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SYNOPSIS
SDRSoftware Defined Radio) development includes the implementation of FIR (finite impulse response) filters in |
(Digital Signal Processors) or FPGA (Field Programmable Gate Arrays) logic as one of the main components. The c
tools particularly deal thi the construction of the filter structure, while for the calculation of the filter coefficients,
additional filter design software is necessary.

This application note shows the simplicity and time advantage of implementing FIR Filters for Huber Sig
Pm b dr r h AO0BoftwdRe@d@fined Radio Evaluation Syssing the ASN Filter Designer.

The following diagram summaries the workflow used within this application nafeowada practical way for
designingan FIR Filtewith the ASN Filter Designer, outimgtthe flter coefficients in Xilin€OE File format, and
imporingtheresultingCORFile ino Xilinx ISEor implementation

Xilinx Core Xilinx FIR
generator compiler

Xilinx ISE

SDR500
Evaluation system

ASN Hter

Designer

Figurel OWorkflow for digital filter design usithg ASN Filter Designer for tBBR500target system
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INTRODUCTIOSIDR500
TheSDR500is a Software Defined Radio Evaluation System from Huber Signal Processing, that consists of a hardw
PCB boardsfiownbelow)and a comprehensive library of IP blocks.
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Figure2 - SDR500PCB
(courtesy of Huber Signal Processing).
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DETAILEDEERIPTIONDF THE SB$00

Analysing the bloakiagram ofFigure3, it canbe seen that the main components are the FPGA and an RF Frontend
with a local oscillator, mixer, filters and ADC/DAC with a signal bandwidth of up to 32 MHz.
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Figure3 - Hardware block diagram of the ShR
(courtesy of Huber Signal Processing).

TheSDR500is a platform for the development of radio communication systems. The RF section consists of a separe
receive and transmit path, a band selection section with local oscillators, mixers, bandpass filters, or alternativel
lowpass filter for arliashg using the baseband signal, and an A/D and D/A converter section, followed by the FPG
Using the mixer and oscillator path, you have a system that is capable of feeding the FPGA with the IF signal. The ¢
processing in the FPGA can implement askihug/downconverters, modems, analog and digital modulation blocks,
etc. A fundamental element within these signal processing blocks is the digital filter.

To build a digital filter, the logic configuration is done by abstract hardware definitiagdantike VHDL or Verilog,

or schematic entry. Like capacitors and inductors, the coefficients data in digital filters have to be specified to prov
the filter characteristic and parameters. Filter coefficients are usually calculated with sophistiftetesic.
Therefore, the filter characteristic properties are selected wloopmenus, filter parameters are filled in text boxes,
and after pressing a 'Calculate’ button, the parameters are calculated. Other implementations use script language:

Thus in ordeto build a digital communication system, like an application for tHe08BD#R0 software packages are
needed:

1. FPGA design softse (e.gXilinxISE or Vivado)
2. Filter design software (e.g. QED20G|a# R b h KOwith many] advamtages: TAEN Filter Designer
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1. The ASN Filter Designer

ASN Filter Designgrovides engineers with a powerful DSP experimentation platform, allowtimg design,
experimerdtionand deplomentof complex lIRinfiniteimpulse responsend FIRligital filter designs faa variety of
rdmrng | d rtqdl dms adwoc&dhfinctisnality,mimcludesSaggitapheat bakelime filter
desigrer, multiple filter blocksyariousmathematical 1/0O blocks, live symbolic math scrigimd) reatime signal
analysigviaa builtin signal analys@r These advantages coupled with autontitmmentation ancode generation
functionalityallow engineers design and validate a digital filter within minutes rather than hours.

1.1. Designing FIR filters with tA&N Hter Designer

An intuitive regime graphical user interface allows designers to undertake the design and analysis of FIR filters wi
just afew mouse clicksAs seen below, design of a suitable FIR filter based on the desired user specifications i
expedited by virtue of sketching the desired frequency response (lowpass in this case) via the graphical desigh mat
and allowing the ParfgcCellan algorithm to automatically fill in the necessary technical specifications, such as Filter
Orderautomatically.

The graphical design marker concept forms the essence of the intuitiveness of the tool, allowing designers
graphically specify their dga specifications and see the true filter frequency response-imreal

_/

Click and hold the red square with the left mouse bwtwhthen drag in any direction to modify the
marker's position. The filter specification table will automatically besdpdat
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1.2. Algorithm convergence and errors

The Park#cClellan algorithm is an optimal Chebyshev FIR design method, however the algorithm may not conve
for some specifications. In such cases, increasing the distance between the design margenbeailyshelps.

Errors in the root finding algorithm usually lead to undesirable results for high order filter implementation

L As a consequence, the zeros presented in fhectart for higher orders (> 60 or so) should only be
interpreted as aitlustration of the true positions. Also, if you are designing a high order FIR filter with a few hundre
taps, it is not recommended to use the &litor for editing the positions of the zeros.

1.3. Quantisation options and Filter Structure

After obtaininghe desired frequency response, it is necessary to quantise the filter coefficients for deployment. Tt
SDRA/ / cdudknol dms an qcPr P04 bndeehbhdms pt mshr’
tab Q as shown below:

\. IR | R | bz | Q| Notes |
Arithmetic lFixed Paint " i
scaling
Structure lDirect Form "‘ L2
FWL options

**Coefficients**
Word Length (16 = Bits Max= 0.30488
Min=-0.03668

Fraction Length (15 = Bits gFWL=15Bits

L]

Show quantised poles/zeros

Sgd snbuiltkafatyticsh(shown in the textbox) are intended to help the designer choose the most suitabl
gquantisation settingsAs seen above, the tool has recommended a REWdmmended fraction length) of 15bits
(Q15) for the coefficients, which is as required.
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1.4. FIR Structures

FIR (finite impulse response) filters are useful for a variety of signal processing applications,andiodsngnal
processing and noise cancellation. Although several practical implementations for FIRs exist, the direct form struct
and its transposed cousin are perhaps the most commonly used, and as such all designed filter coefficients
intended formplementation in a Direct form structure.

%:bo+blz‘1+bzz'2+....+sz‘M

X(n-1) X(n-2) X(n-M)
x(n) ——>» z1 7zt - -

bo b b

y(n)

» S » S
N4

Direct Form structure

y(n) =b,x() +b,x(n- 1) +b,x(n- 2+> +b,x(n- M)

4
A 4

x(n) —* SRR

b b, by bo

\ 4

z! - z! z! y(n)

wi(n-1) we(n-1) wi(n-1)

Direct Form Transposed structure

ym = bxm) + w(n-1)
wi() = bx(n) + wyn-1)
w,(n) = bx(n) + wn-1)
@ = @ + @

wy, () = byx(n)

The ASN filter designer supports the design and implementationBirboth-ornand Direct Form TransposédRs.
Thedefault structure is thBirect Form Transposetiructure by virtue of its superior numerical accuracy when using
floating point.
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1.5. Automatic code generation to Vivado

The ASN Filter Designer automatic code generation engine facilitates awtodsatieneration for the Xilinx FIR
compiler suite (Vivado), as shown below:

E-"H-)b- Q- -

| Log magnitude & Phase - Fs-

He) | A | <br| @+

b b
L Filter Summary & Automatic Code Generation M

il | @ %2 2 | Xiinx FIR Compiler

»

s/ %% Primary Filter (H1)#*

f://Band# Frequencies (Hz) Lo /Ripple (dB)

1 0.000, 25.000 0.001
2 125.000, 250.000 80.000
Arichmetic = '"Fixed Point (Q0.15)':

{ BArchitecture = 'FIR';

/{ Structure = 'Direct Form':

f{ Response = 'Lowpass';

/ Method = 'Parks-McClellan':

f GridSize = 100;

{ Fz = 500.00Hz;

;// Filter COrder = 24

f %= RSN filter Designer Automatic Code Generator ==
:ff %% Deployment to Xili

radix=10;

coefdata=

-14, -37, -1&, 118,
290, 205, -394, -1201,

-1175, 757, 4508, 8352,
9930, 8352, 4308, 757,
-1178, -1201, -394, 205,
280, 118, -16, -37,

-14;

SelectingXilinx FIR Compilérom the listbox, the tool will automatic generate the COE file needed for implementatior
in thelSE or Vivado development tool.
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2. Configuring FIR Filters in Xilinx ISE

In the standard edition of the SBIR a Xilinx Sparta® FPGA is used. The design tbat isthereforeusedis ISE.
Later versions will use FPGAs that are programmed with \ival@aseshe workflow is sirfdr, and compatible
with thecode generated fromti@RM Ehksdg Cdr hf mdgPr “tsnl shb bncd

STEP 1First, start Xilinx ISE, open your project, or create a new project.

REAT] & 3 v
[Design @|Z
3 |view: © {8 inplementton © [ smuation ° Project Fle: exampleproject ise ParserErors: o Errors
= Vi
& “‘!f:‘!""v - :"""":‘: ;"" > ° Hodule Name: w Implementation State: New
0] = ""“5““-"'““ it Target Device: xc355002-5pa208 «Errors:
o e-quns h) [JEEES rlie Product Version: 158 147 ‘Warnings:
- -
XPower Analyzer...
a ® v o -l | Design Goak Balanced < Routing Results:
a - ls.“ o |1 # Design Strategy: Yo Defoult (urlocked) ~Timing Constraints:
a ol o e + Final Timing Score:
o) L)
Detailed Reports - o
Report Kame Status Generated [Errors Warmings Infos
| Translation Report.
ap Report
Floce and Route Report
» | € toprocesses Ruming Foner Report
7% | Processes top [Past-PAR Static Tring Repart
2| X Design Summary/Reports
e ; Design P 1
=k 4 cign Properies
o238 5 Enavle I e =
I Optional Desigr | Report Hame Status. Generated |
@ Hp  Configure Torget Device
€ Analyze Design Using ChipScope Date Generated: 05/11/2017 - 11:15:06
[& 5ot #8 vesn [ Fles [ throres | T Design Summary [x]

Console »O8 x

Launching Design Summary/Reporc Viewer...

1] Console @ Erees | 1) Wamngs | (@8 FrdimnriesResuts
Create or modify Core Generator IP

Figured - Xilinx ISE default view wiflore Gematorselected in th& oolsdropdown menu item

The filter design is usually done with the prodidi@nCompilérin thissection thedesign of a FIR Filter with the FIR
Compiler is shown. To start it, select@mee Generaton theToolsmenu.

Constraints Editor... 2 | =8 mt
‘% Core Generator... . | B Design Overvi
Ll ~ B Summ
ESimulaﬁun 8| PlanAhead —
- @ ~ [ 10BPn
- - [ Meodul
@ Tirning Analyzer » @ ~[] Timing
FPGA Editor v | 9 - [ Pinout
- [ Clock|
m KPower Analyzer... ca G Static
% iMPACT... % = Errors and War
Smart¥plorer 3 — - [El Parser
04 - [ Synthe
- ~ [ Translz
I Y B
1The FIR Compiler is also used in ISE's successor design tool Xilinx Vivado
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STER2: Now the Core Generator window op@mshe left-handside, the IP Catalag shown.

After generating a new Core Generator pfiilactearch fobigital Signal Processing Filtersand start the program
FIR Compileoy doublelickingon it

Eile

EEEIEETITITIEEET

IP Catalog 8 x|

View by Functon | viewby ame | LogiCiRE FIR Compiler ©

Project View ManagelP Help

»

N gl Show Project

MName Version *

~ Automotive & Industrial
AT Infrastructure This core is supported at status Production by your chosen part.
BaselP
Basic Elements Information
Communication & Networking Core type: FIR Compiler
/ Debug & Verification Version: 5.0

Digital Signal Processing Identifier: wilinx. com:ip:fir_compiler:5.0

o fi) | #5323 ¥

7 B.uilding Blocks Core Summary:  The Xilinx FIR. Compiler LogiCORE is a module for generation of high speed, compact filter
EL“ZEFS implementations that can be configured to implement many different filtering functions. The core is fully
4 CIC Compiler 20 L synchronous, using a single dock, and is highly parameterizable, allowing designers to control the filter =
?il CIC Compiler 30 3 type, data and coeffident widths, the number of filter taps, the number of channels, etc. Multi-rate
/ DUC/DDC Compiler operation is supported. The implementation method can be specified by the user, with a choice of
FIR Comnpiler 5.0 ibuted Arithmetic architectures. The core is delivered through the Xilinx N
- - = CORE Generator System and integrates seamlessly with the Xilinx design flow.
N FIR Compiler 6.2
[ FIR Compiler|yli sipefi iler:
) R OmprErxiling.comipfir compiler:5.0 HSUDDDI’tEd Eamilies
G- Meodulation
& Transforms Current Project Options (not available while carrying out another task)
-~/ Trig Functions
[ Waveform Synthesis Actions

[ |~/ Embedded Processing

[ |7 FPGA Features and Design . The following actions are available for this core:

|7 Math Functions Iiri::(:usbomize and Generate (not available while carrying out another task) |

[ |7 Memories & Storage Elements - M

e | = = - The following documents are available for this core:
@}Ansu\'er Records
Search IP Catalog: @Data Sheet
[ All TP versions [] Only IP compatible with chosen part 2 Version Information %
Project IP g x||Console ) &2
Instance Name ¥ Core Name Vers | Welcome to Xilinx CORE Generator. il
e . ; Help system initialized.
{ char_fifo Fifo G.enerai.:or 8. | The IP Catalog has been reloaded. =
[ clk_core Clocking Wizard 3{ | Opening project file C:\Users'\user\wave_gen_vhd_séjpcore_dir\coregen. cap.

%y samp_ram Block Memory Generator 6] | WARNING:sim:991 - The project IP instance 'char_fifo' for IP 'Fifo Generator v8. 1' was generated with a different version of the IP than  — ([}
is currently in the IP Catalog. It was originally generated using IP with the packaged timestamp '2011-01-18+20:50"; the IP in the current
catalog has a different packaged timestamp '2013-10-13+18:02', This mismatch is due to changes made to the IP in the user repositories.

It may affect some functionality of the IF, if there are differences between these two versions of the IR |
WARNING:sim - The IP Clocking Wizard 3. 1 does not exist within the repository, and cannot be recustomized or regenerated. Itis not -
| T v | |Search Console Save ] [ Clear ]
Search Project IP: Clear Information | A\ Warnings | @ errors |

Customize and Generate

Part: xc3s500e-5pq208  Design Entry: Advanced )
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STEP 3Now the FIR Compiler program opens in a new window.

Documents  View

Freq. Response [0

iC Pt i
m9 " FIR compller xilinx.com:ip:fir_compiler:5.0
Frequency Response (Magnitude) Component Name  fir_compiler_v5_0
@ - Filter Coefficients
= Select Source : COE File -
o
Coefficient Vector : 6,0,-4,-3,5,6,-6,-13,7,44,64,44,7,-13,-6,6,5,-3,4,0,6
P
B Coefficients File : Z:\projects\INTERN_ASN-FD_ISE\ew\example_project_1 Browse... l l Showi...
B
o Number of Coefficient Sets : 1 Range: 1..256
8 =
- Number of Coefficients (per set) : 17
g
g R | ldes| Filter Specification
2 7 B Quantized
b Filter Type : lSmgIe Rate -
=
Rate Change Type : Integer
£
Interpolation Rate Value : |1 Range: 1..1
3
Decimation Rate Value : |1 Range: 1.1
=
Zero Pack Factor : 1 Range: 1..1
a0 A .,
© ez e+t o5 08 1 1z o2 Number of Channels : 1 Range: 1..64
Normsized Frequency {x P1 radfssmpie) Hardware Oversampling Specification
Set to Display : 1 Range: 1..1 Select format : Frequency Specification -
Filter Analysis Input Sampling Frequency : 0.001 Range: 0.000001..250.0 MHz
e Sip e Clock Frequency : 250.0 Range: 0.001..250.0  MHz
Range : 0.0 - 05 0.5 - 10
Input Sample Period : 1 Range: 1..10000000 Clock cycles
Min : -75.501745 dB
Max :  0.064724 dB -74.072026 dB
Ripple : 75.566460 dB
% TP Symbol| < Freq. Response | %/ Implementation Details Baincheck < Eack | Page 1of4 [ Next > J [ Generate J [ Cancel I [ Help | f

The FIR Compiler has several parameters to adjust. At tisadegkiou can select a Vedtdata in the text box above)
or aCOE Filas source of the filter coefficients.

2.1. Whatis a COE File

A COE File is a simple text file that contains the filter coefficients, as well as a header with some information. -
syrtax of the general form foIGOE file is described in detadle It iscomprisebf comments, a header and a list of
the filter coefficients. Arsall example is shown here:

i/l Arithmetic = 'Fixed Point (Q0.15)";

./l Architecture = 'FIR";

;/l Structure = 'Direct Form';

;/l Response = 'Lowpass’;

:/l Method = 'Parks T McClellan’;

/] Gridsize = 100: Rdbshnm vhsg noshnr
/I Fs = 500.00Hz;

;I Filter Order = 24

S ASN filter Designer Automatic Code Generator **

;/1 ** Deployment to Xilinx Vivado FIR Compiler Suite **

radix=10; Rdbshnm vhsg jdxvnc

coefdata=

-14, -37, -16,118,

290,205, -394, -1201,

- 1175, 757, 4506, 8352, Rdbshnm vhsg bndeet
9990, 8352, 4506, 757,

-1175, -1201, -394, 205,

290,118, -16, -37,

- 14,
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STEP 4Now choos€OE Filas data input and browse the file you have exported before with the ASN Filter Designe

Select Source : [CDE File v] e
Coefficient Vector : 6,0,-4,-3,5,6,-6,-13,744,64,44,7,-13,-6,6,5,-3,-4,0,6 ‘ *

Coefficients File : Z:\projects\INTERN_ASN-FD_ISE\ew\example_project_1 [ Browse... Show...

_ Onthe left side of the FIR Compiler window, you can see the
- _

ocuments  View automatically adjusted Frequency Response plot. It should
be identical to your filter built previously with the ASN Filter
Designe.

Freg. Response g X

Frequency Response (Magnitude)

If all parameters shown are correct, press\ietbutton,
adjust all parameters to your needs, and so on. The last
page will show you the summary. Ensure that all
parameters are correct. If so, press@ameratdutton.

Magnitude (dB)
&

B Idesl
= B Quantizad After the generation is finished, you can use your VHDL,
= Verilog or Schematic symbol design in your ISE project, as
= shown overleaf and for further use with the SEIR
= Software Defined Radio board.
Mormalzed Freguency (x PI rad/szmple)
Set to Display : 1 Range: 1..1
Filter Analysis
Passband Stop band
Range : 0.0 - 0.5 0.5 - 1.0
Min: -75.501745 dB
Max : 0.064724 dB -74.072026 dB

Ripple : 75.566469 dB

% 1P Symbol % Freq. Response J Implementation Details
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2.2. The last steps

The FIR filter that we r@built as description for the FPGA with its filter coefficients is now ready for being used ir
your FPGA project. Build your binary file(s) using the and download to your target FPGA or PROM.

Repeat the filter tuning, FPGA compilation and downloathieingistilt fits the requirements.
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