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ECE#375#Introduc/on#to#Communica/ons###

! Chapter#1:"Introduc/on#

! Chapter#2:#Signals#and#Spectra#

! Chapter#3:#Base#Band#Pulse#and#Digital#Signaling#

! Chapter#4:#Band#Pass#Signaling#Principles#&#Circus#

! Chapter#5:#AM,#FM#and#Digital#Modulated#Systems#

! Chapter#6:#Random#Processes#and#Spectral#Analysis#

! Chapter#7:#Performance#of#System#Corrupted#by#Noise###

Course#Content###



Chapter#1.#Introduc/on#

Chapter#Objec/ves#

#
"
"
"

"  How#communica/on#system#work#

"  Frequency#alloca/on#and#propaga/on#characteris/cs#

"  Computer#solu/ons#(MATLAB)#

"  Informa/on#measure#

"  Coding#performance#



1.1.#Historical#Perspec/ve#
The#history#of#communica/on#is#the#history#of#human#

490#BC.#

Philippides,#the#Greek#messenger#

From"the"baXlefield"of"Marathon""
towards"Athens."About"26.2"miles."

“We#have#won!”"

“Europe#and#America##
are#united#by#telegraphic#
communica/on.#Glory#to#God#
#in#highest,#on#earth#peace,#
Goodwill#to#men”"

1900s#

Across#Atlan/c#Cable#

More"than"2000"miles"

AEer#2000.#

Wireless#communica/on#

“Hello#world!”"



1.1.#Historical#Perspec/ve#
Milestones#in#Communica/ons#

•  1837,"Morse"code"used"in"telegraph"
•  1864,"Maxwell"formulated"the"electromagne>c"(EM)"theory""
•  1887,"Hertz"demonstrated"physical"evidence"of"EM"waves"
•  1890’sS1900’s,"marconi"&"Popov,"long0distance"radio"telegraph"
""""""00"Across"Atlan>c"Ocean"
""""""00"From"Cornwall"to"Canada"
•  1875,#Bell"invented"the"telephone"
•  1906,"radio"broadcast"
•  1918,"Armstrong"invented"superheterodyne"radio"receiver"(FM"in"1933)"
•  1921,#land0mobile"communica>on"
•  1947,#microwave"relay"system"
•  1957,#satellite"communica>on"began"
•  1966,"fiber0op>cal"communica>ons"
•  1981,#analog"cellular"system"
•  1988,#digital"cellular"system""
•  2000,#3G"network#



1.2.#Digital#and#analog#sources#and#systems#

Basic#Defini/ons:#

Analog#Informa/on#Source:#
A"analog"informa>on"source"produces"messages"which"are"defined"on"a"con>nuum."
E.g.:"""microphone"

Digital#informa/on#source:#
A"digital"informa>on"source"produces"a"finite"set"of"possible"message."
E.g.:"""telephone"touchtone"

t 

x(t) 

t 

x(t) 

Analog# Digital#



1.2.#Digital#and#analog#sources#and#systems#
#
#

#
Analog#

#

#
Digital#

#
Communica/on#

system#
"

Transfer"informa>on"from"an"
analog"source"to"the"receiver"
(sink)"

Transfer"informa>on"from"a"digital""
source"to"the"receiver"(sink)"
"

#
Advantages#

•  Rela>ve"Inexpensive"digital"circuits""
•  privacy"preserved"(data"encryp>on)""
•  greater"dynamic"range,""
•  no"noise"accumula>on,"
•  "data"resources"merged"and"

transmiXed"over"one"system""
•  small"errors,"
•  "errors"corrected"

#
Disadvantages#

More"bandwidth"is"required,"
Synchroniza>on"is"required"



1.3.#Determinis/c#and#random#waveforms#

DEFNITION.#A"determinis>c"waveform"can"be"modeled"as"a"completely""
"""""""""""""""""""""""specified"func>on"of">me.#

w(t) = Acos(ω0t +ϕ0 )

For"given"""""",""""""","and"""""","the"""""""at"""""is"determined.""""""A ω0 ϕ0 w t

DEFNITION.#A"random"waveform"(or"stochas>c"waveform)"cannot"be""
"""""""""""""""""""""""completely"specified"as"a"func>on"of">me"and"must"be""
"""""""""""""""""""""""modeled"probabilis>cally."(ECE"352)#

If#any#of#constants#are#unknown,#then#the#w(t)#is#not#determinis/c#



Signal##
Processing#

Carrier##
circuits#

Transmission#
Medium#

Carrier##
circuits#

Signal##
Processing#Informa/on##

#####input#

m(t)' s(t)' r(t)'

To#informa/on##
#####sink#(user)#

!m(t)

RECEIVER#

Noise#
n(t)'

TRANSMITTER#

1.6#Block#Diagram#of#a#Communica/on#System#

Three#basic#elements#

Transmifer:"convert"message"into"a"form"suitable"for"transmission"

Channel:"the"physical"medium,"introduces"distor>on,"noise,"interference"

Receiver:"reconstruct"a"recognizable"form"of"the"message"
"

CHANNEL#



1.6#Block#Diagram#of#a#Communica/on#System#
Transmifer#

!  SignalSprocessing#block:#
o  Purpose:#for"more"efficient"transmission."The"output"of"transmiXer"is"baseband"signal"
o  Examples:##
•  In"an"analog"system,"the"signal"processor"may"be"an"analog"low0pass"filter"to"
""""""restrict"the"bandwidth"of"m(t).""
•  In"a"hybrid"system,"the"signal"processor"may"be"an"analog0to0digital"converter"
"""""(ADC)"to"produce"digital"signal"that"represent"samples"of"the"analogy"input"signal"

!  Transmifer#carrier#circuit:#
o  Purpose:#converts"the"processed"base"band"signal"into"a"frequency"band"
""""""""""""""""""""""""that"is"appropriate"for"the"transmission"medium"of"the"channel.""
o  Example#
•  An"amplitude0modulated"(AM)"broadcas>ng"sta>on"with"an"assigned"frequency"
"""""of"850"kHz"has"a"carrier"frequency"fc=850"kHz."The"mapping"of"the"base"band"input"
"""""informa>on"waveform"m(t)"into"the"band"pass"signal"s(t)"is"called"modula>on."It"will"
"""""shown"that"any"band"pass"signal"has"the"form"
" s(t) = R(t)cos(ωct +θ(t)) ωc = 2π fc

If"R(t)=1"and"""""""""""""""""","s’(t)"would"be"a"pure"sinusoid"of"frequency+f=fc"with"zero"
bandwidth""

θ(t) = 0



1.6#Block#Diagram#of#a#Communica/on#System#
Channel#

!  Channels#represent#the#path#(or#mul/ple#paths)#in#which#signals#travel##
######from#transmifer#to#receiver#:#

!  Classifica/on:#

o  Wire:#Twisted0pair"telephone"line,"coaxial"cable,"waveguide,""
""""""""""""""""""and"fiber0op>c"cable.""
o  Wireless:#air,"vacuum,"and"seawater#

In"general,"the"channel"medium"aXenuates"the"signal"so"that"the"delivered""
Informa>on""""""""""is"deteriorated"from"that"of"the"source."The"channel"noise""
May"arise"from"natural"electrical"disturbances"or"from"ar>ficial"sources."

!m(t)



1.6#Block#Diagram#of#a#Communica/on#System#
Receiver#

!  The"receiver"takes"the"corrupted"signal"at"the"channel"output"and"convert"
""""""it"to"be"a"baseband"signal"that"can"be"handled"by"the"receiver’s"baseband"
"""""processor."
#
!  The"baseband"processor"cleans"up"this"signal"and"delivers"an"es>mate""
""""""of"the"source"informa>on"m(t)"to"the"communica>on"system"output.""
"
!  In"digital"systems,"the"measures"of"signal"deteriora>on"is"usually"taken"to""
""""""be"the"probability"of"bit"error"P(e),"also"called#Bit#Error#Rate#(BER)"of"the""
"""""delivered"data"m(t)."
"
!  In"analog"systems,"the"performance"measure"is"usually"taken"to"be"the""
"""""SignalStoSNoise#Ra/o#(SNR)#at"the"receiver"output."

!m(t)



1.7#Frequency#Alloca/ons#

!  Regula>ons"specify,"modula>on"type,"bandwidth,"power,"type"
of"informa>on"and"etc."that"a"user"can"transmit"over"designed"
frequency"bands."

!  Frequency"assignments"and"technical"standards"are"set"
interna>onally"by"Interna>onal"Telecommunica>on"Union"(ITU)."

!  Each"na>on"of"ITU"retains"sovereignty"over"spectral"usage"and"
standards"adopted"in"its"territory."

!  Each"na>on"is"expected"to"abide"by"the"overall"frequency"plan"
adopted"by"ITU." 
 



1.7#Frequency#Alloca/ons#



1.7#Frequency#Alloca/ons#



1.8#Propaga/on#of#Electromagne/c#Waves##

!  The"propaga>on"characteris>cs"of"electromagne>c"waves"used"in"
wireless"channels"are"highly"dependent"on"the"frequency.""
"

!  Based"on"carrier'frequency'EM"wave"propaga>ons"can"be"classified"as:"
"  GROUNDSWAVE#Propaga>on""(below#2#MHz)""""
""""""""""""""""""""""""""""""""VLF,#LF,#MF#
"  SKYSWAVE#Propaga>on"(between#2#~#30#MHz)""
""""""""""""""""""""""""""""""""""""""HF"
"  Line#of#Sight#(LOS)#Propaga>on"(above#30#MHz)"
"""""""""""""""""""""""""""""VHF,#UHF,#SHF,#EHF"

"

!  Ioniza>on"(i.e."free"electrons)"of"the"rarified"air"at"high"al>tudes"has""
""""""""""a"dominant"effect"on"wave"propaga>on"in"the"MF"and"HF"bands.""
"



1.8#Propaga/on#of#Electromagne/c#Waves##

• "Ioniza>on"is"caused"by"""Ultraviolet"
radia>on"from"the"sun."

• "Ionized"air"shows"different"
proper>es"at"different"levels"
(Density"and"pressure)."

• "Speed"of"the"wave""differs"with"the"
changing"proper>es."

• "Dominant"regions"are"named"as"D,"
E,"F1"and"F2"."

• "D:"about"45"or"55"miles""

• "E:"between"65"to"75"miles"

• "F:"between"90"to"250"miles"



1.8#Propaga/on#of#Electromagne/c#Waves##
GroundSwave#Propaga/on#

!  Dominant"mode"of"propaga>on"for"frequencies"below#2#MHz.#
!  Diffrac>on"of"the"wave"causes"the"wave"to"propagate"along#the#surface#

of#the#earth.#
!  This"propaga>on"mode"is"used"in"AM#Radio#Broadcas/ng.#
!  Diffrac>on"of""waves"in"“D”"layer"helps"propaga>on"along"the"surface"of"

earth."



1.8#Propaga/on#of#Electromagne/c#Waves##
SkySwave#Propaga/on#

!  Dominant"mode"of"propaga>on"for"frequencies"range"of"#2#MHz#~#30#MHz#
!  Long#coverage#is"obtained"by"reflec>on"of"wave"at"the"ionosphere"and""
######at"the"Earth’s"boundary."
!  This"mode"is"used"in"HF"band"Interna/onal#Broadcas/ng#(Shortwave#

Radio).#
!  Sky0wave"propaga>on"is"caused"primarily"by"reflec>on"from"the"F"layer."



1.8#Propaga/on#of#Electromagne/c#Waves##
SkySwave#Propaga/on#

!  The"refrac>on"index"of"the"ionosphere"can"be"approximated"as"
"
"
"
""""""""Where,"

"n"00"Refrac>ve"index,""
N+00"Free"electron"density"(number"of"electrons/m3)"("~"1010/m3)"
f+00""Frequency"of"the"wave"(Hz)."
"

!  Refrac>ve"index"will"change"gradually"with"the"al>tude."

!  Traveling"waves"will"gradually"bend"according"to"Snell’s"law."

+++++++++++++++++++++++++++++++++++++++++++++++++nr+Sin+φr+=+ni+Sin+φi+
"
! Waves"will"be"bent"back"to"earth."Ionosphere"acts"as"a"reflector."

Transmipng"sta>on"will"have"coverage"areas"along"the"surface"of"earth."
" " ""

"

n = 1− 81N
f 2



1.8#Propaga/on#of#Electromagne/c#Waves##
LineSof#Sight#(LOS)#Propaga/on#

!  Dominant"mode"of"propaga>on"for"EM"waves"above#30#MHz.#
!  The"EM"wave"propagates"in"a"straight"line,"and"the"signal"will"

propagate"through"the"ionosphere.""
!  This"mode"can"be"used"in""Satellite#Communica/ons.#
!  The"disadvantage"of"LOS"is"that"the"signal"path"has"to"be"above"the"

horizon"and"the"receiver"antennas"need"to"be"placed"on""tall'towers+
so"that"they"can"see"each"other."



1.9#Informa/on#Measure##
DEFNITION.#The"informa0on"sent"from"a"digital"source"when"the"jth""
"""""""""""""""""""""""""message"is"transmiXed"is"given"by"#

I j = log2
1
Pj

!

"
##

$

%
&&bits

Where"Pj+is"the"probability"of"transmipng"the"jth"message"

! Messages"that"are"less"likely"to"occur"(smaller"value"for"Pj)"provide"
more"informa>on"(large"value"of"Ij).""

!  The"informa>on"measure"depends"on"only"the"likelihood"of"sending"
the"message"and"does"not"depend"on"possible"interpreta>on"of"the"
content"(make"sense??)."

!  For"units"of"bits,"the"base"2"logarithm"is"used;""
!  if"natural"logarithm"is"used,"the"units"are"“nats”;""
!  if"the"base"10"logarithm"is"used,"the"units"are"“hartley”.""



1.9#Informa/on#Measure##
DEFNITION.#The"average'informa0on'(Entropy)"measure"of"a"digital"source"is:#

H = PjI j = Pj log2
1
Pj

!

"
##

$

%
&&bits

j=1

m

∑
j=1

m

∑

Where"m+is"the"number"of"possible"different"source"messages"

DEFNITION.#The"source'rate'(R)"is"given"by:#

R = H
T
bits / s

Where"H+is"the"average"informa>on"(entropy),"T"is"the">me"required"
to"send"a"message."



1.9#Informa/on#Measure##
Example#1S3:#Evalua/on#of#informa/on#and#entropy##



1.9#Channel#Capacity#and#Ideal#
Communica/on#Systems##

!  For"digital"communica>on"systems,"the"“Op/mum#System”"may"
defined"as"the"system"that"minimize"the"probability"of"bit"error"at"the"
system"output"subject"to"constraints#on#the#energy#and#channel#
bandwidth.""

"
!  Thus,'bit'error'and'signal'bandwidth'are'of'prime'importance''
"



1.9#Channel#Capacity#and#Ideal#
Communica/on#Systems##

C = B log2 1+ S
N

!

"
#

$

%
&

Is#it#possible#to#invent#a#system#with#no#error#at#the#output#even#when#
we#have#noise#introduced#into#the#channel?#
"""""""""""Yes"under"certain"assump>ons..."
According"Shannon#the"probability+of+error+would"approach"zero,"if"

""""""""""""""""""""""""""""""""""""""R'<''C'
""""Where"

R"0"Rate"of"informa>on"(bits/s)"
C"0"Channel"capacity"(bits/s)"

"

'B'0"Channel"bandwidth"in"Hz"and"
S/N'0"the"signal0to0noise"power"ra>o"


