
(Digital  Modulation)

دیجیتالمدولاسیون
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مقدمه
 انگيزة اصلي استفاده از مدولاسيون، بهره مندي كامل از محيطهاي انتقال

انتخاب ملاك كه را مندي بهره اين بر گذار تاثير عوامل ميتوان لذا و بوده

مقدمه
بوده و لذا ميتوان عوامل تاثير گذار بر اين بهره مندي را كه ملاك انتخاب 

:روشهاي مدولاسيون ميگردد، بصورت زير طبقه بندي نمود
:بر اساس نوع پیام مورد نظر برای ارسال1. ع

 voice/video (analog source)

 data (digital source, machine-to-machine communications)

traffic statistics traffic statistics

.میزان تاخیری که مجاز هستیم2.

م .نوع محیط انتقالی که در اختیار داریم3. ع

:در کاربردهای شبکه ائی، نوع شبکۀ مورد استفاده، نظیر4.

 cellular wireless networks (GSM, AMPS*)

 Wi-Fi 

 wire-line local area networks (Ethernet LANs) 

 public switched telephone network (PSTN)
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ديجيتال مدولاسيون هاي شيوه انواع شيوه هاي مدولاسيون ديجيتالانواع
با ملاحظه سيگنال راديوئي حامل در فرم كلي ميتوان شيوه هاي مختلفي از

مدولاسيون ديجيتال نظير آنچه در آنالوگ داشتيم طبق شكل زير تعريف 
:نمائيم
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ديجيتال دامنة )ASK)1مدولاسيون )ASK )1مدولاسيون دامنة ديجيتال
 در مدولاسيون دامنة ياASK بوده  1و 0، اطلاعات مدوله كننده داده هاي باينري ريون وي

بين دو وضعيت سوئيچ ميشود بنام  1يا  0و چون كارير وابسته به وضعيت داده 
.نيز شناخته ميشود” on/offمدولاسيون كليدزني “
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Amplitude Shift Keying (ASK) , On Off Keying (OOK)
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ديجيتال دامنة )ASK)2مدولاسيون
ASKUnipolar

)ASK)2مدولاسيون دامنة ديجيتال 

Vm(t)
VASK(t)1 0 1 1 0

Vc(t)Vm(t) : input signal (digital)

Vc(t) : carrier signalc( ) g

VASK(t) : output signal
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ديجيتال دامنة )ASK)3مدولاسيون
زمان حوزه فركانس حوزه

)ASK )3مدولاسيون دامنة ديجيتال

Amplitud, V
Carrier

حوزه فركانس                                                               حوزه زمان

X

f(Hz)
cf

1 0 1 1 0

XUnipolar Amplitud, V

ASK

1 0 1 1 0

=

bR bR3 bR5

Amplitud, V

f(Hz)

Rf 5 f(Hz)
bc Rf 5 bc Rf 5 f( z)
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ديجيتال دامنة مدولاسيون باند ASKپهناي باند مدولاسيون دامنة ديجيتال ASKپهناي

BWASK:براي سيگنالهاي غير پريوديك = RS = Rb = 2fm

fm : Max Frequency of input signal (Analogue)

R = 1bit x fS =2f : Min Bit Rate of input signal after 1 bit quantization (digital)

fS =2 fm : Min  Sampling Frequency of input signal 

Rb = 1bit x fS =2fm : Min Bit Rate of input signal after 1 bit quantization (digital)
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ASKارزيابي سيستم 

 مزیتها

آساني انجام مدولاسيون
بطور وسيعي در انتقال بوسيله فيبر نوري استفاده ميشود. و ي وري يبر ي بو ل ر ي ي و ور ب

 معایب

سيگنال برابرتضعيف در هم(حساس از دور نقاط بين دهي ارتباط در )ناكارآمدي ).ناكارآمدي در ارتباط دهي بين نقاط دور از هم(حساس در برابرتضعيف سيگنال 
محدوديت نرخ بيت



FSKمدولاسيون فركانس ديجيتال  ل يجي س ر يون و
 در مدولاسيون فركانس ياFSK 0، فركانس كارير وابسته به وضعيت داده ورودي 

ختلف1يا كان ف ت وضع دو ن fب =f +fوf =f f)ل ح حول ( fLow=fC-fوfHi=fC+fبين دو وضعيت فركانسي مختلف  1يا
:سوئيچ ميشود )كارير

 "1":2cos tfA 






"0":2cos

1:2cos
)(

tfA

tfA
tx

LowC

HiC
C 



Frequency Shift Keying (FSK)
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ديجيتال دامنة مدولاسيون باند FSKپهناي باند مدولاسيون دامنة ديجيتال FSKپهناي

BWFSK:   براي سيگنالهاي غير پريوديك =2(Rb+f )

fm : Max Frequency of input signal (Analogue)

R = 1bit x fS =2f : Min Bit Rate of input signal after 1 bit quantization (digital)

fS =2 fm : Min  Sampling Frequency of input signal 

Rb = 1bit x fS =2fm : Min Bit Rate of input signal after 1 bit quantization (digital)
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مثال      مثال
سيگنال مدوله شده ديجيتالي را ايجاد  49kHzو 51kHzائي با دو فركانس  FSKسيگنال 

:فرض نماييد، مطلوبست 2kbpsمي كند،نرخ بيت را 
محل فركانس كارير 1.
سميزان انحراف فركانس2. ر ر ن يز
پهناي باند3.

     1. fC = |(49 kHz + 51 kHz)|/2 = 50 kHz
2. f:
 f = |(49 kHz – 51 kHz)|/2 = 1 kHz

3 bandwidth:3. bandwidth:
BW = 2[2+1] = 6 kHz            BWFSK =2(Rb+f )
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FSKكاربردهاي متداول شيوه 

مدم ها(Modulator/demodulator) م
سلولي(مخابرات موبايل(
 ارتباطاتHF) 30-3در رنج MHz( ب ج(ر ر )ر
 انتقال ديتا بر روي خطوط قدرت
بالاي بيت نرخ با ديتا خانگ هاي   14Mbpsشبكه هاي خانگي ديتا با نرخ بيت بالاي 14Mbpsشبكه
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FSKارزيابي سيستم 

 مزیتها

 برخورداري از تضعيف كمتر سيگنال در مقايسه با شيوهASK  
تاثير پذيري كمتري از نويز نسبت بهASKدارد. ب ب ويز ز ري يري پ رير

 معایب

نويزغلبه prone)بر to noise)ارتباطات براي شيوه اين استفاده در در استفاده اين شيوه براي ارتباطات (prone to noise)بر نويزغلبه
)به بالا 1kmحدود (دور

 توانايي صرفا براي انتقال با نرخ بيت نسبتا پايين(baud rate 4800bps)  يين پ ب بي رخ ب ل ي بر ر يي )و p )
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FSKانواع هم خانواده هاي مدولاسيون 

 MFSK (Multi or M-Array FSK)( y )

 DFSK (Double or Binary FSK)

 DFSK (distributed)

 GFSK (Gaussian)

ائي است كه از فيلترهاي گاوسي شكلي بمنظور شكل دهي  FSKاين شيوه مدولاسيون 
ا اFSKال ا ا ا كل ا آ ا و در نهايت آرام نمودن شكل نهايي حوزه زمان موج نهايي و در نهايت  FSKپالسهاي 

نامحدود  FSKچراكه بطور تئوري پهناي باند (كاهش موثر پهناي باند، بهره ميبرد
.استفاده مي كنندGFSKمدارات مجتمع بلوتوث موجود از شيوه مدولاسيون ).است
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FSKو ASKمقايسه مدولاسيونهاي 

ش د ش ه ت که د ا ت ل دFSKدلا ش :انتخا ش ش ه ت که ا ت ل شASKلا :انتخاب شودFSKدلایل توجیهی و مواردی که توصیه میشود شیوه :انتخا

oكاربردهاي فركانس بالا
ا گنال ا ا اخل ت ز كا گ/ا آل

:انتخاب شود ASKدلایل توجیهی و مواردی که توصیه میشود شیوه

o كاربردهاي قدرت پايين
oكاربردهاي كه ارزاني قيمت ملاك است.

oآلودگي / امكان بروز تداخل با ساير سيگنالها
نويز بالا

ي ي رز ي ربر
o مواردي كه سادگي ساخت مد نظر

)مصارف عمومي و غير نظامي(است

)  نياز به سيستم پايدار كنندة حرارتي و شكنندگي(و معايب آن  FSKضرورت بكارگيري كريستال در •
نسب برتري استASKسبب گرديده .گرديده است ASKسبب برتري نسبي 

از نظر عملكرد خوب نويز   ASKاز آستانه  حداقل حساسيتي  در مقابل  FSKگيرنده  •
پرداخته  ASKبرخوردار بوده كه البته بهاي آنرا  با اشغال پهناي باند پانزده برابر بيشتر از  ز ر بي بر بر ز پ ب ي په ل ب ر ي به ب بو ر ور پربر

.است
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ديجيتال فاز PSKمدولاسيون فاز ديجيتال PSKمدولاسيون

 در مدولاسيون فاز ياPSK بين دو   1يا  0، كارير وابسته به وضعيت داده ورودي يون نر
و  0بهترين و ايمن ترين از نظر تشخيص در گيرنده دو فاز متقابل (وضعيت فازي مختلف

180o سوئيچ ميشود بطوريكه اگر بيت وارده به مدولاتور تغيير حالت ) ميباشد
تغ ا ل ان اق تغ كا فا ا ان ا10ال 01ا  1به  0يا از 0به 1حال از (نداد فاز كارير بدون تغيير باقي ميماند، ولي با تغيير بيت 

. :فاز كارير تغيير مي كند )باشد

Phase‐Shift Keyingy g
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ديجيتال دامنة مدولاسيون باند PSKپهناي باند مدولاسيون دامنة ديجيتال PSKپهناي

BWb b d : Max Frequency of input signal (Analogue)

BWPSK:براي سيگنالهاي غير پريوديك = Rb = 2BWbaseband

BWbaseband : Max Frequency of input signal (Analogue)

R = 1bit x fS =2 BW : Min Bit Rate of input signal after 1 bit quantization

fS =2 BWbaseband : Min  Sampling Frequency of input signal 

Rb = 1bit x fS =2 BWbaseband : Min Bit Rate of input signal after 1 bit quantization 
(digital)
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مثال      مثال
مفروض است،  10Mbpsو نرخ بيت ورودي  70MHzائي با فركانس كارير  PSKسيگنال 

:مطلوبستطل
ماكزيمم و مينيمم فركانسهاي باند كناري ) 2مينيمم پهناي باند                 ) 1

baseband BPSK baseband5  MHz.    Minimum 2 10 MHz.
2

bR
B W B   

BPSKMaximum side frequency:  75 MHz.
2c

W
f

W

 

BPSKMinimum side frequency:  65 MHz.
2c

W
f  

0

BPSK spectrum

f0
fc

70 M
75 M65 M−fc

−70 M

f
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گيهاي BPSKويژ

BPSK 

BPSKويژ گيهاي 

باشد يك موج سينوسي در خروجي ” 0“، در اين نوع چنانچه بيت ورودي PSKباينري 
 (inverted sine wave)سينوسي با دامنه منفي” 1“مدولاتور ايجاد شده و براي بيت 

گ .توليد مي گرددل
:از ويژگي هاي بارز اين نوع ميتوان به موارد زير  اشاره نمود

ن ت PSKا o ساده ترين نوعPSK

oراندمان طيف پايين
oائ ا اه اطات ت ا نظ ها ت ا نا oمناسب براي سيستمهايي نظير ارتباطات ماهواره ائي
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BPSKارزيابي سيستم  

 مزیتهامزیتها

مصونيت بالا در برابر نويز، فيدينگ، تداخل
جاج اع يك وز ب به ط ن د بگ اه اشت تص يك نده گ اينكه اي ب براي اينكه گيرنده يك تصميم اشتباه بگيرد منوط به بروز يك اعوجاج

. شديد ميباشد
معایبمعایب

تنها قادر است يك بيت بر نمونه را مدوله سازد.
بالا ت ب خ ن با دهاي ب كا اي ب نامناسب نامناسب براي كاربردهاي با نرخ بيت بالا
گراني اجراء اين تكنولوژي

Slide 20
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Amplitude Modulation and  Frequency 

Information 1 1 1 10 0

Modulation

+1
Amplitude

-1
0 T 2T 3T 4T 5T 6T

Shift
Keying

t

Map bits into amplitude of sinusoid:  “1” send sinusoid; “0” no sinusoid
Demodulator looks for signal vs. no signal

+1

Frequency
Shift

-1

Shift
Keying 0 T 2T 3T 4T 5T 6T

t

Map bits into frequency:  “1” send frequency fc +  ; “0” send frequency fc - 
Demodulator looks for power around fc +  or fc -  21

Phase ModulationPhase Modulation
Information 1 1 1 10 0

+1
Phase
Shift

-1

Shift
Keying 0 T 2T 3T 4T 5T 6T t

• Map bits into phase of sinusoid:

– “1” send A cos(2ft) , i.e. phase is 0

– “0” send A cos(2ft+) , i.e. phase is 

• Equivalent to multiplying cos(2ft) by +A or A• Equivalent to multiplying cos(2ft) by +A or ‐A
– “1” send A cos(2ft) , i.e. multiply by 1

– “0” send A cos(2ft+) = ‐ A cos(2ft)  , i.e. multiply by ‐1

22



Modulator & Demodulator

M d l t (2 f t) b lti l i b A f T d

Modulator & Demodulator

Modulate cos(2fct) by multiplying by Ak for T seconds:

Ak x Yi(t) = Ak cos(2fct)k

cos(2fct)

i( ) k ( c )

Transmitted signal 

Demodulate (recover Ak) by multiplying by 2cos(2fct) 
f T d d l filt i ( thi )for T seconds and lowpass filtering (smoothing):

Lx

2cos(2f t)

Lowpass
Filter

Xi(t)Yi(t) = Akcos(2fct)

Received signal 
2cos(2fct)

2Ak cos2(2fct) = Ak {1 + cos(22fct)}
23

Example of ModulationExample of Modulation

1 1 1 10 0Information

+A
Baseband
Signal

-A
0 T 2T 3T 4T 5T 6T

-A

+A

0 T 2T 3T 4T 5T 6T

Modulated
Signal

-A
0 T 2T 3T 4T 5T 6T

x(t)

A cos(2ft) -A cos(2ft) 24



Example of DemodulationExample of Demodulation
A {1 + cos(4ft)} -A {1 + cos(4ft)}

After m ltiplication +A

{ ( )}

After multiplication
at receiver
x(t) cos(2fct) -A

0 T 2T 3T 4T 5T 6T

B b d

-A

+A
Baseband
signal discernable

A

A
0 T 2T 3T 4T 5T 6T

-A

1 1 1 10 0
Recovered
Information
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Quadrature Amplitude Modulation (QAM)Quadrature Amplitude Modulation (QAM)

• QAM uses two‐dimensional signaling
– Ak modulates in‐phase cos(2fct) 
– Bk modulates quadrature phase cos(2fct + /4) = sin(2fct)

Transmit sum of inphase & quadrature phase components

Ak x Yi(t) = Ak cos(2fct)

– Transmit sum of inphase & quadrature phase components

cos(2fct)

i( ) k ( c )

+ Y(t)

Bk x Yq(t) = Bk sin(2fct)
Transmitted
Signal

sin(2fct)

 Yi(t) and Y (t) both occupy the bandpass channel Yi(t) and Yq(t) both occupy the bandpass channel
 QAM sends 2 pulses/Hz 
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QAM DemodulationQAM Demodulation

Y(t) x
Lowpass
filter 
(smoother)

Ak 

2cos(2fct)
2cos2(2fct)+2Bk cos(2fct)sin(2fct)

A {1 + cos(4 f t)}+B {0 + sin(4 f t)}

(smoother)

= Ak {1 + cos(4fct)}+Bk {0 + sin(4fct)}

x B
Lowpass
f

smoothed to zero

2B i 2(2 f t) 2A (2 f t) i (2 f t)

x

2sin(2fct)

Bk filter 
(smoother)

2Bk sin2(2fct)+2Ak cos(2fct)sin(2fct)
= Bk {1 - cos(4fct)}+Ak {0 + sin(4fct)}

smoothed to zero
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Why Digital-to-analog modulation ?

 Di i l i l b i d di l Digital signals can be transmitted directly
at baseband.

 For wireless RF transmission some form of
modulation is required to shift the spectra.m q f p

 Here key concerns are bandwidth 
efficiency and implementation complexity  efficiency and implementation complexity. 
These are affected by:

b s  b nd p ls  sh pbase band pulse shape
phase transition characteristics
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Example Example 

A signal has a spectrum with frequencies between 1000 
and 2000 Hz (bandwidth of 1000 Hz) A medium can passand 2000 Hz (bandwidth of 1000 Hz). A medium can pass 
frequencies from 3000 to 4000 Hz (a bandwidth of 1000 
Hz) Can this signal faithfully pass through this medium?Hz). Can this signal faithfully pass through this medium? 
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Example  Example  

A signal has a spectrum with frequencies between 1000 
and 2000 Hz (bandwidth of 1000 Hz) A medium can passand 2000 Hz (bandwidth of 1000 Hz). A medium can pass 
frequencies from 3000 to 4000 Hz (a bandwidth of 1000 
Hz) Can this signal faithfully pass through this medium?Hz). Can this signal faithfully pass through this medium? 

SolutionSolution

The answer is definitely no. Although the signal can have The answer is definitely no. Although the signal can have 
the same bandwidth (the same bandwidth (10001000 Hz) the range does notHz) the range does notthe same bandwidth (the same bandwidth (1000 1000 Hz), the range does not Hz), the range does not 
overlap. The medium can only pass the frequencies overlap. The medium can only pass the frequencies 
betweenbetween 30003000 andand 40004000 Hz; the signal is totally lostHz; the signal is totally lostbetween between 3000 3000 and and 4000 4000 Hz; the signal is totally lost.Hz; the signal is totally lost.
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L  d b dLow-pass and band-pass

31

Digital transmission needs aDigital transmission needs aDigital transmission needs a Digital transmission needs a 
lowlow--pass channel.pass channel.

Analog transmission can use a bandAnalog transmission can use a band--gg
pass channel.pass channel.
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What are the different Types of Digital-
t l  d l ti  ?to-analog modulation ?

ASK involves turning a carrier on and off to
represent the binary values.

FSK involves switching between two frequenciesg q
that represent the binary values.

PSK involves switching between two phases that PSK involves switching between two phases that 
represent the binary values

QAM is a combination of both ASK and PSKQAM is a combination of both ASK and PSK

33

Types of digital-to-analog modulationTypes of digital-to-analog modulation
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What is the difference between Baud rate 
and Bit rateand Bit rate

Bit rate is the number of bits perBit rate is the number of bits per 
second. Baud rate is the number of 

signal units per second. Baud rate is 
less than or equal to the bit rate.less than or equal to the bit rate.

35

Bit and baud Bit and Baud
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ExampleExample

An analog signal carries 4 bits in each signal 
it If 1000 i l it t dunit. If 1000 signal units are sent per second, 

find the baud rate and the bit rate

SolutionSolutionSolutionSolution

Baud rate = Baud rate = 1000 1000 bauds per second (baud/s)bauds per second (baud/s)
Bit rate = Bit rate = 1000 1000 x x 4 4 = = 4000 4000 bpsbps
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ExampleExample

The bit rate of a signal is 3000. If each signal 
it i 6 bit h t i th b d t ?unit carries 6 bits, what is the baud rate?

SolutionSolution

Baud rate = Baud rate = 3000 3000 / / 6 6 = = 500 500 baud/sbaud/s
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ASKDescribe Amplitude Shift Keying

Amplitude-shift keying (ASK) is a form of modulation that represents p y g ( ) p
digital data as variations in the amplitude of a carrier wave.

39

The simplest and most common form of ASK operates as ap p
switch, using the presence of a carrier wave to indicate a
binary one and its absence to indicate a binary zero.

h f d l ll d ff kThis type of modulation is called on-off keying,

40



What is Relationship between baud rate and 
bandwidth in ASK

41

ExampleExample

Find the minimum bandwidth for an ASK signal 
t itti t 2000 b Th t i itransmitting at 2000 bps. The transmission 
mode is half-duplex.

42



ExampleExample

Find the minimum bandwidth for an ASK signal 
t itti t 2000 b Th t i itransmitting at 2000 bps. The transmission 
mode is half-duplex.

S l tiS l tiSolutionSolution

In ASK the baud rate and bit rate are the same The baudIn ASK the baud rate and bit rate are the same. The baud 
rate is therefore 2000. An ASK signal requires a 
minimum bandwidth equal to its baud rate Thereforeminimum bandwidth equal to its baud rate. Therefore, 
the minimum bandwidth is 2000 Hz.

43

ExampleExample

Given a bandwidth of 5000 Hz for an ASK 
i l h t th b d t d bit t ?signal, what are the baud rate and bit rate?

44



ExampleExample

Given a bandwidth of 5000 Hz for an ASK 
i l h t th b d t d bit t ?signal, what are the baud rate and bit rate?

SolutionSolution

In ASK the baud rate is the same as the bandwidth, 
which means the baud rate is 5000. But because the baudwhich means the baud rate is 5000. But because the baud 
rate and the bit rate are also the same for ASK, the bit 
rate is 5000 bps.rate is 5000 bps.
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ExampleExample

Given a bandwidth of 10,000 Hz (1000 to 
11 000 H ) d th f ll d l ASK di11,000 Hz), draw the full-duplex ASK diagram 
of the system. Find the carriers and the 
b d idth i h di ti A th ibandwidths in each direction. Assume there is 
no gap between the bands in the two directions.

46



ExampleExample

Given a bandwidth of 10,000 Hz (1000 to 
11 000 H ) d th f ll d l ASK di11,000 Hz), draw the full-duplex ASK diagram 
of the system. Find the carriers and the 
b d idth i h di ti A th ibandwidths in each direction. Assume there is 
no gap between the bands in the two directions.
SolutionSolutionSolutionSolution

For full-duplex ASK, the bandwidth for each direction isp ,
BW = 10000 / 2 = 5000 Hz

The carrier frequencies can be chosen at the middle of q
each band

fc (forward)    = 1000 + 5000/2   = 3500 Hz( )
fc (backward) = 11000 – 5000/2 = 8500 Hz

47

Solution to Example 
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FSKDescribe Frequency Shift Keying

Frequency-shift keying (FSK) is a frequency modulation scheme in which 
digital information is transmitted through discrete frequency changes of a 
carrier wave. The simplest FSK is binary FSK (BFSK).

49

Frequency Shift Keying (FSK)

Two binary digits represented by two different
frequencies near the carrier frequencyq q y

where f1 and f2 are offset from carrier frequency 
fc by equal but opposite amountsfc by equal but opposite amounts

50



Relationship between baud rate and bandwidth in FSK

what is the Relationship between baud rate 
and bandwidth in FSK ?

51

ExampleExample

Find the minimum bandwidth for an FSK signal 
t itti t 2000 b T i i i itransmitting at 2000 bps. Transmission is in 
half-duplex mode, and the carriers are 

t d b 3000 Hseparated by 3000 Hz.

SolutionSolution

For FSK
BW = baud rate + fBW = baud rate + f ffBW = baud rate +   fBW = baud rate +   fcc11  ffcc00

BW = bit rate +   fcBW = bit rate +   fc1 1  fcfc0 0 = = 2000 2000 + + 3000 3000 = = 5000 5000 HzHz
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ExampleExample

Find the maximum bit rates for an FSK signal if 
th b d idth f th di i 12 000 H dthe bandwidth of the medium is 12,000 Hz and 
the difference between the two carriers is 2000 
H T i i i i f ll d l dHz. Transmission is in full-duplex mode.

SolutionSolutionSolutionSolution

Because the transmission is full duplex, only 6000 Hz is 
allocated for each direction. 
BW =BW = baud rate + fcbaud rate + fc1 1  fcfc0 0 
Baud rate = BW Baud rate = BW  (fc(fc1 1  fcfc0 0 )) = = 6000 6000  2000 2000 == 40004000
But because the baud rate is the same as the bit rate, the 
bit rate is 4000 bps.
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Relationship between baud rate and bandwidth in FSK

Minimum frequency-shift keyingq y y g

Minimum frequency-shift keying or minimum-shift keying
(MSK) is a particularly spectrally efficient form of

h t FSK I MSK th diff b t th hi hcoherent FSK. In MSK the difference between the higher
and lower frequency is identical to half the bit rate.

As a result, the waveforms used to represent a 0 and a 1
bit differ by exactly half a carrier period. This is they y p
smallest FSK modulation index that can be chosen such
that the waveforms for 0 and 1 are orthogonal.

A variant of MSK called GMSK is used in the GSM mobile
phone standardphone standard.
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Relationship between baud rate and bandwidth in FSK

Minimum frequency-shift keyingq y y g
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Relationship between baud rate and bandwidth in FSK

Gaussian Minimum frequency-shift keyingq y y g

Gaussian minimum shift keying or GMSK is a continuous-
phase frequency-shift keying modulation scheme.phase frequency shift keying modulation scheme.

It is similar to standard minimum-shift keying (MSK);
however the digital data stream is first shaped with a
Gaussian filter before being applied to a frequency
modulatormodulator.

This has the advantage of reducing sideband power, whichh s has the advantage of reduc ng s deband power, wh ch
in turn reduces out-of-band interference between signal
carriers in adjacent frequency channels.
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PSK

Describe Phase Shift Keying

Phase-shift keying (PSK) is a digital modulation scheme that 
conveys data by changing  or modulating  the phase of a conveys data by changing, or modulating, the phase of a 
reference signal (the carrier wave).

57

Binary Phase Shift Keying (BPSK)

Uses two phases to represent binary digits
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Draw BPSK constellation
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The 4-PSK method

Quadrature phase-shift keying (QPSK or 4-PSK)
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The 4-PSK characteristicsQPSK constellation
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The 4-PSK characteristicsQPSK  = 4-PSK
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The 4-PSK characteristics

 QPSK
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The 4-PSK characteristics

 QPSK
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The 8-PSK characteristics8 - PSK constellation
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What is the Relationship between baud rate 
d b d id h i  P Kand bandwidth in PSK
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What is the QAM ?What is the QAM ?

Quadrature amplitude modulation is aQuadrature amplitude modulation is a 
combination of ASK and PSK so that a 

maximum contrast between each 
signal unit (bit, dibit, tribit, and so on)signal unit (bit, dibit, tribit, and so on) 

is achieved.
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The 4-QAM and 8-QAM constellations4 – QAM and 8 -QAM constellations
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Time domain for an 8-QAM signal8 – QAM in Time Domain
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16-QAM constellations16 – QAM constellations
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More Higher Order ModulationMore Higher Order Modulation
• 6QAM(16‐Quadrature Amplitude Modulation)

Each IQ symbol location is represented by 4

Q
– Each IQ symbol location is represented by 4 

data bits

• 64QAM (64‐Quadrature Amplitude Modulation)

– Each symbol is now 1worth 5 bits

(011101) (010101) (110101) (111101)

(011100) (010100) (110100) (111100)

(000101) (001101)

(000100) (001100)

(101101) (100101)

(101100) (100100)

Q (011111) (010111) (110111) (111111)(000111) (001111) (101111) (100111)

(011101) (010101) (110101) (111101)(000101) (001101) (101101) (100101)

(0010) (0110) (1110) (1010)

I(011110) (010110) (110110) (111110)(000110) (001110) (101110) (100110)

I

(0001) (0101) (1101) (1001)

(0011) (0111) (1111) (1011)

(011011) (010011) (110011) (111011)

(011010) (010010) (110010) (111010)

(000011) (001011)

(000010) (001010)

(101011) (100011)

(101010) (100010)

(0000) (0100) (1100) (1000)

( ) ( ) ( ) ( )

(011000) (010000) (110000) (111000)

(011001) (010001) (110001) (111001)

(000000) (001000)

(000001) (001001)

(101000) (100000)

(101001) (100001)
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Bit and baud rate comparison

ModulationModulation UnitsUnits Bits/BaudBits/Baud Baud rateBaud rate Bit Rate

ASK FSK 2ASK FSK 2 PSKPSK Bi 1 N NASK, FSK, 2ASK, FSK, 2--PSKPSK Bit 1 N N

44--PSK, 4PSK, 4--QAMQAM Dibit 2 N 2N44 PSK, 4PSK, 4 QAMQAM Dibit 2 N 2N

88--PSK, 8PSK, 8--QAMQAM Tribit 3 N 3N

1616--QAMQAM Quadbit 4 N 4N

3232 QAMQAM P t bit 5 N 5N3232--QAMQAM Pentabit 5 N 5N

6464--QAMQAM Hexabit 6 N 6N

128128--QAMQAM Septabit 7 N 7N

256256--QAMQAM Octabit 8 N 8N
72



ExampleExample

A constellation diagram consists of eight 
ll d i t i l If th bit tequally spaced points on a circle. If the bit rate 

is 4800 bps, what is the baud rate?

SolutionSolution
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ExampleExample

A constellation diagram consists of eight 
ll d i t i l If th bit tequally spaced points on a circle. If the bit rate 

is 4800 bps, what is the baud rate?

SolutionSolution

The constellation indicates 8-PSK with the points 45 
d t Si 23 8 3 bit t itt d ithdegrees apart. Since 23 = 8, 3 bits are transmitted with 
each signal unit. Therefore, the baud rate is

4800 / 3 1600 b d4800 / 3  = 1600 baud
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ExampleExample

Compute the bit rate for a 1000-baud 16-QAM 
i lsignal.

SolutionSolutionSolutionSolution
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ExampleExample

Compute the bit rate for a 1000-baud 16-QAM 
i lsignal.

SolutionSolutionSolutionSolution

A 16-QAM signal has 4 bits per signal unit since 
log216 = 4. 

Thus, 
(1000)(4) = 4000 bps
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ExampleExample

Compute the baud rate for a 72,000-bps 64-
QAM i lQAM signal.

SolutionSolutionSolutionSolution
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ExampleExample

Compute the baud rate for a 72,000-bps 64-
QAM i lQAM signal.

SolutionSolutionSolutionSolution

A 64-QAM signal has 6 bits per signal unit since 
log2 64 = 6. 

Thus, 
72000 / 6 = 12,000 baud
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Telephone ModemsExample Modulation Schemes for Wirelessp
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Telephone ModemsExample Modulation Schemes for Wirelessp

80



Telephone ModemsExample Modulation Schemes for Wirelessp
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