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AM
QUADRATURE AMPLITUDE MODULATION

* AM is poor efficiency since it use double of bandwidth.

* But is on of the simplest modulation systems, AM-DSB-SC.
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AM

DSB-SC
Si { I) 'Tum ~cdsb-sc { I)
Information Modulated Information
Signal on Carrier
S, (7)
Carrier Wave
s:(t) = A;cos(2mf;t) = A;cos(m;1) S am—dshsclf) = A;cos( ;1) A4 cos(w,.7)

s.(1) = A.cos(2nf.t) = A.cos(m_1)

Pros: very simple implementation
Cons: Require coherent demodulator, phase and frequency.
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DSB-SC
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A .
DSB-SC BASE BAND

Consider the information signal to be
a sum of three sinusoids
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AM

DSB-TC
s. (1) § (7)
i _', am-dsh-tc
Information + Modulated Information
Signal T on Carrier
A, s (1)
Modulation Carmrier Wave
Amplitude

Eam—a‘sb—n:(r) - [Aa T Si(r] J X Sr.(r]
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Sﬂm_dsb_m(f) = A4, [I + mcos( mjf]JAEcns( 1) m: modulation index
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DSB-TC
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AM
MODULATION INDEX

information envelope
maximum information destroyed
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AM-DSB-TC SIGNALS
Amplitude

modulation index m = 0.5 modulation index m = 1 modulation indexm = 1.5

Pros: NOT require coherent demodulator
Cons: bad spectral efficiency



AM 10
AM-SSB
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QAM MODULATOR

* Advantages of QAM, we have better spectral efficiency.
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QAM DEMODULATOR

In Phase (I)
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QAM |3
|/Q PERFECT DEMO
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QAM .,
|/Q PERFECT DEMO
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QAM
PHASE SHIFT
x,(1) = y(f)cos(2mf .t +0)
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PHASE OFFSET
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FREQUENCY OFFSET
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QAM |,
COMPLEX EXPONENTIAL

g(1) = g,(1) +jg,(1) el?Md = cos(2mf, 1) +jsin(21f, 1)




QAM |
COMPLEX EXPONENTIAL

v(7) = g(t)el?Met = [_gj(r) +jg2{r)Jef‘?“ﬁ:f
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REAL HARDWARE VS COMPLEX NOTATION
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AM o1
THEORETICAL DEMODULATION ON DSB-SC

* The simplest receiver will be a DSB-SC, because we just need to multiply by the carrier.

* This will works ONLY if no phase or frequency offset.
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REAL COHERENT DEMODULATOR DSB-TC
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AM 53
REAL COHERENT DEMODULATOR
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AM

PERFECT DEMODULATOR
A, 4

* Real demodulator, w/offset Serrspr(?) = t; :‘I: cm({ﬂcr—{ﬂmtl—jsm{mct—mmt}}
A A,
+ [ cos(m 1 — ;,f — ;1) + cos(®f— ;,t + w;t)
—~Jsin(® f— w; f— ;f) —jsin(w_ -, 1+ m!t}J :
AG‘ C .
e Perfect demo SRTL—SDR(” = > [305(0} —J Sm(ﬂ']:|
A:“dc . .
+ [ cos(—m;t) + cos(w;t) —jsin(—m;t) —j sm({ﬂft}]
A, A, A A, A Ay .
51 = ‘ﬁe[SRTL_SDR(I)J = ey L [cos(—mir)Jrcos(oajr)} sgp(1) = SHT[SRTL-SDR(’-‘)J - 5L [sm(—m,.rw sm(o:,fr)}

* Because is hard to get “perfect tuning” on the carrier, we need a coherent receiver with frequency and

phase recovery to avoid this problems.



AM 5
DEMODULATED RECEIVED SPECTRUM
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I
GENERATION AM-SSB

EASY way is to filter AM-DSB-SC, BUT filter needs very large attenuation and rolloff factor

inphase
x — J - Sam—sush{r)
_ _" Modulated Information
(Upper Sideband)
cos
S (1) s (f)
Information <
Signal Carrier Wave
90°| sin
+ Sam—.i'fsh ( I)
Hilbert 5 (7) Modulated Information
Transform X e + (Lower Sideband)
(quadrature)

S am_ssp(1) = $;(7) mE[SC(T)J F FTTI‘) SHI[SC”]J



SSB
SSB TRANSMITTER

—_—

si(f) — s;(1)
A.cos(w;t) — A;sm(w,;7)
s.(1) = A.cos(2mf.t)+ A sm(2nf.1)

S am_ssp(f) = A;cos( ;7)) A cos(w. 1) FAsm(w®;7)A4.sm(w,.f)

4.4, A4,
S am—susp ) = 5 ( cos( m,— ;) +cos(®,+ O, )I‘j S am_sisp(T) = 3 ( cos( M, — ;) +cos( 0.+ o, )r)
A. A
1 C ] AA

= 4. y + -
4.4 .cos( 0.+ o)t = A4;4.cos(®.—w; )t .



VESTIGIAL SIDE BAND (VSB)

* |t was created to reduce the bandwidth on analog TV channels that use DSB-TC.

* The modulator is DSB-TC, but with a pass-band filter at the output. This filter allows to pass the carrier plus

a portion of the lower band, the vestigial band.
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VSB
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NON-COHERENT DEMO: ENVELOPE DETECTOR

* Classical detector, only works for DSB-TC

AM-DSB-TC

SIGNAL
Amplitude

S RTL-5DR [”]

Complex AM Signal
Received by RTL-SDR

information envelope

‘R e \
Re [ spr spr ]

P
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The filter smoothes the gaps between

the peaks to detect the envelope Time
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USRP TX

* USRP hardware support package is required.

* By default only digital up-conversion is done on the FGPA

Computer USRP® FPGA
. Digital Filter
S, (1] co— (- =P
fF[ ] Upconversion 212 Stage

Complex Baseband
Signal from MATLAB

Simplified model of the USRP
modulation process

S 7] ]

Digital ; . Filter
Upconversion 215 Stage

AM TRANSMISSION

USRP® RF Daughterboard

In Phase
(cos)

goe| Quad Phase

(sin)

RF

(1)

Km: p-ix




AM TRANSMISSION 5,
USRP MATLAB PARAMETERS

"L Sink Block Parameters: SDRu Transmitter ﬁ-‘
SDRu Transmitter =
Send data to the Universal Software Radio Peripheral (USRF). LO Offset \/
Device Baseband fenter
Platform: B200D - D/A
USRF serial number: -
C [
ontre - fLo oftset feenter * fLo oftset
Source Desired Device
] Value Value =
|
Center frequency (Hz): 433.9e6
LU0 25083 * TX Gain: expressed as scalar. Max 20dB
Gain (dB): Input port = o
e (gt port *  RX Gain: 73dB
Master clock rate (Hz): 32eb
Interpolation: S00 * Clock Freq: 5Mhz a 56 Mhz
Outputs * DUC: default 512, correspond to simple rate of 1e8/512=195Khz
"] Enable underrun output port | * Underrun: “+” not enough samples, “0” no data loss
Buffering * Enable burst: no underrun /overrun, fixed number of frames
[T Enable burst mode
Hardware
No device found at the specified IP address. Connect a
USRP device to your host computer at the specified IP -
[ 0K ] [ Cancel ] l Help I [ Apply ]



USRP TX AM DSB-SC
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AM TRANSMISSION
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Transmitter
_ 169.254.10.2
10 » Gai
Trans mitter SDRu Trans mitter
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USRP TX AM DSB-TC
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AM TRANSMISSION 5,

Digital
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DAC [ o
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ig N

music4_48k.wav X '
A: 48000 Hz, 18 bit, messc[—> 208
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AM-SSB
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XY
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Signal with
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Sidebands
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AM TRANSMISSION
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Carrier

Hilbert Fiter
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»  Convert
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Data Type Corwersiond
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- Convert
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AM TRANSMISSION
AM-SSB

A -SLSE_out |»
fusic? monoddkHz, . ) .
A: 48000 Hz, 16 bit, mﬂﬂﬁﬁau —»  x[2nfS] e Lowpass —info_in AW-SUSE_out —m  x[3nf] P Data SORy
= = carrier_out [» Transmitter
owpass Filter 169254102
From Multimedia File CHR RE?E fc:‘:};kHz AM-558 Modulator CFlR Rat_e g = Gain
onversion onversion
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__ MUSIC SOURCE __ __ RESAMPLE AND FILTER __ __AM-SSB MODULATE __ RESAMPLE TRANSMT WTH USRP
| o s (7)
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AM RECEIVER .,
RECEIVER DSB-TC WITH ENVELOPE DETECTOR

* Demo Ideal 4.4 4.4
I (s 1 [
SamRP{I) = S dshsell) = A A, cms(mﬂ]? + cos(mc—mi)r +

- o

cos(®,+m. )¢

* PROBLEM: it is probable that we have frequency offset, so the AM will be modulated but a low frequency
near DC. Envelop works if fc>>fi.

Je " (Hz)

Sampled, Filtered RTL-SDR Output

i
\ lowpass filter during decimation
1]

frequency

?}:' /2 0 ’fﬁ' /2 (Hz)
oRNGmaRcEOSEGURA R e



RX NON-COHERENT

* SOLUTION: Use an offset intermediate freq.

fc* (rtl—sdr tuner)

AM RECEIVER

* Demodulated signal will be on IF areq, after that envelope detector can be applied.

bandwidth = f Hz

Tuning the RTL-SDR to a
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AM RECEIVER 5
RX NON-COHERENT

* We cannot recover DSB-SC signal we envelope detector.

The AM-DSB-SC signal contains no carrier
component and has no information envelope no information envelope
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AM-DSB-TC signals on the other hand have a carrier
and an envelope, and after bandpass filtering,

they can be demodulated with an envelope detector information envelope
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AM RECEIVER
RX COHERENT

* We need a coherent receiver that use a PLL to recover the phase and frequency.
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FDM
FDM INTRO

* FDM allows to send multiple signals at the same time, sharing the available spectrum.

* The first application of FDM was on wired telephony, where each user has 3.4Khz of the total bandwidth.
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FDM TX

e DSB-TC modulation with real carrier

symmetrical when plotted as a double sided spectrum
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FDM TX

* Quadrature modulation, complex carrier. When the 10kHz carrier used to AM-DSB-TC modulate information
signal 2 into channel 2 is complex, the baseband MPX signal would

be asymmetrical when plotted as a double sided spectrum
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If another complex carrier (this time with a frequency of -10kHz) was used, it would
be possible to position another channel in the negative part of the double sided spectrum.
The overall bandwidth of the MPX signal remains the same, but another whole channel
can be added by simply making the MPX complex.
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FDM- TX USRP
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FDM s
FDM TX USRP
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FDM 4
FDM RX

Intermediate frequency receiver.

1 bandwidth = f Hz AM modulating the complex MPX
% L -— »  signal with the USRP® transmitter
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...and bandpass filtering the IF AM
CH3 CH1 CH2 signal, it is simple to select and
demodulate a single channel
in the receiver
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