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Researcher:  Dr, Vanvisa Chutchavong
Faculty: Engineering Department: _Computer Engineering, .
King Mongkut’s Institute of Technology Ladkrabang .

ABSTRACT

This research project presents the design of Crossover Network using Bernstein Polynomials. The
Bernstein Polynomials has the best characteristics with more advantages. For example, it has a maximally
flat (MAXFLAT) magnitude, a linear-phase and a maximally flat delay with parameters of # K and &. For
this reason, the Crossover Network is designed by Bernstein Polynomials moreover analog filters are
changed into digital filters by using the bilinear transformation. Both MATLAB and Simulink are good
platform for designing the filter. In addition, the experimental results at the real time of Crossover Network

can show with FiO RapidSTM32 Board

Keywords : Bernstein Polynomials, Bilinear Transform, Crossover Network, Filter
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|TF|APF= P +25+1 || 8 #2541 L
(s +1) =(2s)
ITFLM-' - (s2+2s+1)2 (4.12)
77| = st =252 +1 @.13)

APE o 4 45 +65° +4s+1

o a C ' = o ﬂ!w
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N(s = (4.14)
() st 4457+ 65 +4s+1
25
N(S)ppr = 4.15
() s'+4s’ +65° +ds+1 e
1
N(S),pp = (4.16)
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N(8)ppe A9 @UNTI9950TOIAVAIINDHI
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1 1] ¥ T
wouANAMIUNAINIINeS £ =0 Tasnadw99siausWGsUNIVUIATAgA (Maximally Flat
. & ' P ' a a a o o o a o o
Magnitude) 3 Tuduanudnuuriuuazanuduaungauaziianuddneenigada lndifseiui
v a 4 ' i § a { e
MsunUMMISNmes & a1eq en1nsesnsesnnuduuudsua ladiliguauidawanudos Tay
Avuald =02 £=1.7315 e=2uaz £=5

U iines £ =02 aaaumshi (4.6)
|D(s)|" =1.045* —25% +1 @.17)
|D(s)| =% +1.97085 +0.9805 (4.18)

vhaumsi 4.18) lauilueunis2993n589HMNAIWE (ALl Pass Filter) mugiiuaumsi (4.3)

57 ~1.97085+0.9805 (4.19)

TF| (o=
I L““‘“ 5° +1.97085+0.9805

o P o a = - do W 1 P
HITUNITN (4.19) ﬂ'l!ﬂuﬁlJﬂ’IiTWﬁTutllUﬁu‘lJ‘lJilliuﬂ'lﬂuﬂl-!ﬂU 4 V3N BTNTDIHNUNNAIIND (All

Pass Filter) Tae 1435013 Conjugate

2 2
Q2o TR IR | | A0 00e+0.9805 (620
A | 5 41.97085+0.9805 | | % +1.97085+0.9805
(5%+0.9805)~1.9708s || (s* +0.9805)+1.9708s
[T o =| =2 2 421)
A § +1.97085+0.9805 | | s*++1.97085+0.9805

(5> +0.9805)" ~(1.9708s)?
ITF| .., = ; (4.22)
AP (7 11.97085 +0.9805)

s*=1.92315% +0.9614

TF|,, =
7F s*+3.94165° +5.8451s" +3.86475 +0.9614 (4.23)
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NS s = 4.24)
(S s* +3.94165° +5.8451s” +3.86475+0.9614 (
=1.993)s>
N(s),,. = 4.25
() s*+3.94165° +5.84515% +3.86475+0.9614 i
961
N(S)LPF = 0 9 4 (4.26)

' +3.94165° +5.8451s +3.8647s +0.9614
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WBUITUNITN (4.24) FUMTN (4.25) LATAUNTN (4.26) H1W§ﬂﬂﬂ§1ﬂﬂ$ﬁﬁﬂﬂu
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o v A = o A = @ A = o o
HAUANUAHIUNATIWITINADS £=0.2 ‘Hl.lﬂ'!l11]‘5’I‘]J!‘iU‘JJ‘I‘l1Qﬂu1ﬂ11ﬁ$?ﬂﬂﬂﬂ1ﬂﬁlﬂﬂﬂﬂuﬂu

o

AN 1R0T £=0

USRS £ =1.7315 aaunsn (4.6)

ID(s) =3.9981s* 257 +1 427)
|D(s)|= 57 +1.22505 +0.5002 (4.28)

o 4 ; o : 24
UIAUNITN (4.28) tLl[ﬁ%'ﬂHﬂ'lJﬂ'li'J\WiﬂiENN'lu‘lQﬂﬂ’J'mﬂ (All Pass Filter) FIHJE“IJLL‘]J'LIE.TJJ 131N (4.3)

s* —1.2250s 4+ 0.5002
57 41.2250s +0.5002 (4.29)

|TF|A!’F N

Wi (4.29) Auduauns Twd Tuidvanyudisue lndduau 4 vo32993n309HIUNNAILA (Al

Pass Filter) Tae1435n15 Conjugate

57 <1.22505+0.5002 | | 5% +1.2250s +0.5002
ITF| a3 11 (4.30)
4 s? +1.22505+0.5002 | | s> 41.2250s +0.5002
(s> +0.5002)~1.2250s | | (s* +0.5002)+1.2250s
ITF| =5 12 431)
APE |62 41 22505 4+0.5002 | | 5% +1.22505+0.5002
2 2 2
(s°+0.5002) = (1.2250s)
’TF|APF = 2 2 (4.32)
(s> +1.2250s +0.5002)
s* =0.5002s” +0.2502 4.33)

TF| =
[ L”’F s* +2.45005° +2.5010s +1.22555 +0.2502

Waumsn (4.33) vuennaioanduveudaz19snsaInnud 1adadl
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—0.500252
N(s),, = (4.35)
(S)arr st +2.45005° +2.5010s% +1.22555 +0.2502
0.2502
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s*+2.45005° +2.5010s% +1.22555 +0.2502
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|D(s)[ =5s" —25% +1 4.37)
|D(s)|= 5> +1.1378s +0.4473 (438)

haumsi 4.38) wlaufuaunsaeesnsesdmmanwd (All Pass Filter) mugiuuuaumsi 4.3)

5" —1.13785+0.4473

TF| =
[T s 41.1378s+0.4473 (4.39)

aumsh 4.39) iudluaums Ind Tudeauunibiua lafsudu 4 veresnsesrhunnnud (Al

Pass Filter) 1ag1935ms Conjugate

v i 2
(77 = Sz 1.13785+0.4473 | sz+1.1378s+0.4473 it
52 +1.13785+0.4473 | | s +1.1378s + 0.4473
(s* +0.4473)~ 1.1378s (32 +0.4473)+ 1.1378s
|TF|APF = 2 ‘ 2 (4.41)
s +1.1378s5s+0.4473 s”+1.1378s+0.4473
(s+0.4473) <(1.13785)’
[TF] . = . (4.42)
(s +1.13785 +0.4473)
4 2
PR s3 0.4000s 2+0.2001 443)
APE gt 1 0.27565° +2.18925% +1.0179s +0.2001
Waums (4.43) suennaeenduveuRazinInIdnI g "lé’fﬁeﬁy
S4
N($) o = (4.44)
() s* +2.27565° +2.18925 +1.0179s +0.2001
-0.4000s>
N(8) gy = ) (4.45)

s*+2.27565° +2.18925 +1.0179s +0.2001
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0.2001
N(s = (4.46
(S)ipr st +2.27565° +2.18925% +1.0179s +0.2001 )

dothaumsn (4.44) aunsn (4.45) uazaumsn 4.46) ndeansnez 1daad
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AN 4.4 HAAIM TIINAUUDINDINTOINIINMDAINTY 2995030IANNDFIHIUIALIIITNTD

a A = o l:id = = a :}w ¢:;. =1 s é
HAUANUDIMIUNAINISITNNMDS £ = 2 NEAMNI LG ULNEVIAKAZTIIARAR LD Ano AL MU
Indifeeduaimisiimes € =1.7315

UNUATNITINABS £=5 avaunsh (4.6)

|D(s)[ = 265" — 257 +1 (4.47)

|D(s)| = 5 +0.6850s +0.1962 (4.48)
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vhaumsi (4.48) wauiluaumsaeesnsesiunnawd (All Pass Filter) mugiluunaumsi 4.3)

177 _ 57 —0.68505+0.1962
APE 5 +0.68505+0.1962

(4.49)

Wiaumsi (4.49) iuduaums Iwa Tullsaunmisualaddudy 4 veerssnsesiumnanud (Al

Pass Filter) 1ag1435n15 Conjugate

77|, = s —0.68505+0.1962 | | 5* +0.6850s5+0.1962
A | s? #0.68505 +0.1962 | | 57 +0.6850s +0.1962

APF

(s”+0.1962)—0.6850s | | (5% +0.1962)+0.6850s
(78] = -

s° +0.6850s +0.1962 5° +0.68505+0.1962

(.5'2 h 0_1962)2 ~(0.68505)*
Ar (% 4+0.68508 4+ 0.1962)

[ZF:

s'=0.0768s” +0.0385

77|

o = o " = o dy
UITUNTN (4.53) 11'!!.&ElﬂWil‘H'El't'Jﬂ!.'iju‘ililleﬂﬂz’ldﬂ‘iﬂiﬂdﬂ’a’mﬂ n].ﬁ’ﬂ\i‘l..!

4

N($) ypr = .
P s*4.1.3700s° +0.86165” +0.2688s +0.0385
i ~0.0768s”
P 5 +1.3700s” +0.8616s” +0.2688s +0.0385
0.0385
N(8)pr =

st +1.37005° +0.8616s” +0.26885 + 0.0385

[l ¥ ¥ [ ¥
Wothaums (4.54) qunsh (4.55) uazaumsi (4.56) Nnaeaniney 1ddal

A 4 11370057+ 0.86165” + 026885 +0.0385

(4.50)
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(4.54)

(4.55)

(4.56)
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AUANNITNNIINTNANIUDUU UL (Bessel Polynomials) wuﬂuhnﬂuﬂ%ﬁ;uu Tﬂmﬂsa‘umamu
a = = a & P = o
’ﬁ'llﬂ’l‘i’Nﬂiﬂ‘i‘i)\?ﬂ’ﬂhﬂllﬂﬂﬁﬂﬂ’liT'W'ﬁI‘LlLlIEJﬂ!L‘U‘]JLU‘iuﬂllﬂuﬂﬂ'l'ﬂ'lin.lm’ﬂi 5=0.2’1uma
a 4 a =l o o & £ A " o
ﬂmwmﬂmmﬁmﬂwaiumﬂmi‘lumﬂnqumﬂmmﬁumswumn G‘NTHﬂ’)’lllﬁn']ﬂ‘l’llmﬂﬂ"l%ﬂu@ﬂﬂhlﬂ

Tédnaeuun naadlddaaumsn @.57)

o (n+k)! (s 3
A il 2 4,57
1) =0 (n-—k)!k!(2) i

v
o a

uazdnanunmentoul4lumdmns sy lnih nSedani o aaa Ind Twlsanuudoundy (Reverse

Bessel Polynomials) W@AIAIaNNITN (4.58)

= L TAY RO\ R ! sk
asilg A% (E] ',(Z:O:(n—k)!k!'z"’* L

q( . Qs d'.

Tagsduilsganiavi lMainaumsn (4.57) Tawmduiunm ldanaunsn (4.58) 1w eaeg

a/ @ o

windduinduiy aumsvesnmaalnd udvaludnauaie uanslanadunsi4.59)

G(s) = +1

0,(s)=3s*+35+1

B,(s) =155 +155> + 65 +1

0,(5)=1055" +1055° + 455> +10s €1

6:(s)= 9455 +9455* +4205° +1055°+155 +1 (4.59)

Tuvagnjduuvaumsvesumaa Ind Tulsanvudoundulugduuuvesaunsn 4.58)

uaad ldaaaunsn (4.60)

y($)=s+1
y,(5)=5"+35+3
,(8) =5 +65> +155+15
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yi(8)= s*+10s° +455* +1055+105
ys(8)=5" +155" +1055" + 4205 + 9455 + 945 (4.60)
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H,p = A (4.62)
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ajidiiflandunrelon H.05) ypsdnsosnnudueuwiasndiiiusivzamwisouag

Aanduihiuilenduaielou H(z) vpadmnsesnnuduvudtaealdnun Taeldnsulasludnies
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No valid FiD EVB device connected!
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versions (if any) by running the following code

javascript: alert{navigator, useragent))
from Internet Explorer URL edit box. At least NET Framework version 3.5

is required,
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- Editor \Users\JEEPTAO\Desktop\install_rapidstm32.m

bie Dok Isxt Eo Ool ook Debeh Desion  Window °
Do M| m\-u_; & 6 JuEE A0y B sl A

4~

B - + |+ x Il&?ﬂ b3 | @ | Rt inssml_resastmi. m (5]

1 function I:JA.SIY.HJ.J_._E _mpz.nam:m

2

3 % Check Matlab and cther tcecls release/versicn.

4 %

& % Install RapidSTM32 tcolsuite if the minimum requirements are met.

) §

3 % Minimum Requirements

3 %

] $ - Matlab Release 2009a

D % - Simulink

AX £ - Real-Time Workshop or Simulink Coder

X2 $ - Real-Time Workshep Embedded Cod®r or Emcedded Ccdew

13 %
14 % RapidSTM32 will be ingtald®d in the Same drive as
EE] % Matlab recot.

s & 4 B . : o b
17 2% Installationfcofnfirmation

IR = onnaed = e®ARALE('Do you want to proceed with RapidSTM3Z Blockset Installation?';...
13 'RapidSIM32 Blockset Installacion'y 'Yes'y'No', fYes')$
20— if Anremp(ehoLen, 'No')l
-1 Brr0% (' RapidSTM32 Blockset inscallation was, canceled.')

RapidSTM32 Blockset Installat

Da you want to proceed with RapidSTM32 Blockset Installation?
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Myd1a0Iwan1811)51n5y Simulink
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131 signal_gen C P

rl (e

h Tornsk Tobk TR

NSRS | R (=4 2| b afid [N BB nRee
= :
E " - r’
. )
Byl Gaiérathr DRt Trafd B TR
whve: forth - Bife:
Al 1 3 1E= r
hiE D DR sE)
Didrsts Transise Find
]
PNE) >
Dii:vets Trangierfang
Bibgad
Biipet
T Y T

Reniy

1. a Program_Matlab> Simulink>signal_gen.m

4
85110 Blockset A19¢] JAAqil
a a3 d9 Yo A Y & Y 2 £

g Signal Generator lJ'H‘LI‘I‘Yltl‘l‘i'ﬂ‘lt‘Llﬂﬁﬂ.jm1m1ﬂﬂﬂluﬁuu1ﬂ!‘ﬂuw1ﬂ’c’{ﬁiyiy'lm 719 sine squaresawtooth
uaznIINTE1e7 WTi5IUD89 Random noise TnUAIHUATYRIUNABONAWD 2KHz 118 Sample
time (Y1111 0.00025 317
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PINAARINIHUDIA FiO RapidSTM 32
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1. 1@ Program Matlab> Simulink >t onboard.m
~ 1 g J
95110 Blocksetd13) 1adadl
i S ile 1 would Tl c 14
- Compile and Download Control 34110 Compile l1sunsmnailasumutliiu ¢ Tdauag

Download 483J8910 Simulink A4UDIA FiO RapidSTM32 tievi1 1 15au

m Block Parameters: Compile and Download Control "
—conpiledownload_cirl (mask)

Use: this black to configiive how to conapiler and download the
genexated source wode,

— PArameters
M Automatically compile generated tods

Compiler Optimization (00 ~ 03 |03 ~]
M Use MicroliB

' Gne ELF Saciion per Funciion

¥ Show compller command line

Automatically download compiled code |USB |

oK caned | mep | appy |
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- Setup System Clocks & Systick UHTNNMUUAMIAIVBIUDTA FIO RapidSTM32 luauil
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(- Algorithm
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: ADC Configuration nnmmr,ﬂaaertgzymuﬂumﬂmi'lumyf,gmawaa

rlies] Cnboakd
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Tlick hedp betoww for more information.

_m‘._.n_.k e e
Sedting [Custom 2|
Channel Slection {AND - ANI7) maxmum 16 channels At a time
|i33)
Resolution {bits]) |12 bits; {Standard)
Dukpuak DAtA Typs |Vols (single - 32bs)
AT {DMAY) Brionity Level [High

| ADGEIK =@Mz for Prescaler [POLKG/B
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[0.00005

AN23 Samples e [7.5 Tycies ' |
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|3.3

Laf LeJ Lo} L]

3 4

- A an H "
- DAC  Configuration — finthinsuanNeuaaiwalujiluuivesdinensenguosario
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RapidSTM32 luiiifvuauioanivl A4 w3e DACH tasrfvuaAuI00nNV1 A5 HiD DAC2 1D
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| oot chsnne [PAC3 s DACS | 3
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|[‘: sound_Bernstein
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1. 1la Program_Matlab> Simulink >sound Bernstein.m
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For wWindows platforms, this black reads tompresses o uitampresssd mulifned files,
For non-~ windews; plationms, this block veads uncompressed vitde and awdio AVE files, and
viden only, ZoMpressesl or uncomprersssl files,

Main [ Data Types I
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- Frame Conversionfvuauiiu Sample-based
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