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Introduction to DSP A

> ozline DSP
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- Mobile phones, Multimedia computers, Video cameras, CD players,
Hard disc drive controllers, Modems, Micro controllers, Microelectronics.

9 Y a dy
> mmwuw@ﬂﬂmmu
o w Y I . Y 1
- NMITMaYUIU Analog 1wzﬂu Discrete fﬂﬁllfﬂﬁ\‘] Z ﬂ']ﬁf!ﬂJ@]’JE]EJN ARERRIISIN
a Jd 12 o a2 J 3
NIINIDNULUY IR, FIR ﬂTﬁ'JLﬂﬁ"l%ﬁV\lulﬁﬂﬁ ﬂTﬁLL‘]JﬁQ‘IQ!L'iEJﬁLLUUi'Jﬂﬁ'J

a Jd v 9) 1 9) X a Jd o
- Tnssnumsinsizvdaaudoyani laslaaiesinnzidyau

77@@ P 2004

Digital Signal Processing



DSP and Derivatives B

. ——*Speech Processing
DSP

Digital Image Processing

\

VDO Technology

/

Pattern Recognition | | Multimedia Communication

DSP 1n Telecommunication
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Basic Knowledge of Signal Processing C
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Basic Knowledge of Signal Processing C
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Basic Knowledge of Signal Processing C

A o

» msdszunanadyanaang

Aon151lse maﬁmmmiﬂﬂm YU AL YIODNVDITL UV U
ﬁtytym“lmmum Wuwannmsianmalulagns
DONUUULASNANINITTIN

§1961991/M38155 VY 1Y IC chip, Microprocessor

> Y0 y > Y000
sz ?I"V]‘ﬁﬂﬂ/\lmm ANULN UG
deeunueuiaen ANTINUADT Y IUTUNI

Ist S 2‘“
warachai@

\=%/ Digital Signal Processing  Suphe




Signal & Signal Processing 1

* Msugnlszianadya ol

Dimension  1-D, 2-D, 3-D
Expression  Deterministic, Random
Continuity  Continuous, Discrete
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Signal & Signal Processing 1

e mydpiamsn llvesdana
M3UniamMInanm
scaling y(t) = a x(t)
delay y(t) = x(t-t,)
addition y(t) = x,(t)+x,(t)-x5(t)
product y(t) = X, (DX5(t)

integration (1) = j x(7)dr
differentiation y(t) = dx(t)/dt
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Signal & Signal Processing 1

. mﬁﬂﬁﬁﬁmﬁm‘lﬂmm RIRR

a.Filtering
N3 ﬁlter ﬂ@ﬂﬁfJ’é]iJ(l“lfiﬁﬂJﬂﬂﬂ!NWl!@’é]ﬂﬂWﬂi ‘]J‘]J(lu‘]JNG])”N

AU Gll!‘l/]NL’J?Hﬂﬂ@fﬂTVi1ﬂ6ﬂ13ﬂﬂfuﬂuﬂﬂiaﬁ ‘Vi’JNﬁﬂlﬂﬂm
GlﬂlelﬂﬂiJNﬁ@@‘U@ﬂJWﬂﬁ‘;U@Q ﬁlter

Tamuaud Y(=X(HH(S)
Tauan (1) = foo h(t—1)x(t)dr
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Signhal & Signal Processing

Input signal

3
2
ax
B 1
£
= 0
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-2 .
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Time, msec
(a)
Lowpass filter output Highpass filter output
1 1 “
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ar a2
E E
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Figure 1.2: (a) Input signal, (b) output of a lowpass filter with a cutoff at 80 Hz, (c¢) output of a highpass filter with a
cutoff at 150 Hz, (d) output of a bandpass filter with cutoffs at 80 Hz and 150 Hz, and (e) output of a bandstop filter
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Signal & Signal Processing 1

e myUFiiamsllvesdyaa
b.Modulation

S, Y A % .
-ﬂﬂ!ﬁﬂlﬂﬂﬂ!mﬁlmuﬂﬂ’)ﬁlﬂau‘l/\l”l‘ﬁ (Carrler)

-NANS COIlVOlutlon NAND
-mmammmuﬂ"lﬂzmwawmmaﬂauwm da 1@ Ina

TaUANND 1) = Ax(£)cos(Qt)

Tawunal Y(jQ) = X(jQ)*~ [5(Q)+]5( Q)]
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Signal & Signal Processing 1

X3GQ)
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-Qm 0 Qm Q
(a)
Y(iQ)
4
AVAITAVAY
o, 101 o ¢
_(Qo_Qm) Qo”Qm
(b)

Figure 1.4: (a) Spectrum of the modulating signal x (¢), and (b) spectrum of the modulated signal y(¢). For convenience,
both spectra are shown as real functions.

R(€)

/-\/\v : : M Q
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Figure 1.5: Spectrum of the product of the modulated signal and the carrier.
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Signal & Signal Processing 1

x(t) ‘»@P—p (1) y(;)_.@ﬂ. L%\;\ii);ss |, ’%x( 9

AcosQt cos€t
() (b)

Figure 1.6: Schematic representations of the amplitude modulation and demodulation schemes: (a) modulator, and

(b) demodulator.

Modulating signal Modulated catrier
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Figure 1.7: (a) A sinusoidal modulating signal of frequency 20 Hz, and (b) modulated carrier with a carrier frequency
of 400 Hz based on the DSB modulation.
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. mﬁﬂﬁﬁﬁmﬁm‘lﬂmm RIRR

c.Multiplexing
TDM (QuszuuGSM) IR
19 bandwidth shudu .

Taomsutar39a1 (TIMeE S10t) i s s st s coomi,

HNEREREREEEEEE

Frame

Figure 1.11: TDMA frame structure.
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Signal & Signal Processing 1

e msUFiiamsillvesdyaa

c.Multiplexing B

FDM =

Glc%} b andw1 dth jl ’3 1] fof u Figure 1.7: Frequency division multiple access (FDMA).
TagNILUIBIIATIND T 12 13 14101 e

° ° Total bandwidth
( I re que I l C y S I l lftl I I g) Figure 1.8: FDMA bandwidth structure.
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Frequency 2
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o Fre '1.16-:nc n

Usern E y >
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Figure 1.9: FDMA channel allocation.
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Signal & Signal Processing 1

e myfiiamsna lvesdayae

c.Multiplexing

Figure 1.13: Code division multiple access (CDMA).
CDM
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Figure 1.14: Transmitted and received code in a CDMA system.
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Signal & Signal Processing 1

* 10019y IaR NI TUATUA1N
a. Electrocardlography (ECG) 51gna_
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Figure 1.12: (a) A typical ECG trace, and (b) one cycle of an ECG waveform.
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b.Speech signal
-voiced, unvoiced
-silent, active

x(n) (0)

Figure 1.17: Speech waveform example: (a) nten
(the letter A), and (c) magnified version of the

L. Flanagan et al., Speec
IEEE.)

e-length segment, (b) magnified v of the ced segment
d gm t(th letter S). (Reprol d dw1thpem n from J.

h coding, IEEE Trans C mmunications, vol. COM-27, April 1979, pp. 710—737 ©1979
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c.Image

-2-D signal
-High Frequency
-Low Frequency




Signhal & Signal Processing 1

* (10819 TR NI TUATUAI
d.VDO Signal
-3-D signal

-time-varying
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Signal & Signal Processing 1

Y] I d Y,
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a.Sound recording
b.Telephone dialing application

sl Lo | 71 )
| I | | Eﬁ?:rpzszs Detector — 770 Hz
697 Hz 1 2 3 AH— Lotw group
Band ones
| ] | ] Fﬁlt]erpzsésﬁ Detector — 852 Hz
70Hz— 4 [ 5 [ ? | ]I3 [ Lgﬂ\&;g:ss 1 Limiter Eﬁ?:rpzzs—b Detector — 941 Hz J
ss2iz— 7 HH 8 M 9 C — [Hgﬁ?e‘;a“—» Limiter BandpasStof Detcctor (—> 1209 Hz
l T I Bandpass
: Detector — 1336 Hz i
941 Hz * 0 || # D | Filter #6 ngh group
tones
Bandpass
I I Filter #7 [ Detector — 1477 Hz
1209 Hz 1336Hz 1477Hz 1633 Hz
Bandpass
Fﬁg:rp;?_’ Detector 1663 Hz

Figure 1.38: The tone frequency assignments for TOUCH-TONE® dialing.

Figure 1.39: The tone detection scheme for TOUCH-TONE® dialing.
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C.FM stereo application  ....] ==
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Figure 1.40: The FM stereo system: (a) transmitter, (b) receiver, and (c) spectrum of the composite baseband signal
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Y, 1 Jd Y,
¢ Wmfmmiﬂﬁzqﬂﬁﬂﬁﬂizu’mNﬁﬁﬂgﬂﬁm

d.Echo Cancellation in Telephone
network

2 S \/:
) Four-wire . Transmit ’ L ©
= :
‘—“——’ Hybrid SuEpsll}gsor
Receich I

Figure 1.45: Echo suppression scheme.

+
Transmit ,_’— __’('P—’
S J E——— = — 1 | Eew

@ = Hybrid——*—Canceler

Receich I
A
Figure 1.46: Echo cancellation scheme.
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Analog-to- - Digital-to- Analo, Analo,
———> —B &l g g
A- L {_—9—1 Analog | Sample- _.‘ Digital (- D@ Ly "L ioe b Lowpass |
(©

Figure 1.43: Basic 2/4-wire interconnection scheme.

i -Hold ‘
input | and-Ho Converter Processor Converter Filter output

Figure 1.44: Various signal paths in a telephone network. (a) Transmission path from talker A to listener B, (b) echo Figure 1.47: Scheme for the digital proces sing of an analog signal
path for talker A, and (c) echo path for listener B. )
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* Why DSP?

171" century fimatiams DSPLﬂmJu
19508 digital computer Guunsvae
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* Why DSP?

+digital circuit nuneanimadoundugungll 01y
M3 1FauuI

+lu digital processor dyaragnimuaiuayluuis
anuwiudlivan wordlength
HinnlszansmumIninuues processor lade lagmaiin

n19 DSP 1wy TDM iludu
+Digital Implementation dsulddrens re-

programming
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* Why DSP?
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* Why DSP?

-anududenmuiy Wedanisiy analog signal szl
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Figure 1.48: Typical waveforms of signals appearing at various stages in Figure 1.47. (a) Analog input signal, (b)
output of the S/H circuit, (¢) A/D converter output, (d) output of the digital processor, (¢) D/A converter output, and
(f) analog output signal. In (c) and (d), the digital HIGH and LOW levels are shown as positive and negative pulses

for clarity.

ol 2

]
/

,/ Digital Signal Processing

77@@ 7 2004




Signal & Signal Processing 1

* Why DSP?

AN U LAY HetanmIfy analog signal awgil
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals

a. Time-Domain Representation

al. sampling

{x[n]} = {...,0.95,-0.2,2.17,1.1,...}

x[n] = x,(t)|,= xX,(nT) n=...,-2,-1,0,1,2,...
F=1/T

X-5T) 5
> N
‘ xlnl
/xa(t)
3T ¢ TTT Tin345678°m”‘3\1T([ n
ST AT T 0T W “10-98-7-6-543-2-10 1 2 13 1415 16 17
x[3

gure 2.1: Graphical representation of a discrete-time sequence {x[n]}.

Figure 2.2: Sequence generated by sampling a continuous-time signal x, ().
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals

a.Time-Domain Representation
a2.Quantization

-Rounding

-Truncation

{xX[n]} = {...,0.95,-0.2,2.17,1.1,...}
{xn]}=4..., 1, 0, 2, 1,...}
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals
a.Time-Domain Representation

a2.Quantization
2[x]
Rounding
T X
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals
a.Time-Domain Representation

a2.Quantization
[x]
Truncation
ud |
R e JEE R
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals

a.Time-Domain Representation
a3.Causal and Anticausal sequence

- causal x[n] = 0 for n<N1>0
- anticausal  x[n] =0 for n>N2<0
Al T i
- 2 !,_zl lél l

Figure 2.3: A digital signal.

AMW .

(@) (b)

Figure 2.4: (a) A right-sided sequence, and (b) a left-sided seque
(@), Ist S 2‘04
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals

b.Operation on sequence
b1.Basic Operation

MUItipliCﬂtiOﬂ scaling Wy :n: — d X[n]
Time-shifting d¢clay w,[n] = x[n-N]
Time-reversal fouing W5[n]| = X[-n
Addition wy[n] = x,[n]+x,[n]-x;[n]
Product ws[n] = x,[n]x,[n]
Ist S op 2004
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Discrete Time Signals and Systems in Time-Domain 2

* Discrete Time Signals

b.Operation on sequence
b1.Basic Operation

EX 2.1 Consider the following 2 sequences of length 5 defined for 0<=n<=4
c[n]={3.2, 41, 36, -9.5, 0},
d[n]={1.7,-0.5,0,0.8, 1}.
Determine wl[n]=c[n].d[n], w2[n]=c[n]+d[n], w3[n]=0.5c[n]
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Discrete Time Signals and Systems in Time-Domain 2

* Discrete Time Signals

b.Operation on sequence
b1.Basic Operation

EX 2.2 Consider the following 2 sequences
c[n]={3.2, 41},
d[n]={1.7,-0.5,0, 0.8, 1}.
Determine w4[n]=c[n].d[n], w5[n]=c[n]+d[n]
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals
b.Operation on sequence

b2.Samping Rate Alteration
Up-samping ] {x[n/L] n=0+L+2L,.

0 otherwise

Output sequence up—sampled by 3

Qﬁ%ﬂl%ﬂjgé

R § 325 3 I B L
(a) -1} _IL——‘—‘A_“J

Time index n
(a) (b)

Figure 2.9: Illustration of the up-sampling pro
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals

b.Operation on sequence
b2.Samping Rate Alteration

Down-samping ¥, [n] = X[nM]

o —{ L1 ot T TF ITTTTY

Time index n Time index
(a) (b)

Figure 2.10: Illustration of the down-sampling process.
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Discrete Time Signals and Systems in Time-Domain 2

 Discrete Time Signals

c. Classification of sequences
cl.Periodic and aperiodic signals

Periodic x[n]=x[n+kN] &wiunn n

e I [y ] TTTO_H, [ 1 LWL

-6 54 -3-2-1 01 23 4 56 7 8 9 10 11 12 13 14 15

Figure 2.12: An example of a periodic sequence.
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