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WdSmMdietse Otfpdzals B2  (dzj ftoj to" 9 dzOW  dz( ¢

10 tedmMf 8CIO.LPBRZO Mddsj L delzj B3O
Codf dj Chdr 2 st ¥ W) J dEsy tafjintg jdrj
HdOf OL sdzai Y OMmIsRyR) . ts5lsy Odglisdeis OH tte §
tc O9 dzB, 29600 | . ] B34 Is BH(f)| tsteQetdds dats

ftoj sBcOL S0 Odzdj Akt' j {2 57O©O
o tBj MEtigdkinse Olsj disdssilsd d3if tzlsdr
nOLOSIsjtedmisdSd.
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ST

n Filter Design 8t Analysis Tool - [untitled.fda *] @Elg
File Edit Analysis Targets View Window Help

DFEER [ PpeX UENNCH2+ D BLONEY

— Current Fitter Information — Magnitude Response (dB).
Lowpass FIR Window: Quantized
— - — - Lowpass FIR Window: Reference
Structure: Direct-Form FIR —_
Order: a3 %
Stahle: Yes 8
Source:  Designed (quantized) % ___________
)
8
= 00 f-onnnee-
B
Store Fitter ...
Frequency (kHz)
Fitter Manager ... 2
— Response Type — Filter Order. — Frequency Specifications: — Magnitude Specifications
@ |Lowpass % & Specify order: |83 Units: |Hz -
 Highpass -
€ Minimum order Fs: 18000 The sttenuation &t cutoff
(" Bandpass
" Bandstop _ Options Fo: 500 frequencies is fixed at 6 dB
" [pifferentiator | [ Scele (half the passhand gain)
| Design Method Window: Blackman ~
IR [Butterworth | ||| e
@ FIR [Window - =
View |

Design Fil

||Computing Response ... done

tdfm. 1.2. RIEDATEN. | 2 fie divkjt 't O MY idlsO sfisyom s R M




[ dzv  f sz giddddz' st O L OH O dadis@ ts
fdzj Hise Ols j dz' datsfyls fd ¢ OJ smw 1
OC i3 dzls ©  dzlz % pztiz® s Gpdz@B dzj dzd W |
Wi SClstse o L lstd kzdj S eziz0 N d dzlezlf
COCjtedMsdS O Ekddetsy Of lsmw  dzO
0]

s
tc
W
o)
&Oo dzs MY OH O h s € CigOwW .

« J]1 ¢ o=

HH)

| |
0 F Fsf2 f(Hz)

M3 mOwOCkjidhlsdsd fq dagkmaficl
SRA Jd IstcOFRATdYlE j H j

l € dzOHRe&®ize Model f SL otsdzw j Is d &3f 5

My tetsd € Is d te ts o- dladiz'(d@ttcHs ) rUBIiMulink (tc d 1h2).

J 1 Istsdi fn dzlz y O j d3ts Hify Ik ks & I[figlv Is tc O
dmf sdz' L s Odzed j & BOLtSoO ™ A 1 dzj d3j «
Cs1 WWdydJ dzls [ [ fipd agetdds| v ) enerateHDL

fsL gilsdfc j dzj cdtetso Ols!  CWHDL. § 6 sztizls tc ¢
LOCOL flsOtc O dzdzj dzOdefls j € sz telz -W d dg'Rlsvic O
sBAEZOHOY M hesEts?2 fHftesdLoHdIs] dzd datsfyl

16



141 tetsj SIsdteseo Oded § t ©® @EzaRdp @'datE m
SRM ddz! Istcts o

it OfMmdsslstcd d3 Ho © o Oted Odzl&/ADLd L o
dL Hggtszy 2 tc O Bimgink{ @y HO dBsH ] zdtetso
dzj f toj tor o dzsGE d H MES tgj Is didadlab o
(mMeh jMmMsokjls Jjhji o0tcdOdzls dL o dzj Y
0O dzc ts te Nsathkib)o. 1 jtear 2 9 Otcd Odzls duL ¢
s d mOded W MistczCIskzter W dJdzis jlsdgE<o0 d3¢
tc Ofmh d tc Sidagimk l sstets? O09 @d OEAdsd O«
MstezClskzter W ddz' Istc M-WP A/ Bimdipiirik + & w L T

1 0 WIhif.c5C 0L Odz0 dd3dIlsOyd tsdzdzOW
totse j dz d § © @ ®Hzdzg ¥iryd digsiz tedotsl 1 dgtR M
Wddz: Istce©® dzO o sy Wk OWE Is glataiGsp, dS ezt
i to d d3pimudnk HDL Coder ExamplesSymmetricFIR Filters
10 onBH Wddz stcO fif sfiddiEHE @ O MBS
BsH 2 dzvfydFnd ¢ d2dd2,1 sismyd Is) :

X_in = coq2.*pi.*(0:0.001:2).*(1+(0:0.001:2).*75)).".

t OmMmdsslstedds dMmY sdz' L &zdz@RzQ fn ldf tldeC
HdMS ey IsdL Oydr, =1 ifdicyzO @R]0E 1o/j CIstste
HdMGCtc] Isdzr - L dzOy J dzdf22].*7h td | d3Q fodd ts Is (
d a3 iy, BO dstsH § dz' dztsSampletine)i oy deib J (

f ¢ OL Odz Offfe@hdl)j tal3] telzdzts 2 Y dzfigMaddf o
>>fs=1e3; % YyofmlstslsO HdmMStejlsdL Oydd
>>t=0:1fs12;, % o j S Istste HdMGtejIsdzr = L dzO
>>f0=1+t* 75] ; % yYyoOmbslO ddqifkzd MO
>>sl=cogq2.*pi.*t.*f0); %M ¢ s dzM s tc Iz d g i ® @2Czdz" 2

>> plot(sl);
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double sfecl @ _En10
10.001:2] Convert — x_in
I: | I—

From Data Type Conversion
Workspace

5
ficlE_Enl0 y_out
.1339 i h_in1
y_out

Constant

i€ Enl0
00838

k4

h_In2

Constant1

sfcl® En10
2028 3
0.2026 i h_In3 <fclEEnt0
delayed x out
Constant2
delayed_x =scope_out
sfcl8 En10
0.4064 o h_Ina

Constant3

symm etnc_fir

t M4 R &I Is Oy d t5'dzdéPdv o3 digisisitg iy dats 6
Wdd SO BGBosEMmPd | jrdd? btse

ltojHY Bdzsy ddz, yYlsts Cws1 WWdyd, dz
AntcOdgv Isfpw o W Iz dz¢ yQosstzdiigz! szt E&is B digisdc
d d3j dzO dz€onstaritConstand . Il T AoHdz | f
ftoj HMIsOo dzv ¥ Isyw ) YW sted3OIs § fn
fixdt(1,16,10): hl =i0.1339; h2 =10.0838; h3 = 0.2026; h4 =
=0. 406 4. ltcj sBtcOL SO 9 Ols L dz0yd
LOf wWists?2 ) W sted3OIs M Wd¢Mdtse O
COo ssdBOIsdL dqetseo Odzdg’” j o Mis B iy Hzglzic P
WlzdeS ydsdzOdz! dg" 1i5). B dztsS d ( ted M.

st1 WWdydJ dzlsd dismEseR® dz,  SH &
Wddz' steOfdsefio j o OF Isfpw BOMh Is OB d &
b dgdztsy § dzd W dzO BZOMh Is OB dz' 2°) dgdeats
Moslke jIsMiseadd M or B tcOWHIAE E10N ds to d3C
f smdzj Hiz® b j i3z . Hftadzcdggjidizd= i 137,1136
sCtolze dzHjsls MW j dzsce s 113d@20  patptiv7 )
Histf sdzded Is j dz' detsds StsHj ftod Hdzd daj
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I M jMmlsdzOHYyOIsj ted ydets?2 MmdMlsj 3y
ydmdzO tsdzd BERHEIS 97 ¢ dzv H ff13; ffaaf dzj
00cf,0180 . 1 tod 1 Istsd3 fMdzj Hizj Is {sdgodedly
Cst WWdydj dafsdpez! IssterROm o dzd W jIs dzgO@ J
otej di3gd dedz' | R OwOCIsjtedmisd$d.

\
Source Block Parameters: Constantl [

Constant

Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,
treat the constant value as a 1-D array. Otherwise, output a matrix with the
same dimensions as the constant value.

Main | Signal Attributes

Constant value:

-0.0838
Interpret vector parameters as 1-D

Sampling mode:  Sample based

Sample time:
1
9 0K ] l Cancel ] l Help I Apply
.
Source Block Parameters: Constantl Ié“
Constant

Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,
treat the constant value as a 1-D array. Otherwise, output a matrix with the
same dimensions as the constant value.

- Signal Attributes

Output minimum:

Output maximum:

n} n}
Output data type: fixdt(1,16,10) -

[7] Lock output data type setting against changes by the fixed-point tools

LJ [ ok [ concel |[ Help || appy
B)
t dis. 1 OMbstes?2 ¢ O W Iz dz$ Codisadi®
dd3j degpmgtant : ©O) L OHOj Isfmw 10DPEB] fi
Wo dzw s h j j MY BHddB 4§ddlEely o
Main, B) 9" ntSHds?2 Wisted3Ols { tod
fixdt( 1, 16, 1 0 )SignalAttfud=sdH ¢ O
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1 dz0yJ dzd W ontSHAdEG fd ¢ dzO«
ftesWddz' stetseo Ols! , dL d3j ddl® Isifipy dit
ftej HMsO®odz] E'StcBOIs § g! Wd¢md:
(sfix16_En10). A 2 dz€ y d ts dzO dzatatZlufe Candzision
sfmizh jMlseodzv j Is 1 toj tsdowhie fisdi(QI&IQ).

] HOdz' dgzj 24 sBrsHd s .o j HE
Csi WWduydjdelsse d ontsHdz = L dgC
ftosW ddz Istctseo Odzdz’ n L dz0 y J1 dodff et ,
ZOyodz' dz" § L dzOyj dzdv Mmd e dzOdzO
0400, 0%, 03f, 0Xf, 03f, 03f, 0Fe. [ dzw ljjtejeﬂ
doubled n dzj sB 2 @H H FEAREOMh IsOB dz' 2
1024 1, 0. 990234375 d Is.

tOfr]fr]d31slstGO[d3 ¢ d3 ity dfcsidzfiziz 'R Isnte
ted 6 1 tsfd L Of ZHPCAOS Hss Hig digdirge
Csi WWdydJj dzls Odpdr - bd dz' 5 © frydodt dgC
delayedx_scopeout ( © ' R SH dzd dzd d L OH
dmf sdz! Lkzj di3r 2 Wistcd3Ols.

1 tod dimtf sdz’ L ts9 Odzed d Oted W iz Isd
LOf wists?2 s jteOyddt tdydatdtsiHjwdsd W ¢ dalzj t
sCtolze dzj dzd v 8] sz sEGssils dzd h
fJtjtf sdzdzj dzd | tcOL toW H dzts 2 Mmil¢d
f to j )k dzd30 Bdd-sdd> ftcj HMIsOo dzv ¥ Isfyw
sfix7Enl 0 Hdzw BEyjbO fjtejf tsdzdzj dad W .
Producti Product3 ff tc j Hsfriidsive dav BfiBB BRIV ] s O
Oz igdztsy j dzdd ydmidz M WdEMmdttse OM
o jdzdyj ddr ydmdzO L zOyoh ds ydwts
M dgdets ) d J&jtdre 'dzff © H O dzdats d3 -IdifPdz Ao G4 jdz"
d, Mdzj H 5§ Olgide Bdsts H d BIsMisd Gjskzc
Mz BEROIsASUSNAdE ff jtco s ts ktoso dgv H
ftoj HiMIsOo dzv ¥ Is fgfik34 ENON B tca®siEscEdE Ik tc
sfix35 En2 O . ddzj Hts9 Ols j dzv dzts, toj L zdz' |
you) Htoj HMIsOo dzv gfil3B FN2 § {1y @30 1Is
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delayed_x_out
1 1 1 1
- ECTIET s Emid| seaBJEnt0|

Untt Delay? Unit Delayd UnftDelay5 Unit Delayd

el I I R e N N o L[4 [pedeEnto
*_in z

z = =
Unit Delay1 Unit Delay Unt Dely2 Unit Delay3
+ Fa—
Tt +
i T A

S T_EniD SHdT_Eni0

Exga=

S7_Ent0
st Er
sfodl6_Entd x
CEr—
h_ind

Product3

P “ a3 _Er20 Ly i Ede |
- } | sfx18_En10 x sfocd6_En10 X Py
h_in : e
X Product 2 Product! hin2 Product2 AddB

B
§I
;

b
B

yout

t dhe. R &dIsOyd ts'dzda®d d3dgjsisitg fiay dat
SRM ddz' stcO ®BosEEpdM ¢ OL Odz
MdecdzOdztseo . 1 dyded?2 bktetse jdz@ dJ Ot

L dzj &) dzls © EMaftptySipsulinks”

[ Odzfn f sdstsh & & i Binjudirtk YHPLdzGoder
hd mis Magab/Simulink L e dzj yj &3 o ©OolsddgPlsd
CtsSH wWIVHRDLO s RN ddz'.Istc@ Of ¢ i tod
smikzh j Mise dzv j Is M@odéHPL Codgjsdnrerate HDL.
ltejHo Oted s dz¢ dzts fy Caflesidyts Cod¢Optiazj dz®
dzj sBrSHd B L OCOL Ols! stf toj Hj dzj da
ZOMmistets?2 € d .

[ OMmdstsisted d3 o Istste s @ dzd 8 Oty didizls d
t OLtcOBtsIsOj &3 dd&3dIlsOyd tsdzdzlz 8 BsH
Wddz' stcOsfipg@®Es o sH WastcdgOls j fn Wd¢ M
LOf w2 MY sdz’ itsBO e jsdg o MY OR LdZts% C
Mdmls Mdglab ( e din.7 ted fj. 8) . 1 kzHjd3 d Mt
fMdzj Hiz¥ b d 2H dIMS tefd3©jisH fr) IsOle iz ddzdv  wid] fiff
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a=fi(v,s,w,f),
GHY- HJMWIsdydzss L dz@Ifeila v zv  ydMmj dz
L dzOC Otrud) 7 & dzy( ydmj dz; yistc O dgjsiss@f) dz
BdlsO~ (yd azOW fumﬁdzwqﬁndﬂm)lsi ud
Clsts d3ts ) dats smikh j Mise d g MdzinH 2¢f iy {ff e
Wsted3Ols O:

a=fi(v, s, w, f, fimath).

% HDL specific fimath

hdl_fm = fimath(...

'RoundMode’, floor',...

'‘OverflowMode’, 'wrap',...

'ProductMode’, 'FullPrecision’, 'RtactWordLength’, 32,...

‘SumMode’, 'FullPrecision’, 'SumWordLength', 32,...

'‘CastBeforeSum’, true);

[ Odzdz" j ZOMlstes2 ¢ d 9" ydmdzj da
Wd<SMmdtetse Odgdats 2 L Of W Ists2 Sintlliakd tfizts Is '
Zdi3sdzyOdzde . [ sy dets L OH OFRoundniedey d d3
floor6 1T S tolzce dzj dzd o dzd L ; tej OC yds
(OverflowModg i awvrapdi ff § tej detsfy, fted o'ddBH,
Hsf s d i3t e ts Hd Of OL 5dz0, ¢ dzd h dz
dqedetstcdtolzs Isfyw . 1 ted 9" f sdzdzd dzd d
( FroductModé ) d fn z8umMaddg v  H (dzv ftsor t
stsydabfn o " ydpnedigiod 2 d i(ff sdz' L zj Isw
Mzsets hdoddzs?2 ©®© 32 BdIlsO.

lteddzj o 1 fMF OR tze Gnjdlsizdsj Is to-d y dz
Wddz SO dz20 otsfj i slkdsBisg S Hsaf
edfm. 1.9 fsCOLOd MdecdOd His d {!

[ Odzj j, ) Qo lsts RBOIs gy j fif Ststeils h  t
tc d dzts 3 Girdmiink HDL Coderd L d &3d Is Oy d ts dzdzts :
d i3z Is to d y ettefcs lsgerom dz@ o sfj d3' -slso
O zsofi-srfl jSlstso dL odzj S OYHOmwY G t
stedelzjlsmw Isjmlsejdy HA&Y {sihd
SHj dzdtetse Odzad W .

G ==
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double sfix16_Ent0

From Data Type Conversion
Workspace

sfix16_Eni0 x_in
01339 sfix16_En10
defayed_x_out

Constant hin

3
an
-0.0828 SiX16 o delayed_x_scope_out
n_in2
26

;

13
8
Constart
sfi6_Ent0
0.20: h In3 SMx35_En20
y_out
Constant2

h_Ind y_out

sfx16_Ent0 =
0.4064

Constant3

t M7 Jdpder btso jd@ djwOndd
Bis A diy d B Is te d - dee &5 wOR BB o &5 fs p o3
dMmy sdz L Vel CRRtZC

sfx16_Entd
xin
< sfix35_E n20
SiX16_En1D y_out
( : J————————hint
. _in y_out
h_in1
sfix16_Enid
@—b h_in2
h In2 firg
sfx16_Entd
h_in3
- sfx16_En10
h_In3 delayed_xout
sx16_En10 delayed_x_out
@—b h_ind
h_Ind
FIR8

t db8 1 sH Q] Ml fMdgd Is tc d-Y detize s tc OR
otsMmjsdBo sHise (fsHSC s yjdedj o n tSH A2
CM-W 02 dzlz)

%#codegen

function [y_out,delayed_xout] = fir8(x_in, h_in1, h_in2, h_in3, h_in4)
% Symmetric FIR Filter

% HDL specific fimath

hdl_fm = fimath(...

'RoundMode’, 'floor’,...
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'‘OverflowMode’, ‘wrap’',...
'ProductMode’, 'FullPrecision’, 'ProductWordLength’, 32,...
'‘SumMode’, 'FullPrecisi’, 'SumWordLength', 32,...
'‘CastBeforeSum’, true);
% declare and initialize the delay registers
persistent ud1 ud2 ud3 ud4 ud5 ud6 ud7 uds;
if isempty(udl)
udl = fi(0, 1, 16, 10, hdl_fm);
ud2 = fi(0, 1, 16, 10, hdl_fm);
ud3 = fi(0, 1, 16, 10nd| _fm);
ud4 = fi(0, 1, 16, 10, hdl_fm);
ud5 = fi(0, 1, 16, 10, hdl_fm);
ud6 = fi(0, 1, 16, 10, hdl_fm);
ud7 = fi(0, 1, 16, 10, hdl_fm);
ud8 = fi(0, 1, 16, 10, hdl_fm);
end
% access the previous value of states/registers
al =fi(udl +ud8, 1, 17, 10, hdl_fm);
a2 =fi(ud2 + ud7, 1, 17, 10, hdl_fm);
a3 = fi(ud3 + ud6, 1, 17, 10, hdl_fm);
a4 =fi(ud4 + ud5, 1, 17, 10, hdl_fm);
% multiplier chain
m1 = fi((h_inl*al), 1, 33, 20, hdl_fm);
m2 = fi((h_in2*a2), 1, 33, 20, hdl_fm);
m3 = fi((h_irB*a3), 1, 33, 20, hdl_fm);
m4 = fi((h_ind*a4), 1, 33, 20, hdl_fm);
% adder chain
a5 =filml + m2, 1, 34, 20, hdl_fm);
a6 =film3 + m4, 1, 34, 20, hdl_fm);
% filtered output
y_out =fi(a5 + a6, 1, 35, 20, hdl_fm);
% delayout input signal
delayed_xout = ugt
% update the delay line
ud8 = ud7; ud7 = ud6; ud6 = ud5;
ud5 = ud4;
ud4 = ud3;
ud3 = ud2;
ud2 = udi;
udl = fi(x_in, 1, 16, 10, hdl_fm);
end
ltoddzy MW DOD2dz Md dBdzj stcd fldzs s 8O s dz@

slso sHBse f ( fififtsdz jLCtHsotdzd j o3

24



WM»H W”'W i

\\
WMMMWWLM

1600

um

B)
tdm9. tjLbEd OIT ddidlsOyd tsdzdz
O mMrtsHdr 2 s Pd lsetse Odzds 2

t OmMmdissisted ds W EZzdzeC yd tsdzOdz! dzts §
W ddz IstfOs diy Loy Oded § dbodiptbidsialuze Btaste ©
Edition. 1 0 1#@iints s OL Odets BBSH | zdtese O
dmf sdz' L s Odzed j &3 Isj MisB j dzy O, IS
i to d dzts y irdeiink HDL Coderd L d &3 Is Oy d ts dzdats:
d d3dzd Is to d y ety IsdsrBMn ga@'o SHtso jdzg s
Q02 iz j CIsts0 .

==

Ry Bdz L 2w f SRS Sipdzs QL 6 OB s (
&S yd sdzOdz! dzlz¥ d3ts H Qulartusllie( towfifihl).t  ?
SH&E2 Mdc ok MY oak]Sks hhic § s
di1f2) 9 Mttslse jlsMisoadd M §tcd d3d tet
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1 [ R EP2C5AF256A7

tOMmY tod HJ dzj ded J
¢t d f)ls O dzozkz EP2CHAR2E6AT .
Of f O Ols dz’ A

tc Qo dztsd dz! dzts
tcOL d3j 8 datisfiflg 'tc Oldz8 ts LIS dz.

4 Gpaodell.

 Bdzts s d Is j dzj 2
diny sdz' L Soddasdt dls J

1 01185 OL Odz
LOHj 2 Mlse so Odzdz’ R
R f{ isfd2e sy o3
Dy tgistc

v OB dzi3y O

{Bhdj MmojHjddw 85 ydmak
1 | R @€yclonell EP2C5AF256A7
J scdyd sted GG J{ T T OtcOd { OB 5Y(
L dzj gj°d dscduifm  kddasydlsj uomlsl
(Logic Cells Lodzg ((ji'g dzls e OL d3j to dzts| dzO gzz ZH
LC) (Dedicate Tlogic SO dzHI® e fazkz y O
registers) (Embedded Fmax [ |
Multiplier 9-bit
element}
238/4608 128/4608 8/26 (3Ph) 380
(5%) (3%) ddzd 4 Edzdz
tcOL di3j tc dats
18x18
4 tcOo dzd © OW1L.10 tefd g d M1.12, @ d H d d3,

]
q
g
m

Altera.

slsyjlsr

1 0 told fiy4
Workflow Advisor tc O fyh d tc Jirdzdfrik.

dzj u4 dzdzts G ts
dzts ¥ Jirdmink HDL Coder d L
d d3d3j Is to d Y etttsfcas IsssrEMn gad'o SH ts o
W O2dztfiesBd j CIstso
cOBtslsOj Is

k dz
shistets] dzdzOw
L ®
te d

5B

f

CydtsdzOdz! dzOW-W¥ ddsis' Hij el ts ipg@lsne S H s o
dMmy sdz' L s¥HDHzd § &3
) QolssBOIsdyj ME ¢

dBdlsOyd s dedess

o Wuyakup Il a J teigd d

Ctstetej C Is dats .

]l MmMcHBLGoders - sHdIls d deMmistclz dzj dzls
HDL Workflow Advisor( f tsd3ts h dad ¢
OolssROIsdL dqtskzj Is
[ 5y dats
tcj Odzd L, Oy H j dzv Is !
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dde stedzOyd ¥ d3ts ) dats f s dzzmatfalsru. d
] tetsG tc Od3d3dz" 2dzlddDdz e rteflavdtsAdvisor H 2 B dzd te [z §
f z2dzC Isr QiydedBdL CodeGenerate HDL d CodéHDL
CodeOption dzs fsLodzv jIs t©OBSISOIs!
Ztctse dzj .

1 Jdagj cOydw CtHO ftosdmMrasHdIls o
L 1IsOf L OCdzs yojlsmw 9o o Bititg jQ digflsdf vdz
ftcsj CIsO o BOL dMmy LOC OL dz' n 1R
C tsdzC toj Is dzts Bz ftosdL otsHdIsj dz¥ d dzd
9" Bstesd3 BIsdzZOH sydzts?2 § dzO Kilinx d dzdp J t
Altera. [ dzw ftotsj CIstse Workflou®@ LAdvigqQr ]
sBiMfjudeOjls bOCd] ot @BEy Gy ®
M steshmis! | e OMY toj RAMdz] dAt§ dzo § D gists
Mo 3 Misdesj] dMf sdz! L so Odedj tj Miztcf

1 Of ted d&3j toc, SetTag®a HEg A O j sMmw s
ff dzO Kl®ra DE2-115 Developmentand Education Board dzO
1 Ry MmEyeldng IV EPACEL 1 5. ) Mz yoOJ J o
ftotsj € Is d tc skEPGApftheLoop (L ORBE dzkzls 2
slsdzOy d o Ols ftetsj Cls o tsL d3sSinudtek dzj |
ltose jtoC 2 dz@  tsHH | to) WhrkfldsvisAda@er ts y dz
Bsy des sMEzh j Mise s ZO olktstetsdy 1 Is
G j dzj tc © g gRPepareModel For HDL Code Generation®
tc O L HChekzfPGAin-theLoop Compatibility. 1 © Istej Is! |
sfizh i Mlsodzw jIsw ¢ j dzgj sOydw CBHO.

¢ d fls Mag&/'Simulink c f te d dzts ¥ SidadligkdgDL
Coderd3tsy jIs BT Is! LWWiSlkdodess dmY sC
ftosyj Mipg@e B d ¢ o Odzis  azO tetzs® @ R/
1 rRY. dolssdikBOIsd yj MEHPL-CdstHo dzyj dydiz: ddsids
s d i © Righulink-dzts H j dzd ftcdotsHdIs ¢
o Mistctsj dede'-ERdzts K 1§ & ) 1 [ rRQyclonem jj, tgq’q’
sBjMfjyde Ow tcOL tcOBBSISC Iz or Ml t
Wddz' stetse .

27



8¢

Sy Uy A L S N T (e N SN e U S

N

300 e | T T [pw [P bsrs o | Py | s | Jowr | joaF

11137

[ dM10 A ydBdO® dg5j &Gohj ddoss O Wddz Iste
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dmf sdz! L 59 Oded YHPL o @zj Wy j 'dbdsc s 9 OolstsdBBOsdyj M ts
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0 ps 40.0ns 80.0ns 120.0ns 160.0ns 200.0 ns 240.0 ns 280.0 g 320.0ns 360.0 ns 400.0 ns 440.0 ns
Name Value at 1 1 1 1 1 1 1 1 1 1 1
Ops ps

!
i_ﬂ>_ éres B1 —I
B bon  HO%0 040} 0FF Y IOFE § 0FD 4 0FC § 0FB
ik B0
i_ﬂ>_ enb B1
% b fitered  HO0000O0DD | [0DOC) FFFFODCDO  FEFFC3489 ¥ FFFFFCODF 000064010 ¥ 000OCBETO ¥ DODOFF8DO Y 00DOEAO8A Y 0000CTDE Y 0000CTESS J{0000C7CCS | 0000ESAB2 §
b odday  HONO 0000 ¥ loa0 | ¥ 0FF

t dfhl2z AlzdzS yqd sdzOdz' detsg R aits[Hizd dedfotOts enO dfdnif sdz! L s9 Od
VHDL, L o dzj yJ dedzsets o OQolstsdiOIsd yj M ts &mubink HRLBgderfiL § ts o
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Edt View Toos Window Hep
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X
=

Node Name
Select Al
i |fir [FIR:inst1flom_mult:Mut 1 jmult_p3tauto_generatedjmac_mult1 DSPMULT_X16_Y4_N
5
3|
ZI\_DSP Element(s)
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Input Port Name Signal Name: Inverted -
4 DSP Output I
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ENA <Disconnected> NS
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HDL Worlflow Advisor - fir8/fir

File
Find:

Edit Run View Help

ME

4

a

4 [ HDL Workflow Advisor

(@ 1. set Target
(=] 1. Set Target Device and Synthesis Tool
[T 2. Prepare Model For HDL Code Generation
(=] 21. Chedk Global Settings
[Z] ~2.2. Check Algebraic Loops
(=] ~23. Chedk Block Compatibility
=] ~2.4. Check Sample Times
(=] ~2.5. Chedk FPGA-in-the-Loop Compatibility
(G 3. HDL Code Generation
4 [ 3.1, set Code Generation Options
[=] 3.1.1. Set Basic Options
[=] 3.1.2. Set Advanced Options
[=] 3.1.3. Set Testbench Options
[Z] 3.2 Generate RTL Code and Testbench
G 4. FPGA-in-the-Loop Implementation

1.1 Set Target Device and Synthesis Tool
Analysis (~Triggers Update Diagram)
Set Target Device and Synthesis Tool for HDL code generation
Input Parameters

Target workflow [FPGA-in-the-Loop

and education board

Target platform [Altera DE2-115d

)

Launch Board Manager ]

Synthesis tool [Altera QUARTUS I

Famiy |Cydone IVE
Package
Project folder  C:\fir\firs_altera

Set Target Library (for floating-point synthesis support)

Result: ] NotRun

Ciick Run This Task.

Device |EP4CE115F29C7

Speed

t dhla

] ¢ O BBy Workfloamevistr 59 Sz © @ " J Sjmidgk



15 1fpls@o dzj dedj € st W W-Wddt'jldais® oo &
WstediOlsj g WdSCMmdtese Odedets?2 L

I Mdmlsj &3 -dazffisO@df'sdisizis 6 s Bis H
Matl ab/ Si mul i nk H dzw tcj OdzdL Oydd
Bsckzls BT s dmf sdz’ L 59 Odz fOCjlIsr
System Generater alsDSP dBusilsl déelr .
fOCJilsr twOMmMhdjddw Altera DSP B
mdmlsj &3 addds AL} distsizdzts 6 5 Bts H
Matl ab/ Si mul i nk sBJ M jyde O
sflsddsdL dtetse Odaizte § H M IS\OHDR] dzd § f tc
Qo lstsBOIdyd MS d i3] s & d fzRtets oXA didi n X
fsmdjHEzs " dd&3 ML HOd]] & dmfr sOlsj
fOCjlIsr Wodzwe Isipw dzgy Htelzy j Mise j dad
Htclzc Iz, s. €. 9 dzdm LOdzsy jdz@ Oten
tcOLdzr n ftosdLotHdIsj dzj 2, dzs BOL
yd itk 2 sBtcOBBISC md ¢ dzOdzts o dfm
Matlab/Simulink.

tOmMMmdfateldg ssHdCd Yt HinlsOo dzj dad
SRA dz' stc© ) W sted3OIs § fn Wd¢md
dmf sdz' L ts9 OdXlipxdSydfem GendsadriDS d Altera
DSPBuilder.

I COoyimbej (ReGBIHBO (EOQHHH S
SRA ddz' ste ) d fiViddze dzs®agcdrtlklz Sis o
43 9 MmMdmisjdzy Matl ab/ Si mul i nk
GeneratolDS. [ tsH j dz! da@rudf2tes@nmdifpy d3tsy dz
dzO02 Isd eSEdysyghexgmplesnac fir.

[ S H s dztOaid®dz W Iz dz€ y d s dzOmzapdamt; B
Port Memory MAC FIR Filter d L B d B d2{litxilsRjefergnce
BlocksetDSP ff OC j IsO tc O fiviatthlSjnuzdi [ dzw
ntcOdzj ded W Cst WW¥dydJ dzlstse Wddz Ists
dMmf sekmwiz B dzts y dzOw X@gW (sH d B33$ IRtsto ts
J1uv WEdS ydsdzOdz' dztap DumldzBdEt Memory).

1 OtcOdzj Ister My JydW¥ dcoydd Wddz Iste
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gL d3d teJ dzd W™ | y; Y O ) IsAs4s4@10Co Ly Isd 4 4 .
1Y) ; f stew HISO o IStz Islgftay@ ) Mididum o © B
Orde) ; GieOdzd yoO { t5dzt$ i =600Cte =yt A S OCdac
CtcOdzd yo f sdztsmr L OH j tedggf 9 @2y (
(7.725 €C1vy); dzj Qo dzsd3j tedetsfils.! ¢
(R,=1H1); B dzd 3O dz! detsj L Olslzm Oded j§
Asop (Rg=48 H 1) ; Cst WWduydJ dzls  dztsls dzts
(DensityFacto) . [ MmEkh jMmlsoedds MddaelsjL Wddz
fzdz? MOydwdkdd oé¢vym o odktshor {tofs
3d stsH tsd3  {Equitiple © 0 L OH Odzdzts 2
fdydadydd mddasiLdulzyilsmy m=qaz' Ist
tGJQdZ“ YyOlsjdz2 EmMlsOdzse dzj dz dzO df3
Wduydd dals O. r dzv  tcOfmyj-bdd Sta
dzJLIZJd3 CteOW dud MC Iz Mtcj HEz
sorn Wddz Istese FDATool .
Rwdidﬂstb‘ f dd3j dzaj d3 NMAcC o & g elatlz’
o sydzts 2 Xilimd fiflsyisdgje m Generato
Bj sted L 59 Odzdz’ 3. ] System
fydw c{udz,f@fLHdz@thc[? fMtej H Iz FD
B U dz W Jtedzj dgdz Bl L dOdz§ sz s
q’dzfr’;zlsjygdzls(a FDATool 9 dzgj &3 dzj dz' L
CoPBtzo Odzdw W ddz' Iste@®, Glff.yd.d tlsdyz Khip
sd quantization parameters [ f jttOydw ¢ ol Qsdids s
ftoj HMIsOo dzj dzd j Csi WWdydj dzlstse Y
OB tstetsd3 B dIlstso .

o f sd3tsh + & MY 4 ud Odzddats 2
da_numerator (6FDAToo0ol 6) ftotst
s) . [ OSMdd30dz! detsy L dzOyj dedg ¢
22, 0O @6z 83OEksdzz C s W WdydJ

= Q-

F=OS 2@
ooV BT

L)
(

¢
q
Y
n
]
n
]

g —
OJ%""

0
sf:BHWls del, HQf OL IS@OO d{j Istc '
Os kv ) @S ds? PGS BR H dz
Hdzm | HOdzdz" j] ftoj HiNMlsOo dzvw & Isfyw
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LOf WAdsA 0 _8, O ¢ i1 FWXdN2 j Oas1116).t€ iOff
BT ydes SCwL WWJydjdzlsr Wddz stcO { te
Ho lznl dzj d3d dzls dzts ¢( tztolsj@wjis tc @ H ¥5.8M j J
yhizs Hetsdyde =~ ©OLWGWHESS, d Yy tsd
ydmj dzydNdzs tOLtWHSe HictsB dgs?2 YO
Xilinx SystenlGe ntes Lt d®yjfdzdjds F I
1.16) , Yls ts sBiMfjuyudoeOjls ftedo jH
Hd Ot Ot0,dz#999].

v OC dufg e OL 53, ) cOMmbisis to j dzdzts
CoOdzlstso Odzed W o ntSHdZ - slsfmyd Istse
sfkzh jMmlsoadzv jIsmw © OoalstsdOIlsd yj MS ts¢
tsls HtotsB dz" ~ L dzOy 4 dzd 2 Ctst WWdn
Yd dzsydmdzj dedzr d3 L dzOyd dzd W d3 dzOL ' 9 O

ANcOGlsgj dz L dzOy g dzd 2 9" AtSH dztS G T

Cst WW¥dydJ dzlstso W ddz:doulsl® FIXo 1 &V ts8c d3€
FI X_12_12 ftwwdojHjdz o IsOBdzdyJ .
I ydmdzd &3 QB{WWc{udezlsf W ddz Ist
x|l fda_numerator (' FDATool ") o
Matlabd EZ dzdztsy d d@3 dz©@ dzOMm"jlsiglse ddr 029 6C t{z
LOjd3 tsCtzeodzdds C1 ¥WWdyd,jdasd M
vO0Cdd3 tsBteOL A3, fjtejotH Cts4 WWdy
WdSmdteso Odzdzets 2 LOf WIsts2 ) f tetsf
HsGtso tstgj dzdzts s ¢ z dsdztsy 4 ded W S s W W
CLWW¥dydj das M tehdgey tzd | dd

y=xlfda_numerator('FDATool");
fir_coef=round(y*4096);

T8 141 157 158 124 26 59 43
17 177 180 17 97 140 60 1113
1249 71193 124 613 1058 1238 1058 613
124 7193 7249 171113 60 140 97 17
180 177 117 43 59 26 124 158
157 141 718
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MAC FIR mask (mask)

Parameters

Filter Coefficients

m Function Block Parameters: MAC Based FIR

xlfda_numerator('FDATool')
Coefficient Width

12

Coefficient Binary Point

12

Data Width

10

Data Binary Foint

8

Sampling Frequency (Hz)
44100

[ ok

][ Cancel ”

Apply

Help ]

{ d Hlsf OME @&

L OH Odzd W

S R A d dz! dXibiix SystemGenerator

Qm.n opmar
Dby [brsbranby |

204+ 21, +200+2%h

n-1+

27,427,

FIX_12_12

-4 2 3 E 5 é
=2 2 2 2 2 2
[T
:

Bl < A S0 1
2 2 2 2 ? 2
o[ efe]ofe o]

| $ [Mexas gacts (15 paspanos) | § | JpodEas wacts (15 paspsios) v
. . Q5w QIs BpobHan 4acte
Q15.0
To3anes 180HIE0H TOTKHE [nuHa cnoea
]
251164 Crapmue 2 paspana | Maagmue 14 paspazos . FIX_12_11

PopMar DpecTaBNeH s THCeT CO 3HAKOM Qm.n

1110 Tenoe meno Q3.0: -2 422+ 21 = 2

11.10/Ipo6roe Q1.2: -2* + 22+ 21 =-2+1+05=-05
1110 0po6roe Q% -2" + 20 +27= -1 +05+0.25=-0.25

3

t {1H16.1 toj HMls Oo dzj dad j

LOfwWIsts2 : QA

v 4 2 3 4 5 & 3 4 8 w0 A
. 2 2 2 2 2 2 2 2 2 21
+

— v
Lenas [DpoBHan yacTh
yacTs ,
Onuua cnosa
6)

ydqfmj daz o
wBt) to dFEsicSYEtelsGenerator
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ANtcOG d3j dzls T

MlstelS sk s

L 2O § dzd 2

9" ntsHdzse 5
W d dz' ds toWOrs toc dgDlide@RIX f to f totsn 5 H j dad

Wddr sO j Hddad U dat

1 2Oy dedv | s MW dyl sl dyd] dasT
1 20UJ d ¥ tstc dsxs JO_8 Wdd Istg % s te 3OS §
slsCdd{(LdOyjddy| o ¥Wstkd FIX_12_12
o Wotd &OMmhis. ¢t  double (SBLW. ¥dd
double (8Cteked GOMhI. Gt Y
(sCtkg
10,00195; 11 10.0019 18
10,01196; 13 10.099 141
10,02588; i7 10.0139 57
10,0400; 10 10.0141 158
Il 7L 59 WPBJoalsMEzh jMiseadds o ¢ sdiBO
md Mis Malab. 1 ) i3sisiel diy ¢ jsdzid 'd dzs ists O |
ZyjsO Co0Odzstse Oded v , o " B ( tdOYplls W
precision floating-point ( H & 52 dzOW Istsydztsfyls H C
f zOo O h j 2 LOf WwiIskl?ZO f sC 00 Odigd i 1
L dzOyJ dzd W yKefgantfds Nudzeratoy (  §f j t6j H Ols &

WldeS yddd lseo

(OtedW dsjlsgds o

o WstdkOls]
i-pfedisids fo@tingdaint).b | e

m gd

t OmMMmdizsis tcd d3, COo¢ M fYod@sh! s
C 9 O dzls sset@udatfirationparameterdntc j H ' FDATool
fitei2sd € CoOdzlstso Odzdz dz € &8 W d y
) i skEider arithmetic " B O d3  Fiketpz®H € 2
(OtdW di3i sdC O Wddzr st i WdEMmMdtetso (

r Odzy J dzOfmstetsd d3 § O O] B te ts ts bize
mMetslse j IsMise tso Odzd d3ts H J dlihx SByatem d f
Generatar 9 CHEERD L 2] SHM2 1 Bic 3P IOH C
HtetsB dzgz¥  y O Nusneratogfichdn deth ( 12 ) . [ Mmls
ZzOMilstcOdo O d3" 4 L dz@qgffidzehts dzjo S H t® >k
dmf sdz' L 859 Ols! MvWOB ((tBgoLO dzddgOmh Is A S tc
( ediftye) Mistsils e j Is fBestprgcisionfsaftgrdeigths
HtesB dzts?2 yOfmisd §ted dzOd dzz yh
WWdydd dzs 5B sCP00wEMme dzdw dzd §
WWdydJ disdsdr’ IssteRom o9 W Sted3Ols § fn
Wiss?2 12.12 dzO JGEB oY m.
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LE

0.00633314651300833;
0.01435601972215222
0.01050832947836868

o

GERmbemn

Double-precision foating-point .

Lowpass Equiripple

Time (useconds)

TE | H H |
1< H B H h
g™y iole  PLILIT (af, _de
i B St
0 200 00 500 800

Amplitude

12.12

Quantized Numerator:
-0.00195312

Numerator word length:

@ Numerator frac. length 12

0.010438046875
4150290625
2798828125
01353125

0001708384375

12.11

-0.00634765625
-0.03271484375
-0.0458984375
-0.04638671878
-0.01953125
0.02093609375
0.047

-0.0628

-0.064453125
-0.00537109375

( Impulse Respon:

Quantized Numerator:

| Scale the numerator coefficients to fully

utiize the entire dynamic range

Numerator word length

@ Numerator frac. length

( Impulse Respon:

03

=
9

=

0 200 400
Time (useconds)

Amplitude

J W@%,

400 600 800

Time (useconds)

a)

it 7. s LW

%)

B)

Wdydd dalst d zuB®B! b Eseiuadyo Sy @Bdflc OJ Ismw

d dz' Botg@precisionfloating-point( ©) ;
HdOYf OW0scglz O[. 5) ) ;

B )

o)

CoOdzlstso Odadz § ,

CoOdalstso Odzdz’ j, W-BB)BROIs

W ts te gC
12
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). Filter Design & Anal

File Edit Analysis Targets View Window Help
NEedESk aw il D B EE:+0 Bk

|——— Current Fiter Information

B w

— Magnitude Response (dB).

T T
Lowpass Equiripple: Quantized
—  Lowpass Equiripple: Referenc,

Structure:  Direct-Form FIR
Order: 42

Stable: Yes

Source:  Designed (quantized)

Magnitude (dB)

Store Fiter 0 5 10 15 20
Frequency (kHz)
Fiter arihmetic: | Fixed-paint | Fiter precision: |Fyl = | [ coefficients || mputioutput [ Fiter Internals

Numerator word length: 12 Best-precision fraction lengths
g a = g [ Use unsigned representation
@ Numerator frac. length 12 [~] Scale the numerator coefficients to fully

i utilize the entire dynamic range
©) Numerator range (+-}:

Quantizing Filter ... done

t 8. 1 dzdwdzdd ftej HMlsObalzjtafidr! €s@ Vi qWytsftg digBls §
LOfwlsts2 12. 12 dO jcets dym




dzw MtcOo dzgj ded v , Ho lzd&gw m
Wdydjdast Wddz' Istc OVHDL-% G xsdgtcd H
WOo2Rd M ftdETargetsGedgjat#iDL d XILINX
fficient (COE) File. 1 dy3 4 f tod e gl EPnR¥ s @& O
ddz',lsg® o dzj yj dzdz" 2 9 Qo lssdiOIsd y
tcj Ho OtcdIsj dz! dgts L OH Odzdzr &3 f OtcOd
dé¢MmMdtcseo Odzdzs?2 L Ofwists?2 o Wisted3Ols
atlab S s WW dydd dzlsr Wddzt ste@ o Wiste
Of Wists? fted 1 DU Ostads | tsBots L MBIy O
fix12 Enl2CtH] ViBRIOL Odsts, Yls s
ddz' stc® M  sdish @ s ftc] sSBtcOL 59 O
Histf sdzded Isj dz' dgr 2 S tH. 1 0§ ted di3j to,
L dzO G8sLdPH Odzdets | € OS] €| odEHisf@si@is'® “oH dkt
yd maess fos dzdzd Is § dz! detsds S sHj ) f sd3sh
Is d {f tts signed

[
W

S O
m?

L

sEO - ZzsESREQOOO

-- Filter Structure : DireeForm FIR
-- Filter Length  : 43

-- Stable :Yes

-- Linear Phase :Yes (Type 1)

-- Arithmetic : fixed

-- Numerator : §12,1-2 [-5.000000601 5.00000061)
-- Input :s10,8[-2 2)

-- Filter Internals : Full Precision

-- Output 1 823,20 [-4 4) (auto determined)

-- Product :821,26- [-1 1) (auto determined)

-- Accumulator  :s23,20>[-4 4) (auto determined)
-- Round Mode  : No rounding
-- Overflow Mode : No overflow

-- Constants
CONSTANT coeffl : signed(11 DOWNTO 0) := to_signé](12);-- sfix12_En12
CONSTANT coeff2: signed(11 DOWNTO 0) := to_signed(, 12);-- sfix12_En12
CONSTANT coeff3 : signed(11 DOWNTO 0) :=to_signé&d(, 12);-- sfix12_En12
CONSTANT coeff4: signed(11 DOWNTO 0) := to_signéd, 12);-- sfix12_En12
CONSTANT coeff5: signed(11 DOWNTO 0) := to_signetlf, 12);-- sfix12_En12
CONSTANT coeff6: signed1 DOWNTO 0) :=to_signed(26, 12);sfix12_En12
CONSTANT coeff7: signed(11 DOWNTO 0) :=to_signed(59, 12%fix12_En12
CONSTANT coeff8: signed(11 DOWNTO 0) :=to_signed(43, 12%fix12_Enl2
CONSTANT coeff9: signed(11 DOWNTO 0) := to_signddt, 129; -- sfix12_En12

38



CONSTANT coeffl0: signed(11 DOWNTO 0) :=to_signdd(, 12);-- sfix12_En12
CONSTANT coeffll: signed(11 DOWNTO 0) :=to_signéd, 12);-- sfix12_En12
CONSTANT coeffl2: signed(11 DOWNTO 0) :=to_signdd(12);-- sfix12_En12

CONSTANT c@ff13: signed(11 DOWNTO 0) :=to_signed(97, 12)sfix12_Enl2

leddilite RMNIBd L) BOY Ot §HDBE Isd OO
Cil WWdygjdestso Wqddz ss® o W stedOls,

[ S sdzdzd Isj dz! dets o " ctekzL ddg S 54 W
Xilinx SystemGeneratof §f tod d3j t6 2 ) .

; XILINX CORE Generator(tm)Distributed Arithmetic FIR filter coefficient
(.COE) File

; Generated by MATLAB(R) 8.3 and the DSP System Toolbox 8.6.

Radix = 16;

Coefficient_Width = 12;

CoefData =
ff8,fd7,fc7,fc6,fe8,01a,03b,02b,fef,fb3,fb0,ff9,061,08¢,03c,f8f,f07,f3f,07¢c,265,
422,4d6,422,265,07¢,f3f,f07,f8f,03¢,08c,061,ff9,fb0,fbB(EF2b,03b,014,fe8,fc6,
fc7,fd7,ff8;

1 tod d3d Ze. ss1 WWdydJ dalsT Wddz IsteO
h § MisdzOH yOlIsj ted ydzts d3-tc O thctey oy Qs 2 fits t5 1
(coeW ©2 dz)

#tcOo dzd & OW Ho O ftcd dzj 6 © B j
LWWdydj det ©2 dzj cfipteo f OHO8 Is €
OL Odzdz" &k S OC yjdz' j HgMWHBIS ydz
2dzj . H Is ts 2 dzdq h ! -Me@A dizd UziH2MS B
fsdz' LsoOls! o G jdzjtcOltstej f OtcO
CORE Gener at or . VHDL-CfttsHizEZ O3fs dedzls 2
dmf sdz' L soOdz o dz#BBdZ wdlt 1 [ RY.
fsdzzyd dedz” § St VW Jydjdas" B3O fiidlpk
fsdzsy dlsj dz' dzts § L dzOy4d dzd J§ 4096
nOsQ@QUedmMisd Sk Wddz' stcO

} e ff sdztsy d o3, Yt fteguo Pigly tz
Oy dzdv CwL WWdydj dzstse W ddz Ists(
sdz' hj dHddd yr fts OBftsdzs Is dats iz

40

=

Cts
¢
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Csi WWduydJ ddlg[rdzy Iste@® dzO 4 3 tslso tsH (
WdSmdtese Odzdzts? L OfwWilsts?2 12. 11, dz
s H j dzd Xilints ISSystem Generatord i sdz L kzj Ismw
FIX12.12.

[ esB dzOW Y OMmls: Y d fp dd@meratorfiads tc d3C
Lenth) Mmoo dzv jIs 11 tOL %YSealsthe ]
numerator coefficients to fuly utilize the dynamic range
(B3OMh IsOBdtetso Odedy SC4 WWdyd]rdsts
f sdzdzsmlis! & dmf sdz' L s9 Ols! HJ dzOd3d
Bestpr eci si on f r alsd unsigned répeeseqgtatitns
(BdzOGsaftdcj HMIsOo dzj dedy S 1 WWdydd
ANBted3Ols orntsHdzr 7 tSlsffyjlstse L OHOJjIs
10. 8) . 1 sdzj ftcj HINIsOo dzj dzd W ¢ ts
WdSmdtetso Odzdets 2 LOf wWists? 12.11 ftsq
[-(11) (L&) .

{gwWis! H dz2glzd “ingeBgY MY stss Oid
Cst WW¥dydJd dalsT W ddz' Istc OVHDLh-W @ 2sdptcd H
COEW 02 dz (fteddsite 3 d 4) . \vHDLi ¢ t
CsHO W, dda dsdzjoyj dzdzr 2 9 Qo lstsdBOIs d
ftej Ho OtcdIsj dz’ dets L OHOdzdz" di3d f OtcOd
WdSMduas® Odze Of W Ists?2 ) W sted3OIs § 1
ftedd3sj c©O@ EBJjYHO] BMW o Istsdz, yYlsts
o eVox dzj Mtseof OHO8 Is MVHOUSY XN dfjy.d j o

-- Constants

CONSTANT coeffl: signed(11 DOWNTO 0) := to_signdd, 12);-- sfix12_En11l
CONSTANT ceff2: signed(11 DOWNTO 0) :=to_signefl{, 12);-- sfix12_En11l
CONSTANT coeff3: signed(11 DOWNTO 0) := to_signédi, 12);-- sfix12_En11l
CONSTANT coeff4: signed(11 DOWNTO 0) := to_signé&, 12);-- sfix12_En11l
CONSTANT coeff5: signed(11 DOWNTO 0) := teigned{40, 12);-- sfix12_En11
CONSTANT coeff6: signed(11 DOWNTO 0) :=to_signed(43, 12%fix12_Enll
CONSTANT coeff7: signed(11 DOWNTO 0) :=to_signed(97, 12%fix12_Enll
CONSTANT coeff8: signed(11 DOWNTO 0) :=to_signed(71, 12%fix12_Enll
CONSTANT coeff9: signed(11 DOWNTO 0) := to_signe2{, 12);-- sfix12_En11l
CONSTANT coeffl: signed(11 DOWNTO 0) := to_signdd8, 12);-- sfix12_Enll
CONSTANT coeffll: signed(11 DOWNTO 0) :=to_signdd2, 12);-- sfix12_Enll
CONSTANT coeffl2: signed(11@WNTO 0) :=to_signed(1, 12);-- sfix12_En11
CONSTANT coeffl3: signed(11 DOWNTO 0) :=to_signed(160, 1-2fix12_Enl1l
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CONSTANT coeffl4: signed(11 DOWNTO 0) :=to_signed(231, 1-2fix12_Enll
CONSTANT coeffl5: signed(11 DOWNTO 0) :=to_signed(99), 12sfix12_Enll

CONSTANT coeffl6: signed(11 DOWNTO 0) :=to_signdd7, 12);-- sfix12_Enll
CONSTANT coeffl7: signed(11 DOWNTO 0) :=to_signdd@, 12);-- sfix12_Enll

1 o d B3 ta tc O ¢ BYHRIS-S 5 MY oz, lgfta @ dzj y p dede’
Oolss i3OI d 16 MY EhE § ) HolsA ta! Ld@H O dzdz’ o
f OtcOd3 Isitd®dsd W d3j 15 4 § § i d tc &5 o COdEctss 2
¥ s BEReY

; XILINX CORE Generator(tm)Distributed Arithmetic FIR filter coefficient
(.COE) File

; Generated by MATLAB(R) 8.3 and the DSP System Toolbox 8.6.

Radix = 16;

Coefficient Width = 12;

CoefData =
ff3,fbd,fa2,fal,fd8,02b,061,047,fe3,f80,f7c,ff5,0a0,0e7,063,f45,e64,ecl,0cd,3f6,
6d7,7ff,6d7,3f6,
Ocd,ecl,e64,f45,063,0e7,0a0,ff5,f7c,f80,fe3,047,061,02b,fd8,fal,fa2,fbd,ff3;
l od dgfhtes sS4 WW dydjdelsr Wddz O 9
Y st g@deY 02 dz)

ltosdL o jJH] dnbOXde@® L (CEZSHO d&sHJ d
WL CmpW 02 dztse ) d L FDATop@ j H tzw tc Oy
Csi WWduydj dzelsse W ddz' Is#p@cisien flfatg d30 Is
point fn  f ts i3El&/GenerateBJATRAB CoddFilter
Design Function ( f toed d&3j to [z54)j.dzdz? Isdz € tsH d
dzj sBRsHd i3 MC s d tcts oG@ismMandyvindsvg dzts
Hdzw jJets tslstcOBBIsE (.

Fs =44100; % Sampling Frequency

Fpass = 6000; % Passband Frequency

Fstop = 7725; % Stopband Frequency

Dpass = 0.057501127785; % PassbRipple

Dstop = 0.0039810717055; % Stopband Attenuation

dens = 16;

% Calculate the order from the parameters using FIRPMORD.
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[N, Fo, Ao, W] = firpmord([Fpass, Fstop]/(Fs/2), [1 0], [Dpass, Dstop]);
% Calculate the coefficients using the FIRPM function

b =firpm(N, Fo, Ao, W, {dens});

Hd = dfilt.dffir(b);

FICoef = b;

fvtool(Hd,'Analysis','info");figure(gcf)

1 od BH.tamW 02 dz B dhadr ,Idfgd 1 Odedz' 2 T o
% b dzS \igpjord o' Gteky O d&sT 2 dL Mg HT
steBOdZdL Oydd St WWdydj dlstse

rdzwv f jtoj otsHO € si-Wddfystg@zlsds o W
12.12 bkRdsydd &OSHdBOod dts - o st
tcOL W HMBMSEE CtSHGES dOW fdt W ydJ
f zOo O h j2 LOfwlsts?2 d BCtekzddzdds Ht

CoefBitWidth=12;
setka_max = 2"CoefBitWidth;
FpCoef = round(setka_max*FICoef);

[MEh Mo dd3 detstcd3OdzdL Oyde € s\
MCtedlfIsO dsHjdzd mac _df 2t _ sjodkdnv. n
ontsHdzZr » Sbyjlstses o 1 Ists?2 &tsH | dzd
md misj d3r Al tera DSP Builder d f

Csi WWduydJ dzlstsoe fts L 020y 4 dzd W d3
Coi WWduydj delstse, § sdzzyj dede” &z iy
1 tod &) to %ZOR sH d Isfiyw f s

StFilteringLd/LowPassSerialFilter [ G dsy dzs dzO2
DesignExample®emodFiltersFilteringLab.

ltedo jH] OB Cs1 WW¥dydJ dals W d dz
H dzOd3d yd MS sd3z  H d O jADeratb@Builfles  tfltc d
Lssds MStedylsy d &34 4 smw o 5L A3y d
ftci HMlsOo s dzde™ = otslsyd Istso ( 8 B d
ftcj HiNlsOo dzj ded W Cei WW¥dydJ dzlstse (
slsted yOlsj dz' dats § L dzOy4d dzd 4 fted



Cet WWdydJ dzlstseo H ®i2ts d=dzf[lds | eztztzs e s €
2048 (setka_min2*(CoefBitWidth - 1)), O BOSC Md B3O &
i sdztsy d lg | 2847digetka_max = 2°(CoefBitWidthl) - 1).

[ Odzj § 2Oyl dggffz d  BOC fd B3Oz
Cet WWdydJ dzls BlI8oefW0f.dd 8sGc™®® d 0. 3022
BOMM s OB dzr 2 ¢ tsScalimgHaotd)] dzl373@€ 0 3 d
Fdidztsy dd3 dz0 dzj cts Ctsi WWdyfjhdflss

sCtokegdzj dzd j 3 M o xd3ts N ‘slzizwy fp delzy g d L
BkHEkls ftojHMIsOs dzw Is s eigRdz: Bt OW
WBted3dOIsy M WdSMmMdeseo Odzdets?2 L Of W Is s

InputBitWidth = 8;

CoefBitWidth= 12;

setka max= 2"(CoefBitWidth- 1) - 1;

setka min = -27(CoefBitWidth- 1);
max_coef=max(FICoef);
min_coef=min(FICoef);

ScalingFactorl = min(setka_max/max(FICoef),
setka_min/min(FICoef));

FpCoefl = fix(ScalingFactorl * FICoef);

1 totso j,tofp alsf OHAAECIHs L W W d y ¥ jddds 'ls te C
FpCoefround f ted o j H j Uzdf tSidzdztsielzdz dzO d3d w4 M ¢
H d QYQizE tc d dsAlter&aDSPBuilderfdzts te 3O dzd L ts9 Oc
Cts1 WW dyd § teidz@ dgg dpdp'tsdizfs My tg j FDATOOL.

[ dzv  f sdzdese s fMtso f OH j ded W  dzj tfix - tSH
(Efmjujddj Htetseds?2 yYOodmE(sqdhde)
HtS Bdzdy O2h jets yJj dzsaets) .

FpCoef_pbund=round(ScalingFactorl * FICoef);

{ B dzOtc Iz drps@jfflcmendzts fiz' L 58 @ daffifs O
d3ts H j nif df2t solnmdl Altera DSP Builder f ted @ 8®H d Is

ftj Hinls O & b y oy sasR@ELNs § y dSgake
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the numeratorcoefficientsto fuly utilize the dynamc rangefntc j H '
FDATool:

1137167194195174043 97 7129 1281132111 160 231 99187
14117319 205 1013 1750 2047 1750 1013 2639141171187 99
2311601 117132112812971 97 4314019519471677113.

r dzw  ftetso JteC d t©WOLHJEJAB f tsdzizr
ROy 12. 11 dz20 BOSC M BZBOdz! detsy ¢
v e PR oW HdzEe B YydhmdzO o H Y tsdzdzd |
B zdz? M@k | BPRHIsdJCE Wddz18stcO ¢ OC

1 s tod ¢ sz dXHixy ffwedg H zOGE O Ismw
tej HMISOo dzj dzdVv S5t W W dydJ das@dedztso?
Of wists?2 fn Zyd stsd3 stsdz €t dzts te
sdzty dIsj dz degse s ydmdzG (2047) dzC
SH Iz dzs Cst WW¥dydj dzels© (0.3022)
tcjLEzdz sOE.

ScalingFactor = setka_max/max(abs(FICoef));
FpCoef = round(setka_max*(FICoefax(abs(FICoef))));

("d 0oL dnWe@Rjoziy &1 5 s ¥ J te!
ftoj HiNlsOo dzj dzd & Csi ¥ Wdydj dzlstso Y
BdCmdtse Odzdzs? L Ofwists?2 shkh jfls
FDATool. 4 tsL K OHOdaE tso Odatizg dz' Iste m (6ff ted d
fosf zmisdd uJj tefpd ¢ dd@jde tsde B fipdpts iz dz
wddz steOydd.

% Equiripple Lowpass filter designed using the FIRPM function.
% All frequency values are in Hz.

Fs =44100; % Sampling Frequency

Fpass = 6000; % Passband Frequency

Fstop = 7725; % Stopband Frequency

Dpas = 0.057501127785; % Passband Ripple
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Dstop = 0.0039810717055; % Stopband Attenuation
dens = 16; % Density Factor

% Calculate the order from the parameters using FIRPMORD.
[N, Fo, Ao, W] = firpmord([Fpass, Fstop]/(Fs/2), [1 0], [Dpass,
Dstop]);
% Calculate the coefficients using the FIRPM function.
b =firpm(N, Fo, Ao, W, {dens});
Hd = dfilt.dffir(b);
% Set the arithmetic property.
set(Hd, 'Arithmetic’, fixed', ...
'‘CoeffWordLength’, 12, ...
'‘CoeffAutoScale’, false, ...
‘NumFracLength’, 11, ...
'Signed’, true, ...
‘InputWordLength’, 8, ...
‘inputFracLength’, 8, ...
'Filterinternals', 'FullPrecision);
normalize(Hd);

1 tod d3p.tam-W ©2 dz - R adzx’, ISjdsQ. H O dzdzr 2 m f
W Iz dz€ figothord d o7 ctelzy O djtj HBATool ¢
dstedzOdzdL Oydj2 St WWdydj delstse (W1

T OodjdhtelEidE god J  fEsil
ujted L Mddals L d st Odpgatd ¢ 1M djols t b
OBy s dsmisd (fteddjt 7)

fs=1e3;

t=0:1/fs:3;

fO=1+[t*200];
sl=cos(2.*pi.*t.*f0);

plot(sl);

signal_filtered = filter(Hd, s1);
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plot(signal filtered);
ltod d¥j.tc [iydedzOdz d Jjets Wddzt steOydw

RIsOfdzd ] dMmY sdz' L BRADIIY tsde diPtsj H 2
ts{§ pdale 2he numerator coefficients to fuly utilize the
dynamic range Is 5 fsdzzyddz ¢ tsicidodsyd j 1
wdimdtese Odzdzts?2 L O wists2 (O MO
l]’teq’aJHszr ¢ A, @Y, Omtsezf OH P& " d §
Cst WWdydJ dzls Odzd Wddz stcO i sdzj
MCtedtf sk nitsdi2f sAdmdl d L My tOo sydats 2
Altera DSPBuilder.

[ O¢d 3Odz! datslg § dz'f dztetzfs y dL dzO U ¢ dad §
cOLtWHAsets yYydmMdzO o HBY{ sdzdedlsj dz
sftejHjdzvjlsify 5 Wsttdzdd sle-tlka
[ Omh IsOB dzr 2 Cst WWdydJ dals (Scal i
mMemMisCodzvw jIs 677 4.

lted fHtjHMmMlsOodzjdedd S+ WAIGyYdJ

(ftcdo jHjdedj ¢ i s dzdzts d3lz H d dzO d3d
stejBEZjIsmw, Is. €. Cs1 WWdydJ dals

Hd O OB . b)) , f OtcOd3j Istc set ka
sftejHjdzvjlsfify 5 Wtttdkzdzi set ka._
fitcjotHy C4 W¥WWdya.jtd sh Ote O dislctdsOd
BkHjls wodzwlis: v BZOMh IsOBdz" d3 € ts4 WV
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clk INPUT bl i
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I |sel. 0] [NPUT
FE.0]_|OUTPUT
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newt [T

resel [T
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newt follow

reset sell1.01
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piirst
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fin j BO f tots RELisi@wer  t5dzkz U dzdzOw

. >1ataa[7 0]
apsinst accinstd [ 11.0]
clk multinsts
ck

- first .00 I _out11.0]
reset 7.0 dataal7..0] J—— - o
sel1.0] databf3. 0] i

o —{esult11.0]
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=sel1.0] hi3.01 »atab[3.0]
instd
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module taps
( clk, reset, sel, newt, d, x);
input clk;
input reset;
input [1:0] sel;
input newt;
input [7:0] d
output [7:0] x;
reg [7:0] X, xn, xn_1, xn_2, xn_3;
I/l Register element
always @(posedge clk or posedge reset)

begin
if (reset)
begin
xn = 8'b00000000;
xn_1 = 8'b00000000;
xn_2 = 8'b00000000;
xn_3 = 8'b00000000;
end
else if (newt)
begin
Xn_3 =xn_2;
xn_2 =xn_1,
xn_1=xn;
xn =d;
end
end

/I Mux element

always @(sel or xn or xn_1 or xn_2 or xn_3)
case (sel)

2'b 00: X = xn;

2'b 01: x=xn_1;

2'b 10: x =xn_2;

2'b 11: x=xn_3;

default: X = 8'BXXXXXXXX;

endcase

endmodule

1 tc d d4jMerilogS tsdzd dad @H j 63 €
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Mux
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module hvalues

(
);

sel, h

input [1:0] sel,
output [3:0] h;

reg [3:0]h;

always @(sel)

case (sel)
2b00:h=4p1110;

80



2b01:h=4b 1111;
2b10:h =4 0111;
2b11:h=4b 0110;
endcase
endmodule
1 tod dsj & Verilog€ tsH 17uv Ritsddzj dzd
WWdydj dzelsse W ddz Istc©

Decoderd
h
ol IN— ) g
DECODER

{ d.B6. ¢ lstclz € Isfipc dROU

modulestate m

clk, reset, newt, sel, follow, first

)i
input clk, resetpewt;
output follow, first;
output [1:0]sel;
reg follow, first;
reg [1:0] sel;
reg [2:0] filter;
parameter idle = 0, tapl = 1, tap2 = 2, tap3 = 3, tap4 = 4,
always
begin
case (filter)
idle: begin
sel = 2'b0;
follow = 1'b0;
first = 1'bQ
end
tapl: begin
sel = 2'b0;
follow = 1'b0;
first = 1'b1;
end
tap2: begin
sel = 2'b01;
follow = 1'b0;
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first = 1'b0;

end
tap3: begin
sel = 2'b10;
follow = 1'b0;
first = 1'b0;
end
tap4: begin
sel = 2'b11;
follow = 1'b1;
first = 1'b0;
end
default : begin
sel = 2'b00;
follow = 1'b0;
first = 1'b0;
end
endcase
end
always @(posedge clk or posedge reset)
begin
if (reset)
filter = idle;
else
case (filer)
idle: begin
if (newt)
filter = tapl;
end
tapl: begin
filter = tap2;
end
tap2: begin
filter = taps3;
end
tap3: begin
filter = tap4;
b end
tap4: begin
if (newt)
filter = tapl;
else
filter = idle;
end
endcase
end
endmodule

1 tod d@jMerilogS sH EZf tcOo dzw 8 h | Fiisd d'o lis tts @3¢
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filter

r ) —»ollow Source State Destination State  Condition
tap1 irst
clk [ = = 1 idle idle (newt)
newl [y oot tepz | sel~1
taps — 2 ide tapl (newt)
resel ] -t )
tapd 3 tapl tap2
e ————————
sel~0 4 tap2 tap3
el[1.0] 5 tap3 tap4
i Inew
ﬂ) & tap4 ide (Inewt)
7 tap4 tapl (newt)

Transitions Encodin

Name tap3 tap2 tapl ide tap4

1 idle 0 0 0 0 0

2 tapl 0 i} 1 1 i}

3 tap2 0 1 0 1 0

4 tap3 1 0 1} 1 0

5 tapgd 0 0 1} 1 1
B)

t dB7. wlstekzClsktedzOw Mrj BO kZfttOQodveh jes OolssdOIsO
fjtejrsHBe d IsOBdZdyYACSHJteso Odzd2 Mts
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Ipm multipm mult component
p

0+
1+

04 | dataa[7_0]
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averflow |
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1 O te@m.l1 2 f 8C AL Odzts W Iz dz yc
BsH jotkg Odzd J d i3 2dz' Mdes?2 W dPdeOIS ts5Q to
Y srtej BloatsHO d ftesntsyHjddj Mmd
10 ontsH Wddz stcO iptsmiBzf O )s @&dc
l1teOQodadz dz § L dzOyJ dedvw Q401G B5H §

6 d 0 Is. H.

module acc
xh, clk, first, yn

input [11:0] xh;
input clk;
input first;
output [11:0] yn;
reg [11:0]yn;
reg [11:0] ynm, result, a_in;
wire [11:0] inter;
// Describe Multiplexer
always @(first or result)
begin
case (first)
1'b 0: ynm = result;
1'b 1: ynm = 12'60000000000;
endcase
end
always @ (posedge clk)
begin
result = inter;
end
always @(xh)
begin
a_in[11:0] = (xh);
lla_in[12] = 0O;
end
always @ (result)
begin
yn[11:0] = result[11:0];
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end
accum inst_13(.dataa(a_in), .datab(ynm), .result(inter));
endmalule
1 tod dgyj Merilog€ s@C € 2 i3z @z Isfitstfed® Is tc ©

module accum (
dataa,
datab,
result);

input [11:0] dataa;
input [11:0] datab;
output [11:0] result;
wire [11:0] sub_wireO;
wire [11:0] result = sub_wire0[11:0];
Ipm_add_sublpm_add_sub_commpent (
.dataa (dataa),
.datab (datab),
.result (sub_wire0)
/I synopsys translate_off
.cout (),
.cin (),
.add_sub (),
.overflow (),
.clock (),
.clken (),
.aclr ()
Il synopsys translate_on

defparan
I[pm_add_sub_component.lpm_direction = "ADD",
I[pm_add_sub_component.lpm_hint =
"ONE_INPUT_IS_CONSTANT=NO,CIN_USED=NQO",
I[pm_add_sub_component.lpm_type = "LPM_ADD_SUB",
l[pm_add_sub_component.lpm_width = 12;
endmodule

1 tod Bp.ten to 06 BYelsgS s HWOE dz$ yagaim
(dzOC Of dzd @ HHPBBE @] ¢ OV & fzh_add sub
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Parameter| Value| Type

idle '] Signed Integer

tap1 1 Signed Integer
2
3
r]

tap2 Signed Integer
tap3 Signed Integer
tapd Signed Integer
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Input Port A
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L5us
n ok B1
o de2 BO
B >4 50
i ena B0
i reset B0
4 first BO
o follow B0
2 yvalid BO
Moy x 50
o5 52
& 5oy 50
2 ynout S0
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first B1
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yn 50
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Create_clock'l'name {clk} Tperiod 10.000i waveform {
0.000 2.000 } [get_ports {clk}]

create_clocki name {clkx2} i period 5.0001 waveform {
0.000 2.000 } [get_ports {clkx2}]
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2 72[72 206206 185185
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5 86/70 1421142 128/128
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96 BdL (295/250f teak (267/ 250
o fMistetsj ¢ 100 [y 100 [ 11
f OdwIs
8 62/46, 328/250 296/250
968 d Is (30 250 ¢t (278 250 f
o fMistetsj ¢ 100 [y 100 [y
fOdwIs
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96 Bdlk (398/250| (359/ 250
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fOdv1Is
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create_clockname {clk} -period 10.00Gwaveform { 0.000 2.000
} [get_ports {clk}]
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[Slow 1200mV 0C Model Minimum Pulse Width: 'clk’

Slack  Actual Width Required Width Type Clock  ClockEdge  Target

1 L792 2008 0.215 High Pulse Width  ck Rise tapsinstfxn[o]

2 1792 2008 0.215 High Pulse Width  ck Rise tapsinstpn[1]

31792 2008 0.216 High Pulse Width k. Rise tapsinstlxn[2]

4 1792 2008 0.215 High Pulse Width  ck Rise tapsinstjxn[3]

5 1792 2008 0.215 High Pulse Width k. Rise tapsinstixn[4]

6 1792 2.008 0.216 High Pulse Width  ck Rise tapsinstfxn[5]

7 1792 2008 0.215 High Pulse Width ke Rise tapsinst]xn[s]

8 1792 2008 0.215 High Pulse Width k. Rise tapsinstixn[7]

5 1792 2.008 0.216 High Pulse Width  ck Rise tapsinstfxn_1[0]
1 1792 2008 0.215 High Pulse Width  ck Rise tapsinstixn_1[1]
.78 2008 0.216 High Pulse Width k. Rise tapsinstlxn_1[2)
12 1792 2008 0.215 High Pulse Width  ck Rise tapsinst]xn_1[3)
13 1792 2008 0.215 High Pulse Width  ck Rise tapsinstpn_1[4]
14 1792 2.008 0.216 High Pulse Width k. Rise tapsiinsthn_1[5]
15 1792 2008 0.215 High Pulse Width  ck Rise tapsinstlxn_1[s]
1 1792 2008 0.215 High Pulse Width k. Rise tapsinstlxn_1[7)
17 1792 2.008 0.216 High Pulse Width  ck Rise tapsinstfxn_2[0]
18 1792 2008 0.215 High Pulse Width  ck Rise tapsinstjxn_2[1)
1 1792 2008 0.215 High Pulse Width k. Rise tapsinstlxn_2[2)
0 1792 2.008 0.215 High Pulse Width  ck Rise tapsinstjxn_2[3)
21 1792 2.008 0.215 High Pulse Width  ck Rise tapsinstpn_2[4]
2 1792 2008 0.216 High Pulse Width k. Rise tapsiinstlxn_2[5]
23 1792 2008 0.215 High Pulse Width  ck Rise tapsinst]xn_2[s]
24 1792 2008 0.215 High Pulse Width k. Rise tapsinstlxn_2[7)
25 1792 2008 0.216 High Pulse Width  ck Rise tapsinstjxn_3[0]
6 1792 2.008 0.215 High Pulse Width  ck Rise tapsinstjxn_3[1)
27 1792 2008 0.215 High Pulse Width k. Rise tapsinstlxn_3[2)
B 1792 2008 0.216 High Pulse Width  ck Rise tapsinstjxn_3[3)
29 1792 2008 0.215 High Pulse Width  ck Rise tapsinst]xn_3[4]
3001792 2008 0.216 High Pulse Width k. Rise tapsiinstlxn_3[5]

{832 1 tsdsydljd drj LOfomr ft
Width 6cl kd disHjdd S| O%C ftod ¢
Hd&Ota Odzls © 3
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Block Parameters: Clock

BaseClock AlteraBlockset (mask) (link)

Used in the top level of a design to set the base hardware clock domain.

The block name is used as the name of the clock signal and must be a valid VHDL
identifier.

There can be zero or one base clock in a design and an error is issued if you try to
use more than one base clock. You can choose the required units and enter any
positive value using the specified units. However, the clock period must be greater
than 1ps but less than 2.1ms.

If no base clock exists in the design, a default clock (clock) with a 20ns real-world
period and a Simulink sample time of 1 is automatically created along with a default
Active Low reset (aclr).

Additional clocks can be derived from the base clock by adding a Clock_Derived
block.

Note: Each clock must have a unigue reset name. As all clock blocks have the same
default reset name (aclr) you must take care to specify a valid unique name when
using multiple clocks.

FParameters
Real-World Clock Period

Period Unit Ins -

Simulink Sample Time
0.25
Reset Name

aclr

Reset Type IActive Lows N

[C] Export As Output Pin

{ B34 1 0Mstes2Sd Wbk dC BageClia® dz' dzts
10HOjMw §jtedtH fddlteshndddodo

s H j dzd to ts 9 O d@ihiatusih verd 1. {1
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fnd d3iz dzw MjdfatySiraulink0 . 2 5
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Source Block Parameters: Increment Decrement
Increment Decrement AlteraBlockset (mask) (link)

Increments or decrements a value in time. The bus type and number of bits
determines the type and size of the output from the block.

The output value increments or decrements by the smallest representable
value; for integer types, the value always changes by 1.

Direction specifies whether the value is incremented or decremented.
Starting Value specifies the initial output value of the block after a reset.
Clock Phase Selection is a binary string which sets the phases in which the
block is enabled. For example:

0100 The delay block is enabled only on the 2nd
phase of 4.

Main | Optional Ports and Settings

Bus Type ’Unsigned Integer

[Number Of Bits].[]
2

[1.[Mumber Of Bits]

0
[T] Specify Clock
Clock
[ 0K H Cancel H Help l Apply
t dB35 | Ofbks2Cd Wk ds hoemer® &z dzts
Decrement
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Function Block Parameters: Decoder
Decoder AlteraBlockset (mask) (link)

Compares the input value against the specified decoded value. If the
values match, the block outputs a 1, if they do not match it outputs a
0.

If the specified value is not representable in the data type of the input
bus, it is truncated to the data type of the input bus. For example: 5
(binary 101) as a 2 bit unsigned integer would result in 1 (binary 01)

Parameters

Input Bus Type [Unsigned Integer "l

[Number Of Bits].[]
2

[].[Mumber Of Bits]
0

[T Register Output

Decoded Value
1

[ OK H Cancel H Help l Apply
t d 336 A kzdzS yd tsdBkeodsr 21 OH OJ Ismw
2-tc OL toW H dzOV 9 n tsHUEghedntegerde©® Isd ff C
Hi SBHlz] @38 # J Mz0 Y ydey J H d dac
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Function Block Parameters: Dual-Port RAM

The Simple Dual-Port RAM block accepts any data input type. The input port is always registered and the output port can optionally

Function Block Parameters: Dual-Port RAM

be registered. Note that the input address bus must be Unsigned and the clock enable (ena)
The contents of the RAM are pre-initialized to zero by default, but can be specified from an Intel-format Hexadecimal (.hex) fil, or bypasses any output register. Initialization is not possible for memory type M-RAM
from a MATLAB array. You can use the Quartus II software to generate a .hex File which must be in your DSP Builder working and the outputs must be registered for memaory type MLAB.

directory. T used, the MATLAB array parameter must be a one dimensional MATLAB array with a length less than or equal to the
number of words. The array can be specified from the MATLAB workspace or directly in the MATLAB Array entry box. Turning on the DONT_CARE option may give a higher fMAX for your design

Note that the input address bus must be Unsigned and the clock enable (ena) bypasses any output register. Initialization is not especially if the memory is implemented as a MLAB. When this option is on, the
possible for memory type M-RAM and the outputs must be registered for memory type MLAB. output is not double-registered (and therefore, in the case of MLAB implementatior
. A p— NN ’ o E— uses fewer external registers), and you gain an extra half-cycle on the output. The
urning on the DONT_CARE option may give  higher or your design, especially if the memory is implemented as a MLAB. B . o

When this option is on, the output is not double-registered (and therefore, i the case of MLAB implementation, uses fewer external default is off, which outputs old data for read-during-write.

registers), and you gain an extra half-cycle on the output. The default is off, which outputs old data for read-during-urite.

in | Initiali
Register Output Port

ation Registers and Enables
Main | Initialization | Registers and Enables

Number OF Words
4

m

[7] Use Enable Port (2na)

Data Type [Inferred M Clock Phase Selection

1

[Number Of Bits].[]
8

m

[1Humber Of Bits]
0

Memory Block Type [AUTO

7] Use DONT_CARE |1z

MK
M-RAM
Mgk 2
10K e
M20K

MLAB — L] 1. 3
MiddK

[ ok [ cancel |[ Help || Apply
0) B )
t dB38 1 0Mstes2Cd Wbk dC DUpHPOBAM: dztod) 5 L BRREEC@IS 1Py Is ' (o]
B OL W Hdz & f)dzsAu®), ; Usel dzRe@st@sisiEnabley o' S SH des2 § SEls
HOdgdzr 7 [ u tjedmlsjtedy 2)
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n Block Parameters: LUT Coefficients

Function Block Parameters: LUT Coeffici

LUT AlteraBlockset (mask) (link) -~ LUT AlteraBlockset (mask) (link) o
The LUT block stores data as 2-(address width) words of data ir The LUT block stores data as 2~(address width) words of data ir|
look-up table. The values of the words are specified in the data look-up table. The values of the words are specified in the data
vector field as a MATLAB array. vector field as a MATLAB array.

The MATLAB Array parameter must be a one dimensional MATLA The MATLAB Array parameter must be a one dimensional MATLA
array with a length smaller than 2-~(address width). The array array with a length smaller than 2~(address width). The array c
be specified from the MATLAB workspace or directly in the MATL, be specified from the MATLAB workspace or directly in the MATL)
Array box. Array box.

The input address bus must be unsigned. The input address bus must be unsigned.

Mote that for LPM the input address is always registered and not Note that for LFM the input address is a\\f\t.ays registered and not
memory options are available for all families. memory options are available for all families.

Main | Implementation - Implementation
Address Width [T] use Enable Port (ena) when data or address is registered

2 Register Data

Use LPM

Data Type {S\gned Integer

Register Address
[Mumber Of Bits].[]

A Memory Block Type |AUTO

[1.[Mumber Of Bits]
0

MATLAB array
[-2-176] i

. m, »
. i r

[ ok ][ cancel |[ Help Apply

[ OK ][ Cancel H Help J Apply

o) B )

t B39 1 0Mstes2Sd Wk d Ufs dOy deiits o @ SBE ®h e 8 dzOw
OHE] MdzOY " ddzO0 B dZsS O §OERYIsd di20] Ch Gadt § swi g 5.
ud dzO M oy @ Gdpde dis dAs 2 Is & Y dzB I demplgnBntaso)( o © 2 S H dzO "

hdzO HOdeder 2 BRSSO §OGYIsd H Regiptedaide ' Is! ©j ¢
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Function Block Parameters: Multiply Accumulate

MultiplyAccumulate AlteraBlockset (mask) (link)

Consists of a single multiplier feeding an accumulator which
performs the calculation:
y+=axb.

Main | Optional Ports and Settings

Bus Type [Signed Integer

Input A [Number Of Bits].[]

4

Input A [1.[Mumber Of Bits]

0

Input B [Number Of Bits].[]

4

Input B [1.[Mumber Of Bits]

0

Output Result Number Of Bits
9

m

Pipeline Register [Data Inputs and Multiplier

=)

Accumulator Direction [Add

) ||

[ oK ][ Cancel ][ Help ]

Apply

t dB40. 1 Oflstes2Cd
dzO ¢ s dzMdiplyAdgurgulate .
L dzOS 5 &)

d ktydsfls:

WldzS yd sdzOdz dzfs @ ts

1 Ota @ tisvinry dztsAipfls ¢ 4 B dsd2
ftod Hils @ dzfsdzd ¥

BdzsC O o' {f t5dzd
Yd dz' § U
toj L 2dz
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Data % shift_en % [shift_reg
£ Data <1t doubletimeseri |1 rd_sdd <1 double times [ FH wr_add <10 double tims [FH shift_en <1sd double time | shift_reg <11 doubletims |75 data_mux <11 doubletin |1 Iut <Ll double timeseries | mac <1 double timeserir |FH registered <10 double times
Time series name: | Dataln Time series name: Time series name: Time series name: Time series name: Time series name: Time series name: Time series name: Time series name:
Time Datal Time Data:l Time Datal Time Data:l Time Datail Time Datal Time Data:l Time Datail Time Data:l
o 0
0 0 o 3 o 0 o o [ o 0 0 170 ) 3 0
0.2500 -5 02500 1 0.2500 « 0.2500 1 0.2500 0 0.2500 -5 02500 -2 3 ) 3.2500 10
0.5000 -5 05000 2 0.5000 1 0.5000 0 0.5000 o 0.5000 o 05000 -2 P " 35000 10
E 07500 3 i E X
07500 5 07500 07500 0 0.7500 0 07500 o 07500 1 =0 " 37500 10
B 1] 0
1 5 1 : 1 0 1 o 1 o 1 7 P " 4 10
12500 3 1.2500 1 1.2500 C 1.2500 1 1.2500, 0 12500 E 12500 [ 3 10 42500 -1
15000 E 1.5000 2 1.5000 1 1.5000 0 1.5000; 5 15000 -5 15000 -2 3,250 I 4.5000 -1
17500 3 17500 3 17500 2 17500 0 17500 0 17500 o 17500 B B ] 47500 ]
2 0
2 3 2 3 2 0 E o F o 2 7 For 1 5 1]
22500 1 22500 1 23500 o 22500 1 22500 0 22500 1 22500 § . ] 5.2500 40
25000 1 25000 2 25000 1 25000 0 25000 3 25000 3 25000 El e ) 55000 40
27500 1 27500 3 27500 2 27500 0 27500 -5 2750 -5 27500 Bl 25000 5 57500 -40
3 0
3 1 3 3 3 0 3 0 3 o 3 7 47500 40 8 o
3.2500] 0 3.2500 1 3.2500 0 3.2500 1 3.2500) 0 3.2500] 0 3.2500/ 6 5 0 6.2500 -10,
<o) 1n
a) 6) 5) ) a) o) ¥ n) w)

t dB4l R dal SteB3PY( tstizlipq f de@@)dzj y O d2 Wddz sOydd
L OH j oy € drd_adéd)wr_afildigdH tc j M O dbfe whidQgadds R j tOyd W &i3d yls j o
d dz¥ tstc 3Oy d d shift enfi tdue; dz@sdy tcOL toj h jdedw L Of dfpd detsoar
ftsHdzj ¥y Oh j ausf ¥ dodz! dedfet®] *  shifiregj tcog© qj dzéi ) dzO o' & SH dat
(h qaz® 6P daauxi Id ¢ dz2Odz 20 of EJjsHT st drf dedf L dzO Y
h ddzgj HOdsdz' R d, [ Jtad)if. lutbd@®@! W W d yd j e dz! & Maci LdedeO y j dzd W
fnd ¢ 0 zO Pufdr] Esfizisy j dod v poistz@d fstf wY datp IS to b @ dedizf Y .
[ BtsL dzOyj dzed J M & dz83ktste d fRBE ¢ dzO M dzts
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t d 842
1 O

) Scope

28 Wi O D% g

Dataln

RBJIsOYd sdadetsj BSHj dathtis t§9 @naed j-n ek dzig kR il adg®H O
ontH Wdd SLOiSfIhHGEG,] 8. My c@Odd dF j L 2Oy
W dz' s td ®140,110,,26, 60dls . H .



TET

Ops 80.0ns 160.0ns 240.0ns 320.0ns 400.0ns 430.0ns 560.0 ns 640.0ns 720.0 ns
ll'alLIE at 1 1 1 1 1 1 1 1 1

Ops 0ps

N BO
i ok BO
5 ) oo 50 !
t 843 AbkdC ydsdzOdy desj ete iz drdbudts alfDaz® | @uarkugl 131,

10 ofitH Wddz kwOiSfSHERG] B. MY c@Odd dzr § L 2Oy
wddz Istd®7140,110,,26,60dIs. H .

Name
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t d 844

fid DSPBuilder - Testbench Generator - MACA_simple
Description
Controls automatic generation of a test bench. Enabling testbench generation may

slow simulation as all input and output values are stored to a file.

If the ModelSim executable (vsim.exe) is available on your path, you can load the
testbench into ModelSim and compare the results with Simulink. You can
optionally launch the ModelSim GUI to visually view the MedelSim simulation.

Parameters

Enable Test Bench generation.

S\mple| Advanced | Configuration

Generate HOL Generate VHDL Test Bench from simulink model.

Rerun Simulink Simulation.

Run Modelsim Launch Test Bench in ModelSim.  [¥] Launch GUL
Compare Results Cormpare Simulink and ModelSim results,

Messages
LU CIpSEU LITIE WUy
Info: Total CPU time (on all processors): 00:00:07
Info: Creating ModelSim testbench script.
Info: Generating simulation models.
Info: Running Simulink simulation
Info: Simulink simulation successful

1idej cOsstc BT tzls ®b | (2% bztizh y Testiaaieendzatd

B dzts G
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ModelSim ALTERA STARTER EDI

File Edit View Compile Simulste Add Transcript Tools Layout Bookmarks Window Help
FEEY IR T N G @ fas 100 po 4| ELENER B & | % Ty 0
Layout Szmulate hd v | E-B- G- [ ol [e [ wle || [ B %
B 3 8 et B v g B || R K K LB Ey

+ & x5 watch +d X

\F,q fhag

&) sim - Defauit + @ x| §n Objects
* Instance Designunit | Designunit type | Visbiity ~ *

salt_datain_output_wire Internal
dlock_dock_th_reset Internal

Tr. dock alt_dspbuid... Architecture

dock_dock_tb_dk Internal

4y B sat_sdatain alt_dspbuild... Architecture B dut_dataout_wire ! Internal

5 Internal

5 et Internal

1 ibrary lm Project | Esm - o5 e o i e

Wave - Default

4100 ns

¢ Loading project DspBuilder

# vsim -quiet -t {1 ps} work.tb MACY simple

4 ** Warning: Design size of 116 instances exceeds ModelSim ALTERA recommended capacity.
4 This may because you are loading cell libraries which are not recommended with

4 the ModslSim Altera version. Expect performance to be adverssly affected.

Project ; DspBulder Nows: 4,100 ns Delta: 11 ftb_mac#_simple fdutfClock

it dB45 AkdC ydodoOd ds] deHz drdbDt afDaitdrg-MosgetSim
10 oantH Wddzr stwcOiSfTHMGEIGj B . Ml €@Odzdz' dz" j L dzO Yy
W ddz Istd®740,110,,%5,6,0dls. H .




[ fpdzd Zmls Odzts o dzj diteraMafielfmzv Is s 8
dzj 5B R SH d Bts HisB Qo d Is! ) BsHj dz!
Gjdzj cOIstste d MY r Is OBegtoenctifeReratdyls j dgHGS
ted . 3. 44 fs5COL Odzts MtsL HOdzd §
Qo IssBOIdYJ ME 5d3 &ﬂhxﬂdsm]ddfsmeﬂadsmdz
ModelSim 1 @dfm. . 45 fs5COL Odzts
BtsH j dzd tc s 0 U didizj IssGRDN\ dzQAlteta-MBdeiSithH © 9

l sOBfztcd 8§ Byfp@o dzd Isj dz' dz" §| ByYJ
1 [ RrRH fted tc | Orizf 1 @ dsde O dzO 4 1
dmf sdz' L 59 Caedjnds d foft€izdDi8PBuilder( &3t H j dz!
FIR_MAC32), © 9 Is OB &ilinx Syst&mn GeneratorIDS
fdmlsj &3 adddg diALO| distsdzdzts ¢ s Bts H
Matlab/Simulink.

v OB dz2y ©

{Bhdd MmojHjddY 5 uyudhmdazkz L OH

1 [ Rr AlteraCyclonelll DeviceEP3C5F256C6 , dpjtalgdzO W

BB H jSkiwv( dzOf 6™y § dzd §
s § o5 j €85y 6 O

fdlsOded ™ ¥

lBhJJ vstcdecejl ¢ OtcOls t OB sy(
ydmdz Zsecdud fl Edgdztsy s yYyoOMmilstsis
dzts Gq’ 1 dzj d3d dz tsOLd34tsdz zO0d - EzH
L odzj d34 c (Dedicated logic| 51 j tc O d& fndzlz 4 O |
(Totallogic registers) (Embedded Fmax [ |
elementy Multiplier 9-bit
elements)
30 29 1 258
OB dZ8f3y O
[ yj dz€ 0 toj f Xy thej tdcfjc{Rbear t an
xabslIx43tqgl44
it d Mt 1 ANz dz§ y d s dz® dztf Gz |
n-tap MAC FIR Dual Port Memory
filter MAC FIR Filter
f OB sYOWY Yo 233 279
Y d I dzts -B /0fisth 1 1
DSP48A
vtcdecj ot 52 57
¢ 1 Cydar m 39 38
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# N
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v H dzw

dZzOMmistetsy digtlz” R d dz' Istc Oy
[ dzw Wiz dz€ y

ModelSim L OH O j Isfqw fddz- tots

otej i3 dedzts?2 h O MildBimdtinkya.d2 59 M.

N Bzdzvydd O Ishw dMmatsHY dL  fdzj

fjtotsy, ftosW ddz' Istetseo Odzdz" j L dzO0y
fswodzwe Isfpqw  yjtejL Y st teyj sOCIsO
9ntsH -BRdn StcO f sH@deiggOdz [ Wpf ya
HdMCted IsdL Oy dK, =1 fifficuzOlgsQL]0E o j CIsste
HdMGCtc] Isdzr - L dzOy J dzdfil].*300cij ugd bptf 1s s (
qd3f zdz' MO) . 706 BsBanpietingEs ¢ Sz d
HdMCted sdlL Oy ddydm. 3. 46

ssi WWdydd dalsr Wddz Istce© d on BBH
dZzO0 dBOMh IsOB dzr 2 -tzdzets f bis § @cdeiz B 8fg ¢
sOC Y J HJj dzd Is fpw dZzO 1 Ists L dzOyg dzd J
RZOC s dzj ded v ff toj HiBLOte viay dztis I W Is )y dits!

Bus Conversion sfizh j mise dzv jffldc O dntm o dnds @ te "
tcOL tcWHBe N (ddg ( 33: Q)yls tslz0 tc @ asdzts fy
Hy dzj dzd s dzO 255:

y/65025= (C,* 255)(x, * 255 + (&, * 255(x * 255 +
+ (6, * 259(%,* 259 +(C,;* 259(%; * 259 '
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I 5 SH das 2 fd ¢ dzO dz, Csi WWdy
f6j Hils Oo dzctOls fip™ Hides2 7 ssydesfls ' & (
L dzOS 5 ) .

] tsdd bEfwOodvsh jcts OplsisdC

SRM ddz' stcO® o' Miskzf OjIs W Zuz@enedtts dzC
Decrement dzOMmistetsj dzdz" 2 dz0 2-tc QYL ztai#C Hydgt
MzBdtelzs " jets MudbuydscO. wyudbyuyds
Decoder( H jh dWtcOlstste) Lk tfdedodadizv?j st QoHO Bt
shdtse ff ciclis® 52 § O@-is dztif v ,tej ¢ d M
tejLEzdz sQIO,dMA SIEDOL 2 j Isfpw  HdzvW OHte
J dzO M s WHAEC O] s dzOdz! detsec s B dzs$-O D
tcOL oW H 2OV 9 ~ 5 WR@nedintegbdfO HIg ¢ fs@ d 6 Iz
o 4 dzd U H gV Isd ydzO" JHddzd yO.

1dxd 0L 0dkz feddite tOMmydls
[ Y [d e dzOdzO Matldlpd fils j d34

fs=1e3; % yoOmlstsls® HdME

t=0:1fs:1;, % o jSCIstste HdME c;Isdzf: L C
fO=1+t* 300] ; % yofmilstsis

sl=cogq2.*pi.*t*f0 ) ;  sdzZkzyoj

plot(sl);

[ dzw ftotso j o€ d f Qo d dz' detsflsd
fsdz L2 Ismw W Iz dz$ Digifat dalBedz da” @ H Ogj
toc z ¢ BirkcefOrm ( tc d347). 1 © t63.fid 8 , todff ).
B.50f sC OL Odg" 2@l g SUxP dz! dz" = B«
FBtcssotts?2 fOdWIsd [Juv d BdtC O

BBl §f 5C OL Odzts dsdgd Is @3tpdH t3 diatf te ts
dz' st OyMmd ¢ O fzO § sMmdzj H BSedtis jluim iz

YJIs"tej BlsotsHO.

g_ssf—':cg,*s*p,
OR= NORE S NN §

13¢
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palyl 20 ns

SymbolC lock Filter Clock

Delays

—p | SymboiClodk\, —D|Z|—D SymbolClode W
Input

in{1:0) match

5(2.*pi."[0:0.001:1].%{1+{0:0.0¢
Decoder ' Muttiplexer
From F\ N

N
. » = vcC
o0 il 2 DusPort RAM

Impubet
Increment Decrement Delsy2 tap_DFRAM
Digital
Filtes dgital fiter
Digal Filter addr(1:0) (‘:?1’“?) q(18:0)
Muliply Accumulste
33:0] (24:8
= { )| il "= uTo Output

BusConversion Viemery Delsy

t IB46 RBISOY]EddzOY &sHj & -¥ i & d&icos a®ls jydzls dsd s
Hdzv e Odzd L O d JAlterads0O Lsdfigls BMACHBHEIAIHS @IS H G 515 15 0 dzj dadaC
Wddz IstOuld ¢ iz 20
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Function Block Parameters: Digf
Digital Filter

Independently filter each channel of the input over time using a specified digital filter
implementation. You can specify filter coefficients using either tunable mask dialog
parameters or separate input ports, which are useful for time-varying coefficients.

Coefficient source
@ Dialog parameters

) Input port(s)
*) Discrete-time filter object (DFILT)

Main Data Types

Parameters
Transfer function type: [FI.R (all zeros) 'l
Filter structure: [D\rect form 'l

Numerator coefficients: [-2-17 6]

Input processing: [Columns as channels (frame based) 'l

Initial conditions: 0

View Filter Response

7] [ ok |[ cancel |[ help || apply

m

. Filter Visualization Tool - Figure 1: Magnitude Response (dB)

Magnitude (dB)

File  Edit

20

40

Analysis

Insert View Debug Desktop Window Help N oA x

D&R h OTXNNNW @&« s H
BRI Bd # 4 [T+ Bl bd @ R

Figure 1 Magnitude Response (d8)

Magnitude Response (dB)

L

I I 1 | I
0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
Mormalized Frequency (== rad/sample)

0)

t dB47.t Ofpud s yd
Ci Wd

Wicco 5@ s
yd§ dzs s

B )
g dz s te®
B) (&Y zdz deOW

d OB c®" Hic OBt

nOtOC Is
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m Function Block Parameters: ROM
You can use the Quartus II software to generate a .hex file. Any specified .hex file
must be saved in your DSP Builder working directory.

If used, the MATLAB array parameter must be a one dimensional MATLAB array
with a length less than or equal to the number of words.

The array can be specified from the MATLAB work-space or directly in the MATLAB
Array box.

Note that the input address bus must be Unsigned, not all memory options are
available for all device families, outputs must be registered for memory type MLAB
and the clock enable (ena) bypasses any output register.

Main | Initialization | Registers and Enables | In-System Debug ‘

Number Of Words (depth)
4

Data Type [S\gned Integer -

[Mumber Of Bits].[]
17

[1.[Mumber Of Bits]
1]

Memory Block Type lAUTO M

[ 0K ][ Cancel ][ Help ] Apply

@ Funciion Block Parameters: Dual-Port RAM

~

bypasses any output register. For memory type M-RAM initialization is not possible.
For memory type MLAB, output registers will always be used unless 'DONT_CARE' i
selected - in which case output registers will be optional.

Turning on the DONT_CARE option may give a higher fMAX for your design,
especially if the memory is implemented as a MLAB. When this option is on, the
output is not double-registered (and therefore, in the case of MLAB implementation
uses fewer external registers), and you gain an extra half-cycle on the output. The
default is off, which outputs old data for read-during-write.

Main | Initialization | Registers and Enables

Number Of Words
4

Data Type [I.nferred M

[Number OFf Bits].[]
8

m

[1.[Mumber Of Bits]
0

Memory Block Type [AUTO M

1| use DONT_CARE when reading from and writing to the same address

< [ b

[ OK H Cancel H Help ]

{df)..3 14806626 g

} 1 vVROWV)
C st

dmMfsdse s

WWwdydj dzlstse W

WedeCy ( dMm..3 146 6§
H dzw
d« (DualPortRAM)

B dzsC Of BitsleSe ts2
gy sd L b

Wz dz$ Y d
fod

stec OdzdL Oydd dzd dac
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@ Function Block Parameters: Mulfiply Accumulate

MultiplyAccumulate AlteraBlockset (mask) (link)

Consists of a single multiplier feeding an accumulator which
performs the calculation:
y+=axb.

Note that only 'Data Inputs' and 'Multiplier Output’ values for
'Pipeline Register' option will produce the same results for
Simulink and HDL simulation for Stratix V|, Arria V, Arria V GZ and
Cyclone ¥ device families.

m

Main | Optional Ports and Settings

Bus Type [S\gned Integer =

Input A [Number Of Bits].[]
17

Input A [L.[Number Of Bits]
0

Input B [Number Of Bits].[]
17

Input B [1.[Number Of Bits]
0

Output Result Number Of Bits -

[ 0K ][ Cancel H Help I Apply

{ dB50 | Ofbsts?2Cd Wk ds Muisyaimukiesns & Bddecd j &5 W I o
Zdzdztsy § ded W ) MpECeesdfifj)dzd § 03 (
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{ dBsl

data
0
A
‘ LR
macd

il S

ORLE
| :

R d3q B@qugﬂz,ldzcj dzq’tstsa Odsz-thfddz@Hz@Oﬂt&f»@dzj NEo O

SRA Jdz' stetsdz dzO@ yJjIsr toj BlsoatsH O



{ OfMmBslsted &5 ©OG diskicOs RBO &S
fd ¢ dzOdzj .3.5340s SO fiP.dzts s H § dzif 5Bjlazd j
0 Odot€HE Wdd SO, 1 sk @ddstc @GOMnd ¢
5 3 1 0 0 0] f yOmksks?2 1e6f My,
(ed3p3y , " Oc¢ BsH,j MaflabiSindidkd28e8 o
( od 379 |, o toj d3w s ¢ 5 dzy O dzp@00* 2B H j dz
L OH Od{dl: c@iFd Bjdef j tcd sH A3 20 dzf.
10 te3HY 56 0L Odzs d d3q s Oy ( s dzdzts §
tcOB tslsr -W gdzmls tc O. 1 cOo d dz dzr § L daC
W ddz s ti@i40i[LA26 6].

| x1/1 | 20ns

SymbolClock FiterClock

| [531000] »

t dB52 AtcOG d3j dzls -Wgkdz!j ls2dO s R M

1 O tBphy Iy sC OL Odz" o 5L d3tsy dz
toj OdzeffL Ofysffndzj Hise Ols j dz! dats ¢ 356 & R mlz! IS ¢
Wddzt ste toj OdzdL s9a Odz dzO dzddzdd L O
BdzsCj Shift Taps (&0 shdssj J
(LOHOjIsfqw ddelsjtco Oz HdME togsdmOY
h O isH j dzdMatad/'Sndatihk 2508 iy, M d dzm tetsfyd
fjtedsHtsR 20 &Y M ©ddaOk jidsfffy. dzd dz
%O ttjcdmbeOn dL W kzDeRypfemBi@kketiz -
Bzd sdf dzj SMstsj] 4 o 1 (LOHOJjIsMmw
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Matlab/Simulink 0 . 25 fy, gdzls j tco Odz HdME
Md@dzO0 ddzhesfigd e 2Oz i § jtedsHEsdE 10

J BsHj dzd f sfdzj H wedQls jlsdn Clztsig s d
LOHJtey Cd dzQf =€ O dombisims@S7 ip® o dgj fifls dzt
E{f cOo dzw ¥ h d d3, dCiptflsstieds Q. Idsj dis iy W a =C=tb)3f O t
O obhtElsttetsets ff SHOE KAz & OdgipPlds@sds
9" OB OIS 90jls EZftcOQodzwe hd?2 Mmdc dzO
ZO0 Mmdzj HEE N 2 otej d3j dedzts?2 N OG6 d3tsH
HJhdWtcOlsstcO, CBGHO LOHOJ Isfmw [
Il silssd3dz dzO or" AtsH] Ctdif OtcOIststcO
LOHjJ©Y SO dPtssptdz OOk, Mise dzOMso
LOHjteSd f tMisOdz dzf d3d B dzZ¢ OB !

"k Source Block Parameters: Signal From WorkspaceZ X
Signal From Workspace (mask) (link)

Output signal samples obtained from the MATLAB workspace at successive
sample times. A signal matrix is interpreted as having one channel per
column. Signal columns may be buffered into frames by specifying a
number of samples per frame greater than 1.

An M x N x P signal array outputs M x N matrices at successive sample
times. The samples per frame must be equal to 1 for three-dimensional
signal arrays.

Parameters
Signal:
[-531000] |

Sample time:

|1.0000e-06 |

Samples per frame:

a |

Form output after final data value by: | Setting to zero -
J Cancel Help Apply

tdB53 1 OHOdzed] § OtcOd3j Istetso Mmdc
HdMC ] lsd6 Ofgd d 1
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"L Block Parameters: FilterClock o
BaseClock AlteraBlockset (mask) (link)

Used in the top level of a design to set the base hardware clock domain.

The block name is used as the name of the clock signal and must be a valid VHDL
identifier.

There can be zero or one base clock in a design and an error is issued if you try to
use more than one base clock. You can choose the required units and enter any
positive value using the specified units. However, the clock period must be greater
than 1ps but less than 2.1ms.

If no base clock exists in the design, a default clock (clock) with a 20ns real-world
period and a Simulink sample time of 1 is automatically created along with a default
Active Low reset (aclr).

Additional clocks can be derived from the base clock by adding a Clock_Derived
block.

MNote: Each clock must have a unique reset name. As all clock blocks have the same
default reset name (aclr) you must take care to specify a valid unigue name when
using multiple clocks.

Farameters
Real-world Clock Period
[

Period Unit | ns =

Simulink Sample Time

[25e-8 \

Reset Name

|aclr ‘

Reset Type |Active Low -

[ Export As Output Pin

_ Cancel Help Apply
{ {B54 z0c¢ &sH | MdiarSmaidk@3e8 o fi
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VT

Clodk

[100000]

tap4

Mutiplexer

Incremeent Decrement

t 4857

Input
addr(1:0) ,':2"‘:, ql3:0)
. 4x4)
1:0) M
Delay2 ROM
Z—‘
2
- p Deley®
z
D b
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t OLtcOB O dtsC tsatetsWvwidz BEBG 50O dzd
Of f OtcOls dz" AVHDh tg jrRHinds ez’ Istc© 1 f B d dfy to
d Y sazOdathj d3 ftow B3ts? ftasj O dzdf is @ usdf
Y =CoXp X X, + 6 d f tisfiiedgt=iz oted d3d
Hd OG tc Odfpgl7) ( todi tc O dzdmaP ¥ &t Pagjs O BBd
4. 1 3tcddM.16 mtcd M.17), © d H d d3, Yylsts ftotsW d
LdzOyj dedv dzO@ or" atHy E btejna W dd
Wddzt stetso dz0 tcOMY tojjedexz jimizts? s HOdB'd j
L dzgOyj dedv tsedeeg§@ Hilsjnv 4 1OCISO.
Slsdzdydj &3 wodzW jlsmW dOdzduydy bk te
oM sdiisc Ols j dz' dp' toff tsigafia dz@) diAD didsdEldez) d W
Compiler d d3j 4 Is o Mistcts j dzdz" x B dzf dzls Pt W
oL Od®sH ]| 2Mise dj dn fnistedR ntsd Ddgd B3

library ieee; library ieee;
use ieee.std_logic_1164.all; use ieee.std_logid164.all;
use ieee.std_logic_arith.all; use ieee.std_logic_arith.all;
package coeffs is entity filter_4 is
type coef arr is array (0 to 3) ¢ port (din : in std_logic_vector(3 downt
signed(3 downto 0); 0);
constant coefs: coef_arr: reset, clk : in std_logic;
coef _arr'("1110", "1111", "0111" Sout: out std_logic_vector(7 downto 0)
"0110"); end filter_4;
end coeffs; ARCHITECTURE a OF filter_4 1S
library ieee; constant g0 : std_
use ieee.std_logic_1164.all; 0) :="1110";
use ieee.std_logic_arith.all; constant 1 std_
use work.coeffs.all; 0) :="1111";
entity fir_var is constant o2 std_
port (clk, reset, clk _ena: i1 0):="0111";
std_logic; constant g 3 std_
date: in signed (3 downto 0); 0) :="0110";
g_reg: out signed (9 downto 0));  signal x0,x1,x2,x3:std_logic_vector(
end fir_var; downto 0);

signal mO,m1,m2,m3:std_logic_vector

downto 0);
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architecture beh of fir_var is

begin

process(clk,reset)

type shift_arr is array (3 downto 0)
of signed (3 downto 0);

variable shift: shift_arr;

variable tmp: signed (3 downto 0);

variable pro: siged (7 downto 0);

variable acc: signed (9 downto 0);

begin

if reset="0" then

foriin O to 3 loop

shift(i):= (others =>"'0");

end loop;

g_reg<= (others =>'0";

elsif(clk'event and clk = '1") then

if clk_ena="1" then

shift(0):=date;

pro := shift(0) * coe$(0);

acc := conv_signed(pro, 10);

foriin 2 downto O loop

pro := shift(i+1) * coefs(i+1);

acc ;= acc + conv_signed(pro, 10);

shift(i+1):= shift(i)

end loop;

end if;end if;

g_reg<=acc;

end processnd beh;

ltedddj tc s tsH VMOLT
SRM ddz' Istc O
slso tsH O

] H O dzdzts d3

BEGIN
mO<=(signed(x0)*signed(C0));
ml<=(signe¢x1)*signed(C1));
m2<=(signed(x2)*signed(C2));
m3<=(signed(x3)*signed(C3));

Sout<=(signed(m0)+signed(m1)+
sighed(m2)+signed(m3));
process(clk,reset)

begin

if reset="1" then
x0<=(others=>'0";
x1<=(others=>'0";
x2<=(others=>'0";
x3<=(others=>'0";

elsif (clk'event and clk="1") then
X0(3 downto 0) <=din(3 downto 0);
x1(3 downto 0) <=x0(3 downto 0);
x2(3 downto 0) <=x1(3 downto 0);
x3(3 downto 0) <=x2(3 downto 0);
end if;

end process;

END ga;
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[HdZO dL o tsL @3y dz' - -W degz'Olsiad ® O Yz
slsosHO ) dMmftsd LtsoOded j &3 f sfdzj
OtedW d3J Isd € j o Quadtuslt ¢ & dgtfr@MiEfad] &z fyls ¢
dzi MOMBs22 thisof e QuiZERO dzO tod M.

174



— | wr
l’ I To Workspaoe1
%@ Chock
SignalCompiler T #{ FIR_result
PEO ‘ ‘ ‘ To Warkspace2
dan ‘ |_>
~ npuDda J [ = P empst? RO T g N }—'J ‘
o Deley? ¥ loed ] Ba2 = & ! i FrResu "
PerclelTo Serie sautp Sum of Product F:m me— Freaut
ing Accumuistor Scope

Shift Taps
ena 1000 1
Single Pulse Pattam
d

= »
' . D
To Workspaoe3 Epl
Bp 2 "
tap_3 "

t d #H18.R B Is Oy d ts dzdzOW -¥ Attt jsdp'© gdzOm f smdzj Hise Ols j dz! dzts 2
OQedWdBj sdSj Hdzvw ] Odzflier®ydd o BOLdMy 1




9.7

E Function Block Parameters: Sum of Product
BitSumProducts AlteraBlockset (mask) (link)

Performs a sum of the multiplication of ene-bit inputs by signed
integer fixed coefficients:

q=a(0)Co + ... +a(i)Ci +... +a(n-1)Cn-1

q : Output result

a(i} : One-bit input data

Ci  : Signed integer fixed coefficient

n : Number of coefficients, range [1,8]

Optional Ports
Mumber of Coefficients (1-8)
4

Coefficient Number Of Bits
4
Signed Integer Fixed-Coefficient Values (Ci)
[-2-176]

[7] Register Inputs

|
t dHIOANBStcd3sdtetso Odzd J WPBHJ tey d B3SG

[ OK H Cancel ” Help

A pp |‘.‘"




LLT

m
0- MUX

ToWaorkspace7

[————

Last

Fipeline
Dialay

)

Reset On
Partial Product

Inverse Last
Partial Preduct

Adder

cr autd
SyncDelay Sync Delay2

To Warkspaced

ToWarkspaced

ExtractBit

To Warkspace1

Shift by Two

[
[0

To Workspace?

ToWarkspaced

To Waorkspaced

t d %20,
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8.1

t d#H2l

m Function Block Parameters: Senal To Parallel
Serial To Parallel AlteraBlockset (mask) (link)
Implements a serial (input sd) to parallel bus conversion (output d).

The input bit stream can be treated as either most significant bit
(MSB) first, or least significant bit (LSB) first.

Main | Optional Ports

Data Bus Type [Signed Integer

[Number Of Bits].[]
4
[1.[Number Of Bits]
]

Serial Bit Order |LSB First

[ OK ][ Cancel H Help ] Apply

ANzdzS yd sdzOdzd dz" 2
(SHdtOL W HAd 2 Mmdc dzOdz)
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B

A

Sum
Sum_Reg
FILTER_LSB
FILTER_OUT

t d#H23

1] A x| BB || adder [ L8

[ 14 double timeseries [ 14 double timeseries [ 1 double timeseries [ 14 double timeseries

Time series name: Time series name: Time series neme: Time series name:

Time Data:l Time Datal Time Datail Time Datal
9 1 9 2| 9| 3 10 5

10 -2 10 o 10 2 11 4
1, 1 1 1 1 1 12 6
1 0 1 E 1 3 B 3
13 -2 13 -3 13 - 1 2|
I 3 1 0 1 3 15 1
15 -2 15| 0 15| Bt 16 4
16 0 16 4 16 4 17 7|
kY 2 v o 1 8 18 3
18 4 18 0 18 4 19 1|
19) 2 19 8 19 -S| 2 Bl
2 0 2 12 2 12 2 4
2 6 2| 13 2 19 2 -6
2 9 2 0 2 9 2 3
a) 6) B) r)

SRM ddz' ksO

reg_summ

[ 1 double timeseries

FIR_result

[ 14 double timeseries

Time series name: Time series name:

Time Data1 Time Data1
9 16 1 19
10 2 1 10
11 12 15 10
12 10 16 10
13 19 I 1
14 En 1 El
15 7] 19 ]
16 1 2 B
7 39 2 -0
13 & 2 %0
19 3 b 40
P 40 2 40
2 100 2 10
2 154 2% 10
1) e)

2 X0 X XX 0 X 3 X0 Xax 0 XaX_ & X 0 X 8 Xi( 0 Xi2X 13 X 0 X 7 Xi3X_ 0 XBX 6 X _0)

K)
vstcOodzj dzdJ ddet SR BFEFER@ A dEsbts e IsOyd tsdz
9 1dzj Slsteduyd MR4as?

Mead &3 fw5]
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....... . sim_ Regle {50

SBR

A5.0] NA[5.0)

Cir

result]5.. 0]

A0 MAIS..0) - - I )

A[3.0]  NA3.0)

Cir

rest20

[ dM24 ACOG &) dels Whylty s Os mia® 4 BlkoSHO. 1 5COL Od
TeOdzj dzd v § sk GG WA J dissdzz BEASK o ydmdzj dzdv B te
syudmisSd HOdd = &O 9-GHOR NMEdEOssLO, mujlsydS
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Coefficients Generator Dialog

Coefficients Frequency Response
Time Value —— Floating Coeff. Response
1 -2.0 ~
2 1.0 0dE
3 7.0 -20
4 6.0 40
B0
-B0
-100
A el
Frequency 01 0z

Mame Low Pass Set

() Floating Coefficient Set

Rate Specification

Single Rate Factor | 2

Filter Type Low Pass dow Type
Coefficients 4 Sample Rate
Cutoff Freq. 1 1.25E6 Cutoff Freq. 2

Excess Bandwidth | 0%

(®) Imported Coefficient Set
File |D\Quartus-ProektFIR_PD_MEGAFUNCir_coeftd

Auto Generate

Rectangular
1.0E7

375E6

Browse

Cancel Ok

t d#. 25. 1 Ofistets? €IF Compiler®§ & pzC Ny QJuehmiusl (b vy m  s-Rdadz! s tc O,

Caidydj dzsr L @d to OOy W
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Ops WZDiD ns ZQD‘D ng BED‘D ng flﬂD‘Dns

E000ns 7200ns

80.0ns %60.0ns 108us 12us 1.3us 144us |

Nan

« U U U U U U T U U U U U
es RS
valid SRR
souce ready | |
[ sink_eor 1]
Hx T 53Ty ] b 3
oy | [ ] 1 ] EEREnE
[H source_emor 0
saurce_valid 1 il ™ ] ™1 ] 1
Hy 0  SEEI NN GRRERRES CREE INED GNRG INE0 CRRF-IR00 SRRTARED 6N
t . 26. lto]jdsj dedz’ | HJDOBEO O BB CodgiliErs yd d
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SteOdzy § o " dgzOy odjdBys d3
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BsHjde tcdBg. 1 jtojtcOBtsls Odzdz 2 ftots
ZzO0 W@ dzv ~w0Ode dzdv S tdsBddzOydd
SRM ddzr kO dhfsd LiEjkhvy -ofe tsafd

LUT) . 10 ddo¥ StccsOQF s datige &' Is  § tej €
h jflsdeOL W H dzs &3 ftcjHmlsOs dzj dzd q
Hef Sdddls | & dsds CSHO n s Odzq Is

f =%Co +XC + %G, + %G, 1 0 OHted Mde §
Bd sdf dzj SMst® §smiskyOsls BdlsT
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1 JHBMOISCtsd3 (toj HdztsY Js@Bdats@ R mTy
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dzj BBEOBISSd COYHBGEB 9 n SH dat
HT Mz BBOISSLO o datsdz' . SBRBIS s
HMlisOQoa dzw e h dj dzOBtste | dzj d¢3j dzlstso
kg tets o Oded W f tetsW i dzO i3 jedzg D dzdf' s Is t
h HsB Qo s (9 Blsdzd yd4jll) ssls tc f& ¢ fig
IPOd Mmdden tetsdads’ 2 fd ¢ dzOdmalideOL @ j tz) oz
9" nsHOR BGttcOdzdL 59 Ols! MmMBEs sl
ZzO IsOCIs. Il sdzlzyj dede” 2 toj L zdz' ISOIs
slsfydlsr) ftojHMsOadzw jd3r 2 o HBY T
9 toj ¢ PIHRO] McOLAW H dzts?2 Is s ydats s !
d deW ste 3Oy d tsdzda’ f to tStfistg 1€ OF S eof ) d d3¢
BsHj dzd-¥W gdzemlstceO® d o (428 jf SIS OL Gelxts
Mseof OH j dzd J .

10 w4dBHifisCOL Onstcsd®@d di3j FIRY zd
CompilerH dzv 6 j dzj e Oydd ¢ tseidhds ols@d)] d
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Scaling Accumulator

. ena 1000

Sum of Product

Single Pus2 Patem

t dH27 AtOG d3j IR Milgldrj 8O dzO § sMdzj HisSo Ols j dz' dzats 2
fl Eyjbtsd BZOMh sOB s Oded W
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4.3. s0OC fhstsydy dedigmjdozr ster  d
fsfdj HEsozBR j ZOMY toj H j dzj dedzs?2 Otsd W

Imhiji t.OmMmdkOlsted 8 ©dzO M+ ftetsmis O
sRM ddz' Istc© dzO 4 slso sH O i L
CsL WW dyd jidgleaidgdO B tsls O dzdzO W dzO0 Mo
M tcOe sydets?2 MmdMmlisj d3r AltdradISP Bui@er o ® fy h
OH te j qudrtusdsp buildenDesignExamplé®emosFilteraDA32
fn yJj dz' s dL zyd dzd w BOLtS9 ™ n i tc
OtedW d3d s € (.

UOEI Bfd&zO ¢ 0OLO0OdzZO BsH | d i
wWddz! Iste© dz2O BHdsd3 B dzsC § EZMg®RisY 4 C
Bz CtpOL tcOB tsls O dzdzOW dzO shdatsl 3§
quartusdsp buildeADesignExamplé®emodFilteraMac32.

vdfdte! Nd  OMMdslstedds Mmezsy c
dqdz' ste® dzO@ 32 BlsaBHO. [ OHd &3 [
dqdzt BAcB 2, Ddsr stclz dZODA44L. tslso tsH O

sddzlsj L-W gdrmMstcO® dz2O0 32 BlsoatsHO
f sd3tsh 1 s w flelstz@ing ¢ d.eastsquarelinearphaseFIR
filter desigr) o Mmdvetley d&lz dz2¢ yqv firl s |
dzj o CEtefmMdoeodzr 2 HdMCtejlsder 2 Wddz Is
Bddzed 3d L Oydd ddzlsj cteOdz! dets?2 oL o9 j N
otsMf esdL 9 § HJ did 8 ydizfisCRdedits?  ¢Svlzm o
HdOf OL sdzj yYyOMmlsslsde 7 §tsdztsfm. 1 dy
Jets dmfsd L so Odedsds B§ 1 fisdzdzdzls O fa FO
Mzj kil EHO&ZdBY9. 41 BY Gff §C OL OdzO
~nOOCIsjtedmMisdC O d ¢ vy s dipef desigiQ. d tc iz,

% thtow H BV (dr/Ms tc O

FilterOrder= 32

% uvtsydstsmls: ftcl HMIsOo dzj dzedw o - BH dz" =
InputBitWidth= 8

w
w
w
w



% OmMissisdzr 2 HdOJOLBBdz  sdzsm, o Clstste
® HJOfOLBd ®ls 0 Hts 1 (1 MmMtsslkejls
fsdzso ddzi yYyoOmlstsdey HIMCtejIlsdL Oyd
LowPassFreqgBand [0 0.1 0.2 1];

% JSIstste, MHjtey O d2 L dz2Oyj dzdvw OBy d
LowPassFregBand

LowPassMagnBand [1 0.9 0.0001 0.0001];

% 1" udfdzj ddj L dePing Higd@y " LCdSust ® W d y ¢
HgMCtoj Isdatb iz’ @ M dzddd Qdzsl A &d Is
flklsy &3 B3 dzd d3d L Oyd d ddzlsj ¢ tcOdz! dzts 2
shde ¢ d otsMtetsdL o HJ dzefird dzj DdztOBzdzH 2y |
L @Hizdzts o3 HJ O OL Sdzj ( IDMEtsisdizal Gy sdels @)
FICoef = firls(FilterOrder,LowPassFregBand,LowPassMagnBand);

%y ts Y dztf fiplg H i) ls otz jWagddvy ¥ d dzls16® @ Is

CoefBitWidth = InputBitWidth +
ceil(log2((max(abs(FICoef))/min(abs(FICoef)))))

%l " ud fndeQ@isghils Oegdats ¥ df (83767

ScalingFactor = (2”(CoefBitWidth))-1;

% 1" ydmdzj dedj L dzOyg dzd 2 ¢ ts1@sWddteysiojQirdix
d tsCthkzcdzj dzd W

FpCoef=fix (ScalingFactor FICoef);

% 1 tsmstetsj dzdd i3 zdz' Mdzs?2 R~ OLOSIs] tod
plot(FpCoef,'0";

title("Coefficient Value";

%ABtediddteso Odzdy J Hded ydzsets d d3f zdz! fmcC
Hts 1000 L dzOyJ dzd 2

ImpulseData= zerog1,1000);

ImpulseDatél) = 100;

% 1" ydmdzj dedj Mo jtelsCd

h = conImpulseData&pCoe};

% 1 dmMCtcd sdetsy ol sBteOL tho Odedy ALzt |
fftplot(h);

title('Frequency response’);

FirSamplingPeriod=1,

1 tod d3jutef dzlsg r AW d dz' liNtdfGOs dzts M W b dzC fidsd

) d s Wadkb
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tOMMiBslstcd @3 dzj S Slstster j CS@BOAZHT Bt
WikdS ydd f sdzeydd3 L dzOyg dzd v C st
BOMh sOB Jtetso Odad W :

FICoef = firls(FilterOrder,LowPassFreqgBand,LowPassMagnBand)

1 &2Oyd dzdv Css1 WWdydy dzlstse W ddz steO
0.0047 0.0054 0.0043.@0910.004510.0108710.0161710.0181
10.0146 10.0040 0.0142 0.0388 0.0672 0.0958 0.1202 0.1367
0.1426 0.1367 0.1202 0.0958 0.0672 0.0388 0.01@D040
10.0146710.018110.0161710.01087 0.0045 0.0009 0.0043 0.0054
0.0047

{ftejH]ddd |§BEeoflez dffe st VW dyd
CoefBitWidth = InputBitWidth +
ceil(log2((max(abs(FICoef))/min(abs(FICoef)))))

CoefBitWidth= 16

I ydmdzd &3 BOMM IsOB dzr 2 dB3dztsy d Is § dz!
ftoj HMIsOoa dzj dedw Cst WWdydjdalsse W d

ScalingFactor (27(CoefBitWidth-1))-1

1 d20yjdedw Cws1 WWdydj delsse fip Iz
sSCtolze dzj dedz” ¥ o Mmisigteis dzz HE B ddg y OF
BOMh IsOB dzr 3 Bdetsy dIsj dzj @3 Scal i ngF
slsdgsmdlsj dz dzs yj delste Oz dats?2 o j dzd y

FpCoef= fix (ScalingFactor FICoe)

155, 177, 140, 29,146,1352,1526,1594,1479,1131, 464, 1270,
2203, 3138, 3938, 4478, 4671, 4478, 3938, 3138, 2203, 1270, 464,
1131,1479,1594,1526,1 352,71 146, 29, 140, 177, 155
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Wddz: Istce®© dzO0 f sfmdzj His9 Olsj dzt dets?2 t O
tcj OdzdL Oydd o At&®a dfifjsH] dry dL it
mMdMmisd &3 dzOMistets dzO dzO W Jdz' IsteOyd
h 2 d3ts 3.

tOMmMMmdits Is tc d BaseClokzks ¢ | dzw W lzdzS ydts
BsH j dzd tc s AledadflodelSIm L OH O sfyw  fd dzr tc
fJtedtsHtsd 2 Reatigdyld CldcksRErjod o o tej d3d
h Oc¢c Mmd i3z Matlap@ichulink 1y (Sifnddidk jSample
Time) o BadSCbhgk

Rdzls j o Otz md{inOydd ortHdAdBE MM
dgdzd otcj 3" o' BtstcC d) o SileVdareiysyd tsigzO
(Mslse jIsMisokzjls ydmdzz B dIlstsh32 o
fsC OL Odzts Wstcdsdtetso Odzd j d ¢ @@ diz@ ) ts
OBy dzd sz H t52 1020  tisjlstayd] tsHs d3 1 @05,

Hf MStej IsdL O ddzO S8tcdifif.z ddsf Bd tsB dzf 2
( Mz yoO2 dzr | yd mdzO mvw  fliasHed3aPdizy 1ddts
eOMmy o) Hidzj dzd® (wOMYtejHjdzddede |

1 .

rodzj i +1Isd Hoe O MdcouldslzO Mk lekOH
L Oh &z d3dzj dzdzr 2 MddsmMtsdH Odz! @& 2 d f
fsHe jtce OjIsimpw Wddz stcOydd.

v sydatsmls ¢ ftcj HMIsOo dzj dgd W onts
[lsd3j sflss L Ists dzj o MsC OW Is 5y dzts fr
stsydetsfyls: ¥ ftoj Hifls Oo dzj dad W -Wodrds' HisiE C
ZzO0 32 lso ts MAC-sizls GsAn dibe@ 23 tc | - SH
fdc dOd fyEiskyy % dd sed o {Istsd f
fn DL toW H dats 2 Istsydetsfls s & . s 51 W
OmMmydlsr o 05 Isw ) f didksh (s B WS
ftcj cBtOLSo Odedjy Ablte! | f dMf sdzr L
Cohbtste®y BT otsdvjls MddsjL Jtese Ols
AY M.
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% Model pre-load function Sgescomier
% Coefficient Generation n
FilterQrder =32
InputBitWidth = 8
LowPassFregBand =[0 0.10.21]; -
LovPasshagnBand =[1 0.9 0.0001 0.0001); 3
FICoe = frls(FikerOrder,LovPassFreqBand,LovPassMagnBand), .
CoeBitwidth = InputBiWidth + v z
ceil(lo g2 ((max(abs{F ICoef)¥min(a bs{FICeen)))) ot T T
SealingFactor = (2%(Coe BitWidth-1))-1; p—— Sum ofPrcuctt ster
- FpCoef= fx(ScalingFactor * FICoef);
©
(o] )
N plot(FpCoef'o’); u
title (Coeficdent Value'); e
ImpulseData = zeros(1,1000); o
ImpulseData(1) = 100; B " . G(16-0
h = convilmpulseData FpCeef); & aps!
fitplot(h); ]
fitle (Frequency response’); [}
FirsamplingPeriod=1, B >
BT
SumotPRds
qnz:g)
=
EnLel
sm0rPmOES
apo:——
5 =
o T EXT]
Sm0TPROKS
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td#. 32

ource Block Parametes ine Wave

Sine Wave

Output a sine wave:
0O(t) = Amp=sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in
the two types are related through:

Samples per period = 2*pi / (Frequency * Sample time)
Number of offset samples = Phase * Samples per period / (2*pi)

Use the sample-based sine type if numerical problems due to running for
large times (e.g. overflow in absolute time) occur.

Parameters

Sine type: [Samp\e based ']

Time (t): [Use simulation time v]

Amplitude:

Samples per period:
100

Number of offset samples:

0

Sample time:
8

Interpret vector parameters as 1-D

9 [ ok

][ Cancel ][ Help ] Apply

Atz tots o Odzd |
fiiff ¢ ZOO ) OdY dzd Is tz0O ts
f jtedtsH 100,¢ ¢ te§ dfny

td#H. 33

E Source Block Parameters: Random Number
Random Number

Output a normally (Gaussian) distributed random signal. Output is
repeatable for a given seed.

Parameters

Mean:

0

Variance:
50
Seed:
0

Sample time:

1]

Interpret vector parameters as 1-D

0K ][ Cancel H Help Apply

Atstcdsd tots o Odzd
Mdcec dzO0dzO, otcj BW o
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Q*+P2+P2*+P2°+P.2°
XOOCO + XlOCl + ><20(:2 + x30C3 + ><40(:4 +
X07CO + X17Cl + X27C2 + x37C3 + x47C4 +

><01C:O + ><11C:l + x21C2 + x31C3 + ><41(:4 +
+ X57C5 + X67C6 + X77C7’

+ XgoCs + XgCs + X70C;

R
+ X51C5 + X61C6 + X71C7

R
¥
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fd Bz sted ydz" di3d ¢ 2OV Y ¢ dpki dabs O i3d

R = (Xoo + X70)Co + (X0 + Xgo)C, +

+ (X + Xg0)C, + (X + X ) s

1 0 tARIPY sC OL Ode" o] Mz BRUEStGT
H dzw s Rz Istc O dzO 16 Slso sHtso
Cs1 WWdydJ dzls Odzd dzO f sfozj dedste D Is
Otcd W d3d Isd ¢ j . )| L Istsdz Mmdzkz y OJ Is tc j
ftoj Mz BBZOIsstets o dan"asmmJal(DT’" o af ezl v
LOHjYSCd toj OdzdL 50 OdzO0 dzO B dzts € O~n

10 teiBfBftcdo jH] 2O Mistckz§ fzcPc B
dets  C i wwdyd ) degsf dsd3jizsitg JrugEQY d 5 dzdzC
BsH | dz' W ¢ de'mls tc O lsEQHHER O L O dzdz0O4.31, dzO
gz jIs Mz lsztc W d iz Istetwds s sz H s
z0 4.§48)

I O KOlsted o Of d3s dsdzy B & BJ P 8 |
4o R BHEMT M sd LESIsMw HdY o ydfh
MzBBJudinls fesdLojHjdd? 5 VWttd

q=Ceq, t¢,3 t4,8, +Cay,

O-8itsHEBO " | 5 ¥ stedkdj:
:COaO+H1a1+H2a2+C3a3+H4a4+C5a5+C6a6+C7a7'
Ifjets dMYf sd L kojlsEpsbURdS’ B O

BomrBHBIEUT,R L.LUT c dmMdizcd3 o~ tSHTSHO :

SEEOL A, -HEmEGEIER 1 EOM" OB d &kl

OCCbkEb " sstosd Lo sdY-y K ds s iPszc

MtczCIsktets?2 4 lsatsH® 8 B(Jdls.

LUT ddsjs s ©OL dzzy  Istsydasfls!
Cl WWdyd,  delstse. AstOwWod ddsf Zdz fd
BOdr j L dzOyjdedw St WWdydjdisse,
f sdzse d dzz tsls 774 dzlsltel @461135D,1 5211594,
fsi s HEMsOksyds -od fipfEstUTL s o Ol
ssydsfmls! ¥ fojHmlsOo dzj ded™ Mk St
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a0
ail
a2
a3 =
Bit Level
Sum of Product
L fydzts asdztisjL dzO Y j dzd §

4-LUT ¢ d d&3j dBjt devel Sum of
Product

q(10:0)

YyYvy

| Oted Odzls L OYLBTozdAj dz§ &+ WAY d yd j del
ftoj Hils Oo dzj digD™y § Tzd e d 1€ ;ts {185 19 7A) T4
29, Issydetsis:  § toj Hifn S\O@ Mgy qlagdz’ - Iz
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m Function Block Parameters: Bit Level Sum of Product

BitSumProducts AlteraBlockset (mask) (link)
Performs a sum of the multiplication of one-bit inputs by signed
integer fixed coefficients:

q=a(0)C0 +... +a(i)Ci + ... +a(n-1)Cn-1

q : Output result

a(i) : One-bit input data

Ci  : Signed integer fixed coefficient

n  : Number of coefficients, range [1,8]

Main | Optional Ports

Number of Coefficients (1-8)

4
Coefficient Number Of Bits

9

Signed Integer Fixed-Coefficient Values (Ci)
[FpCoef(1:4)]

[7] Register Inputs

[ 0K H Cancel H Help I Apply

B(dIs
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2

a0
al
a2

a3 =
Bit Level

Sum of Product4

L fydzts asdztisjL dzO Y j dzd §

4-LUT c d d3j dBjt dzevel Sum of
Product4

q(12:0)

YTT#

I Function Block Parameters: Bit Level Sum of Productd
BitSumProducts AlteraBlockset (mask) (link)
Performs a sum of the multiplication of one-bit inputs by signed
integer fixed coefficients:

q = a(0)Co +... +a(i)Ci + ... + a(n-1)Cn-1

q : Output result

a(i) : One-bit input data

Ci : Signed integer fixed coefficient

n  : Number of coefficients, range [1,8]

Optional Ports
Mumber of Coefficients (1-8)

4

Coefficient Number Of Bits
11

Signed Integer Fixed-Coefficient Values (Ci)
[FpCoef(5:8)]

[} Register Inputs

[ oK ][ Cancel H Help ] Apply

| Oted Odzls L OYLETdzddj dz§ &1 W4 o yd § ozl
ftej Hils Oo mzg Hefz® ) dlzd W € ts 41 X486, i35
1526, 1594: Is tsy dats fls i tcj H@§ls Oy Qg It
ftosdLojHjdzd?2 13 Bl
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a0
ai
a2

a3
q(16:0)
a4

a5
a6

a’ Z

Bit Level
Sum of Product1
v ) dzts asdztisjiL dzO y J dzd §

8-LUT c d d3j dEjtdzevel Sum of
Productl

Y VYVVYVYVYY
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E Function Block Parameters: Bit Level Sum of Productl
BitSumProducts AlteraBlockset (mask) (link)
Performs a sum of the multiplication of one-bit inputs by signed
integer fixed coefficients:

q = a(0)Co +... + a(i)Ci + ... + a(n-1)Cn-1

q : Output result

a(i) : One-bit input data

Ci : Signed integer fixed coefficient

n  :Mumber of coefficients, range [1,8]

Optional Ports

Number of Coefficients (1-8)

8

Coefficient Number Of Bits
14

Signed Integer Fixed-Coefficient Values (Ci)
[FpCoef(9:16)]

[7] Register Inputs

[ 0K ][ Cancel H Help ] Apply

] Oted Odzls

L Of BTdzcj difty! &z 59 ,
ftej HilsOo dzj 0AE®  jlozd 8 d Ists 4
1479, 1131, 464, 1270, 2203, 3138, 3938, 4418 y dzt
ftcj HiNlsOo dzj dad W

wwdyd,

ez yomilsdyde

20z
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a0
at
a2
a3

q(16:0)
a4

as
ab

a’ z

Bit Level
Sum of Product2
U Ty dzts asdetsi. dzO U j dzd

8-LUT c d d3j dBjtdzevel Sum of
Product2

YYVVYVVYVVYVYY

B Function Block Parameters: Bit Level Sum of Product?
BitSumProducts AlteraBlockset (mask) (link)
Performs a sum of the multiplication of one-bit inputs by signed
integer fixed coefficients:

g =a(0)Co + ... +a(i)Ci + ... +a(n-1)Cn-1

q : Output result

a(i) : One-bit input data

Ci  : Signed integer fixed coefficient

n : Number of coefficients, range [1,8]

Optional Ports

Mumber of Coefficients (1-8)
8

Coefficient Number Of Bits
14

Signed Integer Fixed-Coefficient Values (Ci)
[FpCoef(17:24)]

B Register Inputs

[ OK H Cancel H Help l Apply

] Oted Odzls

L O Tdzd) dafts W& dydj dzls
ftoj HiNIs Oo dzj WAEO® y jl dkd 8 dIsts ¢
4671, 4478, 3938, 3138, 2203, 1270, 46431; Is ts y dzt
ftoj HilsOo dgj ae@PWis fif lndg" -

wwdyd,

ftetsdL 9§




¥0¢

2

a0
al
az2

a3 >

Bit Level

Sum of Product5
vV dztsgsdr 5L dzO Y j dzd j

4-LUT c d d3J dgjtdsevel Sum of
Product5

q(12:0)—

vvvy

m Function Block Parameters: Bit Level Sum of Product
BitSumProducts AlteraBlockset (mask) (link)
Performs a sum of the multiplication of one-bit inputs by signed
integer fixed coefficients:

q=a(0)C0 +... +a(i)Ci +... + a(n-1)Cn-1

q : Output result

a(i) : One-bit input data

Ci : Signed integer fixed coefficient

n  : Number of coefficients, range [1,8]

Optional Ports

Number of Coefficients (1-8)
4

Coefficient Number Of Bits
11

Signed Integer Fixed-Coefficient Values (Ci)
[FpCoef(25:28)]

] Register Inputs

[ oK ][ Cancel H Help ] Apply

l Oted Odzls L OfLuTdzdd) dz§ 54 W4 d yd 4 dzl
ftoJ HiNlsOo dzj dzdz® y ] dzd 8 d & ts 11479, (594
1526, 1352, Istsydatsmls! i o4 Hd3ls Oy @y st
ftesdL o jHjlslzgd?2 13 B(
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& Function Block Parameters: Bit Level Sum of Productt
a 0 BitSumProducts AlteraBlockset (mask) (link)

Performs a sum of the multiplication of one-bit inputs by signed
integer fixed coefficients:

a 1 q = a(0)Co + ... +a(i)Ci + ... + a(n-1)Cn-1

1 0 - 0 q : Output result
q - a(i) : One-bit input data
Ci  : Signed integer fixed coefficient
a 2 n : Number of coefficients, range [1,8]

E Main | Optional Ports

Number of Coefficients (1-8)
4

B It Level Coefficient Number Of Bits

9

Sum Of PdeUCtG Signed Integer Fixed-Coefficient Values (Ci)
v fr) dzts asdztisjL dzO y j dzd J [FpCoef(2:32)]

4-LUT ¢ d d&3j dBjt devel Sum of
Product6

yvuyy

a3

[7] register Inputs

[ oK ][ Cancel ][ Help ] Apply

l Oted Odzls L OfLuTdzdd] dzf s+ W4k d yd J§ dzlf
ftojHiMmisOo dzj dimP™yj Mzde'd €551 ¥ & JydJ
1146, 29, 140, 177s sy dzts s+ § tc§ H MBPls dfiny
fedLoJHjdzd?2 11 BJdIs
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In[10:0]

Fipelined Adder

= 1 )

Pipelined Adder1

In5[16:0]

{ g#. 35.

Pipelined Adder2

uk i ese Odzd j oM~
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Paraliel
Adder Subtractor

Out[19:0)

CssB d dzOyd 2
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