | IResaliz] \Resals| Rezale] Fesals] Resalis] IRzzatl Hesas] N _AndAl | The worst case attenuation
7 0 0 0 0 0 0 0 0 o =] Truncan ;

l l l l ‘ ‘ ‘ : : occurs at 3.3kHz with a

ety e value of 106dB. This is
ndex |Real I Integer | Hex I Binary - i
-0.000005722045901100 48 800030 1000000000000000001 10000 about 2dB h|gher than the
1| -0.000022888183604410 192 8000C0 100000000000000011000000 .
2| -0.000058174133327870 438 B001ER 100000000000000111101000 ideal goal of 108dB. The
3| -0.000109195709279360 916 800394 100000000000007 110010100 final term count is 371,
4| 0.000156402687963460 1312 800520 10000000000001 01001 00000
5| -0.000148773193428650 1245 |BO0MMED 1000000000001 00711100000 down from 451.
6| -0.000002384185792130 20 800014 100000000000000000010100
7| 0.000330052795531 790 3272 000CCE 0000000000001 10011001000
& 0.007124352019566550 9432 002408 0000000001 0010011011000
9| 0.002231537901429790 18720 004320 0000000001001 001001 00000
10| 0.003617763520971 760 30348 007E6C 0000000007111011010001100 =

Top= 25.00C Tref= 25.00C

Magnitude Response

dB dB
+20.0 +20.0
+10.0 +10.0
0.0 0.0

i

. \ .
\

by \\ -30.0

\ 00
s B = Lo
Ll NAN W A Baanal s
S RVER IR SISTSS B8 8 RS b R
b ANAARARRARAA ARANAARAAAA S48 v
-150.0 "I v ' "l I‘ T '! ‘l g 1 U lll r L “ u lll I -150.0
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Digital FIR Coefficient Packing Application Note 13

Top= 25.00C

dB

Tref= 25.00C

Magnitude Response .

+20.0

+20.0
i i |

+10.0

+10.0
dB

-10.0

-20.0

-30.0

-40.0

-50.0

-60.0

-70.0

-80.0

-90.0

PN LTSN A VA o
\ -0.100 l! ,3|]:|:|
\\ _0.200 '||' -40.0
\ -60.0
\ -70.0
‘ -80.0

|

-100.0

-90.0

-100.0

-110.0

-120.0

-110.0

-130.0

-140.0

IT.‘V\\n \\/\nﬁuf\r\ A\ A AN AV e

-150.0

-160.0

-170.0

-180.0

448

EESSRIAE| A Y SIS
I “ llll Ill “ : -150.0

¥ ..
FilterShap i:gg

We can now scale down the response of the Target TFB containing the FIR
using Ao=-12dB, and the final response is shown above. The passband ripple
was unchanged. However note that the average passband levelincreased about
0.05dB. This is not uncommon when packing coefficients. The nearly 120dB
stopband attenuation has been achieved with a 22 bit word size.

The final exported coefficient list is shown on the following page.

B Summary

The Digital-FIR: Coefficient Packinglialog provides an effective means to
reduce the coefficient storage and processing of FIR filters. This can be very
important for logic based FIR implementations. Both automatic optimization
and manual editing features are provided. Simultaneous multi format display
and editing of Real, Integer, Hex, and Binary formats is supported. Changes
in the response can be immediately observed during the editing process.

This completes the digital FIR coefficient packing examples.

FilterShop 3.2
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Application Note 13 Digital FIR Coefficient Packing

I* */ 0x29E680, /* H( 53)*/
/* FIR Filter Coefficient Data * */ 0x1388F0, /* H( 54)*/
I* */ 0x00939C, /* H( 55) */
/* (C)opyright 1993-2000 by LinearX Systems Inc */ 0x8C50C0, /*H( 56) */
/* FilterShop(TM) Version=3.2.0.685 */ 0x9213D8, /*H( 57)*/
/* Date=Sep 6, 2000 Time=Wed 1:32 am */ 0x914CAC, /*H( 58)*/
/* Design= AppNotel3_3.fsd */ 0x8BDF40, /*H( 59)*/
I* */ O0x845AF0, /* H( 60) */
/* Fs(Hz)= 20.0000K */ 0x02BD4C, /*H( 61)*/
/* Order= 99 */ 0x078DBO0, /*H( 62)*/
/* Coef Line Format= C++ Language */ 0x093A70, /*H( 63)*/
/* Coef Numeric Format= Hex Fixed Point */ OXO07EFC8, /*H( 64)*/
/* Coef Scaling=4.0000 */ 0x04A2F0, /*H( 65)*/
/* Coef Word Size= 24 */ 0x00A830, /* H( 66) */
/* Coef Hex/Bin Format= Sign Magnitude */ 0x82BDE4, /*H( 67)*/
I* */ 0x84B59C, /* H( 68) */
const int NumOfTaps = 100; 0x84F770, /*H( 69)*
const unsigned int H{NumOfTaps] = { 0x83C61C, /*H( 70)*/
0x800030, /*H( 0)* 0x81CO0A8, /*H( 71)*
0x8000C0O, /*H( 1)* 0x005D28, /*H( 72)*/
0x8001E8, /*H( 2)* 0x01F648, [*H( 73)*
0x800394, /*H( 3)* 0x02B310, /*H( 74)*
0x800520, /*H( 4)* 0x84B59C, /*H( 31)* 0x028C00, /*H( 75) */
OX8004EO, /*H( 5)* 0x82BDE4, /*H( 32)*/ 0x01BB20, /* H( 76)*/
0x800014, /*H( 6)* 0X00A830, /* H( 33)* 0x009D9C, /*H( 77)*
0x000CC8, /*H( 7)* OX04A2F0, /*H( 34)*/ 0x806E38, /*H( 78)*/
0x0024D8, /*H( 8)* OX07EFCS8, /*H( 35)*/ 0x8123C0, /*H( 79)*/
0x004920, /*H( 9)* 0x093A70, /*H( 36)* 0x816540, /*H( 80)*/
0x00768C, /* H( 10) */ 0x078DBO, /*H( 37)*/ 0x813B18, /*H( 81)*
0x00A49C, /*H( 11)* 0x02BD4C, /*H( 38) */ 0x80C830, /*H( 82)*/
0x00C590, /*H( 12)*/ Ox845AF0, /* H( 39) */ 0x8039C8, /*H( 83)*/
OXO0C8F4, /*H( 13)*/ 0x8BDF40, /* H( 40) */ 0x004758, [* H( 84)*/
OXO00AOAC, /* H( 14)*/ 0x914CAC, /*H( 41)* OX00AOAC, /* H( 85)*/
0x004758, /* H( 15)*/ 0x9213D8, /[* H( 42) */ OX00C8F4, /* H( 86)*/
0x8039C8, /*H( 16) */ 0x8C50C0, /*H( 43)*/ 0x00C590, /*H( 87)*/
0x80C830, /*H( 17)*/ 0x00939C, /* H( 44)*/ 0x00A49C, /*H( 88)*/
0x813B18, /*H( 18)*/ 0x1388F0, /* H( 45)*/ 0x00768C, /*H( 89) */
0x816540, /*H( 19)*/ O0x29E680, /* H( 46) */ 0x004920, /*H( 90)*/
0x8123CO0, /* H( 20) */ Ox3FE838, /*H( 47)*/ 0x0024D8, /*H( 91) */
0x806E38, /*H( 21)* Ox517F50, /*H( 48)*/ 0x000CC8, /*H( 92)*/
0x009D9C, /* H( 22)*/ 0x5B4350, /* H( 49) */ 0x800014, /*H( 93)*/
0x01BB20, /* H( 23)* 0x5B4350, /* H( 50) */ 0x8004EO0, /*H( 94)*/
0x028C00, /* H( 24)*/ 0x517F50, /*H( 51)*/ 0x800520, /*H( 95)*/
0x02B310, /*H( 25)*/ Ox3FE838, /*H( 52)*/ 0x800394, /*H( 96) */
0x01F648, [*H( 26)*/ O0x8001E8, /*H( 97)*
0x005D28, /*H( 27)* 0x8000C0, /* H( 98) */
0x81COA8, /*H( 28)* 0x800030}; /* H( 99) */
0x83C61C, /*H( 29)*/ I* */

Ox84F770, *H( 30)*
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