
Chapter 7BPSKIn this 
hapter, the PCI-5640R IF trans
eiver is used to implement a pa
ket-based digital modulator/demodulator (modem) using binary phase shift key-ing (BPSK). The laboratory employs the mat
hed �lter used in Chapter 6and introdu
es pulse shaping.In the following exer
ises, you will implement a BPSK modem. ThePCI-5640R IF trans
eiver will provide wireless transmission and re
eption;Matlab S
ript Node is re
ommended for baseband pro
essing in theexer
ises.7.1 Ba
kground7.1.1 Fra
tional-Rate Baseband Pro
essingA digital implementation of fra
tional-rate baseband pro
essing is shown inFigure 7.1. A message sequen
e a[n℄ of symbol values (possibly 
omplex-valued) is generated at the symbol rate, 1=T , upsampled to the fra
tionalsampling rate, P=T , and 
onverted to a baseband waveform via the pulseshaping �lter, g[k℄. Upsampling is merely the pro
ess of inserting P �1 zerosbetween ea
h 
onse
utive pair of input samples. The resulting sampling rateof a"[k℄ is therefore 1=Ts = P=T samples per se
ond, with P as the numberof samples per symbol. The output of the 
onvolution of a"[k℄ with g[k℄ isthe message signal, ~m[k℄, whi
h is then up
onverted using the quadratureamplitude modulation and digital-to-analog 
onversion seen in Chapters 1and 3. 71
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eiver, digital down
onversion is followed by a re
eiver �lter,q[k℄, whose output is downsampled by P to produ
e the symbol-rate output,y[n℄. Downsampling is merely the pro
ess of keeping only every P th sample.The goal of the pro
essing 
hain {and the subje
t for this 
hapter { is fory[n℄ to repli
ate a[n℄.PSfrag repla
ements
a[n℄ "P a"[k℄ g[k℄ ~m[k℄
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kTsFigure 7.1: Fra
tionally sampled baseband pro
essing and digital IF up
on-version. Top: Transmitter. Bottom: Re
eiver.

7.1.2 Pulse Shaping and Intersymbol Interferen
eNyquist pulse is ISI-freeFor a noiseless, ideal 
hannel and perfe
t syn
hronization of phase, frequen
y,and sample timing at the re
eiver, we have re
eived samples given byy[n℄ = Xm a[m℄p(n�mT ) (7.1)



7.1. BACKGROUND 73where p[k℄ = g[k℄ � q[k℄ is the 
ombined e�e
t of transmitter pulse shaping,g[k℄, and re
eiver �ltering, q[k℄. Thus, ea
h transmitted symbol a[m℄ 
on-tributes to the re
eived samples a
ross the duration of the pulse, p[k℄. Toensure that y[n℄ equals a[n℄ and thus faithfully reprodu
es symbols at the re-
eiver, we must prevent a symbol from interfering with other symbols. Thus,the prevention of intersymbol interferen
e (ISI) requiresp[nT ℄ = ( 1; n = 00 n 6= 0 : (7.2)This 
ondition is known as the Nyquist 
riterion and is equivalent to thefrequen
y domain 
ondition1T 1Xk=�1P�f � kT � = 1; (7.3)whi
h is illustrated in Figure 7.2. In other words, the superposition of thefrequen
y response shifted every integer multiple of the symbol rate mustsum to T .

inin

PSfrag repla
ements
1T 1Xk=�1P (f � kT )

f0 12T� 12T 1T� 1T 32T� 32T 1
Figure 7.2: Illustration of the frequen
y-domain expression of the Nyquistpulse 
riterion.The raised 
osine pulse is a Nyquist pulse, is shown in Figure 7.3, and is



74 CHAPTER 7. BPSKgiven by pRC(t) = 
os(��t=T )1� (2�t=T )2 sin
(t=T ); sin
(x) := sin(�x)�xPRC(f) = 8>>><>>>:T jf j � (1��)2TT 
os2��T2� �jf j � 1��2T �� (1��)2T � jf j � (1+�)2T0 (1+�)2T � jf j : (7.4)
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Figure 7.3: Raised 
osine pulse provides a Nyquist pulse; the pulse is shownfor three values of ex
ess bandwidth, �.Mat
hed �lterThus, to be free from intersymbol interferen
e, we have G(f)Q(f) = P (f),where P (f) satis�es the Nyquist 
riterion. And, the raised 
osine, PRC(f)is one su
h pulse fun
tion. To maximize signal-to-noise ratio at the re
eiver



7.1. BACKGROUND 75output, we further have the mat
hed �ltering 
riterion, Q(f) = G�(f), asseen in Chapter 6. Thus, taking these two design 
riteria jointly, we 
an
hoose the pulsing shaping �lter, G(f), to be the square-root of the raised
osine, G(f) = qPRC(f) (7.5)where Q(f) = G(f) satis�es the mat
hed �ltering 
riterion be
ause PRC(f)is real-valued and positive. This 
hoi
e for the pulse shaping �lter is 
alledthe square-root raised 
osine (SRRC) pulse and is given bygSRRC(t) = (1� �) sin
( tT (1� �))1� (4� tT )2 + 4� 
os(� tT (1 + �))�(1� (4� tT )2) : (7.6)Observe that q(t) = g�SRRC(�t) = gSRRC(t) be
ause gSRRC(t) is real-valued andsymmetri
 about t = 0.For implementation, theMatlab 
ommand g=srr
(D,alpha,P) 
reatesa sampled-data SRRC pulse trun
ated to �D symbol intervals in length, withP samples per symbol and ex
ess bandwidth parameter alpha. Examples areshown in Figure 7.4. Note that the trun
ation implies that the resulting �lteronly approximately satis�es the Nyquist 
riterion. Larger D and larger alpha
reate a more exa
t approximation; lower values degrade the approximation,
ausing ISI at the re
eiver.
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Figure 7.4: Square-root raised 
osine �lter; the �lter impulse response isshown for D = 4 and three values of ex
ess bandwidth, �.



7.2. EXERCISE: PULSE SHAPING 777.2 Exer
ise: Pulse ShapingIn this exer
ise, you will generate and use the square-root raised 
osine pulse.1. Download theMatlab programs srr
.m and plottf.m from the 
oursewebpage.2. For P = 9, D = 3, and � = 0:8, 
reate and plot the SRRC pulseshaping �lter and its auto
orrelation using g = srr
(D,alpha,P) andx
orr. What is the length of the �lter impulse response? For ea
h plot,identify the zero 
rossings. If the auto
orrelation is in the variable p,then the following overlay highlights the approximation to the Nyquist
riterion:%overlay plot with red 
ir
les at sampling timesfigure;plot(p);[pmax,Imax℄ = max(abs(p));%find peak and its indexhold on; t = Imax+ [-2*D*P : P : 2*D*P℄;%downsampling timesplot(t,p(t),'ro');grid on;%plot Question 7.1: Pulseshape.3. Repeat for P = 9, D = 2, and � = 0:05. Re
ord your observations ando�er an explanation for the di�eren
es from the previously observedpulse shape. Question 7.2: Dis-torted pulse shape.7.3 Exer
ise: Implement BSPK modem1. Download the Matlab program eyeplot.m from the 
ourse webpage.2. Copy the subdire
toryC:\508 New templates\TxRxPa
ketto your personal workspa
e. Open and read the Readme �le 
ontainedin that folder.3. Following Figure 7.1, write Matlab 
ode for the Matlab S
riptNode at the transmitter.



78 CHAPTER 7. BPSK(a) Use an upsampling and downsampling fa
tor of P = 9. The 
om-mands upsample and downsample are 
onvenient (although di-re
tly indexing using the 
olon syntax (1 : P : end) to 
ountindi
es by steps of P works well, too).(b) For the pulse shape, use a square-root raised 
osine, whi
h maybe designed using srr
(D,alpha,P). Use P = 9, D = 3, and� = 0:8.(
) For the message signal, use a length 63 Kasami sequen
e as apreamble, followed by a BPSK data sequen
e of length 200. TheBPSK alphabet is f1;�1g, resulting in one bit per symbol. (Thename 
omes from two phases, 0 and 180Æ, of the symbols.)(d) In LabVIEW set IQrate to 1:5625M and the 
arrier frequen
y to38MHz.4. Following Figure 7.1, write Matlab 
ode for the Matlab S
riptNode at the re
eiver.(a) Employ a mat
hed �lter.(b) Pro
ess the mat
hed �lter output, y"[k℄, to lo
ate the Kasamisequen
e preamble, thereby re
overing the pa
ket timing at there
eiver. Use 
orrelation as explored in Chapter 6.(
) Re
all that the digital up
onversion and digital down
onversionare not phase syn
hronous. Therefore, use the 
orrelation peaknot only for timing re
overy but also for phase re
overy. Adjustthe phase of y"[k℄.(d) Use downsampling fa
tor of P = 9 to obtain y[m℄.(e) In LabVIEW set IQrate to 1:5625M and the 
arrier frequen
y to38MHz.5. Use the phase-adjusted y"[k℄ and the s
ript eyeplot.m to 
reate an eyediagram for your re
eived BPSK message signal.Report your Matlab 
ode as an appendix in your lab report.Question 7.3:Tx/Rx baseband
ode.



7.4. EXERCISE: ISI 797.4 Exer
ise: ISIUse your BPSK modem to explore the e�e
ts of intersymbol interferen
e.Use RF 
ables and antennas to transmit and re
eive data pa
kets.1. Plot the eye diagram for your re
eived pa
ket and 
ompare the databits to the re
eived bits. Question 7.4: Eyediagram and error
ount.2. Introdu
e error to the estimated timing re
overy by adding K samplesto the estimate start time. For K = 3, plot the eye diagram and
ompare the data bits to the re
eived bits. Mark your observationson the eye diagram and explain the observed behavior. Repeat for ahigher value of K that results in a high bit error rate. Question 7.5: Tim-ing errors.3. Introdu
e distortion by 
hanging D and � in your square-root raised
osine �lter. Use the same values at both transmitter and re
eiver. Forthe following three settings, plot the auto
orrelation of the srr
 pulseand plot the eye diagram for the re
eived data.Setting P D �#1 9 2 0:05#2 9 2 0:8#3 9 3 0:01Re
ord your observations and o�er an explanation. Question 7.6: Pulseshape distortion.
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