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Outline

* Goal
e familiarity with LabVIEW Communications and with the USRP
* introduce the concept of modulation

e Intro to LabVIEW Communications

e experiment one: Hello World
e experiment two: PAM-2 and Power Spectrum Density

* Intro to the USRP
* experiment three: Send and receive a tone signal

Obs.: A few questions will be made during the lab.
Each pair of students should turn in the answers!



Intro to LabVIEW Communications

* LabVIEW = Graphical Programming Environment

* LabVIEW Program = Virtual Instrument (VI)
* Front PANEL = User Interface
* Block DIAGRAM = Graphical Code

=TT
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e Software in your workstation: ';E
 LabVIEW L ~
e LabVIEW Communications 2

e Drivers to the USRP
* MATLAB



Experiment ONE: Hello World

* Big Picture: read an input string and copy it to an output string

String Input String Output

cront P | Hello Hello
ront Pane

World World

String 3 String

Block Diagram Input Output

Laboratory script (~¥10 minutes). Wait for instructions on Experiment TWO.



Experiment TWO: PAM-2 and PSD

 Big Picture: transform a bit sequence into a baseband signal

Generation Baseband
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of bits Signal
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Experiment TWO: PAM-2 and PSD

 Big Picture: transform a bit sequence into a baseband signal

Generation Baseband

L D> . —>  PSD
of bits Signal

* Question: how to transform a sequence of bits into a sequence of symbols using PAM-27?

* Example: 11101000111001 into PAM-2? Answer:111-11-1-1-1111-1-11




Experiment TWO: PAM-2 and PSD

* Big Picture:
Generzf\tlon 3 Bas.eband PSD
of bits Signal

* Question: how to transform a sequence of symbols into a baseband signal?

e Example: 111-11-1-1-1111-1-11 into asequence of rectangular pulses?

(more specifically...)



Experiment TWO: PAM-2 and PSD

Sequence of symbols [————————
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Experiment TWO: PAM-2 and PSD

Sequence of symbols [——————— —
1-11 | « Pre-processing |
Baseband
PAM-2 ————> 3 Bas
| * Convolution | Signal
— |
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Pulse Shape A
A A |
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Experiment TWO: PAM-2 and PSD

Sequence of symbols
1-11
PAM-2 =—> Pre-processing ——>

Processed
| ) Symbol
Pulse Shape
A 1T °
A ; T l

> time ’ZTI

time



Experiment TWO: PAM-2 and PSD

Sequence of symbols
1-11
PAM-2 =——3 Pre-processing = Convolution ——>

A

Pulse Shape 1T
A ; o

> time ’ZTI



Experiment TWO: PAM-2 and PSD

Sequence of symbols
1-11

: : B d
PAM-2 =3 Pre-processing = Convolution ——> assi:::r
Baseband Signal
Pulse Shape A
A A |
A ; : : time
: : | >
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Experiment TWO: PAM-2 and PSD [Discrete Case]

Sequence of symbols Adding K-1 zeros after each symbol
1-11 Upsampling Baseband
PAM-2 ——> with K -3 Convolution =——> Signal
(for K=3)

Baseband Signal
Pulse Shape T
1

1 [ [aas ][]
TTT:» iilll678

1 2 samples 1 samples



Experiment TWO: PAM-2 and PSD

* Big Picture:
Generzfltlon 3 PAM-2 Bas.eband
of bits Signal

e PSD: Power Spectrum Density of the Baseband Signal:

P(fi) = |X(fi)|?, where X(f;) is the Fourier transform of the baseband signal



Experiment TWO: PAM-2 and PSD

* Big Picture:
Generzf\tlon 3 PAM-2 3 Bas.eband 3 PSD
of bits Signal

* Experiment TWO:
* Goal: implement the system above.
* Please follow the instructions on your laboratory script. (~ 30 minutes)
* Stop after finishing. Wait for instructions on Experiment THREE.



Experiment THREE: Radio

» Software Defined Radio: some components that have been typically implemented in
HW are implemented by means of SW

 HW Characteristics: USRP 2900

Frequency range 70 MHz to 6 GHz

Frequency step <1kHz

56 MHz bandwidth

Maximum output power (Pout) 20 dBm

Tri-band antennas: 144MHz, 400MHz, 1200MHz A s

& Wamow

e Electrostatic Sensitive Devices

Based on the book “Introduction to Communication Systems”, by Bruce A. Black.



Experiment THREE: Radio

e LabVIEW interacts with the USRP TRANSMITTER by means of four blocks:

niUSRP Open Tx Session niUSRP Configure Signal

<o ﬁu_[‘"

| niUSRP Write Tx Data (CDB)

Device names (JEN{EE0ELCA [MI-USRP |

™ -]
A
™. 1 N\E

niUSRP Close Sescsion

IQ rate (P

carrier frequency @\r’_
gain (8

active antenna @F‘"’m

.8 coerced IQ rate
) coerced carrier frequency

—cm] coerced gain

¥
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Experiment THREE: Radio

* LabVIEW interacts with the USRP transmitter by means of four blocks:

x Sesior open TX Ses'Sion: ) \ niUSRP Close Session

-  initiates the transmitter session T ‘
-+ control “device names” to inform Winul iy

LabVIEW of the USRP ID.

coerced IQ) rate

coerced carrier frequency
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Experiment THREE: Radio

* LabVIEW interacts with the USRP transmitter by means of four blocks:

carrier frequency |
gain |

active antenna |JEW"

)

Configure Signal: is used to set
* IQrate =1/T

~|* Carrier Frequency = f.

e Gain=A4
e Active Antenna

coerced gain
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Experiment THREE: Radio

* LabVIEW interacts with the USRP transmitter by means of four blocks:

-

Write Tx Data:

eved ©  Sends the baseband signal to the USRP
for transmission. L

 Baseband signal = array of complex
values.

;;;;;;;

— H

If we write: g;(nT) + jgo(nT)
The transmitted signal is: Ag,(t) cos(2mf.t) — Ago(t) sin(2mf.t)
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Experiment THREE: Radio

* LabVIEW interacts with the USRP transmitter by means of four blocks:

niUSRP Open Tx Sess

Device names (JEN> |

.
*
I
L | | S =

IQ rate

carmer frequency ||

gain |

active antenna |JEW"

r

Close Session:
* Terminates transmitter operation.

coerced IQ) rate

coerced carrier frequency

coerced gain
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Experiment THREE: Radio

* LabVIEW interacts with the USRP RECEIVER by means of five blocks.
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Experiment THREE: Radio

* LabVIEW interacts with the USRP receiver by means of five blocks.

* Most blocks are analogous. The main difference is:

Fetch Rx Data:
+{* Receives block of samples from the

USRP.
* The size of the block is controlled by
the parameter “number of samples”

 Samples are provided as an array of
complex numbers.
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Experiment THREE: Radio

Power Attenuator.
Used to avoid burning
the radio.

7.4

* Big Picture:

* Experiment THREE:
* Goal: transmit a tone signal using cables and antennas. Compare the results.
* Please follow the instructions on your laboratory script.
* Turn in your answers at the end of the lab!
* Frequency assignments next.
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Frequency assignment

* Unlicensed Band: from 902 MHz to 928 MHz
* 5 groups = each has 5.2 MHz of available BW

* Central Frequency Assignments:
 S1_Radiol TX: 904.6 MHz
e S2_Radiol TX:909.8 MHz
* S3_Radiol _TX: 915 MHz
* S4 Radiol TX:920.2 MHz
e S5 Radiol TX:925.4 MHz



Supplementary Slides



Experiment THREE: Radio

Power Attenuator.
Used to avoid burning

@ @ | the radio./j{‘

: . —BR

* Big Picture:

* Experiment THREE:
* Goal: transmit a tone signal using cables and antennas. Compare the results.
* Please follow the instructions on your laboratory script.
* Turn in your answers at the end of the lab!



Experiment TWO: PAM-2 and PSD

e Raised Cosine:

Frequency Response Time Response
1 m : ; ; 1 :
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Pictures by Krishnavedala



https://commons.wikimedia.org/w/index.php?curid=15390895

Experiment TWO: PAM-2 and PSD

e Raised Cosine:

¢ 1-8
T, fl < 5+

: — U 1-5 1-p 145

Frequency Response:  H(f)=1{ T [1 +COS(7T [|f| _ W])] , <L
L 0, otherwise

* (Squared) Root-Raised Cosine:

Frequency Response: H..(f) =H(f)

* Look into Nyquist ISI Criterion




