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-5 BV P

fHprEr  Z2EHER - BERAE - BEREEEEE - - OMAENARS - BIE Hig

ﬁéﬁ%{%@u Pulse detection and matched filters

O

o000

Fi— B2 (random process) 2 HHZE (mean) Bl 5 FH[2E 0 21
(autocorrelatlon function) - i #IEFHE (stationary) B = Hr(gaussian) i@ FE °
It e 1% (ergodic) AR 2 PRI S SRR ] 215 (time average) B E B 1215
(ensemble average)” ¢ 7 -

25 EAFREREE A~ B AH R i #(autocorrelation function) » EH RS TTE
S8 LB HIEHAR TR -

JfE FH 25 22 72 (superposition) ~ £f%%(modulation) ~ JEf (filtering) » TEE
5% 2 R BEEE (power spectrum) e

&G TREETUME (noise temmerature) > 5T5RLE FEER 2 FAHRE U BEALPREE
HARE o

ARt ARF - STREER 28 2 FEaTH S (noise bandwidth) - gy H D2 AEE
ER AR D3R -

FERICE IR T 2 IR SR EL (signal-to-noise ratio) -

73 M B R (noise) ExAHA (baseband ) A LE {58 £ 47t (transmission) 2 T4 AE -
EAEHRT - S EAUHINRE 2 &R 25 (optimum) -
%*ﬁﬁ*&aﬂﬂﬁ@%ﬁﬁﬁ%éﬁz MERE -



¥ = & % 1%:§ 2 (Random Processes)

tHpgEe  EEERE - BRSE - EREESRES - HEl - DRAEN RS Btk g%
FLAFHE {Eg; ~ Pulse detection and matched filters

A SIS - EURRHE - AR - G BT
Yo B B 5 AR ek #s ~ &5 © Randomly Phased Sinusoid ~ FEREIBEE ~ R .
EFREENSE - #if] : random digital wave ~ S HTIEIRIEARE - BETEERSE - DR fe
FHEL - Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5 : Random telegraph Wave

Bul
i

\n|

&

O —{EFERGE - aT LU — BB RIS 4 2 eI E T m B e AE - —
FReRE By e 145 F2 (stochastic process)

O BRI AR G R 2R g MR (RS TRe g
BRI <

O =47 TR A RE G 2 Bt aate n] DU R i REiE iz
(stationary or ergodicity process)

O FFRRIETE © GuatietE A PErT RS Ehim s -

- ~ 33t T 352 jg M S ¥k (Ensemble Average and correlation
Function)

Rk e SAHRA S - BAHBACKE - AAHBACNE - #OR - BEIGROTSF e
HMESIE AHRA ek Y - #if1 © Randomly Phased Sinusoid - F#REMEEE ~ .
EFREENSE - #if] : random digital wave ~ S HTIETRIERE - BETEERSE - DR Bz
JEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

O [Ei% 12 (stochastic process) : fRFE B 2 &5 SRML 2 7 —IF R 2 bR

O Ensemble : FTE A EEERATIE 2 B L8 WWEEFE—E - 7% Ensemble -
O Sample function * $fH—EERAT Y E ~ —IF[H 2 eREY - TEEURENEL

O @ =& I EER

E[v(t)]= Lmes V() ) ()X

Ensemble “FEE R 4
v(t)=E[v(t)]

Waveforms in an ensemble v(t,s)



ensemble

iy — /—Q\ / ,
2 \_’_\_/ —
vo(r,;)
- w(ry)

= ~ p 4f M S ¥ (Autocorrelation function)

tHpgEe  SaPIEIHBH NS - BB - SAHRA RS - Huf] - BEREROE S ek
H{E L E AHRA R Y ~ &S] © Randomly Phased Sinusoid ~ EFFEETE - e
JiFAEEREE - E09] < random digital wave ~ EHTHEIATE - FlaNGE - ook AE
FEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random

signal ~ #if§l : Random telegraph Wave

O BRSS9t E CEE C 2GR M E =R
O FERREE e 8 B A —alSR 2 — BEE S X I ] eR B R 3 e B
px(X) o HIj
O Ensemble 35{H

V() =E[g(X.0)]= [ g(x.t)p,(x)dx

O SRS

R, (1) = E[9(X,t)a(X.t,)]= [ g(x.t)g(x.t,)p,(x)dx

= ~ 3 4p M S ¥ (Cross correlation function)

Rz Gt rIeEE e - R - AR, - b R [
(BB E AHREE ek ~ &S] © Randomly Phased Sinusoid - FEREIETE - FEFR E
SRS - #E9L: random digital wave - EATBEARY - FEHEASE - e ADLE
FHEL - Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

O —fEMTE 5 oI ERETE 2 B &40t (joint statistic)BE (%

R, (1) = E [Vt )w(t,)]
O SmEaRT s T



R (1) = V() x w(t,)
O 7 A~+HEE(Uncorrelated)

PP RBREL TSR G N S

e GBI e - R - AN - 0 BRGRRE T i
(B AHRE ek %Y ~ &G © Randomly Phased Sinusoid - EREEIEFE ~ FEFER | ..
EFREENSE - #if] : random digital wave ~ S HTIETRIERE - BETEERSE - DR
FHEL - Wiener-Kinchine theorem -~ Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

O fEaeA RIEEHERERR A0 |
vit)=t+X  w(t)=tY

O FERIHHZME ~ tHRRE . E 2% > KRS 2
O ensemble average °
O Auto-correlation function o

O Cross-correlation function °

fi - V) =t+ X w(t) =ty

O v(t) ZHAZ(E
O v(t)Z HAHBE L
O [53 w(t)
O & RIS
O (B0 X ~ Y RS2 # (independence)
(= ]

I ~ # | : Randomly Phased Sinusoid

e G TIE PR - EERRENE - EAHRHENE - Gb] : U T ik
{EEA E tHEA KL ~ &S] © Randomly Phased Sinusoid - FFEEIEFE -
EFREEHGE - #iffl] : random digital wave ~ SHTFERELE - FEIEERGE - DI
FHEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random

signal ~ #if5 : Random telegraph Wave

O fanE s > RIER A R oo EAREAM - HABEIRE
e RS F A Re EAEATNL - PERFERSR AT Ry
O RS T RZIREGERE 6 R BRSO 2 Etaie
O o O Z R 7 i e F(PDF) AT LA R Y 02 7 [ 5 o0 4
KNG Z HA S (E B H AH R e BT U5 (H -
i -



v(t) = Acos(a,t + D)
O O 2 A I i e E(PDF) o] DL B> 0~2 7 [E1¥ 4) 73 #fi

po(#) ==, 0<g<2r
27
o % i
E[cos(a+nF)]= j_wcos(a+ nF)p.(4)d¢

= jzwcos(a+ n¢)id¢
0 2
=[sin(e+2zn)-sina]/2zn=0 n=0

O FrLUHEE
v(t)=E[g(4.t)]|= AE[ cos(myt+4)]|=0

O BRI REL
R, (t,,t,) = E[Acos(a, + ®)x Acos(a, + D)
= (A2 12)E[cos(e, — ) +cOS(e, + @, +2D)]
= (A2 /2){E[cos(a, — a,) ]+ E[cos(a, +a, + 2D)]}
= (A2 /2){cos(a, — ,) + 0}

O A afFEHEIE

R, (t,t,) = ( A%/ 2)cos oy (t, —t,)

O &G E

setting t, =t, =t
VE(t) =R (t,t) = A*/2

* ~ # i i# 42 (Ergodic and stationary Processes)

tHpiEe SaPIEIHBH NS - BB - SAHRARE - Huf] - BEREROE S ek
(B AHR ek %Y ~ &S] © Randomly Phased Sinusoid - EREEMEFE ~ FEER ..
FFREENGT ~ E2f] - random digital wave - S HFEIRAATE « BEIRERGT - 2
FEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

O It ZBFE S (time average) E# fy

R
(g[w®)=lim—=[" o[v.®]dt
O E—(EEEEE AT RSE 2 B9 N #2588 35 (ensemble average)
{a[w®])=E[g[w®]]



O 7## Ergodic » Al
E[V(t)]: m, Rv (tlitz) = Rv (tl _tz)

O Ergodic > RI
O A (E B AR

E[v()]=v=m, E[V’®)]=V’=0f+m
O = FERE er B R R © AR

R,(7) = E[v(t)v(t —7)]= E[v(t + 7)v(t)]
O HHBEMERRE SO S -

R,(-7)=R,(7)

R,(0)=V’ =2 +m’

R, ()] <R,(0)

o %
R, () =V =m;

O “EafaR R EHERSR
R,(z£nT;)=R,(7) n=12,...

O ExEHERE 2 PR

P efvo)]- (eb o)

O Z:EH5% By stationary Processes

P=R,(0)

Ergodic HF

m, ={v,(t)), BIZ(ESNERDC) &
m? = (v, ()", ISR B
Vi=(V(D), TSR S TR

R oVFNORINE » FREFET R I -
9



TR o, TSR 7 B Z TR AE (rms)-
O R B EAEREGIRE(mS)

= ~ B &% {§ A 5L Wide-sense stationary (WSS)

tHpgEe  SaPIEIHBH NS - BB - SAHRA RS - Huf] - BEREROE S ek
(B A AHRH kY ~ Eiff © Randomly Phased Sinusoid - EFEEMHFE - FEE e
BBAESRSE - H6] - random digital wave - EETBIMEARE - HkeaE oo 21
FEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random

signal ~ #if§l : Random telegraph Wave

O FE—afak A B AR ek B s fE AR - T SR REETaR
Wide-sense stationary (WSS) -

E[v(t)]=v=m,,

R,(¢) = Evt)v(t - )]= EMv(t+ D)v(D)]

= . 2
O JFE B
O 7858 F2 Ergodic Processes(strictly in all ensemble average are

independent of time)
O EEFFFEETE Wide-sense stationary (WSS)

A ~ #5) ¢ random digital wave

tHpaEr  SaPIEIHBH NS - BB - SAHR RS - Huf] - BEREROE S ek
(B A AHRH kY ~ Eiffl © Randomly Phased Sinusoid - EFEEMEFE - FEE e
BBAEERSE - H6] - random digital wave - EETHIMEARE - B oo 21
FEELE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random

signal ~ #if§l : Random telegraph Wave

O B IR Bt Bt aRSRRTY » D AfELE - Td B2 ai B -

10



v, (1)

O Hoh&—8fiikE BEZN RN |

ID~T;,  (k+1)D=T;

O A ERkE 2 JriEfE G &1 - B Elai]l=0 » KILEREE > EFER ek EL ?
fiZZ © random digital wave

O AR FkE 2 fRiEtH 2817 > Bl
Ela,a, |=Ela, [E[a, ]=0for j =k

Evt)]=E[a]=0 EpM’(t)|=E[a?]=0"
O A DA [E)AE 2 2 ik
Evt)vt,)]=Elaa ]=0 |t,-t|>D
O e alkE A R Fy P(A)
P(t,~kD <T, <t, —kD):_E:;D%dtd - tzgtl
(= Il

Efv(t,)v(t,)]=E[a,a, JP(A) + E[a? J1- P(A)]
=o’[l1-P(A)] |t,-t|<D

11



O Al
P(A)=t,-t|/D
O B tHEI S
E[v(t,v(t,)]= o{l—@] t,~t[<D
=0 t,—t|>D
O Frld
R,(r) = o’A(z/D)
R\(2)

o

- 0 D

O T
2
P=R,(0)=0

1 ~ B 274 %18 f2Gaussian Processes

e G TIEPL AR - EERRENE - EAEBHENE - Hb] I T i
HEBLE tHEH K ® - #iB : Randomly Phased Sinusoid ~ BFREIETE « EEFE
EFREENSE ~ HE(] - random digital wave ~ EHTFEIRAETE - BEHEERST - THR
FHEE « Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

O —{EFEHEERE BN EAEE Vvt B FTE E & (marginal)  ~ &
(joint) ~ {&{F(condition) Z BB E R E(PDF) > B Byl bl # > 1% v(t)

12



5 Gaussian Processes ©

(mev)2

1 _[ 2062 ]
P = e
V) N2ro

O & MIE

O D HEASEAE B AHRE B 2 BRI AE AR -
O =0 d FEEAEEE - Al ergodic
o=

R, (tlvtz) =E [V(t1)] E [V(tz)] 1 EVJV(tl)%Jvéxzw‘j&i

4R 48 3 B 1% 7 42 52— Gaussian Processes

- - %g 1% 2 5 (Random signals)

FHRBHE

Suat-PHSUHR RS - EAHRE NS - GAHRHeREL - FP : BEEGRIR O ek
BB E AHREE ek %Y ~ &S] © Randomly Phased Sinusoid - FEREIETE - FEFR
FFREENGT ~ E2f] - random digital wave - S HFERAATE « BEIRERGT - 2
FEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

E-i
i

O hfEtHR 4 FEf%ER 5% (Random signals) > 3 2R DAASHREERSIR (24
ergodic source) B TS E &2 o
O BHET4E filtering BCHAMHE R IR ~ FEIERGEIEE

O g A s RS 2 AHRE ek auto-correlation > cross-correlation
O 1= 45E5%(power spectrum)  JEEFH Wiener-Kinchine theorem R E#

EAIAT

4 — ~ ¥ F 47 3 (Power spectrum)

FHRBHE

Suat-FHSUHR RS - EAHRE NS - GAHRH oS - S0 - BERGRIR O ek
{EEA E tHEA KL ~ &S] © Randomly Phased Sinusoid - FFEEIEFE -
FFREENGT ~ E2f] - random digital wave - S HFERAATE « BEIRERGT - 2
FHEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

OO R4 Wiener-Kinchine theorem » FREEENSE . H AH B bR S ER TR 4 5 (Power
spectrum) o

R,(1)——G,(f)
G,(f)—"—R/(7)

O P
13



[.Gu(df - R,(0)=v?=P

G,(f)20 G,(-f)=G,(f)

O SRR B E MHEI N E S even-symmetry

-1 = -~ Wiener-Kinchine theorem

e GEPEEAHRE kR - EHEA kS - GAHRE R - Hf R SR P
{E EA E tHEA KL ~ &S] © Randomly Phased Sinusoid - FFEEIEFE -
BRGNSk - #if]  random digital wave ~ ETIEIRIETE - FEIKERGE - D
FEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #3f] : Random telegraph Wave

5 [
KO e

O AFREREIERTTZ
O =S fHEA kS fourier transform B ELT R AEZE (Power spectrum)
A 0 -
G, (H=%[R,@]=[ R (r)e " dr
O DR MHzE (Power spectrum) 2 [ fourier transform £y 5 AHREE R

R,(7)=%7[6,(D)]=[ G,(f)e*df

- = ~ Finite-duration signal or truncated random signal

tHpaEe  SaPIEIHBH NS - BB - SAHRA RS - Huf] - BEREROT S ek
(B E AHR ek %Y ~ &G © Randomly Phased Sinusoid - EREEMEFE ~ FEER ..
FFREENGT ~ E2f] - random digital wave - S HFEAATE - BEIRERGT - 2
FEEE ~ Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if5l : Random telegraph Wave

O Finite-duration or truncated random signal

v(t) [t|<74
0 |t|>7%
O NEEEEFIREFTLIFELE fourier transform

Vo (f,5)=[" V; (e *dt = _[_TT//ZZV(t)dt

v, (t) O

O

V; (f,s) 5 v.(t,s) energy spectral density
O &K T RARIRA - il E KBRS 2 DREE

14



G, (1)=limZEv: (1,9

+ 2 ~ #5%| ! Random telegraph Wave

e G TIEeL AR - EERRENE - EAERENE - Gb] T T i
P9 {E B 5 AHRHER %L ~ &ifF] : Randomly Phased Sinusoid ~ FRREITR ~ FEFE |,
BFREENSE - HEf]  random digital wave ~ SHIEIRIETE - FETRERSE - TR
FHEL - Wiener-Kinchine theorem - Finite-duration signal or truncated random
signal ~ #if§l : Random telegraph Wave

O 0 FlEl@) ARt EHERGEEIL - KaRSE B RIBINE - TH900% - 1)
S R
O it :
O &R

2
R(7) =2 (€1 +1)
O PR
J— 2 2
P=v>=R,(0) A m? =R, () _A
2 4
O shaas
A? A?
= F 2"+—
aufl+ (A /u)]| 4

Random telegraph wave (a) Sample function; (b) Autocorrelation; (c) Power

o(f)

G,(f)

spectrum
O (a) Sample function

[0

O (b) Autocorrelation

£

L
T

-
1
I
1
1

F— ]

1#/2pe 15/ 208
O (c) Power spectrum

15
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1 ATA

.-1."'.1"—1-;1

) 4

¥ = & £ L F &1 4 % Superposition and Modulation

SEHRE - EReE - ERIEESRS - el - DMAEN RS - Btk gk

FLHEAT{EG ~ Pulse detection and matched filters
EFEENSE - A% - ASRERME SRR - ERME - JEEFEEGE - ol - e

HHEETT

FHRAE R A ey
aH s~ R TR BEEHGE - U E R R BEREERSE - & - Random e
telegraph Wave ~ #iffi] : Hilbert Transform of a random signal H
S
SSTItY
RN EREIRSE - % - HSRGIM AR - EEME - JEENENGE - ot BB
[l : 35 - R BEMERY: - SIbEE bRy - e EE
A

Random telegraph Wave ~ #if5l] : Hilbert Transform of a random signal

O & &RstmE AR B DAL » SR E 2 alat 2 B AHRE e~ T
BREE - PR EAEEMLE -
O =i stlsFrEL  —AIERFEERFE (incoherent signal)

= ~ # % (modulation)

PIER PERERYE - 2SS - SHSRAME O - EARMETY - JEEEENYE - orbrin A
]+ 3 R BEEENSE - S > BN - ) LEEL
S 68

Random telegraph Wave ~ #if5l] : Hilbert Transform of a random signal

O 50 (HAEFLFENI T - SHER ZERIT i DA RrAsRe ki

WEFE - WERSEE T E$RE (independence and joint stationary)

= ~ M £ 2 (linear combination)
MR EPEERSE - 3% - SRR G - EBMEE - JEEREERGE - S

BT

16



B S - G AR  SEREIe RS - P [
i

Random telegraph Wave - #if4l] : Hilbert Transform of a random signal

O A EEaRT il & A GRS SRR & - 40 © BEcA R Rk
(v(t),w(t) Al a2 HE

va(tl’tZ) = va(tl_tz)
o %
Z(t) = v(t) £ w(t)
(= Ll
R,(r)=R,(r)+R,(7) i[RVW(T) + RWV(T)]

O RIS By
G,(f)=G,(f)+G,(f)£[G, (f)+G,, ()]

O it o] DUE A A R AHRE %S (cross-spectral density)

A

G, ()=% R, (7)]

® - f AN Sk~ P FMEH - T30 & 2 & § i (Superposition)

MR PSS - B - SRS - BB - JEESEAGE - S %ﬁv
(B : S ~ SR BEMERGE - SIS BEHEHSE - fap =]

Random telegraph Wave - #if4l] : Hilbert Transform of a random signal

F’t%

i

O R E PRI S

Gu(F)=F [Ro(7)]
O EWERak AR HHASE & 0 -
R.,(7)=R,, (r)=0
O ASEIEMEEERNE ~ DRI - PR E5E MR
R, () =R, (r) + R, (¢)

17



G,(1)=G,(f)+G,(f)

72 =v? +W?

AR %‘u(incoherent signal)

-

J— ~»
R EERSAREE - S - SRS - BB - JEERSE - iR BB
B : e - JEie BEMRY: - SiEEEE Y e - ) 1EE
S8

Random telegraph Wave ~ #if5l] : Hilbert Transform of a random signal

O e
Ruw(7)=R,,(r)=0
O FEEEFRTERSE (v(t),w(t)) FsIEE]ER (incoherent)
O RSB aatETE A - — BRI EEFNERSR (incoherent signal)

R EBEETE R YRS -
O {0 @2z &g (independence source)ilf » KA 8 2 [A]4

(incoherent) » AT LASETHER By flE I TAR A0 -

» Hzy

A AR
R BRSIRGE - P SRGIEAR  BRME - JEEEASE - i BB
Bl : S8 SRS BEMGTEE - GBI  BHeRst - . HEE

s

Random telegraph Wave - #if4l] : Hilbert Transform of a random signal

O gt
Z(t) =v(t)cos(w,t + D)
O 5% vOEAFEREIATE - O RIEHEE(95 5 0~2 1)
O SR TS  (EIER Y SRR R

G,(f)== [G(f—f)+G(f+f)]

R,(7) = % R, (r)cos2xf r

Z(t) = v()w(t)



O s n i RalefiiE
O ERiaRat I S hERs
G,(f)=G,(1)*G,(f)

R,(7) =R, (7)R,(7)
O (R Bt 2 o B B B S R - DL

G,(1)=316,(1 ~ ) +G,(f + 1]
O NR#ECE R cos, » FTEA
G, (1) =215(1 ~ 1) +a(f + )]

=~ Jhik 14 2 %E 1% 21 8 (Filtered Random Signals)
IFOR AR - S0 - SNBRARYECIDY - TABIEE - JEEIOHENSE - poirE
E=]

[ SRS JEIR Z FETRERSE - RMUETIR  FETERSE - #afl -

Random telegraph Wave ~ #iff] : Hilbert Transform of a random signal

114

O IR - AN IE

h(t)

H(f)

O JEREE O f— 241 FEFEE H (convolution)

y(t) =] h(A)x(t-1)d2
O AT - ERSE TARERE
RYx (7) =h(z)*R,(7)

O TR aRe 2 E AHEE e Ry
R,(r) =h(-7)*R,,(r) =h(-7)*h(r)*R, ()

O it 2 DRy
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G,(f)=|H(F)['G,(f)
O o a] SRR %2155 AR B AT

R,(r) = *|H(F)fG, ()]

y2=R,(0) =] [H()['G,(f)df

i SEEE
m, = [ j:h(ﬂ)dﬂ,]mx _H@O)m,

M MMPIEE 2 s
FHRIEOR  EEIEERER - S SRR - EBNE - EEENSE - e HB
B S - M BEMERYE - Sl eyt - mp) . [EE
e

Random telegraph Wave ~ &if5l] : Hilbert Transform of a random signal

O Hftz & ER AR MWE > b 206 - ft 2 PaE

G,(f)=[H(f)'G,(f)

m, = [ I:h(/l)d/l]mx —H@O)m,
O sy
y(t) = dx(t) / dt
2
then G, (f)=(27f) G (f)

O &y
y =[ x(2) . m =0
then G, (f)=(272f)" G,(f)

1 ~ # 5] : Random telegraph Wave
TR PSR - JBSE - ASRIEARL BB  JEEERRY - otiE HB
(] : S - s BEMERSE - tomE s Bt - gapl . 1EE
i
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Random telegraph Wave ~ #if5l] : Hilbert Transform of a random signal

O & Nyt AR i as

I

bandwidth = B
f

— = / /4
v ~ 2B §(A [80) 2 A8 14y << A2 147
00 SRR S8k 2 BUPHITR

Gy f)

A4
| A%ap

—u 0 M

i
O it sk 2 At

A’ /8y —-Bl2<|f-f|<B/2
0 otherwise

Gy(f)z{

O BT

y? ~ 2Bx(A?/8u)= A’B/ 4y << A? 4

-+ ~ §# | . Hilbert Transform of a random signal

RN RS - P - SRR AR - EERME - JEEIFEERGR - b

Bl - F5E - JERe R 2 BRGNS - St

&2 BRGNS ~ S -

Random telegraph Wave ~ #if5l] : Hilbert Transform of a random signal

By

HA

J

i

=
pil

Qur
i

O Hilbert Transform E&EYI T -
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1 .
hQ(t):E Ho(f)=—jsgn f

O kKEfarpEt#zHs% Hilbert Transform 2
O §EsERm ?
O SHEREREER R ?

fiZ . Hilbert Transform of a random signal

O KA
G,(f)=|H(F)['G,(f)
O =
2
Ho(f)] =
O Frbl

6.()=6.(f) R.(M)=%"6.()|-R®)
O SRS A

R. (1) = hy (1) *R, (¢) = Ry ()

R .(7) z—ﬁx(r)

¥ & e (Noise)

W EHOE BT - SRR - e - L EiAG B [
ﬁé%ﬁ%ﬁ@y Pulse detection and matched filters

fHpik.  Thermal Noise ~ Thermal Noise and Available power ~ IR s e i)
RfURFE ~ IR R R - #Ef] - RCEEFEZIGHEH - FEEHERUHE

O REEZEHRGTRIFES - A ARy T (interference) 87 H ZAZE & 2 FfaH -

O A GT#E(interference) : FJREFHEIIEEN AR ~ BOK RS ~ M
(AC hum) N %’E% o

O SEAZHR - KA ERRE - KIGEST - 15 - ETEK
BUEHESS -

O Seadmkion 2 N A EVH (thermal noise) » 2 HHEET-1E 2 HH 4%
BE R R GEEN P E A 2 BEHERIR -

O 2R A e B R R R M B -

22



— ~ Thermal Noise
FHREE R

Thermal Noise * Thermal Noise and Available power ~ BIFHTIZE ~ [ %]
R ~ VR ~ #EIEIR R ~ #uf - RCEEPSEGHREN - SR
SHE

“Thermal noise is the noise produced by the random motion of charged
particles (usually electrons) in conducting media.”

O #R¥5 kinetic theory » BUERN .2 DR BUREARH - BRI i ek B R S 7y

#fi » zero mean > variance :

— 2(7kT)

oo 2K gy
3h

O Ho

T: 28 %, ¥ i~kelvin(K)
k : Boltzmann constant =1.38x10%J / K
h: Planck constant =6.62x1073*J —s

-

= ~ Thermal Noise and Available power
MHEE R

Thermal Noise ~ Thermal Noise and Available power ~ BJFHT® ~

O ~ FESTURIT ~ 2SR HEEN ~ FEfY - RCERREEVHEST - FEEH A
352

FlEST

:

20tz

2Rh|f|
G,(f)=—mz— V?/Hz
v() eh\f\/kT_l

O

PRRIR/INR > A —FEAT Oy

E&
et
&

G, ()~ 2RKT 1—M | << T
2KT
O e
A o]
T,= 290K (63'F)

KT, ~ 4x10% W-s
O FrlUE/ MR E AT R
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G,(f)=2RKT (V2/Hz)

= ~ ¥ * # ¥ (Available power)

fHEAZ R Thermal Noise ~ Thermal Noise and Available power ~ E[FD% ~ H 2]
et - FREURTE - ISR RN - il - RCEBERFAGHEN - FEEH RN
SHE

O R B
O thevenin TSRS - £ L E#HE

G(f)=—_R_

2RET

Rload

O norton ZEXNERS - 2 L E#HEF

G,(f)=
2RET Rload

O FRIZE A2 b e #E
(m Rioag=R E%:‘ﬁﬁai‘jﬁljjz%_’{
(= R
G (f) 1
G, (f)=—""—"=_kT (W/Hz
a( ) AR 5 ( )

r ~ v ¢ 3 (White Noise)

fHEAZ R Thermal Noise ~ Thermal Noise and Available power ~ TJFHTI%E ~ [ =]
B ~ FEETURRE - R FE - #if : RCERSEGHEEA - FEHER
B

O W 1 EHEL2 SRS - A5 MR L 2 S LA AL PR
AT H) o ELEARS T » BTSN A5 E R (white noise -
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MAHEK) -
O s h

G(f)=N,/2

G(f)

O SRS

R(7) = %5&)

R(g)

N

=

0

O FEREEEE, MalE

N, = 4RkJ
N, =4k /R

I ~ 3% B Noise temperature
fHEAZ#  Thermal Noise ~ Thermal Noise and Available power ~ A[FHT% ~ H #f

RN~ FERTULE ~ AR ie Ft - #af - RCEEFRFVEST - HESHEEAK
PR
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O ERE IR E RSN E A - Rt T (e 2 UG (SR &
PHEVERN 206 E)
O &E%

iZGa(f) _ NO
N k k
O %HE > 2

.Etﬁ‘ﬁuﬂ/ﬂﬂﬁxﬁ{ IEI'Z)%EEKJ:Z/MJT;
O (s R —aki Z MR B

T, =3000°K
e A N = U1 2 =Dl

+ ~ i Jj {4 fe i Filtered noise

fHEHERE  Thermal Noise ThermalN0|seandAva|IabIepower A3 e
R ~ FESHORE ~ B IE R - #f] © RCEERSBVERN - SRR

O ERGEERIIE — T 287 HIZaeli AR
N 0 -1 2
G,(f)==¢ R (0 =2 [[H(D)f ]

- N 0
y* =2 ] [H(E)f df
O E8E— AR RmE R 28 - R

):%H(Ej R,(r) = NyBsinc2Bz
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Gi(

= b RCTEARR

fHEAZ#  Thermal Noise ~ Thermal Noise and Available power ~ A[FD% ~ | #Ef

AN ~ FERTULT ~ AR Ft - #af - RCEEFRFVEST - HESHEEAK
PR

O 42 RC &R - ek BRIHIREE Ry T - >KIFL RC B EE Pl tH Ry 2

—

O sk :
O 5L S
O 5318 RC I 25 BIAS d
O FERTES 2 A i s
i © RC ERLBUEER
O WEEE
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G(f)=r—1R_

2RET
C
O RC ZEfE b0 %Y
‘Hrc(f)‘: L , B= .
27RC

[1+( f /B)ZT’2
O SR s
2RKT
1+(f/B)
R, (r) = 2RKT zBe > = %Tem

G,(f)=[H(f)] G, (f)=

A~ e 8 30 B Noise Equivalent Bandwidth

fHBIERL  Thermal Noise ~ Thermal Noise and Available power ~ FJFT/ ~ [ 2]

AN ~ FERTULE ~ AR ie Ft - #af - RCEEFRFVEST - HESHEEAK
PR

O EFEERzh& (average noise bandwidth)
N, ¢ 0
N =7°j H(E)df =N, ['[H(f)] df
O DIFTA S 28 0 7 F NS X0H = (Noise Equivalent Bandwidth)
Al po 2 2
B, :EL H(f)[ df, where g=|H(f)[

O R

28



N = gNOBN
O FeRERUEE 7 BN

H(f)I-
1) By
i 3 Equal
areas
8
N =gN,B,
1
0
O LA RC B R fdl - ié&éﬂ%%zﬁ%
1
_ J' _"g-_~_
f / B 2 4RC

O PHRERTIR - R EL R SR -

y2 :‘75 =N =gN,B, Oy :\/W:\/QNOBN

57 & ERET 9 iRk stSystem Measurements
using white noise

. EEOE - B - SRR - e - BRI - B [ 5%
FEAE7 {Hi ~ Pulse detection and matched filters

fHpiee  2MIER © Amplitude Response ~ SEHEH] ¢ Impulse Response - fEfER ]
$5 tp R e (5 - Additive Noise ~ ZHSRFEEAEE - AWGN 2 SRR

O RSO

N
By =—
gN,
O JRIEZE - FER B EERCK 240 2 IRTBEEE - DA EEst N2 efstsm Al > &
SH R E -

O AR{EENE - A B RERCK 2 Z IR E -
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- ~ £ &* : Amplitude Response

fHEAE R EHFER] © Amplitude Response ~ & HIEF] : Impulse Response -
SER SR P AR SR (i - Additive Noise ~ GHGRHEEEL - AWGN
FEEFURTE
O FEM B TR 2140 2 IR 2 » DL s 22 s o im Al » 200 HA 2 e -
O & B A 240
O GDUAT 2 S SEA el - WE0R] rms(Th%) -

Ng==
g
1=(112
p==

-

= ~ 2B&* : Impulse Response

I x(t)

z(1)

Multlplle

average

I(f— ﬂf)

HEAER EHIER] © Amplitude Response ~ EMIEA] * Impulse Response ~ =T
NIRRT 515 (4 ~ Additive Noise ~ ERBAEIEL ~ AWGN.Z
FEEHOR S
O JEH B REHOR 280 Z AIRETERE -
O #ABMRERS

O 0§k Delay ZHFH - RS RFEIFTHIE 2 PHILIHREC T Rk ]
Z Wk {ETEENE -

ZRAREY RETRROR
FHRHER EJHIEH : Amplitude Response ~ EHIEF © Impulse Response ~ 4 7
=z

MR PRLPETT ST (S - Additive Noise ~ FHSFAREEIEL + AWGN
FETURE

1=(112
=

O Fi77 EH(baseband communication ) : M EARA aRIRAE 4R 4 A4
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{EEGEAE I » R B HE U %% (carrier modulation) ©
“Noise often adds to the information-bearing signal at various points
between the source and the destination.”
O hopletsEsf(Additive noise)  FEFEERITA Z 4 2 TR &R NI ECGER (G
SRR -
O ZifEE 2 ER TUHfikzﬁﬁéff%Lfﬁ%ﬁﬁiiﬁﬁ%
O i Bl EGektE - AT ARG i EH Za 8 2 fERE

7 ~ Additive Noise

1=(112

il

FHRHER EJHIEH : Amplitude Response ~ EHIEF © Impulse Response ~ 4 7
sHER IR AR Rt (#da - Additive Noise ~ FHSERHEL ~ AWGNZZ
FEEfURTE

O “EHt R R ERERR (Additive noise) TR Ry

Yo (t) = xD (t) +Np (t)
O FHS% B T SRR 20 T

=

xp(t)+np(1)

y €
O HH ergodic sRgRFEE 2 F#EaH © mean=0,

G (F)
power spectral density
O RERSE RN AHRE - SERSRTIREy

2 2 2
Yo =Xp +Np
O H

A — A —

S,=x> Ny=n sothat y2=S,+N,

O &R s 5 BB » TR 507 (1 43R (ad ditive white
gaussian noise * AWGN)
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-

I ~ AH M (Signal to noise ratio)

R EMIEH : Amplitude Response ~ ZJHIEH : Impulse Response ~ 5 #:2f]
ENFRIE R RS (3 - Additive Noise ~ EHSEAERHEL ~ AWGNZ

METUEE
O EHFEEENCE @ SRR REHEE TR 2 LhE » Ry T ¢
A “:[L %y;u;r %
SNR=F 27 7

A -
(S/N)y =S, /Ny =x2/n?
O Hofos B e o RiThR
Np =0gNyBy

+ ~AWGNzZ 2 B

fHRAFR EJHEH : Amplitude Response ~ S : Impulse Response ~ ¥ %
SRR P BT S 5% (F ~ Additive Noise ~ EHlFRRERHEE ~ AWGNZ
FERTORTE

O Heahohs

ND - gRNOBN

1={1i'e

il

N
O Hfggfas O
O 75 R (white noise) %5 - FesHas fE AT DALLRESURFE R

N, =KT, = KT, (T, /T,) » 4x10 (T, /T,) W /Hz

O Hi
T, 3%MEE
T, : 4% 3 38 2 (300K)
Ty =027, /8383 4% 4t
T, =107, ,"noisy " system

S 8 8y AT @%T(Analog Signal Transmission)
tHpgEe  EEEE - BRAE - ERE SRS - M - DHEENRG - Bk gk
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FEGE7 {Hi ~ Pulse detection and matched filters

tHRER LA () - (IR ES - B RO ~ AL [ETRTE  EgE
K ~ Hiffi] © cable system ~ ZERERS t RLAET AR (3 JEEm

O R ASE EE RS (i 245

O EsSHE R W
O i (channel) ZSAR>W > M HAEE 5 A5

Xp(t)=Kx(t—t,), K:%jpauti:

& "\ - Distortionless .
Source | Trams- |/ N \
dmnnsl Receiver | Destination

mltter |

—_— Nl J\ J

8 ULl

B ER  BEEL R () ~ (BRI Es - Brle R oA - A (T EL 4R
REESK - #Hiffl] © cable system ~ FERER S b EAATSHRON (S (it

2
ST =0 X = gth
O Boh®

S, =X’ =S, /L
O HayihrR
o 2

SD =Xp = gRSR

= KT gRE
MRER LR - (RS - B HEROAT - AL (HlaTh 4R
FREK ~ Hifdl] © cable system ~ FEERIR LR T EAET RN (#55 {4y

O GRSt W BRI - SHE
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B=W =B,

=~ Bl eu sy
flkAEk  EELEAER O - (REER RS - B> T - BLAL (HET)  oE
HEER - #iffi] : cable system - BRSSP ECHEASHIROR, (i) T

(S/N )D =Sg /[(NW)

O dB &R

(ij :1OIogm(S—Rj T—NWJ
N DdB anW

Srabm +174—10Iog10[
TO

Q

O HERIARTZ 53
Sp=S;/L, dBFRINSpp =Siee —Las

O Frld
(SIN), =S, /(LNW)

O {EfEpmEsstr o &
O (A 425 (repeater)

(S/N )1 =S [(LLNW)

O fEh42S(repeater) » H—ERIRIEIEL L
M EZRRIEIE Li=L/M - & dEes

O 5 M F4£ 25 (repeater) »
EFENZEE 2B > |

PETRECE S
1(S L S
(SIN), ~—| — | = 4
m\{N J; mL | LNW
T~ SR BEHFFR
HEER LR - (OB ES - B AT - B (T 4R
FREEK ~ Hifyl] - cable system ~ FERHIRER T EAETT AR (251 (o5
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Signal type Frequency rang SNR, dB
Barely intelligible 500Hz~2kHz H—10
volce

Telephone voice 200Hz~3. 2kHz 25-35
AM quality audio 100Hz~bkHz 40-50
High-fidelity audio 20Hz~20kHz ho—-65
Video 60Hz~4. 2MHz 45-55

I ~ §# | ! cable system

B AL ER (A ~ (EmIEOR 28 ~ BEUHE o FEER T ~ SRR {Hin T
ZEESK ~ Hiffl] ¢ cable system ~ §fEEHERE R SETE IR (S

s
N

A
=

OO cable system 45 E 7Lk
L =140dB =10
O R
T, =5T,
O o5 S8 (i s (S L 2t
#g B W =20k, % & (S/N), >60dB
SREEE 2 (TR 2

7

=

Se, +174-10l0g,,(5x 20x10°)> 60dB
O A LA 2 DR

Sg, >—64dBm=~4x10""'mW
O {E##Th= 40000W(KAK)

S; =LS,_ >4x10"mW =40000W

35



#if5l] : cable system(f4riE)
O FEFEEHmESE R R0 A 453 (repeater)
O Az
L =1400B <> L =2L,,L, = 70dB
O Z4ERT
L 10"
= —= 5x10°
le 2x10
O FrLMEETI% 8mW, By E RS v e 2 TRE

S, > (4x10"mW)/(5x10°) =8mwW

c ~RAUBHC AEFI XA ﬁBaseband Pulse transmission with
noise

MHBAER  SEECER (i - (Rl e ~ BRSO FestUo A ~ BN (BT B4R
ZEESK ~ #iffl ¢ cable system ~ FEEHERE dh ELSEIE IO (Hi e iy

[0 Pulse measurement in noise (a) Model

O (b) Waveform

o)
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O Baseband Pulse #2 » B —HUBER AT T
y(t,)=A+n(t,)=A+¢,
O Hr
g, =n(t,), amplitudeerror
O 357 SR

2 2
o, =n"=N,B

O Bz
A’ =E,/r, B, 21/(2r)
O =

E. AkfEsEE, o AkE=
O ASEREGENEER) MR
N, N,A?
2t 2E,

2
Op2

O S fIHkE 22N (arrival time or duration) » —f% LABEGERE R 2255
[ EAE (X1 AL2) -
O (L2012 FEEHiES) (noise perturbation n(ty))
O Time position error ¢

gin(t,)=t /A,
—>e=n(t,)(t /A)




[0 Time position error &

(= BEAWN
t, ~1/(2B), A’=E,/r
O =
2 No _ Ngz

O't ~ > =
4B A° 4B\E;
O ESEEAR By
25, No Nyt

O, =2 >
AB,A?  4B.E,

% = & Pulse detection and matched filters

e EHOE - B - SRR - e - A - B 5%
HpEZS {Eg - Pulse detection and matched filters

THREER Pulse detection and matched filters
Pulse detection ~ VLRl 23

O AkfE 2 T BREHEE AT

— ~ Pulse detection

FHEAE R Pulse detection and matched filters
Pulse detection ~ UVCHCIER 25

O BEGERSE

Xa(F)= AP()e
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— Vv
v In+1y

-
O JaEsE

XR(t) - AP p(t_to)

H{ET 2 FEE Ry
E,=[ |Xe() df = AZ[ |P(f)]df
PR Z B

A=F H(F)X(F)] o, = ApjioH(f)P(f)e+j”‘ddf

SORERTHE > ATEL

(Ajz [ H(DP(Her o
s =A§ ‘woo 2
[ [H(D G, (f)df

2

o)

HY R Z SNR
2 2
2A; (= 2E
(AJ == [ P(hffaf =2
Gmax I\IO - No

M IE 2 B PR R 25 R

P (f)e i
G,(f)

O e R E R

Hopt(f): K
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Gn(f)ZNO/2

3] -arl
o = G,(f)

max

= ~ T gk EMatched filters

FHEAER  Pulse detection and matched filters
Pulse detection ~ VLRI 25

O &G E N - EEHESA &R SNR 2R s » TIEAREERSE 2 UThd

ek B

P*(f)e I

Hopt(f):K ( )
G,(f)
G,(f)=N,/2
4| 2K i 2K

hopt(f):g 1|:—P*(f)e J td:|:—p(td _t)

NO NO
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