Chuong 8: K¥ thuit so héa
(dieu che so)

8.1 Piéu ché xung ma PCM
8.2 Nhiéu trong hé thong diéu ché PCM
8.3 Piéu ché Delta va ma héa du doan

8.4 Piéu ché sb song mang lién tuc ASK, FSK,
PSK va QAM

8.5 Hé thong ghép kénh s6 TDM
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Kho1 phuc ly tuong
Dinh 1y lay mau Nyquist
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@ Lay mau thuc té
eI v ung dung diéu ché xung PAM

m (1)
! Natural Sampling

N

[

Ideal Sampling Flat-top Sampling
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PAM
cO Ccuc

m(f)
Information signal
s(?)
Pulse signal ” ﬂ -l.—] _I_I I—I ‘—I |—I ﬂ n_t
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Sampled signal (PAM)
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MO0 hinh bo thu
dieu ché xung tuong tu

u(l) = .rp'[r} + n{t)

B0~ T;'?tist _ Pulse Y5 Recn;sl:mctiﬂﬂ \——'-yﬂm
{(+) tE;r |  converter B 1=;:"2
| )
) Nﬂl l : A + n(ty)
G(f)= 5 Byz - Synchronization s
—— - - i = V/ t
) = (kT + €8 = k) 5w

}’ﬂ(r) = g I:J-pr{krr:] T Ek] sinc (fsr o k:] = JL""pII':r] + ”D(”

|

Tl
P

np(t) = D) €sinc (f;z — k) Np = np =
k
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SNR véi diéu ché xung tuong tu
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= 4’ BT(},}E;)SI“}* PDMorPPM  Br =

1, 1s average pulse duration in PDM or fixed pulse duration in PPM
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Luong tu
(Quantization)

= Anh xa gi4 tri ban dau vé 1 o014 tr1 luong tu
(trong tap hiru han cac gia tri lvong tir) = sal
sO (nhiéu) luong tir
— Luong tfg: d%:u: khoang cach gitra cac gia tr1 luong
tr l1€n ke bang nhau
— Luong tir k‘héng déu: khoang cach giita cac gia tri
lwong tir lién ké khac nhau

= Nguyén tac luong tir pho bién 1a 1am tron gan
nhat (sa1 sO tuy€t do1 nho nhat)
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Phan loa1 by luong tu

.
25 — ¥5=27 —
mid-riser . mid-tread
1 ya=1+
0.5
P A 5 05 Jos 15
o} X t y3=0
-0.5 A i
yz=-1
-1.5
non-uniform i
— -2.5 —_— y=-2
10 L -
4|
[Z8
31
2[ :
1 | |
2 4.5 =]
Th.S. Nguyén Thanh Tuin 12

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

¢ v
= Xac dinh loa1 by lugng tur
— Mid-tread hay mid-riser?
— Uniform hay non-uniform?
4 o — 15f —
1 . 0.5
- =1 ] -0.5 ]
e +-4 — 1-15
(a) (b)
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‘Bﬂg Vidu?2

x(t)

X (output amplitude) A

3.9 - - - __ —
2 30 F--

‘ 1.3
2 |- - - - __ | | | - t
Lo 1 2 3
| - x (input amplitude)

05 15 25

= V€ ngod ra b0 luong tir theo thot gian [0 — 3]?
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‘B’g Ma hoa

= Anh xa g14 tr1 lwong tu thanh tr ma riéng biét.
— M4 hoa M-ary: dung M>1 chit s6 (digit) chuan
— Ma hoa nhi phan: chi dung M=2 bit {0, 1}

= Xét ma hoa véi chiéu dai tir ma khong doi v>0.

— S0 luong tir ma t6i da: MV

" Picu kién: sO mtrc lwong tir < SO lwong tir ma
to1 da
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Bit va ky hi¢u

= Truyén nhi phan: chi ¢6 2 ky hiéu truyén (mdi
bit twvong trng 1 ky hiéu)

= Truyén M—ary:?C(') M. ky hiéu truyén khac nhau
(gom cac bit dé thanh M, ky hi€u khac nhau)

» Chu ki (khoang, 4o rong) bit: T,

> Toc do bit: 1,

» Chu ki ky hi¢u: T,

> To6c d6 ky hiéu: r,
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Di1cu ché s6 bang goc

gy
t& (Baseband digital modulation)

= Sy dung tin l}iéu | Baseband o
amg ds truyén cde e Gy
bit (ky hi¢u) thong
tin 2 phé bang géc °(t)
— Ma hoa duong day:

xung ngan htru han

- t
— Dinh dang xung: 5 ()
xung trai rong 4

= Uu nhuoc diém cua
truyén nhi phan va .

truyén M-ary?
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Bing thong truyén
tin hi€u xung ngan hiru han

m B én g th 6 n g 1 High bit ra:‘na hy bits/sec Low bit ratki\zfew bits/sec
phia (tan so
duong) va bang
thong 2 phia Kl H
] A ]
* Bang thong null ol o)
" Bang thong toi  x(t) = Arect(t/T) < X ()= ATsinc(fT)
thi€u " -y
T -1/T, 1/T, (big) -1/T, 1/T, (small)

BW=~2/T, BW= 2/T,
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Kha ning chong nhiéu

&(t) s(t)
A A
1 0 1
+Hv +Hv A-apAh
D -t D - t
o — et e
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‘B.g B0 thu SO

G(f) =Nyl
) l 0 Fegenerator

e
- -

y(t) ¥t}
0 —(— gpy | s
|

Vo—s -

I(I) = Eﬂkp(t — kD) SYAC -~ mmme
P
i) = a + n{1)

Assumed that the noise 1s with Gaussian distribution with zero mean and
variance g°, so:

1 ~wif2c?
py(n) = ——=—=e""

2o’
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‘B’Q Xac suat 10i bit

The comparator implements the decision rule:
* Choose H,(a,=0),ifY<V
* Choose H,(a,=A),1ifY>V

The corresponding regeneration error probabilities are then given by:

A L]
Py = P(Y > V|H,) = { py(¥|Ho) dy
"V
A ¥
Pu 2P < VIH) = | pyOIH)
—

Py (YH ) P )

L e o ——

iR Pl s T LT J'I
0 Vv A
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CJ Xéc suét 13i bit (2)

The threshold value 1s adjusted to minimize the average error probability:
PE=PDPH}+P1PEI

where
P, = P(H,) P, = P(H;)

N ly,
ormally, P— T
0o = £y =3 e = 2Po t+ P.)

Then, for optimum threshold V, we have:

PF{VQPLlHﬂ) = pF(VuptiHI:I

Py = [mpn{dey = Q(g) P, = r puly — A)dy = Q(A — F)

W —ce o

A
r-ol(5)
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P ning luong/cong suat trung binh

X4c suat 101 theo

(i\l AT { >(§/N)z  Unipolar
[

200/ 4Nz L(S/N)z  Polar

(o
E, = HEJ pt) dt = a? Teq
— D

E /Ny = v, Unipolar

Al2a) =
{ }III l:r} {EEE.JHIIND -_ ETb PD].ELT

p = {Q{\ﬁ] Unipolar
: 0(V2y,)  Polar
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‘% Vidu3

Consider a unipolar system with equally likely digits and (5/N)g = 50. Calculate
P,.P.,and P, when the threshold is set at the nonoptimum value V = 0.44. Com-
pare P, with the minimum value from Eq. (7).

Alo =2V1x50=10

P, = (0.4 X 10) = 34 X 107% P, = Q(0.6 X 10) =~ 1.2 X 107°
P,=3(P,+P,)=~17%X10"°

whereas P, = Q(0.5 X 10) =3 X 1077
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Xac suat 16i M-ary

py(ylHyp) pyy\H,)) pYH) py(ylH3)

J

3R LA -AR 0 AR A 34

Then P, = P, = Q(A/20) while the M — 2 inner levels have doubled error prob-
ability, yielding the average error probability

(1~ )al(2) e

P, = P,/log, M

Th.S. Nguyén Thanh Tuan 25
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‘@J Vidu4

Consider the three-level bipolar binary format in Fig. 11.1-1¢ with amplitude prob-
abilities P(a; = 0) = 1/2 and P(a, = +A) = P(a, = —A) = 1/4. Make a sketch
similar to Fig. 11.2-8 and find P, in terms of A and o when the decision thresholds
are at y = *A/2. Then calculate S and express P, in a form like Eq. (16).

P, =1 X 2Q(A/20) + 2 X } O(A/20) = } O(A/20)

A2 A\ 25 )
S=1A2+1—A2+lo=—,(-—-)= e S
R~ 4 Ay +3055 5, 4Ng  2Ngry 2 Tt

so P, = 20(V7v,)

py Ola,=0)
py Olay=-A) py Wla, = A)
i i
| 1
| ]
1 |
/y Y\
== 1 y
-A -A/2 0 Al2 A
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Dung luong kénh Shannon
(1949)

= Theo Iy thuyét (Shannon) toc do truyén thong tin toi
da qua kénh truyén c6 va

cho trudc dé dam bao thu khong 16i: R, <
B.log,(1 + SNR)

* Dung luong kénh Shannon
— Tinh theo bits/s
— Tinh theo bits/s/Hz
= Y nghia: cho dén dau nhitng nim 2000 d3 xuat hién
nhitng giai phap thuc tién tién gan dén gidi han dung
lwong kénh Shannon nho k¥ thuat ma héa kénh.
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‘B’g 8.1 Diéu ché ma xung (PCM)

= H¢ théng tao PCM
= Hé thong thu PCM
= Cac thong so
— S0 digit chuan: M-ary
— S0 digit ma hoa: v
— SO muc lugng tu: q
— Tan s6 16n nhat ngd vao: W
— Tan s6 lay mau: F,
— Toc dd ky hidu:
— Bing thong truyén: B
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‘B’g Hé thong tao PCM

A
& s,
v digits
A0 | pop | | W) | tevel T | agary Parallel | pCM
—1 3H guantizer encoder | | senal
W - .~ converter | 7 =¥

| | .
f,z2W @—! Timer |

* Pham vi1 gia tr1 tin hi¢u -

ngd vao x(t): +1 wl 1
" Luong tu déu 2 1
= Piéu kién ctia M va v? _,—;—q
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‘B J Hé thong thu PCM

DAC
’ v digits '
PCM - —
+ noise | pen | Senal w I_"{ Moarv x5 LpE | Yol
Fegen parallel de Md:g SH | (- '
(5/MV)p converter |, 00O v
Svync 1 I
- I ——+| Timer | |
S PCM receiver
X0 .J':q':-‘f}
-~ Q- -
Slg + \" -
£ G‘..
xkTy -

3g & J.F By
7 1
s ™y

g L 1 )

| E: e
0 s ! ! : : t
__'[I,'q A ij
Reconstructed waveform
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Analog —— campler 1Quantizer—* Encoder |—  Digital
signal signal

trl” :-__.1. ......... _.-:.l.-::__::_..

PAA FLITEES

Sampling: a continuous-time signal is sampled by measuring its
amplitude at discrete time instants.

Quantizing: represents the sampled values of the amplitude by a finite set
of levels

Encoding: designates each quantized level by a digital code

Th.S. Nguyén Thanh Tuan 31
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‘B‘g DAC

1101101 1111001 1111001 1101011 1311803 1111810131801 1111001

Received Y U VR S Wy W S S
digltal signal 4 & & & & & & c,
] Mg
decoding ] |

Recovered signal
with discrete levels

interpolation

Recovered
analog signal
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Vidu5

Code Code Quantized

number level 4 v(1)
111 7 3.5 B ikl
110 6 2.5 2 VA S
2 / 1 \
101 - 1.5 ? A2 \
1A~ A}
100 4 05— —f A
0 ' .
011 3 -0.5—4% ; S t
010 2 -1.5. 3 : i ' AY 7/
2 ' —X 3
001 1 -2.5 = . :T 3\ // E
000 0 -3.5 - : E : : : i
Sampler Sampled value -0.25 3.3 1.2 -28 -3.8 -2.1
Quantizer Quantized value -0.5 3.5 15 -25 -35 -25
Encoder Code number 3 7 5 1 0 1
Binary code 011 111 101 001 000 001
Parallel-to-serial converter | | mE N -

011 111 101 001 000 001
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‘B’g Cac thong s6 PCM

The encoder works with M-ary digits and produces for each sample a
code word of v digits. If the quantizer has g quantum levels, then:

g=M"v=loguq
For binary PCM, g = 2",

The signaling rate becomes: r = vf, , where f, = 2W.

Therefore, the bandwidth needed for PCM baseband transmission 1s:

Br=ir=5f =vW

Th.S. Nguyén Thanh Tuin 34
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‘% Vidub6

A binary channel with r, = 36,000 bits/sec is available for PCM voice transmission.
Find appropriate values of v, g, and f; assuming W = 3.2 kHz.

36,000
6400

pf, = 36,000 and f,=2W=6400 v = =S H=bp =5

sog=2 =32, f,=rfr =72kHz

Th.S. Nguyén Thanh Tuin 35
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‘B’g 8.2 Nhiéu trong PCM

= Nhiéu lugng tir déu
= SNR lugng tir déu
= Luong tir khong déu
— Muc dich
— Nguyén tac
— Thuc hién
e Téiuu
* B0 nén gian
— Luat A
— Luat p (mu)

* PCM v61 nhi€u: ngudng sai

Th.S. Nguyén Thanh Tuin 36
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‘B’g Tinh toan nhiéu lugng tir déu

= Nhiéu lugng tir: sai so lugng tir (bién ngau nhién)
= Gia st tin hiéu ngd vao c6 pham vi gia tri 1, s6 murc
luong ttr q (dt 16n) dé sai s6 luong tir doc 1ap va
khong tuong quan véi tin hi€u ngd vao
— Budc luong tir
— Pham vi1 gia tr1 sa1 s6 luong tur
— Ham mat d6 xac suat (pdf) ctia sai s6 luong tir
— Gia tri trung binh cua sai s6 luong tir
— Phuong sai cua sai s6 luong tir
— Cong suat nhiéu luong tir
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‘B’g SNR lugng ttr déu

= Kénh truyén 1y tuéng (khong nhiéu)

. A 5
— Nhi phan: (E) = 10 logy (3 X 22S,) = 4.8 + 6.0v dB
n

= Kénh truyén AWGN véi xac suat 16i Pe

(%), e

N/, 1+44g*P, "

> Vi tin hiéu (thoai, 4m thanh, y sinh) c6 cong suat dinh 16n
hon nhi€u so v61 cong suat trung binh thi SNR kha thap

Th.S. Nguyén Thanh Tuin | 38
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‘% Vidu7

Consider a maternal-fetal electrocardiograph system (ECG) where the ECG signal
strengths of the maternal and fetal components are on the order of 1 volt and 100 uV
respectively. Based on these signal levels, let’s assume that the fetal signal has
5. =5 % 1077, If we employ a 1-volt bipolar 12-bit ADC, then using Eq. (7) we get
a(S/N)p =48+ 6 X 12 + 10log (5 X 107?) = —6.2 dB. On the other hand, if
we use a 16-bit ADC, we get a (S/N)p = 4.8 + 6 X 16 + 10log (5 X 107%) =

17.8 dB. Furthermore, if we compare these two cases with respect to voltage levels,
the 12-bit ADC gives us a peak-to-peak quantization noise of 2/2'? = 488 uV
which exceeds the 100 .V input signal level. However, with the 16-bit ADC, we
only get a peak-to-peak quantization noise of 31 uV.

Th.S. Nguyén Thanh Tuin 39
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‘@J Vi du 8

Consider binary PCM transmission of a video signal with f, = 10 MHz. (a) Calcu-
late the signaling rate needed to get (5§/N), = 50 dB when S, = 1. (b) Repeat (a)
with S, = 0.1.

(@) 48 + 6v = 50dB=>v = 8, r = vf, = 80 Mbps
b) (S/N)p=48+6r—10=50dB=-» = 11, r = 110 Mbps

Th.S. Nguyén Thanh Tuin 40
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g Lugng tir khéng deu (non-uniform)
e B0 nén gian

B
2,
Ll e
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Normalized output |

0.75

=
Ln

Nén gian luat p
(Bac My va Nhat Ban)

025 /

1.0 —
= 0.75
= 7 largemu
E 0.5 /
E J
0.25 /7
0.25 0.5 0.75 1.0 0 0.25 0.5 0.75 1.0
Normalized input |m| Normalized input |m)|
In(1 + p|z
F(z) = sgn(z) Qrpel) 1<z<1
In(1+ p)
Fl(y) =sgn(y)(1/p)(L+p)" -1) —1<y<1
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l‘juu
oR

A=281.7
A (87.6)
0.75 :ftna- :
= ~ =
3 3
g 05 i
= =
: . :
2 2
0.25
0 0.25 0.5 0.75 1.0

F(z) = sgn(x)

Normalized input |m|

Akl lz| < &
1+In(A4)’ A
1+ln(Alz)) 1
———— — <
4in(4) ’ A4 = 2|

CuuDuongThanCong.com

Nén gian luat A

(Chau Au)

1.0

0.75

=
Ln

0.25

F~'(y) = sgn(y)

<1

Th.S. Nguyén Thanh Tuin
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large A

0.25 0.5 0.75 1.0
Normalized input |m|

|y|(1-+In(A)) 1
A [yl < 1+In(A)
exp(|y/(1+In(4))-1) 1
A " T = <1
43
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‘% Vidu9

Companding will reduce the quantization errors. Consider a . = 255 compandor to
be used with a v = 3 bit quantizer where the output varies over =8.75 V. For an
input of 0.6 V, what is the €, with and without companding?
3 — bit quantizer = 8 levels, with x_,, = 8.75 V =>step size = 235 V.
For an input of 0.6 V=x, = 1.25V=+¢g, = 125 — 0.60 = 0.65 V.
In (1 + 255 X 0.6/8.75)
= 4.60

In (1 + 255)
4.601 feeds to a quantizer => x;, = 3.75 V.
x, 1s then expanded using Eq. (13):
8.75
SUEE o AT5/8T5 _ 1] = (.34
755 [( 255) 1] =103
e, = 0.60 — 0.34 = 0.26 (with companding) versus
gq = 0.65 (without companding)

With companding: z(x) = 8.75(

X

Th.S. Nguyén Thanh Tuin 44
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PCM: phia phat

Continuous-time Anti-aliased
Message Cts-time Discrete-time Digital PCM Data
Signal Signal Signal signal Sequence
Low-pass . /
Source / Filtzr / = Sampler = Quantizer / = Encoder

N — L — [ —_ L — 000

Anti-aliasing Sampling above Using a Maps Numbers 001

Filter Nyquist with Non-uniform to Bit Sequences 010

Narrow Rectangular Quantizer 011

: PAM Pulses 100

mi-T) MO mT)

1 T mew 101

v—l 1 H 1 : : 110

oy s .| Amplitude Unlform 111

= | UUU Compressor Quantizer
L. / A
-3\.'-' —
a = ‘:I I I_
e IR L '2i| IS e s
g o vln]
E 0as lllllr
7\ .
o EE1] E] [R] 18
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PCM: trén dudng truyén

PCM Data Channel
Sequence Output -
= /" [Tranmission| / =
=| Transmitter > »| Receiver |z
=] Path =
a
PCM Data —_— P Py ; -
Tranmission Regenerative Tranmission Regenerative Tranm|55|Dn Channel
Slﬁaped for — . i R t - . F— 8% — R t _.‘C]
Transmission Line epeater Line epeater Line utput
miml J J L, / \
’L Distorted Regenerated
2 Deci ki
— L~ cpow —o(AmPlfier| — pectonmaig )
F.l"l " uou uou u-] " F.l"l " HD" Wave Equa 1zer Wave
| | | =t TlmingJ
BIT ERROR L
Original PCM Wave
i1, | |
Th.S. Nguyén Thanh Tuan 46
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”
<D

= Lam la1t Vidu 5

Th.S. Nguyén Thanh Tuin

PCM 1 bit
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‘B’g 8.3 Dicu ché Delta (DM)

" Muc dich
= B0 phat
— Biéu thtc
— Dang song
— Tbc dd
— Bing thong truyén
= Bo thu
— Biéu thic
— SNR
= Cac diéu ché ma du doan khac: DPCM, LPC
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‘B‘g B0 du doan

Consider a discrete-time signal x(£) = x(&7T_). When the sampling
frequency 1s greater than the Nyqust rate, x(k) roughlv equals x(&-1).
Therefore, for the quantized sample Iq(ﬁ.‘- 1), we obtain prediction value
of _rq(ﬁ:]:

Eq{k] = xk — 1)
Thus,

x (k) = X (k) + e, (k)

where quﬁ') 15 the prediction error. Consider a accumulator as:

e, (6) x4(K)

O

L Delay T,

%K) = x (k — 1)

Th.S. Nguyén Thanh Tuin 49
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Bo phat DM

xglk) = eglk) + €glk — 1) + xg{k — 2)
=€, lk) + ek~ 1)+ efb—2)+ -

At transmitter the DM signal 1s generated as:

qu:k:] l——1 Delay T, ]erCb

e(k) = [sgn e(k)]A

where €(k) = x(k) — :“:",;.{k}: granular noise (same as quantization noise)

Th.S. Nguyén Thanh Tuin
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‘B’g Pac tinh DM

DM system achieves digital transmission of analog waveform with very
simple hardware compared with PCM system.

Prediction error Eq{ﬁ:] has a binary waveform, with signaling rate r, =f_, or
one bit per sample (DM 1s also called one-bit PCM). The transmission
bandwdth 1s:

Br = r,/2 = f,/2

DM waveform: X! ) changes by = A every T; = 1/f, seconds
the maximum DM slope is *f,A

Start-up
e, '
x(e) T )("?A 2 |.?C(f) max
_J___I__ - TF *_‘_R.—.
- |
*alf) : e ey B —
& Slope overlead
j oo Bl o
€qlt) — = — i
-A | H H J H i

Th.S. Nguyén Thanh Tuan 51
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‘B.g B0 thu DM

DM receiver:

e, (t—T,) X (1) = x(1) - €(1)
' v ] r
Elbui Regen Accurnulator | LPE ——H:-{ }
. = | g8=W
noise

The output of the accumulator can be obtained as:

xgk = 1) = Tk) = x(k) — e(k)

using:

X (k) = x,(k — 1)
e(k) = x(k) — x,(k)

When x(7) increases or decreases too rapidly: slope overhead
(fundamental limit of DM).

Th.S. Nguyén Thanh Tuan 52
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®—~> Quantizer |——» Symbol-to-bit - » bits
Mapper

Main difference between
predictive coder and PCM

E, 4
bits , n L s . Xn
Bit-to-symbol ___[ ) LPE
received Mapper : + i
after being : # |
sent across channel | an
undoes symbol-to-bit  nothing here to undo removal of undo sampler effects
mapper undo quantizer effects predicted value

Th.S. Nguyén Thanh Tuin 53
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‘J M3 hoa du doan tong quat (2)

* E nho quanh 0 = dung bd lwong tir 2 mue -
1 bltlsymbol - toc d6 bit ngudn thap = bing
thOng truyén it.

* E_nhd quanh 0 = sai s6 luong tir nho >
SQONR 16n

X, = b X,

h X P

= DPCM: X, :Zaﬁcxn—ﬁc f:z‘
k=1

Th.S. Nguyén Thanh Tuan 54
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DM

; X E £ |
K+ " : i Symbol-to-bit bits
—— '—><9—> Quantizer ——» | YT
sampler H Mapper
A— -(¥)
A N =N A
Py g b et PP 3,
%
a a =argmin E[(x, —x,” )*]
receive /I:E\ " a
bits |Bit-to-symbol n o4 ¢
Mapper -\t > LPF— R(l
PP . (1)

=
I

; Rk =Elx -x 1]
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‘B‘g DPCM

x(t) xn n n "
K—l@—» Quantizer _'_FSymboI—to-blt >

sampler — : Mapper

- - K-tap Predictor ---- !;I\n
A A
Bit-to-symbol "t "
__, |Bit-to-symbo |® > LPF >
Mapper . :
| | . P 2
I S XpP Ketap Pmdictor‘: a,a,,...,ay, =argmin E[(x, —x,~ )]
_);:” = akx”_k )87 oy
pan (R(0) R(1) .. RU-K)\(a ) (R()
\R\'(K_l) R‘c(K_z) Rx(o) \aKJ R\'(K)
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‘B’g DPCM (2)

Differential pulse-code modulation (DPCM) combines prediction with
multilevel quantizing and coding.

Transmitter:

€44) DPCM

x(k) + -level
_@— qﬁa:xﬁ;er «] Encoder |j——
x (k)

x (k) ¢——— Predictor

For g quantum levels, with binary code word of v = log,q bits, the data
rate and the transmission bandwidth are:

Ty = Vs Br = vfy/2

Th.S. Nguyén Thanh Tuin S7

CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

‘B’g DPCM (3)

Predictor:
x (k)
a7 | T, —
@ - ©
‘ 2, (8
R T
Receiver:

DPCM | L2
Decoder ’——-@ T——
1— Predictor —'—J

(k)

Th.S. Nguyén Thanh Tuin 58
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Piéu ché thich nghi ADM

= ADM is a modification of DM in which the step size
IS not fixed.

= ADM reduces slope error: when several consecutive
bits have the same direction value, the encoder and
decoder assume that slope overload is occurring, and
the step size becomes progressively larger.
Otherwise, the step size becomes gradually smaller
over time.

= ADM increases quantizing error = can be reduced by
using a low-pass filter.

Th.S. Nguyén Thanh Tuan 59
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‘B’g Piéu ché thich nghi ADPCM

= ADPCM is a variant of differential pulse-code
modulation (DPCM) that varies the size of the
quantization step, to allow further reduction of the
required data bandwidth for a given signal-to-noise

ratio.

» The adaptation to signal statistics in ADPCM consists
simply of an adaptive scale factor before quantizing
the difference in the DPCM encoder.

= ADPCM was developed in the early 1970s at Bell
Labs for voice coding.

Th.S. Nguyén Thanh Tuan 60
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‘B’g M3 hoa du doan tuyén tinh LPC

Linear Predictive Coding (LPC) 1s a novel approach to digital
representation of analog signals. The method uses FIR filter and auxihiary
component to synthesize the waveform. The parameters of waveform
synthesizer are then encoded for transmission instead of the actual signal.
LPC 1s well suitable for speech synthesis and transmission.

Speech synthesizer:

White-noize

. generator |
| v",,:;_.{>__o Synthesized speech
I + -
T

‘ Impulse-train : [ |
generator : Transversal |

I filter
l Voiced or
Pitch frequency unvoiced Amplifier I

aain _
Tap gains

Th.S. Nguyén Thanh Tuin 61
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‘B’g LPC (2)

The amphifier and filter tap gains are adjusted to model the acoustical
properties of vocal tract. This system 1s also called vocoders.

LPC transmitter:

*L&) +..<:}_..E':E' LPC signal
I Encoder ——=

- 4
‘7 Analyzer Eq[ kY
|

* FParameters

¥

~1

Synthesizer

Sample values of voice are analvzed to determine the parameter for the
synthesizer. The different value between voice sample and synthesized
sample 1s encoded along with parameter values to form the transmitted
digital signal.

Th.S. Nguyén Thanh Tuan 62
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‘B’g LPC (3)

Normallv, a complete LPC codeword consists of 80 bits: | bat for
volced/unvoiced switch, 6 bits for the pitch frequency, 5 bit for amplhifier
gain, 6 bits for each of 10 tap gains and few bits for the difference.

The parameters are updated every 10 - 25 ms (equivalently, sampling rate
at 40 - 100 Hz). So the bit rate 1s very small: 3000 — 8000 bps

LPC receiver:

£4(k) Xolk)
LPC 2O

Decoder }

_,.l Synthesizer ———

Th.S. Nguyén Thanh Tuin 63
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”
<D

So sanh cac phuong phap
diéu ché ma hoa nguon

Encoding Sampling Bits per Bit rate,
method rate, kHz sample kbps
DM 64128 1 64-128
PCM 3 T-8 56—64
ADM 4364 1 4864
DPCM ! 46 F2-48
ADPCM 3 -4 24-32
LPC 0.04-0.1 = 3] 3-8

Th.S. Nguyén Thanh Tuin
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= Kénh truyén bang dai?

input 5p£ech

-

Source Coder
PCM

A

Source decoder
for DCM

CuuDuongThanCong.com

Bits
L10110..

Bits
L1010...

Y

Modulator

Y

Channel

Demodulator

Th.S. Nguyén Thanh Tuin
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‘?% Vén d& véi didu ché sé bang ghe

FCC says your signal
must lie in the

462.5625 MHz to
462.7125 MHz

range
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’ 8.4 Diéu ché so bing dai
&3 (Bandpass digital modulator)

T 1, | ==

Digital/analog
modulation

=

h AN
V),

VAV,

Digital/analog
modulation

FSK

Th.S. Nguyén Thanh Tuin

66



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

ASK

Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 1 0 1 0

1 baud E 1 baud E 1 baud E 1 baud E 1 baud
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Amplitude

A

1 bit

Bit rate: 5

1 bit
1

1 bit

Baud rate: 5

1 bit
0

1 bit

1 baud 1 baud 1 baud 1 baud 1 baud
- 1ls >
Amplitude
A
Bit rate: 10 Baud rate: 5
2 bits 2 bits 2 bits 2 bits 2 bits
01 10 10 11 00

1 baud

1 baud

1 baud

1 baud

A

Th.S. Nguyén Thanh Tuan
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PSK

Bit Phase
0 0
1 180
Bits
1 ‘ 0
@ .
Constellation diagram
Dibit Phase 01
®
00 0
01 90 10 ® ® 00
10 180
11 270
®
Dibit 11
(2 bits) Constellation diagram
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ASK/PSK Bandwidth

Amplitude
A

Minimum bandwidth = M, q

g

N g

(f M baud/ 2 Cf::" - M baud/ 2)

Th.S. Nguyén Thanh Tuan 69
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N(t)

Channel T

cos(2nf.t)

1 (0) 1 1

[ATATY i (VIVIVANIN
VUV UUUUY

1 (0] 1 1

AAALAA

VUTVUYVY

AM-DSB

ASK/PSK Demodulation

nTb — I'1

Tb r nT +N nT “1” OI‘ ((O))
s(t)——-é__®_. I _>< (nTy)+NC bZ |
Tan

m(t)

P, = p(N >.25A0Tb)=Q(Wj:Q( 5—2)

" P, = p(N >5A£)=Q(@)=Q( )

Th.S. Nguyén Thanh Tuan 70
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& QAM

= Quadrature amplitude modulation is a combination of
ASK and PSK so that a maximum contrast between
each signal unit (bit, dibit, tribit, and so on) is

achieved.
A
011
01 *y T g 00 lo10
NN P 101 001
¥ > ® = *—o >
“1 s 100 000
,I \\ .
10 & ®11 L
Y111
4-QAM 8-QAM
1 amplitude, 4 phases 2 amplitudes, 4 phases
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8-QAM

Amplitude
A Bit rate: 24 Baud rate: 8

3 bits 3 bits 3 bits 3 bits 3 bits 3 bits 3 bits 3 bits

101 100 001

A

000 010 011

YV

Ad

\
\ g
UV v\ e
VU A

1 baud . 1 baud | 1 baud | 1 baud | 1 baud 1 baud | 1 baud 1 baud
|< ls "‘I

110 111

i

S

——————
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‘Bﬂg 16-QAM

= Bing thong t6i thiéu Bmin = Nbaud (nhu ASK
va PSK)

3 amplitudes, 12 phases 4 amplitudes, 8 phases 2 amplitudes, 8 phases
® ®
® @ O @ , ,
~ ‘\ JJ '/ . ‘ . . I .
\ / . ; ’, ® .
Y \ 7 #
o._ o & __e L S | « 9
“h"":.\\\f‘r.—"d” \\\:/’ \:
Pl o -Gl - - - - -0 O--®----J-----0---®
PR S .
.-.i" ., 7 \ \. "'--....,“. | \\ , " .
& e . ® P : o
L \ .
7 _," \\ ASS ., ‘ \'. @ ? \.
@ o i ® J 1
¢ 6
16-QAM 16-QAM 16-QAM
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Amplitude
A
Bit rate: 5 Baud rate: 5 1 o) 1 1
1 bit 1 bit 1 bit 1 bit 1 bit W{\ {\ (\ q ﬂ ﬂ ﬂ
0 : 1 : 1 : 0 : 1 : | ﬂ U U U UﬂUﬂU(\UnU UﬂUﬂU UU
FM
1 baud E 1 baud E 1 baud E 1 baud E 1 baud E
< 1s >|
Amplitude | BW = £ = o+ Myaud _
A
- Mawd/2 fo — I o Maud/2
< | | >
g 1y Freq;ency
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‘B‘g FSK Coherent Demodulation

nT
@ T, )‘{ r,(nT,)+N,
X

\ 4

T 66199 or 66099
s(t)+n(t) 0
— 4 cos(anft) Comparator —

nT,
—O—

){ I'z(nTb)"‘Nz“
!

cos(2nft)

—

E, (1 -sin(2rAfT,)/(2nAfT,))
P, = Q" N,
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FSK cua Sunde

» F2 — F1 = Nbaud = 1/Ts = truc giao
= Pho c6 2 thanh phan roi rac tai 2 tan so ky hiéu
—> thuan loi khi kho1 phuc song mang.

= Pho trai rong.

S(f)=—

-

cos(r fT.

O(f — 5—)+5(f+ 5—)+ [

Th.S. Nguyén Thanh Tuin
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|

-
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MSK
(Minimum Shift Keying)

» F2 - F1 =0.5Nbaud =2 truc giao
= Pho khong co thanh phan roi rac.

= Ning luong trong bup chinh hep va bang phiang hon.

* Nang luong cac bup phu giam nhanh hon.

= CO sy thay doi pha khi thay doi trang thai = b thu
khai thac thong tin thay do1 pha dé€ cai thién chat
luong

-3

16T |:cos(2:a'rﬂ; :|2
T

SUD= T e

L. —
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Modulation

Units Bits/Baud Baud rate

Bit

Rate
ASK, FSK, 2-PSK Bit 1 N N
4-PSK, 4-QAM Dibit 2 N 2N
8-PSK, 8-QAM Tribit 3 N 3N
16-QAM Quadbit 4 N AN
32-QAM Pentabit 5 N 5N
64-QAM Hexabit 6 N 6N
128-QAM Septabit 7 N /N
256-QAM Octabit 8 N 8N

cccccccccccccccc

Th.S. Nguyén Thanh Tuan
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‘Bag DPuong day dién thoai

\ ™\

(Used for voice) CUsed for data)

|
300 600 3000 3300
|

_——————— 0

i ' 2400 Hz for dat '
: |< Z 10T dala >|
|

3000 Hz for voice

Fy
Y
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Telephone
network
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Sampling and noise here limits
communication from A to B

|- —-—-—-= 1
[ [] Telephone T1 1 | Inverse :
TN ST

7

AtoB
Quantization Modem
noise happens in the telco 01101

office near A

Sampling and noise here limits
communication from B to A

| 1
I Inverse | Telephone 11 [
rar (e ) H

Bto A
Quantization
noise happens in the telco
office near B
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Sampling and noise
here limits communication

=== =-=== I
PCM [T1 [ Telephone

| 1
= e

Uploading,
quantization noise

[1T1 [ Telephone

0
[T1 ][] =
|
—
> ISP
server

i m
O

5
I

T S

ISP

Downloading,
no quantization noise
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‘B’g 8.5 Ghép kénh theo thoi gian

* Nguyén 1y hoat dOng
" So do khoi
= Dang song phan bo kénh theo thoi gian
= Cac khoi ghép kénh chinh va phu
— S0 ngod vao
— Tan so lay mau
— Toc d6 xung di€u khién

— Tin hiéu dong bd
= Nhiéu lién ky tu (ISI)
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So do khoi
ghép kénh theo thoi glan TDM
r=Mf,=2MW

”
<D

Inputs LPFs LPEs Output
x{D) —_— — X (1)
x3(1) _"" Transmission| "f: fane x(1)
x3(1) —-——I--_‘_r—"u. channel PR —— x50

]i_.._l____.. x(0)

Xk )

xy{r) &
1. ¥ .
| 1
| f;
.1"1 33
Multiplexed H /] [\I H i
PAM wave rl I_I ﬁ . H :
| 1
Frame | - Mf, |
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» Dang song
& ghép kénh theo thoi gian TDM

1 Marker =x X, xpe_y Marker x

PAM
I
PDM [ ]
. [
PPM W % W _| ﬂ =
= ‘

Frame
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‘B.g Vidu 10

Sampling rate, Hz

signal  Mimmum  Actual Marker
x(t) 3000 4% 750 ,I
x5 700 730 : TDM
}_ f=750 | OTP%
x3(t) 600 750 M=3
x4(1) 300 1/2x730 f, =375
xsir} 200 L/2x750 M= 2
1 Clock
+§ |- 6 kHz
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”
<D

Suppose the output in Fig. 7.2-11 is an unfiltered PAM signal with 50 percent duty
cycle. Sketch the waveform for two successive frames, labeling each pulse with its
source signal, Then calculate the required transmission bandwidth B, from Eq. (6),

Sect. 6.2.

T - 3
|
(1 ™ [
-

1/750

I NN
=
=
N
-
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‘B’g Ghép kénh so6

There are 3 categories of multiplexers:

* Synchronous multiplexer: A master clock governs all sources,
thereby eliminating bit-rate vanation.

* Asynchronous multiplexer: used for digital data sources that
operate 1n start/stop mode, producing burst of characters with
variable spacing between bursts.

* Quasi-synchronous multiplexer: used when input rates have the
same nominal value but vary within specified bounds.

Two main hierarchies: AT&T hierarchy for North America and Japan
and CCIT hierarchy in Europe. Both hierarchies are based on a 64-kbps
voice PCM unit and have the same structural lavout shown as below
higure:
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Phan cap trong phan kénh so6

re——

Voice I Channel
PCM ; bank Second
64 kbs __*

MUX

. | Thard
: | level
First level -
. MUX Fourth
L. | level

__"‘ll _" MUX r
AT&T CCIT

Numf};r QOutput rate, Number Output rate,
of inputs Mbps of inputs Mbps
First Level 24 1.544 30 2.043
Second Level 4 6.312 4 8.448
Third Level 7 44,736 4 34.368
Fourth Level 6 274.176 4 139.264
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Khung ghép kénh so

(T1)

1 | | Signaling
" LPF S/H l information ‘ -
Analog 2 [ ) ] M f signal
Imic: —= LPF & S/H | il—- Encoder .——----J Processor ’—-
inputs ; TDM TDM |
24 * - I PAM PCM I
-1 LPF ﬁ £ = S/H
24 x 8 kHz 1.544 MHz
| Flipflopchain | x-24_ | s Clock
193
(a]
Frame bit
“\\ Channel 1 Channel 2 Channel 24
:ﬁfliﬂdﬁlﬁ?ﬂ-*ll‘_‘:d-ﬁﬁ?ﬂ* 1234567 8%
" L1141 NN |

CuuDuongThanCong.com

193 bits, 125 ps
(b)
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‘% Viduy 11

Consider a voice TDM system with 24 channels, each one having a data rate of 64
kbps but, because of the intermittent nature of speech, is utilized only 10 percent of
the time. We want to transmit a fax page consisting of 8 million bits. If we employ
message switching using all the channels that are available 90 percent of the time,
our waiting time is 1/(24 X 64 kbps X 0.9) = 0.72 us/bit X 8 million bits =

5.8 seconds. On the other hand, if we use circuit switching and only one of the TDM
channels, our waiting time is 1/(64 kbps) = 16.6 us/bit X 8 million bits =

125 seconds. Therefore, if we can tolerate the intermittent delays associated with

store-and-forward switching, we have a relatively efficient method of quickly trans-
ferring data.
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‘@J Vidu 12

Assume that the first-level multiplexer in the CCIT hierarchy is a synchronous
voice-PCM channel bank with 30 input signals, output bit rate r, = 2.048 Mbps,
and no bit-robbing. Find the number of framing plus signaling bits per frame.

Voice PCM bits/frame = 30 channels X 8 bits/channel = 240 bits,
Thame = lf[E kHz) = 125 us
240 +

125 s

r_

= 2.048 Mbps = n = 256 — 240 = 16 bits/frame
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PCM-30

O
&2 (E1)

T6c do truyén xung dong bo khung: Rer = 7bit/khung x 4. 103
Khung/s = 28 kbit/s.

T6c do truyén xung dong bo da khung: Rey,e = 16 Kbit/s

Toc d6 truyén xung goi chudng (bao hiéu) ciia mot thué bao:
Rsig = 2 kbit/s

Toc do truyén xung canh bao mat dong bo khung: R, =4
kbit/s

T6c d6 truyén xung canh bao mat dong bo da khung: R ye =
0,5 kbit/s

Th.S. Nguyén Thanh Tuin 93


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Phan cap so can dong bd
PDH

» E0=TO = DSO = JO = 64kbps

= Chau Au (CEPT): x 30(E1:2048) x 4(E2:8448)
X 4(E3:34368) x 4(E4:139264) x 4(E5:564992)

= Bic M¥: x 24(T1:1544) x 4(T2:6312) X
7(T3:44736) x 6(T4:274176) x 2(T5:560160)

= Nhat Ban: x 24(J1:1544) x 4(J2:6312) X
5(J3:32064) x 3(J4:97728) x 4(J5:400352)

= Quoc té (CCITT/ITU-T) Ghép xen bit

Th.S. Nguyén Thanh Tuan 94
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Phan cap so dong bd
SDH/SONET

ﬁ (C = Optical Carrier (ANSI)

{ptical SONET SDH Line Rate Payload {verhead SONET SDH
Level Electrical | Equivalent (M bps) Hate Hate Capacity Capacity
Level (Mhbps) (Mhps)
(-1 5Ts-1 - S1.540 s0.112 1.728 18 D%-1s ar 21 Els
1 D5-3
(-3 ETs-3 ST M-1 IS5, 520 1503346 51584 B4 DE-15 ar 63 Els or
3 D5-3s 1 E4
(HC-12 5T5-12 STH-4 62 2. 0kE0 6ili]. 344 20,736 336 D&-1s or 151 Els or
12 D&-3s 4 Eds
CHC-45 5T5-45 5THM-16 24ER. 320 405376 RI944 1.344 D5-1s ar I.iMiE Els ar
45 D5-35 16 Eds
(MC-192 STS-192 5THM-64 Y9E3, 280 Q621504 JIL.776 5376 D5-1s or 4,032 Els ar
192 D535 fid Eds
5TM = Synchronous Transport Maodule (ITU-T)
5TS =5ynchronous Transfer Signal (AMNE])

Gheép xen byte

CuuDuongThanCong.com
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‘Bﬂg Khung STS

a0 bytes | _ 90 x n bytes |
| |
T
810 bytes 9 bytes 810 x n bytes 9 bytes
T T
a.5T5-1 frame b. 5T5-n frame

Frame transmission: A SONET STS-N signal 1s transmatted at 8000 frames/s

8000 frames/second

First

byte Left ;?‘Jight \j R\\\\
NN

top to bottom

Last

byte \

a. Byte transmission b. Frame transmission
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-

= Tinh toan x4c suat 16i bit?

= Céc thong so cta hé thong PCM?

= Tinh toan nhiéu luong ti?

* B0 lugng tir nén gian?

= Dicu ch¢ DM?

= Piéu ché s6 ASK, PSK, FSK va QAM?

* Thuc hién ghép kénh theo thoi gian TDM?
= Phan loai ghép kénh s6?

= Toc do dit lieu chuan T1/E1?

Th.S. Nguyén Thanh Tuin
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Bai tap 1

= Cho 4 tin hiéu tuong tu bang goc khac nhau co tan so
16n nhat 1an luot 12 2, 3, 4 va 5.1@ KHz duogc ghép
kénh theo thoi gian TDM (can 1 tin hiéu dong bo).
V& 1 so do khoi thuc hién viéc ghép kénh vai cac
théng so cu thé (s6 ngd vao, tan so 1ay mau) va tinh
bing thdng yéu cau to6i thiéu cia kénh truyén tuong
tng voi so do thiét ké trong cac trudng hop sau:

a) Chi dung 1 bo ghép kénh 8 ngd vao.

b) Chi dung cac bd ghép kénh tbi da 4 ngd vao.

¢) Kénh truyén chi c6 bang thdng ti da 19 KHz.

Th.S. Nguyén Thanh Tuan 98
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Bai tap 2

= Cho 4 tin hiéu tuong tu bang goc khac nhau co tan so
16n nhat 1an luot 12 2.1@, 3, 4 va 5 KHz duogc ghép
kénh theo thoi gian TDM (can 1 tin hiéu dong bo).
V& 1 so do khoi thuc hién viéc ghép kénh vai cac
théng so cu thé (s6 ngd vao, tan so 1ay mau) va tinh
bing thdng yéu cau to6i thiéu cia kénh truyén tuong
tng voi so do thiét ké trong cac trudng hop sau:

a) Chi dung 1 bo ghép kénh 8 ngd vao.

b) Chi dung cac bd ghép kénh tbi da 4 ngd vao.

¢) Kénh truyén chi c6 bang thdng tbi da 18 KHz.

Th.S. Nguyén Thanh Tuan 99
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Bai tap 3

= Cho 3 tin hiéu tuong tu bang goc thuc khac nhau cé
tan so 16n nhat 1an luot 1a 2KHz, 3KHz va 4KHz
duoc ghép trén 1 kénh truyén.

a) Trong trudng hop kénh truyén c6 biang thong 12.@
KHz, vé 1 so do khoi (nguyén ly) dung phuong phap
ghép kénh theo thoi gian TDM véi cac thong so cu
thé.

b) Xem xét thém phuong an ghép kénh theo thoi gian
TDM thoda diéu kién chi ding cac bo ghép kénh 2, 4
hoac 8 ngd vao.
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‘B’g Bai tap 4

Cho trude mot bd ghép kénh chinh véi 8 ngd vao va tan so lay
mau chinh Fs = 8KHz, dung thém céc bo ghép kénh phu véi 4
hoic 2 ngd vao va tan so lay mau phu twong ung dé thuc hién
ghép kénh theo thoi gian TDM cho 7 tin hiéu ngd vao co bang
thoéng lan luot 1a: 12.0, 4.0, 1.0, 0.9, 0.8, 0.5, va 0.3@ KHz va
1 tin hiéu danh dau ding cho viéc dong bo.

X4c dinh tan s6 lay mau t6i thiéu cia mdi tin hiéu ngd vao.

Xac dinh toc d6 cua tin hiéu sau khi ghép kénh.

V& so do khoi thuc hién viéc ghép kénh trong d6 xac dinh ro

s6 NGB VAo, tan so lay mau va toc dd xung diéu khién ctia moi

bd ghép kénh.
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‘B’g Baitap 5

= Cho hé théng PCM M-ary luong tir déu hoat ddng véi tin hiéu
twong tu CO tan so 16n nhat la 4KHz va cong suat trung binh la
12W.

a) Tim diéu kién khoang luong tir (step size) dé hé thong trén co
ti s0 cOng suat tin hiéu trén nhiéu lugng t SNR > 4@ dB, gia
st nhiéu luong tir phan bo déu.

b) Xé&c dinh bang thdng nho nhat ciia kénh truyén dé hé thong
trén ¢ toi thieu 1@0 tir ma nhi phan.

) Xac dinh co sO M nho nhat c6 thé va tan s6 1ay mau toi da
twong g dé hé thong trén hoat dong véi kénh truyén co
bang théng 15KHz dong thoi van dam bao c6 toi thicu 1@0
muc luong tir.
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‘B’g Baitap 6

= Cho hé thong thu nhi phan s6 hai mic 0V va 5V vai Xac suat
truyén muc 0V 1a 4@%.

a) Gia str hé thong hoat dong trong méi truong nhidu AWGN c6
gia tri trung binh bang 0 va cong suat nhiéu 4W. Tinh x4c suat
16i bit ctia hé thong trong truong hop b quyét dinh ding
ngudng V., =2.5V? Ngudng nay co phai t6i wu (xac suat 16i
bit ctia hé thong 14 nho nhat) hay chua? Giai thich minh hoa.

b) Gia str hé thong hoat dong trong moi trudng nhiéu phan bo
dang tam giac doi xtng trong pham vi 5V, xac dinh ngudng
toi wu dé xac suat 10i bit cia hé thong 14 nho nhat?
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‘B’g Baitap 7

= Cho hé thong thu nhi phan so6 hai mic 0 va A véi Xac
suat truyén moi muc bang nhau. Hé thong hoat dong
trong méi truong nhiéu cdong co gia tri trung binh
bang 0 va cong suat nhiéu (phuong sai) biang 1@.
Xé&c dinh diéu kién cua gia tri muc A dé xac suat 10i
bit t6i wru cua hé thong khdng vuot qua 10-3 trong cac
trueong hop sau:

a) Nhiéu phan b6 Gaussian, biét rang Q(3,1)~ 1073,

b) Nhiéu phan bo déu.
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cJ Bai tap &

= Cho tin hiéu x(t) = 2cos2n30t. V& pho bién do (tir 0
dén 100Hz) ctia tin hiéu sau lay mau trong céc truong
hop:

x(1) Xs(t) X(t) Xs(t) (1) Xs(1)
% h(t) — >
Pideai(t) Pprac(t) Pideai(t)
Hinh 6a Hinh 6b Hinh 6c¢

Hé thong vién thong 2014 Th.S. Nguyén Thanh Tuin 105
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Bai tap 8 (tt)

a) Tin hiéu duogc lay mau bdi chudi xung 1y tudng
Dien (D) = 3 O(t - KT,) v&i T,= 0.01s nhu hinh 6a.

b) Tin hiéu dugc lay mau boi chudi xung thuc té Pprac(t)
=" TI((t - KT,)/0.005) v6i T, = 0.01s nhu hinh 6b.

¢) Tin hiéu dugc lay mau va giit v6i chudi xung 1y
trong pige(t) =, 0(t - KT,) voi T,=0.01s va dap
ung xung h(t) = I1(t/0.005) nhu hinh 6c.

Hé thong vién thong 2014 Th.S. Nguyén Thanh Tuin 106
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Baitap 9

12.1-1"  An analog waveform with W = 15 kHz is to be quantized to g = 200 levels and
transmitted via an M-ary PCM signal having M = 2". Find the maximum allowed
values of v and f, and the corresponding value of n when the available transmission

bandwidth is By = 50 kHz.
12.1-2 Do Prob. 12.1-1 with B; = 80 kHz.
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‘% Bai tap 10

12.1-5* A voice signal having W = 3 kHz and 5, = 1/4 is to be transmitted via M-ary
PCM. Determine values for M, v, and f, such that (S/N), = 40 dB if B = 16 kHz.

1216 Do Prob. 12.1-5 with (S/N), = 36 dB and B; = 20 kHz.

Th.S. Nguyén Thanh Tuin 108
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Bai tap 11

121-7  An audio signal with §, = 0.3 is to be transmitted via a PCM system whose param-
eters must satisfy the standards for broadcast-quality audio transmission listed in
Table 9.4-1. (a) If M = 2, then what are the required values of v and B;? (b) If
By = 4W, then what's the minimum value of M7

12.1-8 Do Prob. 12.1-7 for high-fidelity audio transmission standards.
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Bai tap 12

12.1-9 What is the minimum number of bits required for an ADC to quantize a signal that
varies from 5 'V to 200 mV so that (5/N ), = 40 dB?

12.1=10°  What is the ¢, & and (5/N ), for a PCM system with a » = 12-bit ADC and a bipo-
lar * 10 sinusoidal input?

12.1-11 Do Prob. 12.1-10 with » = 16 bits.
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Bai tap 13

12.1-12 How many bits are required for an ADC to encode music where the dynamic range
is 120 dB?

12.1-13*  What is the minimum size memory required to store 10 minutes of a sampled and
quantized voice assuming S,/o; = 35 dB and f, = 8 kHz.

12.1-14 Consider a uniform quantizer with » = 12 bits and inputs between 0+/—10 V
What is €, for an input of (a) +0.02 volts, (b) +0.2 volis?

Dynamic range = 20log(v_. /v . )
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Bai tap 14

12.2-1* A signal with S, = 1/2 and W = 6 kHz is to be transmitted via M-ary PCM on a
channel having Ny = 0.01 uW/Hz and B; = 15 kHz. Find the smallest value of M
and the corresponding smallest value of » that yields ($§/N ), = 36 dB. Then calcu-

late the minimum value of S, for operation above threshold, assuming the PCM sig-
nal occupies the full transmission bandwidth,

12.2-2 Do Prob. 12.2-1 with B, = 20 k¥Hz.
12.2-3 Do Prob. 12.2-1 with B, = 50 kHz

S,
=N —L >y, =6(B, /W)(M* -1)
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12.4-3

12.5-4"

1255

Bai tap 15

How many bats can a CD store?

What percentage of a CD will it take to store the Bible if it consists of 981 pages,

two columns per page, 37 lines per column, 45 characters per line, and cach charac-
ter has 7 bits?

How many minutes of music can be recorded on a 2-Ghyte hard drive with f, = 44,1
kHz, » = 16 s, and two recording channels?

— . = m wm

FE‘-In'.I.r lnng Elu::: it.-till:ﬂ :::Inlua:;s:ni: ;m.:ﬂ. ‘.-!! llilrihl:h E.mag;e with IS-IZI-III dots per-i:nr."h res-
olution and 1 bit per dot over 2 BRI channel?
Repeat Prob. 12.5-4 with a 56-kbps modem
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Bai tap 16

12.5-1" Several high-Gdelity audio channels having W = 15 kHz are to be transminted via

binary PCM with » = |2. Determine how many of the PCM signals can be accom-
modated by the first level of the ATET multiplexing hierarchy. Then calculate the
corresponding bandwidth efficiency.

12.5-2 Do Prob. 12.5-1 for the first level of the CCIT hierarchy.

12.5-3 Determine the number of voice telephone signals that can be carmed by a 5715-1

SONET.
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Baitap 17

7.2-10*  Twenty-four voice signals are to be transmitted via muitiplexed PAM with a marker
pulse for frame synchronization. The sampling frequency is 8 kHz and the TDM sig-
nal has a 50 percent duty cycle. Calculate the signaling rate, pulse duration, and
minimum transmission bandwidth.

7.2-11

Do Prob. 7.2-10 with a 6-kHz sampling frequency and 30 percent duty cycle.
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7.2-12

Bai tap 13

Twenty signals, each with W = 4 kHz, are sampled at a rate that allows a 2-kHz
guard band for reconstruction filtering. The multiplexed samples are transmitted on
a CW carrier. Calculate the required transmission bandwidth when the modulation
1s: (a) PAM/AM with 25 percent duty cycle; (&) PAM/SSB with baseband filtering.
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7.2-13°

Bai tap 19

Ten signals, each with W = 2 kHz, are sampled at a rate that allows a 1-kHz guard
band for reconstruction filtering. The muitiplexed samples are transmitted on a CW
camrier. Calculate the required transmission bandwidth when the modulation is: (a)

PPM/AM with 20 percent duty cycle; (b) PAM/FM with baseband filtering and f, =
75 kHz.
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‘@J Bai tap 20

7.2-14

Given a 6-channel main multiplexer with f, = 8 kHz, devise a telemetry system sim-
ilar to Fig. 7.2-11 (including a marker) that accommodates six input signals having
the following bandwidths: 8.0, 3.5, 2.0, 1.8, 1.5, and 1.2 kHz. Make sure that suc-
cessive samples of each input signal are equispaced in time. Calculate the resulting

baseband bandwidth and compare with the minimum transmission bandwidth for an
FDM-SSB system.

7.2-15 Do Prob. 7.2-14 for seven input signals having the following bandwidths: 12.0, 4.0,

1.0, 0.9, 0.8, 0.5, and 0.3 kHz.

7.2-16 Do Prob. 7.2-14 for eight input signals having the following bandwidths: 12.0, 3.5,

2.0,0.5,04,03,0.2, and 0.1 kHz
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‘Bﬂg Bai tap 21

11. Evaluate the symbol rate and the bit rate of the PCM system described by the
following:
¢ The sampling rate is 5,300 Hz

¢ The quantizer is an 8level quantizer.
12. A computer sends:
e 100 letters every 4 seconds

e 8 bits to represent each letter

e the bits enter a special coding device that takes in a set of bits and puts out
one of 32 possible symbols.

What is the bit rate and what is the symbol rate out of the special coding device?
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‘B.g Bai tap 22

10.  (a) Plot the u =10 compressor characteristic given that the input values are
in the range [-2.5,2.5].

(b) Plot the corresponding expander.
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‘Bﬂg Bai tap 23

6. Plot the output of a sampler in frequency given:

The input signal has maximum frequency 5,300 Hz.

Ideal sampling is used.
Sampling is at a rate of 5,300 Hz.

The input signal in the frequency domain is triangular (i.e., it is a maximum

at 0 Hz and degrades to 0 linearly as frequency increases to 5,300 Hz (and
to 5,300 Hz).
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‘B.g Bai tap 24

3. Consider the signal

y(e)=x,(t)xx,(r) (Q43)
where

X, (f)=0,|f]>1000 Hz (Q4.4)
X, (f)=0,|f|>2000 Hz (Q4.5)

What is the minimum sampling period that ensures that y(¢) is completely recov-
erable from its samples?
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CJ Bai tap 25

2. Determine the Nyquist sampling rate for the following signals

(1)= sin(40007 ¢)

(a) XU 1 (Q4.1)
in® (40007 ¢
o x()="" Erzr"‘ ) (Q4.2)
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”
<D

Bai tap 26

13. Over the time 0 s to 2 s, determine (1) the input to the DM, (2) the output of
the DM, and (3) the times of granular and overload noise given:

e The input to the DM is x(f) = #?
¢ The sampler offers 10 samples/second
e The step size of the DM is 0.1V
14. (a) Draw the output of the DM given:
¢ The input corresponds to x(f)=1.1¢ + 0.05
e The input is sampled at times t = 0,1,2,3,4
e The stepsizeis 1land a=1.

(b) Repeat (a), this time using a = 0.5.
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‘B.g Bai tap 27

7. Consider a quantizer with an input described in Figure Q4.3.

(a) Draw a quantizer with 7 levels. Make it mid-tread, let it have -3 as its
smallest output value, and make sure that the step size is 1.

(b) Evaluate the mse of your quantizer given the input.
(c) Evaluate the SQNR.

(d) If the input to the quantizer has an amplitude with a probability distribution
uniform between -3.5 and +3.5, what is the SQNR of the quantizer?

p(x) 4
Figure Q4.3 The input pdf
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‘Bﬂg Bai tap 23

8. Find out how many levels a quantizer must use to achieve an SQNR greater
than 30 dB given:

¢ The incoming audio signal is sampled at its Nyquist rate of 8,000 samples/
sec.

e The amplitudes output from the sampler have a uniform probability distri-
bution function.

e A uniform quantizer is used.
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