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Overview of Labs



Purposes of Labs

* Learn how to bring theory into practice
v'How to implement a communication system
v'"What are the challenges?
v'How to overcome the challenges?

* From basic to advanced
v'Techniques in labs can be extended to WiFi, LTE, etc.
v'Understand the differences of these system



Lab Overview

* Basics of LabVIEW and USRP

* Digital modulation and demodulation

e Coded transmission (convolutional code)
* Wideband systems (OFDM transceiver)

* We will use real-world, over-the-air, real-time transmission to verify our
implementation!



Software & Hardware



Software & Hardware

* Software: LabVIEW
v'Graphic programming software
v'Block-diagram based environment
v'Available licenses for NTU students

* Hardware: USRP-2920
v'Software defined radio
v'No need to worry about RF front end!
v Efficient communication system prototyping
v Experiment through real-world transmission "
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NTU Communication Lab
Lab 0: Introduction to LabVIEW
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LabVIEW Toolkit

* LabVIEW B (S THRIET
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NI USRP-2920

* RF IEFG S8
v'Frequency range: 50MHz to 2.2GHz
v'Maximum 1/Q sample rate: 25MS/s ‘
-

v'Gain range: 0dB to 31dB
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NI USRP RF {5l 28

NI USRP Configuration
device names
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LabVIEW Installation



Resources

o AR TR
v §E 55" |abVIEW”
v Ni#fLabVIEW 2014 DVD1

 LabVIEWZHYNE(S (optional)
v'LabVIEW 2014 Modulation toolkits (DVD2)

o EZZFEz3National Instrument(E& )5 | k)
v'http://www.ni.com/downloads/zht/

« BiZ EesamlE (FPIFE =0 MR Em)
v'http://forums.ni.com/
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Step 1: Download LabVIEW

* Brought to you by NTU
v Only for NTU students

* ISO file

v" Free resources: Daemons tool...

 May need an Nl account

v’ You can apply one with
NTU mail for free

LabView (Fall 2014)

LabView (Fall 2014)

1.Software from the LabVIEW Core DVDs.

2.MNI LabVIEW 2014 FPGA Module.
3.NI Device Drivers.

Download DVD 1
(optional) DVD 2

DVD 1 of 3

Filesize: 7.

DVD 2 of 3

Filesize: 7.

NI LabVIEW 2014 FPGA
Module for Windows

NI LabVIEW 2014 FPGA
Module for Linux

NI LabVIEW 2014 for
Linux and Mac OS X
10.8.0 to 10.9.0

NI Device Drivers
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Step 2: Install LabVIEW

2018/3/5

Academic Site License

Select Installation Option

(@) I have serial numbers for one or more products in this installer.

(71 1 only want to evaluate products.

Select and activate products based on my serial numbers (Internet connection required).

Privacy Statement

Enter the serial number

INSTRUMENTS

[ << Back ][ Next = ]

[ Cancel
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Step 3: Install USRP modules

* Each group has one NI-USRP DVD
v" Install on Lab PC or laptop with CD-ROM

* For those who do not have CD-ROM

v" Download from Nl.com
v" Burn the DVD to ISO file
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Step 4: Install Modulation toolkit

* The NI-USRP DVD contains Modulation toolkit

L MI-USRP 14.0 = S
Features MNATIOMNAL
Select the features ta install VHHM.IMEHB'
i | MI-USRF 14.0 = [ Mational Instruments LabYIEYW developrent

LabwIEW 2014 [32-bit) Support components and examples.
LabWIEN 2014 [B4-bit) Suppart
LabWIENW 2013 [32-bit] Suppart
LabWIENW 2012 [32-bit] Suppart
LabvIENWS 2011 [32-bit) Suppart

its

MI LabWIEM 20714 Digital Filker Design T
MI Lab¥IEM 2013 Digital Filker Degign T ﬁ’l

¥ _=| NI Lab¥IENW 2012 Digital Filker Design T Thiz feature will remain on the local hard drive.
MI LabWIEMS 2011 Digital Filker Dezign T
Ml LabWIEw 2014 MathScript BT Maodu
Ml LabWIEw 2013 MathScript BT Maodu
Ml LabvIEw 2012 MathScript BT Madu
Ml LabWIEw 2011 MathScrpt BT Madu
LabvIE Modulation Toalkit 4.4 -

m

'l i 3

Directory for LabWIEYW Modulation Toolkit 4.4
C:\Program Files (eBa T ational Instroments\bdod nlation Erowse. .
[ Rezstore Feature Defaults ] [ Dizk Cost ] [ << Back ][ Mest > ] [ Cancel
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Alternative method

 Download from NI support
v NI-USRP 14.0
v' http://www.ni.com/download/ni-usrp-14.0/4999/en/

v" Orsearch “NI USRP” at the support page of NI website

2018/3/5 Communication Systems Lab, Sp18

18


http://www.ni.com/download/ni-usrp-14.0/4999/en/

Alternative method

NI Modulation Toolkit

2018/3/5

v" NI Account required
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Downloads
Product Downloads
Drivers
Camera Network

DataPlugins

SE R

v Ed
LabVIEW Add-ons (1.3)
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Product Downloads ~ QModulation toolkit
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Product/Version Language

LabVIEW Modulation Toolkit  English

433 Japanese
NI Modulation Toolkit 15.0 English
Japanese

Operating System

‘Windows 7

Windows Vista

Windows XP 32-bit

Windows Server 2008 R2 64-bit
‘Windows Server 2003 R2 32-bit

Windows 8.1
‘Windows &
windows 7

‘Windows Vista

Windows XP (SP3) 32-bit
‘Windows Server 2012 R2 64-bit
‘Windows Server 2008 R2 64-bit
‘Windows Server 2003 R2 32-bit
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Open project file

* All USRP lab will be given as a LabVIEW project

B LabVIEW

_ Y Tge— "y %

—

File Operate Tools Help

& abvIEW

D] Create Project D Open Existing

Open pfoject file

| et Doninck -

(e

s -
2 Select aFile to Open

o
@uv| |2 » Teng-Hui » T » ntu_commlab_usrp_lab 1

1ty commiab_usno_lab 1 P |

HoEHE -~ HEENE =~ 0 @
=
o - suHE kil PN
ik mmREE 5 =® FEEE
%# Dropbox E@ lab1_histogram 2016/3/ Lak V Instrum... 26 KB
L Google Ei5ER [l lab1_normalGen 2016/ LabVIEW Instrum... 16 KB
w8 T E@ labl_sigGen 2016/ LabV 13 KB
W EE [l lab1_uniformGen 201 Lab 18 KB
T RS = @ labl_usrp_waveformGen_RX 2016 LabWIEW Instrum 41 KB
= labl_usrp_waveformGen_TX 2016/3/2 T 04.. Lab strum... 51 KB
= EEE B ntu_commlab_lab_1 2016/3/2 F*F 04 [ LabVIEW Project | 58|
B = FE LabVIEW Project i
i = Choose this one
i SR A 2016/3/2 T4 04:10
R B =R I
= BkR
ol =EEE
=k i
EEEE(N) ntu_commlab_lab_1 - lAII LabVIEW Files (*vic*.ctl* i v]
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USRP Guide



Step 1:Connect the power line, Ethernet cable,
antennas
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Step 2: Configure the IP address

> EEHE > HETNSRSE > SBES
HEEE - ERERAEEE ZEEREES EXmaERESR iR EEESRIAR A EFEREESNRE

&:‘ 7 ?::m&

@77 Realtek PCle GBE Family C..

> EEERBEABES 4 R (TCP/IPvd) - RE

EEIEE B8 —z

ESHI MERITHREEZEEERNES:  TOLMSSHERN IPRE - F8 S48

HEEEAREERTRN IPRE -
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Step 3: Open “NI-USRP Configuration Utility”

* See things similar to the following if you setup correctly

)‘Tn ! NI-USRP Configuration Utility

E’ PowerPoint 2013 4
Adobe Reader X1 »

o ax »
&) £33 »
}' RNEs 4
BETRER
] nE2
SkE%

«id xPs mAE

> FASX

2018/3/5

"1, NI-USRP Configuration Utility

R

Devices | USRED §D Card B | 2ol 20c¢ Imgs Updaer |

Device ID | Comnection | TupelRevision | Image &tatus |

Ethermet NI TTERP-2032

102068005 Ethemet NI USRE-2032

~ Ethermet
Selected TP Addres

|192.168.10.2

New [P Address

Change [F Address

Refresh Devices List

Communication Systems Lab, Sp18

24



Step 4: Update the FPGA firmware

* If there’s something wrong
MI-USRP Configuration UI:TI'? I ==

Devices | USRP2 §D Card Bumer  N2:ouNI-29:0 Image Updater |

Firmware Inmage |C:".Prc:g:ram Files (860 Mational Instroments\TI-TEE Pamagesdnd292=_fw bin Birowess |
FPGA Im&gE|C:".ngIsm Files (a0} Hational Instooments -TER Pimagesini292x_fpga bin Birowess |
Dievice ID | Connection | Type/Revidon | Image Stafus |

192.168.10.2 Ethemet NI USRP-2932

194.168.10.3 Ethernet NI TTSRP-2032

Find Devices Mammally 4dd Device WEITE IMAGER
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Warm-up

*You can learn to use Labview and USRP on this
website
v’ http://www.labviewpro.net/

2018/3/5 Communication Systems Lab, Sp18
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Contact Information

* Contact TAs for any problem you cannot solve

V&R

f05942119@ntu.edu.tw

v @119

d02942012@ntu.edu.tw
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