WEEELFE 13E MEEICL 230 (HE) (p. 247-259)
o

[FRE i
4.3 il

(5]
A UES
2 fi PAM (polar NRZ)
A+w(t), symboll,
()= ATV
—A+w(t), symbolO0,
% integrate-and-dump [

Tb
y(t)=[ "kx(t)dt (4.23)
TZEL, HERIA I T TYH TV T8 %2525. 2B, wW)iXEI AT MVEE
No/l2 DEET T AHEETH 5.
1) >RV LBERORENENRE SNIBEOYF T Y 7T y(t) &Rk k.

1]

0<t<T, (4.21)

AT, +J' t)dt, symbol 1
Y(Tb):
~AT, +I t)dt, symbol 0

2) YURNLIBEIVOBENENRE SNHBEOY TV v VN OReREIERE | (y]1) 6
LU f(y]0) &k k.
VUL 1 DA AT, V2R 0 DBAIETH-AT, T, Wb

agzg{(jj )} e[ [ [ w(o)w(u)dudt] = [ [ E[w(t) w(u)Jauat

T To T ¢ N N, T,
:J' _[ Ry t—u)dudt:J.0 jo 7°5(t—u)dudt: °2b
DAY AGFHCHED . T72bb,

f(y|1)=\/ﬂ;7_l_exp{_W} f(y|0)= ﬂi‘OTb exp[_%J

B) AN IEFELYUARNO LBRDIERpn BRI ARV 0EZXE LRIV LR
3 pro ZRRZEMBAE A AV TR K.

pm:f;f(yll)dy:Jﬂ;—%fwexp{—%]dy
Po=] f(yl0)dy= ﬁj (yT':_—:)]dy

AR ZE A PR
erfc(u exp
ff

AT D720
oyt AT,

B \}NOTb ’ NOTb B NOTb

ZHWD L&,




7—AT, _
pm:ijﬁexp(—zz)dz:lerfc Al,—7
N 2 N,T,
1 AT +y
JAT, exp dz:—erfc[ b J
\/—.[7 Lo 5 N,T,
=771
erfc(—u)=2—erfc(u)
AR L.
) By FY7m 0 =X —%MEFE S AT VB Ep/Ng 22K XK.
_ 2 LAY Vi _ A2 Eb _ Asz
E,=[ g (t)dt_jO A?dt =AT,, e

(4) ¥ RIVFEMERDN pr=p;=0.5, Eb/N0—4( 6.02dB) DEFAITHOWT, HIE L%b‘ﬂﬁyé’: —0.8AT,
75 0.8ATy £ T O02AT, 4 A T SV A D, By MRV R p, 2RO K. 72771, EEMEK
DI DR 2B R X (F'nﬁiﬂﬁif'ﬁ'ﬁ‘aom\t@fﬂkrt)

y=0ATp L E< &,

ol () (e
Pe = E( P p01) - Z[erfc (W]—F erfe [W]}

:%[erfc[(l+a) \/E:Z}rerfc((l—a) %ﬂ

Bz 11X, a=-0.8 DLGE,
1 1
p, (e =-0.8)= Z[erfc((1+ 0.8)x2)+erfc((1-0.8)x 2)} = Z[erfc(3.6) +erfc(0.4) ]

= %(0.000000 +0.571608) = 0.142902

[ARRICER S % &,

o

o -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Pe | 0.142902 | 0.064476 | 0.022440 | 0.006085 | 0.002339 | 0.006085 | 0.022440 | 0.064476 | 0.142902

1

TN T

-1.0 -0.5 0.0 0.5 1.0
gamma

€

[ERI~D[a%]

Q: AV FEHOWET, HRELERETIHREN R LR >TND.

A HRETIE, KAT=1 & W) EHUEEI T TWD DI LT, #F T k=1 &9 B AT
o7, WAZIZE/Ng ZRHR T2 &R S TR CRBANENS.

Q: po 28 erfc Zfifi o TR B2,

A HEBEOMEIZH D L 91, po ZRDDHTZHITIE

erfc(—u)=2—erfc(u)



2O MENR DD, ZORN T erfc DEFRNGHBIZEHTE 5.

1
Eerfc \/7] exp -
Xz D30, 12 DT T A5 AA O R4 (complementary CDF) ##7. k- T,
;erfc \/_J' exp(-2°)dz
fj'wexp dz——J' exp(-2°)dz
—1-—1 ["exp(=¢?)d =z

=l ee(-¢)ds (¢=-2)

1

2er c(-u)
[ Rk BR ]

FiPH MR LR & T 5.
HEFF:2 H9H (k) 10:40-12:10
PP - S222 EE e



REMERE

erfc(z)
0.00 1.000000
0.05 0.943628
0.10 | 0.887537
0.15 0.832004
0.20 0.777297
0.25 0.723674
0.30 | 0.671373
0.35 0.620618
0.40 0.571608
0.45 0.524518
0.50 | 0.479500
0.55 0.436677
0.60 0.396144
0.65 0.357971
0.70 | 0.322199
0.75 0.288845
0.80 | 0.257899
0.85 0.229332
0.90 | 0.203092
0.95 0.179109
1.00 0.157299
1.05 0.137564
1.10] 0.119795
1.15 0.103876
1.20 | 0.089686
1.25 0.077100
1.30 | 0.065992
1.35 0.056238
1.40 0.047715
1.45 0.040305

erfc(z) z erfc(z)
1.50 0.033895 3.00 0.000022
1.55 0.028377 3.05 0.000016
1.60 | 0.023652 3.10 | 0.000012
1.65 0.019624 3.15 0.000008
1.70 0.016210 3.20 0.000006
1.75 0.013328 3.25 0.000004
1.80 | 0.010909 3.30 | 0.000003
1.85 0.008889 3.35 0.000002
1.90 0.007210 3.40 0.000002
1.95 0.005821 3.45 0.000001
200 [ 0.004678 3.50 | 0.000001
2.05 0.003742 3.55 0.000001
2.10 0.002979 3.60 0.000000
2.15 0.002361 3.65 0.000000
220 | 0.001863 3.70 | 0.000000
2.25 0.001463 3.75 0.000000
2.30 0.001143 3.80 0.000000
2.35 0.000889 3.85 0.000000
240 [ 0.000689 3.90 | 0.000000
245 0.000531 3.95 0.000000
2.50 0.000407 4.00 0.000000
2.55 0.000311 4.05 0.000000
2.60 [ 0.000236 4.10 | 0.000000
2.65 0.000178 4.15 0.000000
2.70 0.000134 4.20 0.000000
2.75 0.000101 4.25 0.000000
2.80 [ 0.000075 4.30 | 0.000000
2.85 0.000056 4.35 0.000000
2.90 0.000041 4.40 0.000000
2.95 0.000030 4.45 0.000000

erfc(z)
4.50 0.000000
4.55 | 0.000000
4.60 | 0.000000
4.65 0.000000
4.70 0.000000
4.75 | 0.000000
4.80 | 0.000000
4.85 0.000000
4.90 0.000000
4.95 | 0.000000
5.00 [ 0.000000
5.05 0.000000
5.10 0.000000
5.15( 0.000000
5.20 [ 0.000000
5.25 0.000000
5.30 0.000000
5.35 [ 0.000000
5.40 [ 0.000000
545 0.000000
5.50 0.000000
5.55 [ 0.000000
5.60 [ 0.000000
5.65 0.000000
5.70 0.000000
5.75 [ 0.000000
5.80 [ 0.000000
5.85 0.000000
5.90 0.000000
595 0.000000




Problem 4.3

Ideal low-pass filter with variable bandwidth. The transfer function of the matched filter for a
rectangular pulse of duration t and amplitude A is given by

Hopi(f) = sinc(fT)exp(-jnfT) (1)

The amplitude response |Hopt(f) | of the matched filter is plotted in Fig. 1(a). We wish to
approximate this amplitude response with an ideal low-pass filter of bandwidth B. The amplitude
response of this approximating filter is shown in Fig. 1(b). The requirement is to determine the
particular value of bandwidth B that will provide the best approximation to the matched filter.

We recall that the maximum value of the output signal, produced by an ideal low-pass filter in
response to the rectangular pulse occurs at t = T/2 for BT < 1. This maximum value, expressed
in terms of the sine integral, is equal to (2A/x)Si(nBT). The average noise power at the output of
the ideal low-pass filter is equal to BN,,. The maximum output signal-to-noise ratio of the ideal
low-pass filter is therefore

(SNR); - (2A/15)2BSI\} 2(1CBT) (2)
0

Thus, using Eqs. (1) and (2), and assuming that AT = 1, we get

SNR),
SNR, _ 2 g2¢BT)
(SNR),  #2BT

This ratio is plotted in Fig. 2 as a function of the time-bandwidth product BT. The peak value on
this curve occurs for BT = 0.685, for which we find that the maximum signal-to-noise ratio of the
ideal low-pass filter is 0.84 dB below that of the true matched filter. Therefore, the " best" value
for the bandwidth of the ideal low-pass filter characteristic of Fig. 1(b) is B = 0.685/T.
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