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I/ Giéi thi€u noi dung

B6 loc FIR (Finite Impulse Response), con duge goi 14 bo loc dap tng hoi quy
hitu han, 1a mot trong nhiing loai bd loc k¥ thuat s6 quan trong trong linh vuc xur ly
tin hiéu va hé théng. Bo loc FIR dugc thiét ké dé thuc hién viéc loai bo hodc tao ra
mot pham vi tan sb cu thé trong tin hiéu $0.

La mot thanh phén quan trong cua xu 1y tin hi¢u k¥ thuat s6, bo loc FIR ¢b nhirng
dac diém quan trong sau:

1. Hitu han ddp veng xung: Bo loc FIR ¢6 dap tmg xung ¢ do dai hiru han. Piéu
nay c6 nghia 1a sau khi dau vao tin hi¢u két thuc, dau ra caa bo loc sé dirng ngay
1ap tirc ma khong c6 dap ting xung kéo dai vo han theo thoi gian.

2. Dé thiét ké: Thiét ké bo loc FIR thuong dé dang hon so véi bo loc IR (Infinite
Impulse Response), vi n6 khong bao gdm dap tng xung v6 han. Bo loc FIR thuong
duoc st dung trong cac ing dung yéu cau dap tng tan sd tuyét doi va phan hoi tét.

3. Linh hoat: B6 loc FIR c6 thé duoc thiét ké dé dap ung mot loat yéu cAu tan sb
khac nhau, tir loai bé nhiéu dén cat bing thong, tao ra bing chuyén, va nhiéu tng
dung khéc. Cac bd loc FIR c6 thé thuc hién ca bd loc tuyén tinh va phi tuyén tinh.

4. Ung dung da dang: B loc FIR duoc str dung rong rii trong céc linh vyc nhu
xur ly tin hi€u am thanh, xtr Iy anh s, truyén thong so, xur 1y tin hi¢u di¢n tir, va
nhiéu ing dung khac.

5. Cong cu thiét ké: C6 nhiéu phuong phap dé thiét ké bo loc FIR, bao gdm sir
dung Cira 56, Ldy mdu tdn s6. va Binh phwong toi thiéu. Cac cong cu tinh toan va
phan mém nhu MATLAB, Python (v6i numpy va scipy), va cac phadn mém chuyén
dung giup thiét ké bo loc FIR mot cach hiéu qua.

Toém lai, bd loc FIR 1a mot cong cu quan trong trong xur 1y tin hi¢u s6, cho phép
chiing ta diéu chinh va xtr 1y tin hiéu s6 mot cach linh hoat dé dap tmg céc yéu cau
cu thé trong nhiéu tng dung khac nhau.

Trong ndi dung cua bai bdo cdo ngay hom nay, chiing em s€ trinh bay phuong phap
Thiét ké bé lpc FIR théng cao st dung cac phuong phap: Cika sé (Window), Liy
méu tin sé (Frequency Sampling) va Binh phwong toi thiéu (Least Square
Error).
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II/ Co sé 1y thuyét 1: Bo loc so 1y twong (Ideal Filter)

C6 bdn loai bd loc s6 1y tuong chinh, chia thanh hai loai chinh: b loc thong
(pass) va bo loc chan (stop), va mdi loai lai chia thanh thong thap (low-pass) va
thong cao (high-pass). Dudi day 1a mé ta cho mdi loai:

1. Bj loc théng théip (Low-Pass Filter): Bo loc thong thap cho phép céc tan sb
thip di qua va loai bo hodc lam suy giam dang ké cac tan s6 cao hon. Piéu nay
thuong duge sir dung dé loai bo nhiéu tan s6 cao hoic dé giit lai cac thanh phan tan
s6 thap cua tin hiéu.

2. Bé loc théng cao (High-Pass Filter): Bo loc thong cao cho phép cac tan sb cao
di qua va loai bo hodc 1am suy giam dang ké cac tan sd thap hon. Diéu nay thuong
duoc sir dung dé loai bo thanh phan tan sd thap khong mong mudn hodc dé tach tin
hiéu tan sb cao.

3. Bj loc thong ddi (Band-Pass Filter): Bo loc thong dai cho phép cac tan sb
nam trong mot khoang tan sd cu thé duoc truyén qua va loai bo tan s ngoai
khoang dé. Bo loc nay thuong dugc st dung dé tach loc tin hiéu trong mot khoang
tan sb cu thé hodc dé loai bo nhiéu tan sb khong mong mudn.

4. Bj loc chin dii (Band-Stop Filter) hodc Bé loc chin tin sé (Notch Filter):
B6 loc chin dai chin hodc 1am suy giam dang ké cac tan s6 nam trong mot khoang
tan sb cu thé va cho phép cac tan sd ngoai khoang d6 di qua. B loc nay thudng
duoc su dung dé loai bo nhiéu tan sd cu thé hodc dé ngan can cac tan sb khong
mong mudn.

MBbi loai bd loc ¢6 ing dung va muc tiéu thiét ké riéng, va ching co thé dugc sir
dung dé xu ly tin hi€u trong cac tinh huéng khac nhau tuy thudc vao yéu cau cu thé
cua ung dung. Ta phan loai bo loc Iy tudng dua trén dap img tan so.

Déi véi Bé loc théng cao:

- Pép ting tan sb: |H(ejw)| = {1{— TSWS® 0 SOST 0 w con lai
- Dap ting xung:
1 " jon 1 " jon 1 e jon Sin(wcn)
h () =~—J H(¢")do = o= [ ¢""dw — 5= [ ¢""dw = 8(n) - —
—Tt —Tt _mc
- Tan s cét: f Dai thong: fe[fc,oo] Déi chin: fe[o, f, ]

- Tin hiéu s6 c6 phd nam trong dai tan f > fc di qua.

- Khong cho tin hiéu trong dai tan f < f . di qua.
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111/ Co sé 1y thuyét 2: B§ loc so FIR (Finite Impulse Response)

1, Pap trng tan so ciia bd loc FIR pha tuyén tinh:
Cac b loc s6 FIR ¢6 dic tinh xung h(n) hiru han thoa méan:

L[h(n)] = [0O,N — 1]= N

N-1
— Taco ham hé théng: H(z) = ¥ h(n)z
n=0

. N-1 .
— Pic tinh tan s6 cua bo loc FIR:  H (e] w) = Y h(n)e yen
n=0

Trong pham vi cua bai tap, ta chi xét cac bo loc FIR c6 pha tuyén tinh:

0(w)= B — aw (trong dé ava B la cic hang s6)

Vi dang xung h(n) d6i xtng:

hn)=hM —n-1){n=0,1,..,.(M — 1)/2(odd)n = 0,1, ,% — 1(even)
a= (M- 1)/2

Vi dang xung h(n) phan ddi xtng:

h(ny)=—h(M —n-1){n=20,1,..,(M — 1)/2(odd)n = 0, 1, ,% — 1(even)

M-1
2

o= vap =

Truong hop h(n)=h(M-1-n)
_ jeM=1)

H(w) = H (w)e ’

M-3

H ()= 4 2 z h(n)cosw(MZ_ L_ n), M odd
n=0
H (w)= 2 22: h(n)cosw( Mz_l — n), M even
n=0
8(w) = {— w(Mz‘l ) ifH (0)>0 — w(Mz‘l)+ W, ifH (0) <0

Truong hop h(n)= -h(M-1-n)
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H) = H(@é * H@) =1 @wel Tt

H (w)= 2 Z:‘o h(n)sinw( Mz_l — n), M odd
-1
H (w) =2 ngo h(n)sinw( Mz_l — n), M even
0(w) = {= - w(Mz‘l ) ifH (w)> 035 - oo(Mz_l)+ W, ifH ()< 0

Nhu vay, co bon loai bd loc s6 FIR pha tuyén tinh

-Loai 1: B = 0, N 1¢, dic tinh xung h(n) d6i xtimg

-Loai 2: B = 0, N chén, dic tinh xung h(n) ddi xung
-Loai3:f = i% , N 1¢, dic tinh xung h(n) phan dbi xtng.

-Loai4: B = i% , N chén, dic tinh xung h(n) phan ddi xung

Type LPF HPF BPF SBF Hilbert | Differentiator
FIR Type 1 v v v v
FIR Type 2 v v
FIR Type 3 v v v
FIR Type 4 v 4 v v

2, Thiét ké bo loc FIR tuyén tinh:

Céac khai niém vé tam dbi xrng, tAm phan dbi xung, chiéu dai b loc s FIR, N chén
hay 1¢ s& hinh thanh nén céac dac diém cta bo loc sd. Can ctr vao cac dic diém cua
bd loc, chung ta sé di téng hop céac bd loc s6 FIR. Trong ndi dung cua bai tap, chung
em s& trinh bay 3 phuong phéap:

— Phuong phap Cira s6 (Windowing method)
— Phuong phap Lay mau tan s6 (Frequency sampling method)
— Phuong phap Binh phuong t6i thiéu (Least Square Error)

IV/ Cac phwong phap thiét ké bd loc s6 FIR

1, Phwong phap cira s6 (Windowing method):

Nguyén ly: Phuong phap Ctra s6 (Windowing method) 1a mot k§ thuat quan trong
trong thiét ké bo loc FIR (Finite Impulse Response filter). B loc FIR dugc sir dung
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dé xur 1y tin hiéu sb bang cach két hop cac miu tin hiéu dau vao vai cac hé s cb
dinh. Phuong phép ctra ) gitp cai thi¢n hiéu suét cua bo loc FIR b'fmg cach giam do
nhay cua bd loc d6i véi cac nhidu tan sd cao va thip, tao ra mot ham phan tng tan
s6 mong mudn.

Dudi day 1a mot s6 bude co ban trong viée thiét ké bo loc FIR bang phuong phap
clra so:

1. Xdc dinh yéu cdau cua bg lpc: Dau tién, ban can xac dinh yéu cau cu thé cho bo
loc, chang han nhu dai tan s6 mong mudn, d§ doc tan so, do tré thoi gian, v.v.

2. Chon ham cira sé: Bude nay 1a quyét dinh quan trong vi ban sé chon mot ham
cu.’a s0 cu the dé ap dung cho cac hé so cua bo loc. Cac ham cura so phd bién bao
gom ctra sO Hammmg, ctra s6 Hanning, ctra s6 Blackman, cira sb rectangular V.V.
MBJi loai ctra 6 6 cac dic diém khac nhau va s& anh hudng dén hiéu suét cta b
loc. P gon cua dai (ripple) s& quyét dinh loai ctra s6 nén dung:

Window’s name | Mainlobe Mainlobe/sidelobe | Peak 20log;d
Rectangular dm/ M -13dB -21dB
Hanning 87 /M -32dB -44dB
Hamming 87 /M -43dB -53dB
Blackman 12 /M —58dB -74dB

3. Thiét ké bé loc ban dau: Bit diu véi mot ham cira s6 chon lya, ban tinh toan bd
loc FIR ban dau bang cach st dung phuong trinh chuyén do61 Fourier ngugce (inverse
Fourier transform) tir ham phan rng tan s6 mong muon.

4. Diéu chinh b¢ loc: Sau do, ban co6 thé di€u chinh cac tham s6 ctia b loc, chang
han nhu s6 mau hodc chiéu dai ctra s6, dé dap ing y€u cau cu thé cua ban.

5. Chuyén doi ham civa so va hé so by loc: Cuoi cung, ban tinh toan cac h¢ so thuc
té cua bd loc bang cach két hop ham ctra s6 véi b loc ban dau.
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Cac dang cira so thong dung:
a, Civa s6 Hinh chit nhit (Rectangular): Trong mién n, ctra s6 hinh chit nhat
duoc dinh nghia:
w(n) = rectN(n) ={1 0<nsN -10 n con lai

Nhan xét: w(n) = rectN(n)

U j sinsin (%) —jw Mz_l
Trong mién tan so: WR(e ) = e

.. w
sinsin (7)

b, Cira so Bartlett (Triangular): Trong mién n, cira s6 Bartlett duoc dinh nghia:

2n

_ N-1 ,  2n N—1
WT(n)N— 4= Osns——2

— —S—<nsN — 10

— Thiét ké gidng ctra s6 hinh chit nhat nhung dang ham khéac nhau.

¢, Cira s6 Hanning: Trong mién n, ctra s6 Hanning duogc dinh nghia:

w(m) = {0.5 — 0.5 cos cos ;;inl 0<ns<M - 10

- Ta c6 tham s6 cua bd loc Hanning:

A, ()~ — 32dB

d, Cira s0 Hamming: Trong mién n, cura s6 Hamming duogc dinh nghia:

w(m) = {0.54 — 0.46 cos cos ;inl 0<n<M - 10

- Ta c6 tham s6 cua b loc Hamming:
8m
Aw = —
Han N

A, (W)~ — 43dB

e, Cira so0 Blackman: Trong mién n, ctra s6 Blackman dugc dinh nghia:

;tn + 0,08 cos cos Amn 0<n<N — 10

w, = {0,42 — 0, 5cos T =
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N—-1

Vi dieu kién: ), a = 1

m=0
f, Cira so6 Kaiser: Trong mién n, ctra s6 Kaiser dugc dinh nghia nhu sau:

( ) ( ) 0<n<N - 10

Wk(n)N = { ; (B( 1))

n#

Pé dat hiéu qua cao trong thiét ké, nguoi ta thuong lay 4 <B<9

2, Phwong phap lay miu tan sé (Frequency sampling method):

Nguyén ly: Phuong phap Ldy mau tan sé (Frequency sampling method) 1a mot
trong nhitng phuong phap thong thuong dé thiét ké bo loc FIR (Finite Impulse
Response filter). Phuong phap nay cho phép ban thiét ké bo loc FIR bang cach xac
dinh truc tiép cac hé s6 bo loc dua trén phan Gng tan sb mong mudn cua bo loc.
Dudi déy 1a cac bude co ban trong phuong phap 1dy mau tan sb:

1. Xdc dinh ham phdn ikng tan s6 mong muén (desired frequency response):
Trué’c hét, ban can xac dinh phan tng tan s6 ma ban mué)n tr bo loc FIR. Piéu nay
bao gom viée Xac dinh cac gié tri cia phan Gmg tan sd & cac tan sb cu thé trong dai
tan so mong mudn.

2. Xac dinh s6 lu’o’ng mdéu tin so (frequency samples): Ban can quyét dinh s6
luong mau tan sO (samphng pomts) ma ban sé& st dung dé dai dién cho phan g tan
so mong muén. SO luong mau nay thuong phu thudc vao do phan giai tin s6 ma ban
can va dic tinh cta b loc.

3. Tinh todn phén tng tin sé mau (sampled frequency response): St dung cac
tan sé mau da chon, ban tinh toan gia tri cua phan Ung tan sb mong mudn tai cac tin
56 do.

4. Sir dung bién déi Fourier ngwoc (inverse Fourier transform): Bién doi Fourier
nguoc duoc st dung dé chuyén doi phan tng tan sé6 mau thanh hé s6 bo loc FIR.
Ban c6 thé sir dung bién d6i Fourier nguoc Discrete Fourier Transform (DFT) hodc
Fast Fourier Transform (FFT) dé thuc hién viéc nay.

5. Trong tinh todn hé sé b loc: Hé s6 bd loc FIR duoc tinh toan dua trén két qua
tur budce trude. HE s6 nay s€ xac dinh cach bd loc anh huéng dén tin hi¢u dau vao tai
cac tan so cu thé.

Phuong phéap ldy mau tan sd cho phép ban thiét ké bo loc FIR dya trén yéu cau tan
s0 cu thé ma ban muodn dat dugc, va n6 thuong dugce ua chudng trong cac img dung
yéu cau kiém soat nghi€ém ngéat vé tan s6. Tuy nhién, nhuoc di€ém la c6 thé dan dén
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sO luong hé s6 16n néu ban can dat dugc do phan giai tan so cao, di€u nay co thé gay
ra chi phi tinh toan va luu trit tdng 1én.

3, Phwong phap Binh phwong tdi thi¢u (Least Square Error):

Nguyén ly: Phuong phap binh phuong tdi thiéu (Least Squares Method) trong thiét
ké bo loc FIR (Finite Impulse Response filter) tap trung vao viéc toi thiéu hoa tong
binh phuong sai s gitta phan tng tan s6 thuc té caa bd loc va phan tng tan sé mong
mudn. Pay 13 mot trong nhitng phuong phap pho bién dé thiét ké bo loc FIR, dic
biét trong cac ung dung yéu cau dap ung tan sb chinh xAc.

Dudi day 1a cac bude co ban dé thiét ké bo loc FIR bang phuong phép binh
phuong t6i thiéu:

1. Xdc dinh ddp veng tan so mong muén (desired frequency response) Dﬁu tién,
ban can xéac dinh dap u’ng tan so mong muon cua bd loc FIR Diéu nay bao gom xac
dinh gia tri mong mudn ctia dap tng tan s tai cac tan s cu thé trong dai tan sd.

2. Xdc dinh ddp irng tin s ciia bg loc (filter frequency response): Ban can xac
dinh déap tng tan sb cua bo loc FIR du kién, dua trén cac hé sd cta bd loc. Phan ung
tan s nay thuong duoc tinh toan bang cach sir dung bién d6i Fourier hodc cac
phuong phap khac.

3. Xdc dinh ham sai soé (error function): Ham sai s la sy khac biét gitra phan trng
tan sO mong mudn va phan ng tan so6 cia bd loc. Ham sai s6 thuong dugc tinh todn
bang cach tinh binh phuong cia sy khac biét tai cac tan so cu thé.

4. Téi wu héa hé sé b lpc: Bang cach toi wu hoa ham sai s, ban ¢ gang diéu
chinh cac hé s6 ctia bo loc dé giam thiéu sai s6. Phuong phéap toi wu hoa nay cé thé
st dung cac phuong phap tdi wu hoa nhu phuwong phap gradient descent, phuong
phap RLS (Recursive Least Squares), hoac phuong phap giai phuong trinh binh
phuong tdi uu.

5. Xdc dinh hé 56 ciia bé loc: Cubi cung, sau khi da t6i vu hoa ham sai sd, ban s&
c6 cac hé s6 cu thé cua bo loc FIR ma ban c6 thé str dung dé thuc hién xur 1y tin
hiéu.

Phuong phap binh phuong t6i thiéu cho phép ban diéu chinh bd loc sao cho sai s6
giita phan (mg tan s thuc té ctia bo loc va phan tmg tan s6 mong mudn 13 nhé nhat
dué6i dang binh phuong. Piéu nay gitp dat dugc udc tinh tot nhat ciia phan tng tan
s6 mong mudn trong bdi canh ctia ham binh phuong cia sai so.

V/ Quy trinh thiét ké (Ung dung trén MATLAB)
1, Thao tac thuc hién:
B1: M¢ tng dung MATLAB:
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FILE NAVIGATE ANALYZE SECTION RUN z
€= EHA » C: > Users » PC » Documents » MATLAB M
Current Folder ® ® x
Name ~ | untitled7 = |+ |
5] btl.mix 7 %plot - Q@
| btl_henm 76 figure; stem (n,hd);
) bil_hennofixm 77 axis ([@,m-1,-0.1,0.8]);
£ testmix 78 title('Ddy dap ing xung cla bd loc 1y tueng');
£ testtmix 79 xlabel('n'); ylabel('hd(n)");
) untitied.m =2 %
81 figure; stem (n,w);
82 axis ([@,m-1,0,1.1]);
83 title('Day ham clra s6');
84 xlabel('n'); ylabel('w(n)');
85 %
86 figure; stem (n,h);
87 axis ([@,m-1,-0.1,0.8]);
88 title('Ham d5 16n tuyét déi cla dap ing tan s3');
89 xlabel('n'); ylabel('h(n)');
% %
91 figure;
92 plot (wl/pi,db); grid; hold on;
03 plot(-wl/pi,db); grid;
o axis([-1,1,-100,10]);
95 title('Ham d5 16n tuong d6i (dB) cla dap tng tan s3');
% xlabel (' frequency in pi units'); ylabel('Decibels');|
Command Window @
Fx>>
btl_hcn.m (Script) v
.| [Zoom: 1000 [uTER [eriE Lserint [in a6 Col 52
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https://ideone.com/ZG52uD

- Nhin Run Section va nhip vao céc gia tri cia P gon, Passband frequency,
Stopband frequency va xem két qua.

VD: Do gon = 0.002, Passband frequency = 0.4*pi, Stopband frequency = 0.6*pi.

4\ MATLAB R20232

Search Documentation

EDITOR
oy = 9 %
o O | (L compare v A 5(5’51 % % 2 &1 Profiler J;l |l
New Open Save (= print v GoTo AFind~ Refactor 4 (G anayze  Run B unand Advance b g stop
v v v ~ A Bookmark v ~ - Section P24 Run to End v
FILE NAVIGATE CODE ANALYZE SECTION RUN =
L gt » C » Users » PC » Documents » MATLAB v P2
Current Folder ® | | Editor - untitled? * o x
Name ~ [ untitlea7* 2[4 ]|
£ btlmix 1 Fprintf(*Thidt ké by loc thong cao dung phuong phap cira s6 \n'); @
) bt_henm 2 Fprintf('Nhap thong s bd loc \n');
%) btl_hcnnofixm 3 dl=input('Nhap do gon song: ');
5] testmix 4 d2=d1;
£ testtmix 5 pf=input('Passband frequency: ');
) untitled.m 6 sf=input('Stopband frequency: ');
7 we=(pfesf)/2;
8 D=sf-pf;
9 fs=3000; %Tan sé ldy mau
10 As=20%1og(d1); %Tinh bidn d3 dya trén d8 gon séng
11 %%%% Chon cira s phit hop
12 if (As>-30)
13 fprintf('Chon clra s Chir nhat');
14 window=1;
15 n=ceil(4*pi/D);
16 end
17 if ((As>-49)8&(As<-30))
18 Fprintf(’Chon cira s3 Hanning');
19 window=2;
20 n=ceil(8*pi/D);
21 end

2 if ((As>-63)8&(As<-49))

Thidt k& b loc théng cao ding phuong phap cia sd
btl_hcn.m (Script) v Nhap théng sé bd loc
Nhap d$ gon séng: 0.002
Passband frequency: 0.4%pi
fx stopband frequency: 0.6*pi

- Waitina far innit

= Két qua nhu hinh:

1 = o X | [# Figure 2 = o X
File Edit View Insert Tools Desktop Window Help ~|File Edit View Insert Tools Desktop Window Help E
Dode @08 KE Dode @08 KE
e Day dap trng xung ctia bé loc ly twéng Day ham cira sé
T T T T T T T T T T
1k 5 1
06 ] o )
K o
nl 0.8 o) 4
04 1 5 .
®
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4 Figure 3 = o X = o X
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2, Thiét ké bé loc FIR théng cao si dung phwong phdp Ldy mdu tin sé:
- Nhép phén code https://ideone.com/8yCyhH vao khung:

4\ MATLAB R20232

(S TS SN RI@) search Documentation

EDITOR
= & Y % =
dL_;:' O &l [ compare ¥ =1 é(@ f “ f] &1 profiler [}51 (e
New Open Save (= print + GoTo AFind~ Refactor [ Analyze Run B unand Advance b g stop
v v - ~ [ Bookmark ¥ - - Section P&} Run to End v
FILE NAVIGATE CODE ANALYZE SECTION RUN =
L gt » C » Users » PC » Documents » MATLAB v
Current Folder (Gl % Editor - untitied2
Name ~ untitled2* | 4 |
£ btlmix 1 fprintf('Thiét ké by loc thong cao ding phuong phap lay mau tan s6 \n'); @
#) bti_henm 2 Fprintf('Nhap thong s bd loc \n');
) btl_hcnnofixm 3 M = input('SS mdu: '); % SG mau
£ testmix 4 Wp = input('Tan s§ cat dai truydn: '); % Tan s& cat dai truyén
£ testtmix 5 Fprintf('Tan s6 chia tin hiéu sin can loc \n');
) untitled.m 6 £1 = input('Tan s6 th¥ nhat: ');
7 2 = input('Tan sé thir hai: ');
8 £3 = dinput('Tan s6 thi ba: ');
9 fs = 2000; % Tan sS lay mau
10 m = @:M/2; % Cac diém ldy mdu
11 Wm=2%pi*m/ (M+1); % Tan s6 cat dai chan
12 mtr = ceil(Wp * (M + 1) / (2 * pi)); % Lam tron phan duong, tic 1a ceil(3.5) = 4; ceil(-3.2) =
13 Ad = Wm >= bp;
14 Ad(mtr) = 0.28;
15 Hd = Ad .* exp(-1j * 0.5 * M * Wm); % Dinh nghia vector 1dy mau trén mién tan s5 H(k)
16 Hd = [Hd conj(fliplr(Hd(2:M/2+1)))];
17 %fliplr dé thyc hi&n sy ddo ngugc chia ma tran va conj la lién hop
18 h = real(ifft(Hd)); % h(n) = IDFT[H(K)]
19 w = linspace(0, pi, 1000); % Ldy 1000 vector hang giira @ va pi
20 H = freqz(h, 1, w); % D5 thi biéu di&n bién do - tan s6 chia b loc
21 figure(1)
22 plot(w/pi, 20 * logl@(abs(H))); % Tham s8 1an lwot 13 tén s6 chudn héa va bién do hd
Command Window @
S>>
Details v

Select a file to view details

Zonm: 100% UTE-R CRIF scrint In 48 Cal 1

- Nhan Run Section va nhap vao cac gia tri cia SO mau, Tan so cat dai truyén, Tan
sO cua tin hi¢u sin can lgc va xem két qua.

VD: S6 mau = 32, Tan s cit dai truyén = 0.6*pi, Tan sd cua tin hiéu sin can loc 1an
lugt 1a 200, 700, 800

4\ MATLAB R2023a

IS NS @I@) search Documentation

EDITOR
= ) % 3
dL_::' & &= [zl compare v ol ) é(@ % ﬁ f] & profiler [él (o em bt
New Open Save (& print v GoTo Afind~ Refactor =l [ Analyze Ru Bl runandaduance g gy giop
v v v ~v A Bookmark v v - Section P Run to End v
FILE NAVIGATE CODE ANALYZE SECTION RUN =
L gt » C » Users » PC » Documents » MATLAB v P
Current Folder @ | [A Editor - untitled2 * [OR3
Name [ untitled2 < [+ |
] btlmix [z Fprintf('Thiét k& by loc thong cao dung phuong phap lay mau tan s6 \n'); @)
#) bti_henm 2 Fprintf(*Nhap thong s5 bd loc \n');
) btl_hcnnofixm 3 M = input('SS mdu: '); % S& mau
£ testmix a Wp = input('Tan s6 cat dai truyén: '); % Tan s§ cat dai truyén
£ testtmix 5 Fprintf('Tan s6 chia tin hiéu sin can loc \n');
) untitiedm 6 input('Tan s6 thi nhat: ');
7 input('Tan s6 th hai: ');
8 input('Tan s6 thi ba: ');
9 2000; % Tan s6 lay mau
10 m = 0:M/2; % Cac diém 1dy mdu
11 Wm=2%*pi*m/ (M+1); % Tan sé cat dai chan
12 mtr = ceil(Wp * (M + 1) / (2 * pi)); % Lam tron phan duong, tic 13 ceil(3.5) = 4; ceil(-3.2) =
13 Ad = Wm >= Wp;
14 Ad(mtr) = 0.28;
15 Hd = Ad .* exp(-1j * .5 * M * Wm); % Dinh nghia vector 1dy mdu trén mi&n tan s H(k)
16 [Hd conj(Fliplr(Hd(2:M/2+1)))]1;
17 %Ffliplr dé thyc hién sy ddo ngugc cia ma trgn va conj la lién hop
18 h = real(ifft(Hd)); % h(n) = IDFT[H(k)]
19 w = linspace(0, pi, 1000); % Ldy 1000 vector hang giira 0 va pi
20 H = freqz(h, 1, w); % Do thi biéu didn bién d§ - tan s5 cia bd loc
21 figure(1)
22 plot(w/pi, 20 * logl@(abs(H))); % Tham s& 1an luogt 13 tan s6 chudn héa va bién do e
Thidt k& b6 loc théng cao dung phuong phap l&y miu tin sé
Details v Nhap théng sé bd loc

56 mdu: 32

c&t dai truyén: 0.6*pi

Tén sé cia tin hiéu sin cén loc
5 tht nhit: 200

Select a file to view details
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= Két qua nhu hinh:

[@] Figure 1 = o X | 4] Figure 2 - [u}] X
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3, Thiét ké b loc FIR thong cao st dung phwong phdp Binh phwong téi thiéu:
- Nhap phan code https:/ideone.com/YiCmS6 vao khung:

(SN ESNENCIIN@) search Documentation

a X

T

4\ MATLAB R20232

EDITOR VIEW

PUBLISH

J_‘ [E] section Break

4| =
Srrofier =
B2l Run and Advance

of U B @omee~ ®A

New Open Save (= print v GoTo AFind~ Refactor (L #HEE (0 e R Run  Step Stop
- v v ~ Weookmak v v - section P Runto End -
FILE NAVIGATE CODE ANALYZE SECTION RUN =
L gt » C » Users » PC » Documents » MATLAB
Current Folder @ 4
Name + | untitled3 * 3 | 4 |
£ btl.mix 1 Fprintf(*Thiét ké by loc thong cao dung phuong phap binh phuong t6i thidu \n'); =)
#) bti_henm 2 Fprintf('Nhap thong s bd loc \n');
) bti_hennofixm 3 s = input('Tan s6 lay mau: ');
1 highpass_filter_coefficients.txt 4 t_start = input('Thoi gian bat dau: ');
] testmix 5 t_end = input('Thoi gian két thic: ');
£ testtmix 6 t = t_start:1/fs:t_end;
) untitied.m 7 £ = input('Tan s6 clia tin higu sin: ');
8 x = sin(2*pi*f*t) + 0.5*randn(size(t)); % Tin hidu sin véi nhifu
9 num_taps = input('Dj dai ciia bd loc FIR/sS luong mdu cta hdi dap FIR: ');
10 cutoff = input('Tan s8 cit: ');
11 % Tao vector cia tan s§ dap ing mong mudn
12 freq = [0, cutoff, cutoff=1.5, 11;
13 amp = [1, 1, 0, 0];
14 b = firls(num_taps, freq, amp);
15 % Ap dung bd loc FIR cho tin hiéu dau vao
16 y = filter(b, 1, x); % Ap dung bd loc FIR
17 % V& bidu d5 so sanh tin hidu dau vao va dau ra
18 figure;
19 subplot(2, 1, 1);
20 plot(t, x);
21 title('Tin hidu dau vao');
2 xlabel('Thai gian'): =
Command Window ®
Jx>>
Details v
Select a file to view details
Zoom:100%  |UTF-8 CRLF |[script n 28 Col 21

- Nhan Run Section va nhap vao cac gia tri ctia Tan s6 lay mau, Thoi gian bat dau,
Thoi gian két thiic, Tan so6 cua tin hi¢u sin, P dai cua b loc FIR/s6 lugng mau cua
hoi dap FIR, Tén so cat va xem két qua.

VD: Tan sb lay mau = 1000, Thoi gian bat dau = 0, Thoi gian két thac = 4, Tan sd
cua tin hiéu sin = 10, Do dai cta bo loc FIR/sb lugng mau cla hoi dap FIR = 74,
Tan 6 cit=0.3
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4\ MATLAB R2023a
EDITOR ©) Search Documentation e

L& % 2 =] Section Break
el [ compare ~ | W & % ﬂ; & profier h [=] section Breat

New Open Save (= print + GoTo AFind~ Refactor [ Analyze Run B unand Advance b g stop
y v v ~ [ Bookmark ¥ v Flv Section P2} Run to End v
AL NAVIGATE cone ANaLvze secTion RUN =
@ EE b G o> Users » PC > Documents » MATLAB i
Current Folder ® | [ Editor - untitled3 * ® x
Name ~ [“untitled3 * < | + |
£ btlmix "1 fprintf('Thiét ké bd loc thong cao dung phuong phap binh phuong €61 thicu \n'); NIe)

2 fprintf('Nhap théng s8 bd loc \n');
3 fs = input('Tan s6 lay mau: ');

4 t_start = input('Thoi gian bat dau: ');
5 t_end = input('Thoi gian két thic: ');
6
7
8
9

#) bti_henm
#) btl_hennofixm
=1 highpass_filter_coefficients.txt

] testmix
£ testtmix t = t_start:1/fs:t_end;
) untitledm £ = input('Tan s6 cia tin hiéu sin: ');
x = sin(2*pi*f*t) + 0.5*randn(size(t)); % Tin higu sin véi nhifu
num_taps = input('Dj dai ciia bd loc FIR/sG lugng mdu cla hdi dap FIR:
10 cutoff = input('Tan sé cat: ');
11 % Tao vector cia tan s§ dap ing mong mudn
12
13
14 b = firls(num_taps, freq, amp);
15 % Ap dung bd loc FIR cho tin hiéu dau vao
16 y = filter(b, 1, x); % Ap dung bd loc FIR
17 % V& bidu d5 so sanh tin hidu dau vao va dau ra
18 figure;
19 subplot(2, 1, 1);
20 plot(t, x);
21 title('Tin higu dau vao');
2 xlabel('Thoi gian'): e
Thidt k& b6 lgc théng cao ding phuong phap binh phuong téi thidu
Details v Nhép théng s6 b§ loc

Tén sé 1dy mlu: 1000
Thoi gian bit ddu: 0
Thoi gian k&t thic: 4
Select a file to view details Tan s6 cla tin higu sin: 10 N .
D6 dai ciia b loc FIR/sé luong mAu cia hdi dép FIR: 74
Tén s6 cit: 0.3
fior |

= Két qua nhu hinh:

(4] Figure 1
File Edit View Insert Tools Desktop Window Help
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So sanh tin hiéu dau vao va tin hiéu dau ra:
*Doi voi phwong phap Cira so:

Duéi day 1a su so sanh giira tin hiéu dau vao va ra khi 4p dung phuong phap nay:

e Tin hiéu dau vao:
[ C6 thé 1a tin hiéu ngudn tir méi trudng thyc té, vi du nhu tin hiéu am
thanh, hinh anh hodc dit liéu tir cic cam bién.
(] Thuong chira thong tin tan sb & cac pham vi khac nhau, bao gdm céc
thanh phan tan s6 cao va thap.
e Tin hiéu dau ra:
1 Lakét qua cua viéc ap dung bo loc FIR thong cao vao tin hi¢u dau vao.
[ Sau khi qua bo loc FIR thong cao s& bao gom cac thanh phan tan sb cao
va loai bo cac thanh phan tan sb thap.

*Déi véi phwong phdp Lay mau tin sé:
)4 g phap Lay

e Tin hiéu dau vao:

(] Thuong 1 tin hiéu ving tan s thap hodc bat ky tin hiéu nao can duoc
loc dé loai bo cac thanh phén tan sb thap va chi giit lai cac thanh phan
tan sb cao.

e Tin hiéu dau ra:

[ Tin hiéu dau ra ciia phuong phép thiét ké FIR thong cao sir dung
phuong phap 1ay mau tan s 1a tin hiéu da duoc loc thong qua bo loc
FIR. Tin hiéu ndy c6 cac dic diém sau:

+ N6 chi chira cac thanh phan tan s6 cao (dugc xac dinh boi cac tan sd
mau ban chon).
+ N6 d3 loai bo cac thanh phan tan sb thip hodc tan s6 ndm ngoai
khoang tan s6 14y mau da chon.
+ N6 c6 phan hdi bién d6 bang phang trong khoang tan sb 1dy mau,
nghia 1a mirc d twong (mg cua cac tan so trong khoang nay dugc duy
tri ma khong bi bién doi.

*Doi v6i phwong phdp Binh phwong t6i thiéu:

e Tin hiéu dau vao:
1 C6 thé 13 mot tin hiéu dau vao co dang chudi s6 hoc hodc mot tin hiéu
lién tuc, tuy thudc vao tng dung cu thé.
] C6 thé chira nhiéu (noise) hoac thanh phﬁn tin hiéu muc ti€u ma ban
mudn loc ra.
e Tin hiéu dau ra:
[ Sau khi di qua bo loc FIR thong cao s& khong con chita cac thanh phan
tan sb thip va s& tip trung vao cac thanh phan tan sé cao hon.
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] Co thé bi mat di mot phén nang luong cua tin hi€u ban dau, nhat 1a néu
bo loc dugc thiét ké ¢ bac cao. Diéu nay co thé dan dén hién tuong
mat thong tin (information loss) trong tin hi¢u dau ra.

— Qua day, ta cling thay dugc mot cach tong quat nhat vé bo loc FIR thong cao.
Duéiday la 1 s6 vu diém va nhuge diém cia bd loc FIR thong cao:

Nhén xét wu diém:

e Tinh én dinh: B0 loc FIR thong cao thuong dé thiét ké va on dinh. B6 loc
nay khong c6 phan hdi pha vong (phase wrap) va khong giy nguy co dao
dong hay bat 6n trong xir 1y tin hiéu.

o D¢ hiéu va trién khai: Cac hé s cta bo loc FIR c6 ¥ nghia va d& hiéu, giup
nguoi 1ap trinh dé dang trién khai no trén cac hé thong thoi gian thyuc hodc vi
diéu khién.

o Khd ning ddp vng chinh xdc tan so cat: Ban c6 kha nang kiém soat chinh
X4c tan s6 cat (cutoff frequency) ctia b loc FIR thong cao, cho phep tuy
chinh dé ndi bat hoic loai bo cac thanh phan tan sb cao theo yeu cau.

o Khd nding logi bé nhiéu tin sé thip: Bo loc FIR thong cao rat hiéu qua trong
viéc loai bo nhiéu tan sb thép tir tin hiéu dau vao, giup cai thién chat luong tin
hiéu va giam nhiéu.

Nhan xét nhwoe diém:

e Kéo dai thoi gian cho (latency): Bo loc FIR thong cao co thé tao ra do tré
(latency) trong xur 1y tin hiéu. Piéu nay c6 thé khong phu hop cho céac ung
dung yéu cau thoi gian thuc hodc can giam thiéu do tré.

o Ton tai nguyén tinh todn: Thiét ké bd loc FIR thong cao c6 thé doi hoi nhiéu
tai nguyén tinh toan hon so véi cac loai bo loc khac nhu bo loc IR (Infinite
Impulse Response).

o Khong phit hop cho viéc thay déi tin sé cdt trong thoi gian thwe: B loc
FIR thong cao thuong ¢ dinh vé tan s cat sau khi dugc thiét ké. Néu ban
can thay doi tan sb cat trong thoi gian thuc, diéu nay c6 thé kho khin va doi
héi viée thiét ké lai bo loc.

— Tuy thudc vao tmg dung cu thé va yéu cau cua ban, bd loc FIR thong cao co thé
12 mot Iya chon t6t hodc khong phu hop.
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