DAI HOC QUOC GIA HA NOI

TRUONG DAI HOC CONG NGHE

DE THI KET THUC MON HOQC

Nam hoc: 2018-2019; Hoc ky: II; Mon hoc: Xit 1y tin hiéu sé (ELT3144)
L6p mon hoc: ELT3144-1, ELT3144-2, ELT3144-23

TIENG VIET

- Thoi gian lam bai: 120 phait.

- Khong st dung tai liéu va cdc thiét bi dién tid tri
may tinh tay (calculator).

- Két qua t6i da: 10 diém (trén tong so6 12).

ENGLISH

- Exam duration: 120 minutes.

- Closed-book exam, no electronic devices allowed
except a calculator.

- Mazimum result: 10 marks (out of 12).

1. [3 diém] Cho mot hé théng nhan qua LTI
c6 ham truyén nhu sau:

B 2 -3z 41,8272
0 1—22"141,8:2-0,8273

H(z)

(a) Xac dinh va vé cau trac thuye thi tryc
tiép loai II ctia hé thong.

(b) Trong thuc tién thiét ké bo loc s6 IR,
tai sao cdc he thong IR bac 2 (c6 2
diém cue) duge dimg lam cac khéi can
ban dé thuc thi cAu tric ctia bo loc bac
cao (bac hon 2)7

2. [3 diém] Mot bo loc s6 Chebyshev thong
thap c6 nhitng dac ta sau day: do gon séng
dai thong A, < 3 dB, tan so cit F. = 1 kHz,
do suy giam dai triet A, > 20 dB véi cac
tan s6 lén hon 3,0 kHz, tan s6 lay mau
F, = 8,0 kHz, do khuéch dai tai d.c. 1a 1.

(a) Xac dinh ham truyén H(z) clia bo loc
s6 khi sit dung phuong phap song tuyén
tinh.

(b) Toan tit ndo dudi day duge st dung dé

chuyén doi bo loc tit thong thap sang

thong dai va vi sao nhu vay?
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Xem tiép trang sau. . .

1. [3 marks] Consider a causal LTI system
whose transfer function is

_ 2—32714+1.8272

1 —22141.822—-0.8273

H(z)

(a) Determine and draw the direct-form 1T
realization of the system.

(b) In practical design of digital IIR filters,
why do we use 2nd-order IIR systems
(with 2 poles) as building blocks for re-
alizing the structure of a higher-order
IIR system (order greater than 2)7

2. [3 marks] A digital lowpass Chebyshev fil-
ter has the following specifications: pass-
band ripple 4, < 3 dB, passband cutoff
frequency F, = 1 kHz, stopband attenua-
tion Ay > 20 dB beyond 3 kHz, sampling
frequency F; = 8.0 kHz, unity gain at d.c.

(a) Determine the transfer function H(z)
of the digital filter using the method of
bilinear transformation.

(b) Which of the following operators is
used to convert a lowpass filter into a
bandpass filter and why is it so?

02 — 2 020 A2,

A= — 2 A=
Q Tz Q

A:
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3. [3 diém] Mot bo loc s6 FIR thong cao
c6 nhitng dic ta sau: tan sd cat dai triet
la 0,47 va do suy giam dai triet A, >
40 dB, tan s cat dai thong 1a 0,67 va
do gon dai thong A, < 0,5 dB, tan s
lay mau F, = 10 kHz.

(a) Xac dinh ham truyén H(z) clia bo
loc khi dimng phuong phap ciia so.

(b) Tai sao do gon trong dai thong va
dai triét lai nhu nhau khi dung
phuong phép ciia s6?

(c) Mot bo loc s6 FIR thong thap co6
dap tng xung hy,(n) duge cho trén
hinh 1(a) va dap ting tan s6 bién
do trén hinh 1(b). Hinh 1(c-d) va
hinh 1(e-f) mo ta 2 phuong phap
bién doi tit thong thap sang thong
cao ctua bo loc nay. Hay xac dinh
cong thic cua dap tng xung cua
modi bo loc thong cao duge tao ra
tit 2 phuong phap bién déi nay.

4. [3 diém] Cho chuong trinh Matlab sau:

s = 500;

1
1
[0:L- 1]*T
0.
5

12;

100;

2%Fc/Fs;

; % Tinh théng s6 bd loc
0: y = filter(...);

2(";12?4&"‘!._"—]"11

[¢]

= O 00 ~NO U WN -

(a) Dong lenh s6 8 lam gi?

(b) Hay thiét ké bo loc Butterworth
thong thap bac 6 bang dong lenh
56 9.

(c) Hoan thien dong lenh s6 10.

(d) Vé phac thao dap ting tan s6 bien
do ctia tin hiéu truée va sau khi loc.

Xem tiép trang sau. . .

T*sin(2%pi*50*t)+sin (2*pi*120%*t) ;

3. [3 marks] A digital highpass FIR filter has

the following specifications: stopband cut-
off frequency of 0.47 and stopband attenua-
tion A, > 40 dB, passband cutoff frequency
of 0.6 and passband ripple A, < 0.5 dB,
sampling frequency F; = 10 kHz.

(a) Determine the transfer function H(z)
of the filter using the window method.

(b) Why are the two ripples in the stop-
band and the passband equal to each
other when using the window method?

(c) A digital lowpass FIR filter has the im-
pulse response hy,(n) as given in Fig-
ure 1(a) and its magnitude frequency
response in Figure 1(b). Two methods
of highpass transformation are illus-
trated in Figure 1(c-d) and Figure 1(e-
f). Determine the formula of the im-
pulse response of the corresponding
highpass FIR filter obtained by each
of these 2 transformation methods.

4. [3 marks] Given a Matlab code:

s = 500;

100;

2xFc/Fs;

; % Compute filter coefficients
0: y = filter(...);

C

F
T
L
t
X
N
F
Wc

= O 00 ~NO Uk WN -

(a) What does the command line 8 do?

(b) Design a lowpass Butterworth filter
with order of 6 via the command line 9.

(¢) Complete the command line 10.

(d) Draw the magnitude frequency re-
sponse of the signal before and after
filtering.
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Time Domain

Frequency Domain

0_3___| a. Original filter kernel [

T [ [
[b. Original frequency response |

06 1.0
g 0.4 g
£ A 5
- 0.2
0.0-«—-——--"@; o 0.5
0.2
0.4 0.0
0 10 20 30 4 50 0 0.1 0.2 0.3 0.4 0.5
Sample number Frequency
1.0 T i T 7 L5 T T T
0.81-| ¢ Filter kernel with spectral inversion | _ d. Inverted frequency response
]
0.6 Lo
o o Suiubuiniak: Subeieiaie e
B 041- B
E e
go2 - T l Flipped
0.0-ken _.Ba o 0.5 top-for-bottom |-
0.2
-0.4 0.0
a 10 20 30 40 50 0 0.1 0.2 03 04 0.5
Sample number Frequency
10 : : : ; 15 ) : I a
o s___l e, Filter kernel with spectral reversal |_____ f. Reversed frequency rﬁponsc—|
T
1
0.6 !
o o 10 -
3 04 E —e
= ! & <
E 0.2 E F;’!{pped
00 !r 4 H l‘ ! - 0.5 left-for-right
0.2 i
0.4
0 10 20 30 40 50 0 0.1 0.2 0.3 0.4 0.5
Sample number Frequency

Hinh 1: Chuyén doéi tit thong thap lén thong cao

Xem tiép trang sau. . .
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MOT SO THONG TIN HUU iCH

N N—
A NN S N
S NN T e NN T
E—50 \\\\ \\ \ | | E7507 \\ \\ \\\ m:q \\7

60 =10 \\\\ \\ ‘\\ —60n_7\ \ \\ \\ |

:70 \\\\ \ N Rt >100\3100\n_3 \\101

0, Q

(a) Bo loc Butterworth véi n nghiem cuc (b) Bo loc Chebyshev, gon séng 3 dB

Hinh 2: Dap ting tan s ciia cac bo loc Butterworth va Chebyshev theo bac.

Bang 5.1: Da thic Butterworth chuin héa Bang 5.2: Da thic Chebychev

n 1/H(s) n Cp(x)

1 s+1 1 X

2 s2+1.4142s+1 2 22 -1

3 (s+1)s?+s+1) 3 4x3 - 3x

4 (s®+0.7654s+1)(s®>+1.8478s +1) 4 8x*—8x2+1

5 (s+1)(p2+0.6180s + 1)(s® +1.6180s + 1) 5 15x5 — 20x3 + 5x

6 (s®2+0.5176s+1)(s®+1.4142s + 1)(s®> +1.9319s + 1) 6 32x5 —48x* +18x% -1

Bang 6.1: Cac ham ctta s6 thong dung

Tén ciiasé6  won),—(L-12<n<L-1)/2 wn)=wq (n—l%l),OSnSL—l
Chitnhat 1 1
2| L2n1 véil0=sn< 1%1
Tam giac 1- -1 - 9n
B 2— ——, VUILT<T’L<(L—1)
-1
. n mn T
Cosine Cos(ﬁ) COS(L—I —5]
) . L 2n L 2n )
Reimann sinc (T — 1) sinc ( -1 1
. 2nn 2nn
Hanning O,5+O,5cos(L_1) 0,5—0,5cos(L_1)
. 2nn 2nn
Hamming 0,54 +0,46cos 0,54 - 0,46 cos
5 5 s . s . 5 2 N N-1 N-1
Bang 6.2: Bang tra gia tri ctia cac clta s6 thong dung ) )
n n
Ciia s6 Ap (dB)  As (dB) 5, =6s c Blackman  0,42+0,5cos (L 1) 0,42 -0,5cos (L 1)
+0,08cos | 422 +0 OSCOS( )
Chitnhat 0742 21 0,0819 0,60 () L-1
Hannin 0,055 44 0,0063 3,21 2
® Io(py/1- () Io|py/1- (2 1)
Hamming 0,019 53 0,0022 3,47 Kaiser
Blackman 0,0015 75,3 0,00017 5,71 Io(B) Iy(p)

~Két thic de thi—
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