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1%%“%)2 D ﬁ;é]_ %fd:ﬁ'](Toy example for signal transmission)

0FIFIZFERMA-DDTURIVETX EXL,ZRYNELLLNESITEIELT=LY,

Realize error-free transmission of two digital signals X; and X, that take 0 or 1.

1511 .1 ZODEBX, EX,FRIFICIEET D,
Example 1.1 Transmit the two signals X; and X, simultaneously.
Y = X1 + XZ
%1%%(3:%1%%1/%% H’Hﬂéo (The receiver receives the real signal Y.)
X, 0 1 0 1
X, 0 0 1 1
Y 0 1 1 2

Y = 1% 2ITHE-1=156 . 2EHEIX, X)) = (0, DBESNT=DH
(X1, Xy) = (1,0)h 1% b/’I’LT*O)b\EIZEIJ’C%tLL\

For Y = 1, the receiver cannot distinguish whether (X;,X,) = (0,1) or (X,,X;) = (1,0) was sent.

EEMTHORD. BYLLOERE AT

Error-free transmission is impossible because of interference between signals.
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B4 £ 2 E (Time-division multiplexing)

1.2 B fn = 1IZIESX, ZFEY. Ban = 2I2EB X, 2% 5,
Example 1.2 Send the signal X; attime n =1 and X, attime n = 2.

Y,=X, n=12

ZEBEFRn = LIZESNZRITRY., BFEn = 212,22 (THS,

The receiver gets the signals Y; and Y, attimes n = 1 and n = 2, respectively.

X, 0 0 1 1
X, 0 1 0 1
Y, 0 0 1 1
Y, 0 1 0 1

(X1,X,) = (Y, ) ELTRYGLD ZEMNAEETH D,

Error-free reception is possible due to (X, X,) = (¥, Y,).

R R

Disadvantage

(TIEIZFFRE DD DD o (Transmission requires more time.)
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n/&'ﬂ& \%ll E (Frequency-division multiplexing)

511.3 BRIRBDELZLHZDDRKKEELT., X, EX,ZRIFFISESD,
Example 1.3 Send X; and X, simultaneously using two sinusoids with different frequencies.

y(t) = X, cos(2nft) + X, cos(3nft)

B E T4 ILRIZ K5 525 (Reception via matched filter)

1 1 1
ij(t) cos(2mft) dt = X, jf cos?(2mft) dt + X, jf cos(2nft) cos(3mft) dt = %1
0 0 0 2f
1 1 1 X
ffy(t) cos(3rft)dt = X; jf cos(2nft) cos(3nft) dt + X, jf cos?(3mft) dt = 22
0 0 0 Zf

%fﬁm%%(i~ ﬁ&—bw?ﬁ%’éé’*ﬂﬁ (See a lemma in the next paper for the last equalities.)

*” :'#\ A7 (') 7Ld~ LD H H#t’: 75{E_|- ﬁlé (Simultaneous and error-free transmission is possible.)

Advantage
T BARMEEEERIEE RS,

The integral interval becomes narrower as the frequency increases.
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ﬁ%gil&'@ IE&T'l‘E(Orthogonality between sinusoids)

f#HRE1.1(Lemma 1.1) FE DB AREKLIZXTLT. (For any natural number k)

2f"°

AEFA(Proof)  2fE A DA cos(2a) = 2 cos? a — 15FS &,

Using the double-angle formula cos(2a) = 2 cos? a — 1, we obtain

1/f 1 1/f
j cos?(knft)dt = — f cos(3nft) cos(2mft) dt = 0.
0 0

s Y1 + cos(2kmft) t sinRkrfOl’ 1
cos? kntdt=j dt=[—+ =—.
—[0 (et 2 dkrf |, 2f

0 2

FEMAK2 cosacosf = cos(a + ) + cos(a — B)FFES &,

Using the product-to-sum formula 2 cos a cos § = cos(a + B) + cos(a — B) yields
s YT cos(5mft) YT cos(mft)
cos(3nft) cos(2nft) dt = > dt + > dt
0 0 0

sin(5efO [sin(efe)]’ o m
[ 10mf +[ 2rf o

0 0

TOYOHASHI

UNIVERSITY OF TECHNOLOGY




'Fﬁ'ijﬂrﬁ” BE 1% AT L (Band-limited communication systems)

FIRBDEZEIL. FHEDLEWMETRELXZREERTES,

Frequency-division multiplexing realizes interference-free signal reception.
18 il BR 2 X 7 L (Band-limited systems)

FEATHRARBFEZNENTHLET, BEGDBEVATLBOTFEZHC,

Circumvent interference between different communication systems via frequency-division multiplexing.

13 & (Bandwidth)

ERICEY B ToNn=FAIRBREDOE

Width of a consecutively assigned frequency interval.

Rl B IR 2H (Center frequency)
FERI SHBEIRBXRB O

Center of the used frequency interval f
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%iﬁﬂrﬁ” BE1§'E_IT(Band-Iimited signals)

D ELR B f  wIEIEW D FEHIRIES X (1)

Band-limited signal x(t) with center frequency f, and bandwidth W
N-1
x(t) = x,(t) cos(2mf.t), xp(t) = Z X, sinc(Wt —n),
n=0

sin(t
sinc(t) = #, sinc(0) =1

X [FERMIH . HERIEDEOHIZEHEREL -,

X, has been assumed to be real for simplicity while it should be a complex number.

5I%(Remark)
COEESRROEHITESBLEIADHBE TS, £URELEHIC
DULWVTIE., EEHEHH. [FHRBEVRAT LK) MWIFTES.

This signal representation is derived in lecture notes 3 and 4. Learn Signal Processing and
Information and Communication Systems 2 for more rigorous derivation.
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Fﬁ EE ), i t&) (Terminology)

R—ANVFESE xb(t)O)C&o Xb(t)o)qjlt‘%;’&%lbﬁoo)f:&)o

Baseband signal Means x,,(t), because x,(t) has zero center frequency.

Wik i cosuf.t)D&, TDT=O. fIIERE R ELFEIINS,

Carrier wave Means cos(2rf.t), so that f_. is also called carrier frequency.
Pt EYEWAY—C B ESICEHRT DiRE
Modulation To transform messages into physical signals.

Xn, xp (1), x(O)ZTERRT DIRFZT N TEHREMESS,

Modulation may indicate operations to generate X,,, x;,(t), or x(t).

18 5H MEBEFTETTD Ay —VICEHT HIRE
Demodulation To transform the physical signals into the original messages.

x(6) Py () BB DAV E—SEH T T DIBEET R TEALEA,

Demodulation may imply operations to estimate the messages from x(t), x,(t), or etc.
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%EX%IJ BE1§'E_'T 0)15'](Example of band-limited signals)
2

15t Xy sinc(W't)

X, sinc(Wt — 2)_
1 L

Amplitude
=

Xq sinc(Wt — 1)

-3 -2 -1 0 1 2 3 4
Wt
N=3,X=1,X,=-1,X,=1, . =10WDHE




@Eﬁ(Demodulation)
%iﬁﬂrﬁ“ BE1§%@'|‘$E(Properties of the band-limited signal)

1. £ WOBEIZ, x(O)Ex, (O KYBLENIELEENT S,

For f. » W, x(t) changes much faster than x,,(t).

2. EBH¥n + 0ITxL T, sinc(n) = 00BKILT D,

sinc(n) = 0 holds for any integer n # 0.

x, (ODBER ME1MSRME[Lt + ] Txy (D EIELGEWNETR T SE.

Reconstruction of x,(t) Assuming that x,,(t") is approximately fixed in [t,t + f.~1], from Property 1, we have

t+ft t+fe! xp (¢)
j x(t") cos2uf.t") dt' = xb(t)J cos?(2mfet')dt" = 2f
t t c

EDESITEE.ADBRED (The last equality follows from Lemma 1.1.)

*ﬁﬁ':J: U « Xp (t)”éﬁ*ﬁﬂi’(%é o (xp(t) can be reconstructed via the integration.)
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@Eﬁ(Demodulation)

HEE2hD, xp, (DY T TIZKYX, FBIERTES,

Property 2 implies that X,, can be reconstructed via sampling of x, (t).

N-1
n
Xb (W) = Z X, sinc(n — n") = X,, sinc(0) = X,,, n
n'=0

KREDURAT LT, BIDFEZTHBEBRINSD,

Another method is used for the reconstruction in practical systems.

Veou=tv

S
Analog

Signal Process.

TIZI ”
Xn _ Xp (T
Digital
Signal Process.
%5
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S5 0E
Analog

Signal Process.

0, ...

,N—1

Xp (t)

—_—

Digital

Signal Process.

12 3H

/4X@L®ﬁ1§E§(Noiseless Channel)

11



TR )LEIFRIDY ? (What is digital?)

%ﬁﬁ&ﬂ%FﬁE}(Discrete time)

1_7?X 0)/']“Z$n(j:s %E&é%&ﬂEODHEHQé o

The index n in the signal X,, only takes integers.

Rl RERRIE L= EIT LD MRS IE TR LT,

Time discretization does not degrade theoretical performance.

B BX{E B (Discrete signal)

55X, [IRERMBVHED A ZH S,

A signal X,, only takes discrete values.

q:&]IE ODEP’L:\E’]:IEL

The main topic in the physical layer
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T OB IEE DB (Digital signal examples)

2 {31 $B {7 #2 Z= 5[ (Binary phase-shift keying, BPSK)
1 2
O O
0 Xn
47\ )L A HRNE ZE £/ (4-level pulse-amplitude modulation, 4 PAM)
1 2 3 4
O O O O
0 Xn
327 \)I/Z*h_‘zmaa 32 level pulse-amplitude modulation, 32 PAM)
1 32
| J—— e ® & . .. O
0 Xn
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fiﬁ?ﬁ@)b{%%%1§’)f%§b\@7ﬁ\ ? (Why are we allowed to use digital signals?)

:]:A'B&%fﬂ,%(Price to pay)

REZRE.EOEEDERSILZHFETINEL, TOFIILESZERTSHL
MTELDNZHLMZT B,

This lecture reveals how much degradation has to be tolerated to use digital signals.
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