
Chapter 9Commer
ial FM RadioThe frequen
y modulation (FM) and demodulation te
hniques were explainedin detail in Chapter 5. In this 
hapter, with the help of 
on
epts you learnedearlier, you will build a re
eiver for 
ommer
ial FM signals. The re
eiver will
ombine an analog front-end with a software-de�ned ba
kend (see Figure1.1).9.1 Ba
kground9.1.1 FM StereoStereo multiplexing is a form of frequen
y-division multiplexing designed totransmit two di�erent 
hannels { Left (L) and Right(R) { on the same 
ar-rier. This is widely used in FM broad
asting to send di�erent elements ofa program. The FM stereo must be 
ompatible with monophoni
 radio re-
eivers. For this reason, the L and the R 
hannels are algebrai
ally en
odedinto the sum(L+R) and the di�eren
e (L-R) signals. A monophoni
 re
eiverwill just use the L+R signal so the listener will hear both 
hannels througha single speaker. The stereo re
eiver will add L+R and L-R to re
over theL 
hannel and subtra
t L-R from L+R to re
over the R 
hannel. The L+R
hannel pla
es the baseband audio in the frequen
y range of 30 to 15000Hz.The L-R 
hannel is modulated onto 38 kHz DSBSC 
arrier o

upying thebaseband range 23 to 53MHz. A pilot tone at 19 kHz 
an be used to re
overthe 19� 2 = 38 kHz sub-
arrier frequen
y; thus, the pilot is a referen
e usedfor 
oherent dete
tion of the L-R signal at the stereo re
eiver. The 
ompo-83
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orresponds to the Radio Broad
ast Data System (RBDS)signal, and the pilot 
an likewise be used as a referen
e for 
oherent digitaldemodulation of the RBDS signal. The FM broad
ast signal is depi
ted inFigure 9.1.PSfrag repla
ements
\sum" L+R2 AM-modulated \di�" L-R2 other optional servi
es(e.g., RBDS, muzak)

15 19 38 57 76 95 kHzFigure 9.1: Spe
trum of the FM broad
ast signal.
9.1.2 Digital Implementation: FM Dis
riminatorYou will be using an FM dis
riminator, shown in Figure 9.2, to demodulatethe FM signal re
eived. Refer to Chapter 5 for the digital implementation ofan FM dis
riminator.PSfrag repla
ements
r(t) v(t)envelopedete
tor DC blo
kddtFigure 9.2: Dis
riminator for FM demodulation.



9.2. EXERCISE: RF FRONT END 859.2 Exer
ise: RF Front EndIn this exer
ise, you will 
onstru
t the analog RF front end for operation inthe FM band. A s
hemati
 is given in Figure 9.3.PSfrag repla
ements �
� 75MHz tone from A0

LPF32MHzLNA port A1Spe
trumAnalyzer (VI)
Figure 9.3: S
hemati
 for analog RF front end.Pre
aution! To prevent severe damage to the ampli�er, turnthe voltage supply on before 
onne
ting the ampli�er. Do not
onne
t the output signal to the NI board. Supply should be setto 15V. Conne
t the ground and then 
onne
t the supply voltageto the ampli�er.1. Build the 
ir
uit as shown in Figure 9.3.2. Copy TxStreaming.vi to your workspa
e. Set the 
enter frequen
y to75MHz and begin transmission of a tone to provide the lo
al os
illatorfor the mixer.Pre
aution! Before 
onne
ting any signal sour
e to the5640-R analog input, �rst 
onne
t the output of the mixer tothe os
illos
ope and 
he
k the peak-to-peak voltage. Re
ordyour results (Amplitude). Make sure the value of the ampli-tude is less than 1V. If NOT, 
all the TA.3. Use the os
illos
ope to view the output of the analog lowpass �lter.



86 CHAPTER 9. FM RADIO� What is the peak-to-peak amplitude at the output of your lowpass�lter? Question 10.1: Re-port p-p amplitude.� What does the mixer do? Explain its operation.Question 10.2: Ex-plain mixing? � Why do we use a low pass �lter after the mixer?Question 10.3: WhyLPF? 4. Next, use RxStreaming.vi to view the re
eived signal and its spe
-trum. Conne
t the output of the analog low pass �lter to the analoginput at the IF trans
eiver board. From the spe
trum you 
an ob-serve several FM broad
ast signals (ea
h having 200 kHz bandwidth).Choose a strong FM signal and tune the digital down
onversion (\
en-ter frequen
y") to demodulate that FM signal to 0Hz.� What 
ombination of lo
al os
illator and digital-down
onversion
enter frequen
y have you 
hosen to re
eive an FM broad
ast sig-nal?Question 10.4: Fre-quen
y sele
tions? � What is the FM station 
orresponding to this frequen
y? (Hint:Google for the list of FM stations)Question 10.5: FMStation? 9.3 Exer
ise: FM Re
eiverThe following are suggested steps for implementing the software re
eiver.1. Modify RxStreaming.vi to implement Figure 9.2, the FM dis
rimina-tor. Refer to Chapter 5 for in-depth dis
ussion.2. On the RxStreaming.vi front panel, set the 
enter frequen
y to thefrequen
y determined previously in Question 10.4.3. Set IQrate to 195K and blo
k size to a value greater than 300K.4. Using LabView, insert a low pass �lter after the digital FM dis
rim-inator. The LPF should in
lude only the L+R 
hannel within thepassband.� What is the purpose served by inserting a low pass �lter followingthe dis
riminator?Question 10.6: WhyLPF? 5. Play the sound through the speakers. On the LabView front panel,
as
ade the lowpass �lter, BuildWaveform.vi and PlayWaveform.vi.See (Graphi
s and sound >> Sound >> Output).



9.3. EXERCISE: FM RECEIVER 876. Begin re
eiving. You should 
learly hear a FM radio broad
ast.7. On the front panel, redu
e the blo
k size. Observe what happens withsmall blo
k sizes.� Observe and explain your observation. Question 10.7: Ob-serve?8. Now rewire the front panel power spe
trum to observe the input to thedigital low pass �lter.� What do the di�erent peaks in the spe
trum 
orrespond to? Notethe frequen
ies and give a sket
h of the spe
trum. Question 10.8: Spe
-trum
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