BAI THU'C TAP CHUYEN DE

KHAO SAT CAC PAC TiNH PAP UNG BO LOC THONG THAP

1. Muc dich

Muc dich cua bai thi nghiém nay 1a st dung mdt bo loc tich cuc cung dugc thiét
ké nhu 14 b loc thong thép 5 cuc dé tao thanh bo loc c6 thé thay ddi duogc, dé c¢6 dic tinh
Butterwworth, hodc Chebyshev hay la Bessel .. N6 ¢ trd khang 16i vao kha 16n
(khoang 10k) va trd khang 16i ra khd nho va vi thé hoat dong cua n6 khong phu thudc
nhiéu vao 16i vao va 16i ra ( Chu y : Hay giit dién ap 16i vao duéi 5 Volt dinh-dinh dé
tranh qua tai ) , Bén canh do sinh vién dung chuong trinh MATLAB Signal Processing
Toolbox dé thiét ké bd loc nay va sur dung ban mach Startup kit TMS320C50 DSP (Bo
str 1y s6 tin hiéu) v&i phan mém hop ngr DSK dé tao ra bo loc dap c6 cac dic tinh trén.

So dd khéi cua thi nghi¢m dugc mo ta nhu sau :
a) So do thi nghiém stir dung bd loc tich cuc cling :
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2. Dung cu thwe nghiém
1) May phat churc nang
ii)  BO loc tich cuc v6i ngudn +/- 15V"
1i1)  Dao dong ky
iv)  Voltké RMS
V) May do phase
vi)  May tinh v&i phan mém DSK , MatLab
vii)  Startup kit TMS320C50 DSP

viii) phat chttc nang ( Function Generator);

A.PHAN LY THUYET

1. Cac dic tinh dap ng bd loc théng thap

Trong phan nay sinh vién phai phan tich , danh gia cac dic tinh tan sé va dap ung
truyeén dan cia duong truyén co dic trung loc Butterwworth, hoac Chebyshev hay la
Bessel theo céac chi dan dudi day :

0 Voidap ung tan sb , phai chu y dén gia tri suy hao dang ké tai cac tan so nao do

. Céc tan sb nay phai duoc do va v& theo tan s6 duoc chuin hoa. Véi mdi mot

bo loc , cac tin sb dugce chuan hoa dugc st dung dé v& trén dd thi sao cho ching

¢ thé biéu dién dang di¢u chung nhét cta bo loc dé tir d6 xem xét duoc dap tng
mdi khi c6 mét sy thay doi tan sb.

o0 Tu dap ung tan sb , cac tré pha tai cac tan sd duoc lya chon phai duoc do va cac
dac tinh do khuyéch dai, d§ cham phase , tré phase va tré nhom duoc tinh toan tur
cac gia tri do duogc.

0 Véi dap tng truyén dan , dap tng 16i ra caa mdi bd loc khi mot bude 16i vao dugce
st dung

a) Gioi thiéu :
MObi mét bo loc bac-5 ¢6 mot ham truyén duge chuan hoa dudi dang :

&

H(s) =
S+asS*+bSP+cS*+dS +e

Trong d6 a, b, c,d, e lacac hé sO cuabd loc
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e Butterworth c6 ham truyén (TF) duoc chuén hoa téi ®, = 1 rad/s
e Chebyshev c6 1 dBripple,

o, = cosh [ (1/n) cosh™(1/e) ]

Do bd loc bac-5 ¢6 n=5 va e=0.50885 vithé ®.~ 1.0338 va sao cho
o, khong dudi -3dB thi o, = (20000/1.0338 ) = 19346 rad/s ca do vay TF
duoc dat lai bang s/m, =20000/19346.
e Bessel duoc chuin ~hoé to1 thoi gie;n tré Ty =1 sec dé dam bao cho ®, =
20000rad/s thi d¢ tré phai giam xudng
t,= 1.21x 10 sec
TF duogc chuan hod bang cach dat lai s = st, , trong d6 t, 13 do tré thiét ké
Do tré phase “tan sd zero “ dugc xac dinh bang cach dit s hay @ bang

zero va vi vay chi con hé s6 béc-1 trong H(s), xac dinh d6 tré phase két qua cua biéu
thure (bang cach dat s=jo) vor T,= -flo)/o

Cho bé loc ¢6 thé chuyén doi thdnﬁ cac loai bo loc Butterwworth, hoadc
Chebyshev hay la  Bessel cung voi cac thiet bi thi nghiém néu o trén, sinh vién hdy
tien hanh cac buoc sau day :

b) Do tré phase “ tan sd zero ©

Céc méu s duge chuan hoa theo 3 ham truyén 1a

v Butterworth S’ +3.236 S*+5.236 8’ +5.236 8> +3.236 S' + 1

v' Chebyshev S°+0.908 S*+1.601 S* +0.889 S*+0.509 S' +0.104

v’ Bessel S*+6.181 S*+17.827 8° +29.381 S* +27.238 S' +11.222
su dung tan sd 1én téi ®, =20 000 rad/s (fp=3.18 KHz) sao cho dép ting tan
s6 mong doi phu hop véi TF v6i S dugce thay thé bang  j©/20000. Hay sir
dung cac théng tin nay dé tinh toan 4o tré phase “tan sb zero” /o dic tinh cia

mdi mot bo loc ( bang cach dit o — 0 vi thé chi con lai dai luong bac nhét )

c) Cac tan so tiém can
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Céc tan so cua cac bo loc bac 5 nay duogc tinh toan theo ham truyén néu

trong muc (a) trén day

d) Quan sat dap tmg tan sb

Bién do : Vi mdi mot bo loc, hay so sanh dién ap 16i ra tinh theo don vi
dB va ghi lai cac tan s6 ma tai d6 co su suy hao dang ké vé& bién do 16ira
, tre 12 v6i Butterworth va Bessel, cac tan s6 cho -0.5dB, -1dB,-3dB,
-10dB, -20dB, -30dB va -40dB, convoi Chebyshev tai cac tan sb
va gia tr1 suy hao Ung voi gia tri t01 da trong bang daiva gia tri suy
hao Ung véi gid tri ti thiéu tai gan mép bang dai, cac tan sé cho cho -
0.5dB, -1dB,-3dB,-10dB, -20dB, -30dB va -40dB

Hay vé dap 1’mg theo don vi dB déi lai voi thang logarithm tan sd
dugc chuan hoa

Hay dung may do phase chinh xac va ghi lai su chdm phase cua bd loc
tai moi mot trang thai cua nd tai cac tan s6 sau day

40, 120, 400, 480, 700, 780, 1000, 1080, 1300, 1380, 1600, 1680,
1900, 1980, 2100, 2180, 2300, 2380, 2700, 2780, 3000, 3080, 4000,
4080, 5000, 5080Hz

bo tré phase fw cb thé duoc xem xét bén canh céc tan sb nay va gia tri
trong tng véi d6 tré nhém (AP / Aw) c6 thé dugce tinh theo cac tan sd
80, 440, 740, 1040, 1340, 1640, 1940, 2140, 2340, 2740, 3040,
4040, 5040Hz

Hay v& sy cham phase , do tré phase va do tré nhém tng véi moi mot trang
thai bd loc khi dung céc thang tan s6 duge chuan hoa tuyén tinh rdi tinh céac
do tré tan sb zero

e¢) Quan sat dap ung truyén din

Cho 16i vao bd loc mot xung dién thé dang song hinh vudng , hiy quan sat
thoi gian can thiét dé cho dién thé 161 ra dat gia tri 6n dinh sau mdi mot
budc cua song hinh vudng

Véi mdi mot bo loc, hay quan sat do tré thoi gian gitra tin hi¢u 16i vao va
16i ra khi 16i ra dat duoc 50% gia tri cudi cting cta nd. Chung c6 thé duogc
coi nhu dd tré hiéu dung cta bo loc theo dap tng 16i vao

f) Mo phong

Cho mach loc véi so d6 theo hinh v& dudi day :
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e Hay sir dung phin mém PSPICE ( hay la ELECTR)NIC WORKBENCH) dé
dua ra dap Uing tan s6 cua bg loc

e Sir dung cac phan mém MatLab hay Mathematica dé tinh dap tng bién do
va dap ung phase cia bd loc

e Thay thé 1 vai gia tri cua mot vai phén tur trong bo loc trén day ( theo yéu cau
cua gido vién ) r6i mo phdéng va thu nhan lai két qua

2. Thiét ké bd loc IIR dung mau Analog.

Mot 16p quan trong thiét ké bo loc sb IIR 1a dua trén bién doi bc:) loc tuong tu c6 dién
Butterworth, Chebyshev I, Chebyshev II, va Cauter sang dang s twong tng. Phuong
phap c6 dién thiét ké cac bo loc s6 IIR duogc thuc hién vi nhitng 1y do sau day:

a) Uu diém cua thiét ké bo loc IIR tuong ty. Do d6, rat thuan tién dé sir J1Qlg
thi1 tuc thiét ké di c6 dé phat trién bo loc twong tur

b) Co rat nhiéu phuong phap thiét ké bo loc twong ty hitu ich c6 cong thic
thét ké dang don gian, phuong phép thiét ké mach loc sb dua trén cong thirc
thiét ké tuong tu chuan hon 1a don gian thyuc hién nd, sir dung ca bién dbi
twrong ty hay bat ky dang nao.
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¢) Phuong phap x4p xi tiéu chuan ciia bo loc twong tu khong cho ta cong thirc
thiét ké don gian khi cac phuong phap nay dugc ap dung truc tiép dé thiét
ké bo loc FIR.

Bon ham trong MATLAB™ SIGNAL PROCESSING TOOLBOX d thiét ké bg loc IIR
thong thap noi trén la :

[b,a]=butter(N,Wn)
[b,a]=chebyl1(N,Rp,Wn)
[b,a]=cheby2(N,Rs,Wn)
[b,a]=ellip(N,Rp,Rs,Wn)

C6 4 phuong phap thiét ké bo loc thong thip bac N ¢6 tan sb cit Wn,Wn nim trong
khoang 0 va 1, véi 1.0 1a mot nira tin sb ldy mau( tAn s6 Nyquist). Vi chebyl va ellip,
bién Rp la decibel ciia gon (ripple) trong dai thong, v4i cheby?2 va ellip dai chan duoc
dit 1a Rs decibel tré xudng tir gid tri dinh cta dai thong.

Céac ham sau cho ta hé s6 bo loc c¢6 chiéu dai N+1 hang vector b va a. Cac hé s bd
loc 14 liiy thtra cua z:

B(z) _ b()+bQ2)z" +...+b(n—1)z"

B = ) T ahra@)z +.ratn D)2

(12)
Cac gia tri nho hon cta gon Rp thong dai va cac gia tri 1on hon Rs chan dai déu

dan dén d6 qua do6 16n hon (dic trung cat ngan hon).

Néu Wm 1a vector 2 thanh phan, Wn=[w1,w2], thiét ké 4 ham b6 loc thong dai bac
2N vo1 dai wl<o <w2.

B0 loc thong cao duoc thiét ké bang cach thém chudi “high” vao sau cau lénh:
[b,a]=ellip(N,Rp,Rs,Wn,’high’)
B0 loc chan dai dugc thiét ké béng cach thém chudi “stop” vao cudi cau lénh:
[b,a]=butter(N,Rp,Rs,Wn,’stop’)

12 bo loc chin dai bac 2N néu Wn=[w1,w2]. Dai chan 1a wl<ao<w2.
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& W
Figure §.1 Traditional Filier Specifications.

Bac b loc nhé nhét yéu cau phai dat dugc cac tinh chét thuc hién dac biét, duoc
dinh nghia trong hinh 8.1, ¢6 thé dugc tinh toan su dung mdt ham chon bac bd loc:

[IN,Wn]=buttord(Wp,Ws,Rp,Rs)

[N, Wn]=cheblord(Wp,Ws,Rp,Rs)
[N,Wn]=cheb2ord(Wp,Ws,Rp,Rs)
[N,Wn]=ellipord(Wp,Ws,Rp,Rs)

Céac ham nay tra lai N va Wn st dung trong butter, cheby1,cheby2, hay ellip. Cac
ham chon bac nay cling dugc dung dé thiét ké bo loc chan dai, thong dai va thong cao.
V61 bo loc thong cao, Wp>Ws, Véi bo loc thong dai va chan dai, dat Wp va Ws 1a vector
2 thanh phan xac dinh tan s & ca 2 1& ciia bd loc, 1& dau trude 18 thr 2. Wn, véi bd loc

thong dai, dugc tra lai 1a vector hang ¢6 2 thanh phan dé dua vao ham thiét ké bo loc.

Ex1: Chon bac b loc Butterworth, Rp =3dB, Két qua 1a 16i ra Wn =Wp. Dit liéu voi tan
sd lay miu 1000 Hz, bd loc thong thap c6 do suy giam nho hon 3dB & 100 Hz va giam
15 dB véi 150 Hz:

Wp=100/500;
s=150/500;
Rp=3;
Rs=15;
[N, Wn]=buttord(Wp, Ws,Rp,Rs)
[b,a]=butter(n,Wn),
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Ex2: Thiét ké bo loc thong dai c6 dai thong tir 100 Hz dén 200 Hz, c6 d6 suy giam
nho hon 3 dB ¢ dai thong va du61 30 dB ¢ 50 Hz 6 ca 2 phia, gia st tan so lay

mau 1a 1000 Hz:

Wp=[100 200]/500;

Ws=[50 250]/500;

Rp=3;

Rs=30;

[N, Wn]=buttord(Wp, Ws,Rp,Rs)
[b,a]=butter(n,Wn),

Ex3: Chon bac bo loc Chebyshev I, thu tuc cling gidng nhu trén Dir liéu v6i tan sb lay
mau 1000 Hz, thiét ké bo loc thong thip c6 suy giam nhé hon 3dB & 100 Hz va giam

15 dB véi 150 Hz:

Wp=100/500;

Ws=150/500;

Rp=3;

Rs=15;

[N,Wn]=cheblord(Wp, Ws,Rp,Rs)
[b,a]=chebyl(n,RpWn);

Ex4: Thiét ké bd loc thong dii Chebyshev loai I ¢ dai thong tir 100 Hz dén 200 Hz,
suy giam nho hon 3 dB ¢ dai thong va dudi 30 dB ¢ 50 Hz ¢ ca 2 phia, gia su tan
sO lay mau 1a 1000 Hz:

Wp=[100 200]/500;

Ws=[50 250]/500;

Rp=3;

Rs=30;
[N,Wn]=cheblord(Wp,Ws,Rp,Rs)
[b,a]=chebyl(n,Rp,Wn);

ExS: Cllc_)n bac bo loc C;hebyshev loai II, thf} tuc cling giéng nhu trén Dt liéu véi tan
sO lay mau 1000 Hz, thiét ké bo loc thong thap c6 suy gidm nho hon 3dB ¢ 100 Hz va
giam 15 dB véi 150 Hz:

Wp=100/500;
5=150/500;
Rp=3;
Rs=15;
[N, Wn]=cheb2ord(Wp, Ws,Rp,Rs)
[b,a]=cheby2(n,Rs,Wn),
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Ex6: Thiét ké bd loc thong dii Chebyshev loai I ¢ dai thong tir 100 Hz dén 200 Hz,
suy giam nho hon 3 dB ¢ dai thong va dudi 30 dB ¢ 50 Hz ¢ ca 2 phia, gia su tan
s0 lay mau 1a 1000 Hz:

Wp=[100 200]/500;

Ws=[50 250]/500;

Rp=3;

Rs=30;

[N, Wn]=cheb2ord(Wp, Ws,Rp,Rs)
[b,a]=cheby2(n,Rs,Wn),

Ex7: Chon jbac,b(f) loc elliptic, tl}ﬁ tuc cling giéng nhu trén Dt lidu véi tan s lﬁy mau
1000 Hz, thiét ké b loc thong thap c6 suy giam nho hon 3dB ¢ 100 Hz va giam 15 dB
voi 150 Hz:

Wp=100/500;

Ws=150/500;

Rp=3;

Rs=15;

[N, Wn]=ellipord(Wp, Ws,Rp,Rs)
[b,a]=ellip(n,Rp,Rs,Wn),

Ex8: Thiét ké bo loc thong dai elliptic c¢6 dai thong tir 100 Hz dén 200 Hz, _suy giam
nho hon 3 dB & dai thong va dudi 30 dB & 50 Hz & ca 2 phia, gia sir tan s6 14y mau

la 1000 Hz:

Wp=[100 200]/500;

Ws=[50 250]/500;

Rp=3;

Rs=30;

[N, Wn]=ellipord(Wp,Ws,Rp,Rs)
[b,a]=ellip(n,Rp,Rs, Wn),

Thuc hién bo loc IIR

B loc dap ing don xung v6 han (IIR ) dugc su dung rong réi trong cac ing dung
su 1y sO tin hiéu. Ham truyén cua bd loc IR duoc cho bai :

by +b z"' + tb, z7M Y(2)

H = =
) l+a,z" ++a, z" X(2)
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Hinh du6l day cho ta gian d6 khdl ciia bo loc IIR ( kiéu 2 ) bac-N Direction-form
. Trong mién thoi gian n mdt bd loc IIR bac N dugc biéu dién bol hai biéu thuc khac
nhau nhu sau :

Tai khoang thoi gian thtr n
- x(n) 1a mAu 16i vao hién hanh

- y(n) 1a mAu 16i ra hién hanh

- d(n)=x(n)—d(n—1)a; —...—d(n— N+ 1)ay
> y(n) =d(n)bg + d(n— 1)b; + ... +d(n — N + 1)by.;

Hai biéu thirc trén dé& dang duogc st dung cho TMS320C50 khi dung cac 1énh
nhan —accumulator ( MAC, MACD, MADS, MADD ) . Cu y rang biéu thirc thir hai cling
doi héi céac Iénh di chuyén dir liéu dé nang cap ( update ) trang thai xau bién dol duoc
d(n) .

Pé thuc hién bo loc IIR trinh bay & phuong trinh (9) truc tiép. C6 2 cach thuc hién
bo loc IIR truc tiép la : Direct-Form I va Direct-Form II. Thuc hién Direct-Form 1
phuong trinh sai phan bac N duoc chi ra trén hinh 8.2. C4u triic mang duoc chi ra trén
hinh 8.2 c6 phuong trinh sai phan nhu sau:

N M
yinl =D ayn—k] +) bxn—k] (13)
k=1 k=0
B _-g.- 72 & o - -
; N |
Lin=1] | - . l..—fl-l—qi win=3
-14 ,

A=l -
|

¥
Byoq
=% <= 1) 1-————T

Figure 8.2 Direct-Form 1 11R Filter.
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v6ix [n]vay [n]1a1i vao va 16i ra twong Gmg. Phuong trinh nay cho thay 16i ra
cua bo loc la téng cac trong s6 cua 16i vao va 16i ra cua bo loc. St dung céc ky thuat
tuong tu véi b loc FIR, diéu nay co thé thuc hién truc tiép va c6 hi€u qua trén

TMS320C50,

din}

xrm | l
—a1 bq

Q=
—a3 ba

yinj

-@-G)-t?

OO0
+ ra +

Nith-Order, Direct-Form, Tvpe I, IR Fiter

Thuc hién Direct-Form I cia phuong trinh sai phan bac N dugc cho trén hinh 8.3. Vi
dang Direct-Form II ¢6 tré nho nhat ( cac nhanh ¢6 nhin z™'), nd can it thanh ghi luu trix
khi tinh toan. CAu tric nay rat thuan lgi véi bd nhé dit ligu nhé khi thuc hién bo loc IIR.
Phuong trinh sai phan cho mang nay la:

d(n):x(n)Jriakd(n—k) (14)
¥ = Y byd(n k) (15)

v6i x(n) va y(n) tuong tng 1 16i vao va 16i ra; d(n) 14 bién trung gian. Khi N=2, phuong
trinh tro thanh:

dn)=x(n)+adn-1)+a,d(n-2) (16)
y(n)=b,d(n)+bd(n—-1)+b,d(n-2) (17)
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Céu trac mang cua n6 dugc cho trén hinh 8.4. Chu y rang sir dung Direct-Form II
nay, d(n) 1a tan so can luu trong bd Iuu gia tri tré. Sap x€p luu gia tri delay-node cho
Direct-Form II [IR dugc trinh bay trén hinh 8.5.

B. PHAN THU'C NGHIEM
1. Tha tuc

1) Tét ngudn, ndi ban mach véi cong PC RS232-C trén may tinh. N6i 9 Vac Adapter
v6i ban mach va cam ra bén ngoai. Bat mdy tinh va thay d6i duong din c6 chua
phan mém DSK.

2) Chay chuong trinh DSKL( DSK5L) va kiém tra 12 chuwong trinh DSK_COMM
duoc tai chinh xac. Bay gio thuc hién AUTOTEST (Iénh “A”) va x4c minh la da
kiém tra vong 1ap. Néu DSK duoc két ndi va chirc ning chinh xac thi ban ¢ thé
bat dau thuc hién. Dimg chwong trinh DSKL.

3) Thiét ké b loc IIR thong thap. C6 cac yéu cau nhu sau:

= passband 0-3 KHz
= passband ripple 0.5db

* stopband attenuation 45db

» sampling frequency 15 KHz
* transition width 450 Hz

»  X4c dinh céc hé sb cho bo loc sir dung Matlab.
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4) Luogng tir hoa cac h¢ so va liét ke cac he so ti 1¢ s€ duogc sir dung dé chong tran.
Liét ké cac hé so ti 1€ nay va tat ca cac hé so, hé so lugng tir. C6 thé phu thudc vao
hé so ti 1€ thiét keé.

5) Trudce khi thyc hién bg loc, so sanh dap tng tan sb cua hé sb tinh toan vai dap ung
ctia hé s6 lugng tir , va ching minh rang lugng tir khong lam giam dap mg tan so

cua bo loc.

6) Taora cAu trac thuc hién va biéu dd miéu ta bo loc giéng nhu bo loc thuc hién
dung DSP.

7) Tao ra ma nguén dé thuc hién bo loc. Pua 1 Vrms vao DSK va chay chuong trinh.
Quan sat 16i ra cia DSK trén dao dong ky va xac nhan rang d6 1a xung sin khi tan
s6 161 vao nam trong phan thong dai ctia bo loc. Po bién d6 16i ra khi tan s thay
d6i trong khoang 50 Hz dén 3500 Hz. Néu 16i ra 1a song sin, dung may do dién ap

xoay chiéu dé do bién dd. So sanh pho do dac cua bo loc voi gia tri mong muon.

2. Yéu cau tién hanh thwc tap

Du6i déy 1a cac chwong trinh vi du vé bd loc IIR . Chuong trinh vi du (*) dudi
day dung cho bo loc IIR thong thap bac N=4 , tan so cat khoang 3.4KHz, dung cac 1énh
vong lap don ( RPT ) va nhan accumulator ( MAC, MACD ) Do ban chét c6 thé hdi quy
duoc ciia mot b loc IR nén viéc luong tir hod cac hé s6 cua bo loc c6 thé gdy ra su thay
d6i 16n so voi dap tng tan s6 mong mudn. Pé tranh dugce diéu nay, ham chuyén doi bo
loc mong mudn c¢6 thé duge bé thanh céac phﬁn cO bac thép hon, lién tiép nhau.

Cac vi du (**) va chuong trinh vi du (***) dudi day cho ta thidy mot tng dung
ctia bo loc IIR bac-2 N tang Cac hé s6 bd locc va cac bién sb trang thai duoc cat giir
trong bd nhd dir li¢u. Luu y viéc sit dung cac chi didn LTD va MPYA dé thuc hién céc
hoat dong di Chuyén dir 1i€u va da tich Iy.

Hay tdn dung chwong trinh ndy dé tién hanh cdc thi nghiém sau

1. Trong cac thi nghiém sau, tin sd ldy mau cia mach TMS320C50 can dat 1a
22,321 KHz va tan s cit cua bo loc tuong ty thong thép cua mach la 10KHz. Cac
b6 loc IIR dudi day duogc thiét ké va thyc hién, c6 d6 suy giam 3 dB & tan sb thong
dai va 30 dB ¢ tan sb chan dai.

2. B loc thong thap co tan so cat 2 KHz;
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3. B loc thong cao ¢c6 tan sb cat 3‘.4 KHz;
4. B0 loc thong dai co6 dai thong nam trong khoang 300 Hz va 3.4 KHz.
5. B6 loc chan dai ¢6 dai chan nam gitra 2 KHz va 3 KHz.

Thi nghiém 2va 41a khfmg bt budc. Cac bo loc Butterwogth, Chebyshev LII va
ell@ptic c6 thé str dung. Hi€u suat cua cac bo loc IIR co ‘ghé duoc kiém tra so sanh vo1 hiéu
suat cia bd loc FIR , ghi lai va b4o cdo nhitng gi ban thay.

Bai bao c4o phai trinh bay thii tuc thiét ké va két qua thuc hién.

Vi du (*). Nth-Order IIR Filter Using RPT and MACD Instructions
title ”Nth Order IIR Type II Filter”

.mmregs
N set 4
N-1 set 3
.ds  0f00h
TA .word 20 ;
RA .word 20 ; Freq Sampling 8KHz
TAp .word 1 ; not used
RAp .word 1 ; not used
TB .word 31 ; <10>
RB .word 31 ;
AIC CTR  .word 05h ;
YN .word 0
YN-1 .word 0
YNLAST  .word O
POUBY .word 0
MA .word 0 ;
XN .word 0,0,0,0 ; <20>
XNLAST  .word 0
POUBX .word 0 ;
.ps 0980h
COEFFA .word -5249,19621,-30929,24108
COEEFB .word 186,-107,296,-107,186
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« 3k sk sk st sk sk st sfe e she sk ske sk sk sk sie sk sk ske sk ske sk sk skeosie sk she skeoske skeoske sk skeoskeskok
5

; Set up the ISR vector *

« 3 s sk s ok s s s ke sfe sk sk s sk s sk sfe sk sfe sk sk sk sk s sk s sk sfe sk sk sk sk sk sk
H

ps 080ah ;
rint: B RECEIVE ;0A ; Serial port receive interrupt
RINT.
xint: B TRANSMIT ;0C ; Serial port transmit interrupt
XINT.

« 3k st sk s sk s sk sfe e sk sk sk sk sk sk sie sk ke ske st sk sk sk s sk sfe ke sfe ke ske sk sk sk sfeoske s ke sk sk sk skok
H

; TMS32C05X INITIALIZATION *

« 3 sk sk s sk s s sfe ke sfe sk sk sk sk s s sfe ke sfe sk sk s sk s sk sfe sk sfe sk sk sk sk s sk sk sk sk sk sk ks sk
5

.ps 0a00h

.entry
SETC INTM ; Disable interrupts
LDP #0 ; Set data page pointer
OPL #0834h,PMST ; OR the status register
LACC #0
SAMM CWSR ; Set software wait state to 0
SAMM PDWSR ;
SETC SXM
SPLK #022h,IMR ; Using XINT syn TX & RX
CALL AICINIT ; initialize AIC and enable interrupts
SPLK #12h,IMR ; Select serial port receive interrupt
CLRC OVM
SPM 0
CLRC INTM ; Enable interrupts

forever IDLE
B forever

R end of main program ---------- ;

jmmmmmmmm e RECIEVER ISR ------mmmmmmmmmmm oo
RECEIVE:

LDP #XN

CLRC INTM

LAMM DRR ; get input in ACC
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SACL

; start IIR
o 3k sk sk sk sk st sk sk sk sk ske sk ske sk sk sk sk sk sk sk skeoske sk sk sk s sk sl sk sk sk sk sk sk sk sk sk sk sk st sk sk sk sk skeoskeskeoske sk sk skeskeskeskskosk

;* This routine implements an N—th order type II IR filter.

d(n) =x(n) — d(n—1)al — d(n-2)a2 —...— d(n—N+1)aN-1

y(n) = d(n)b0 + (dn—1)b1 +...+ d(n—N+1)bN-1

;* Memory Requirement: State variables (low to high data memory):
d(n) d(n-1) ..
;* Coefficient (low to high program memory):

—a(N-1) —a(N-2) ... —a(1) b(N-1) b(N-2) ... b(1) b(0)
;* Entry Conditions:

3k
5
-3k
H

ok

b

-3k
H

XN

. d(n—N+1)

ARO — Input

AR1 — d(n—N+1)
AR2 —> Output
COEFFA — —a(N-1)
COEFFB — b(N-1)

ARP = ARO

* K XK XK K ¥ X XXX X K X ¥

« 3 s sk s sk s sk s sk s sk sk sk sk s sk s sk s st sk sk sk s sk s sk s sk s sk s sk sk s sk sk ok sk sk s sk sk sk skt sk ek ks skok
5

IIR_N:

LAR
LAR
LAR

ZPR
LACC
RPT
MAC
APAC
SACH
ADRK
LAMM
ADD
SAMM
RPTZ
MACD
LTA
SACH
LACC
AND
SAMM
RETE

ARO#XN
ARIL#XNLAST
AR2 #YNLAST

*15,AR1
#3
COEFFA,*—

%]
4
BMAR
#4
BMAR
#4
COEFFB,*—
* AR2
%]
YNLAST
#Offfch
DXR

; Clear P register
; Get Q15 input
; For 1=1,1<=N-1,++1
; Acct=—a(N-1))*d(n—N+i)
; Final accumulation
; Save d(n)
; AR1 — d(n—N+1)
; Acc —> a(N-1)
; Acc = b(N-1)
; BMAR — b(N-1)
; For i=1,i<=N,++i
; Acct=b(N-1)*d(n—N+i)
; Final accumulation
; 77?7 Save Yn

; and Is 2 bits of top 16 bits, for DAC.
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e Transmit ISR ---- --

TRANSMIT:

RETE
;********************************************************
;* DESCRIPTION: This routine initializes the TLC32040 for *
;¥ your sample rate and command word *

« 3 s sk s sk s sk s s s sk sk s sk s sk s sk s sk sk sk sk s sk s sk s sk s sk s sk sk s sk s sk ok sk sk sk sk sk skoske skt sk ek ks skok

b

;* aic 1nitialization data

AICINIT:
SPLK #01h,PRD
SPLK #20h,TCR ; make a 10 mhz clock signal
MAR * ARO
LACC #0008h ; Non continuous mode
SACL SPC ; FSX as input
LACC #00c8h ; 16 bit words
SACL SPC
LACC #080h ; Pulse AIC reset by setting it low
SACH DXR
SACL GREG
LAR ARO,#0FFFFh
RPT #10000 ; and taking it high after 10000 cycles
LACC * 0,AR0 ; (.5ms at 50ns)
SACH GREG
LDP #TA ;
SETC SXM ;
LACC TA,9 ; Initialized TA and RA register
ADD RA,2 ;
CALL AIC 2ND ;
LDP #TB
LACC TB,9 ; Initialized TB and RB register
ADD RB,2 ;
ADD #02h ;
CALL AIC 2ND ;
LDP #AIC CTR
LACC AIC CTR,2 ; Initialized control register
ADD #03h ;
;LACC #11100000b
CALL AIC 2ND ;
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RET

AIC 2ND:
LDP
SACH
CLRC
IDLE
ADD
SACH
IDLE
SACL
IDLE
LACL
SACL
IDLE
SETC
RET
.end

DXR
INTM

#6h,15
DXR

DXR

#0
DXR

INTM

; 0000 0000 0000 0011 [X..X];6 b

b

; make sure the word got sent

Vi du (**) Nth-Order IIR Filter Using RPT and MACD Instructions
title ”Nth Order IIR Type II Filter”

.mmregs

sk sk sk sk sk st sk ke ske sk ske sk sk sk sk sfe ke sk sk ske sk sk sfe sk sfe sk she sk ske sk sk st sk sk s sfe ke sk sk sk steoske sk sk sk sk steoske sk skeokeskoskosk

* This routine implements an N—th order type II IIR filter.
*d(n) =x(n) —d(n-1)al — d(n—2)a2 —...— d(n—N+1)aN-1
*y(n) = d(n)b0 + (dn—1)bl +...+ d(n—N-+1)bN-1

*

* Memory Requirement:

* State variables (low to high data memory):

*d(n) d(n—1) ... d(n—N+1)

* Coefficient (low to high program memory):
* —a(N-1) —a(N-2) ... —a(1) b(N—1) b(N-2) ... b(1) b(0)

*

* Entry Conditions:

* ARO —> Input

* K K X X *

AR1 — d(n—N+1)
AR2 —> Output
COEFFA — —a(N-1)
COEFFB — b(N-1)
ARP = ARO

¥ K K K K X K K XK K K X X K X X X X ®
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sk sk sk sk sk s sk ke ske sk ske sk sk sk sk sfe ke sk sk ske sk sk sfe sk sfe ke sfe sk ske sk sk st sk sfe s sfe st sk sk sk st sk sfeose sl sk sk steosk sk skeokeskoskosk

IR _N:
ZPR ;Clear P register

LACC *,15,AR1 ;Get Q15 input
RPT #(N-2) ;For i=1,1<=N-1,++1
MAC COEFFA *— ;Acct=a(N-1))*d(n—N+1)
APAC ;Final accumulation
SACH *,1 ;Save d(n)
ADRK N-1 ;AR1T — d(n—N+1)
LAMM BMAR ;Acc —> a(N-1)
ADD #N-1 ;Acc —b(N-1)
SAMM BMAR ;BMAR — b(N-1)
RPTZ #(N-1) ;For 1=1,1<=N,++i
MACD COEFFB,*— ;Acct=b(N—1)*d(n—N+i)
LTA * AR2 ;Final accumulation
SACH *,1 ;Save Yn

Vi du (***). N Cascaded BiQuad IIR Filter Using LTD and MPY A Instructions
title ”N Cascaded BiQuad IIR Filters”

.mmregs

>k sk sk sk s sk s sk sk sk sk sk sk s sk sk sk sk s sk st sk sk sk sk sk sk s sk sie sk s sk sk sk s sk sk sk sk sk sk st sk sk sk sk sk sk s sk sie sk sk skoskoske sk sk skoskosk sk sk
* This routine implements N cascaded blocks of biquad IIR canonic type II *
* filters. Each biquad requires 3 data memory locations d(n),d(n—1),d(n-2), *
*and 5 coefficients —al,—a2,b0,b1,b2. *
* For each block: d(n) = x(n)—d(n—1)al—d(n-2)a2 *
* y(n) = d(n)b0+d(n—1)b1+d(n—2)b2 *
k %
* Coefficients Storage (low to high data memory): *
* -a2,—al,b2,bl,b0, ... —a2,—al,b2,b1,b0 *
* Ist biquad Nth biquad *
* *
* State Variables (low to high data memory): *
* d(n),d(n—1),d(n-2), ... ,d(n),d(n-1),d(n-2) *
* Nth biquad Ist biquad *
* *
* Entry Conditions: *
* ARI1 — d(n-2) of 1st biquad *
* AR2 —>-a2 of 1st biquad *
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*  AR3 — input sample (Q15 number) *
*  AR4 —> output sample (Q15 number) *
* DP=0,PM=0,ARP=3 *

sk sk sk sk s sie sfe e sfe sk sk sk sk s sk sfe ke sk sk sk sk sk s sk sfe sk sfe sk sfe sk sk sk sk s sk sfe ke sk sk sk st sk s s s sie sk sk sk sk sk sk sfeosie sk ke sk sk sk skokesk

BIQUAD: ;Setup variables
ZPR ;Clear P register
LACC *,15,AR1 ;Get Q15 input
SPLK #2,INDX ;Setup index register
SPLK #N-1,BRCR ;Setup count
;Begin computation;
RPTB ELOOP-1 ;Repeat for N biquads
LOOP:
LT *- AR2 ;T=d(n-2)
MPYA *+,AR1 ;Acc =x(n), P =—-d(n-2)a2
LTA *— AR2 ;Acc +=—d(n—2)a2, T =d(n-1)
MPY *+ ;P =—d(n-1)al
LTA *+,AR1 ;Acc +=—d(n—1)al, T =Db2
SACH *0+,1 ;Save d(n)
MPY *— ;P =d(n-2)b2
LACL #0 ;Acc =0
LTD *—,AR2 ;T=d(n-1), d(n-2) =d(n-1)
MPY *+,AR1 ;Acc +=d(n-2)b2, P =d(n-1)bl
LTD *—,AR2 ;T =d(n), d(n—1) = d(n)
MPY *+ AR1 ;Acc +=d(n—1)bl, P = d(n)b0
ELOOP:
LTA *,AR4 ;Final accumulation

SACH *,1 ;Save output in Q15 format
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