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Monitoring ‘ Embedded Control

L LabVIEW

PXI| and Modular
Instruments

Desktops, Laptops,

and Mobile CompactDAQ

CompactRIO

‘7 NATIONAL
’ INSTRUMENTS'

ni.com




National Instruments — TEXHOJIOTMYECKHUL ITAPTHEP

KomaHaa 3aKa34uKa
PaspaboTka

g [OTOBOE pelieHne

AnbaHc lNapTHepbl
l/lHTeI'paLl,Mﬂ N KOHCaNTUHIr

Cepsucol NI
TpeHuHm, KannbpoBKa, NOAAEPKKA U MHOTOE ApYyroe

MpoayKTbl NI

JKocuctema
_ Monb3oBatenu, ANroputmMmbl, 6UBANOTEKM 1 AP. )
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Mex TyHapOIHbIM HapTHEP 00Pa30BATEIIbHOM CHCTEMBI

Knaccel u nabopatopum
Obpas3oBaHuMe 1 HayKa

g HWP, OKP, ctaTbun )

MexayHapoaHoe HaydHoe coobluecTso !
CeTeBoe B3aMMOencTamne

\ —

Hay4yHble n obpa3oBaTenbHble MEPONPUATUSA
KOHd)epeHLI,MVI, Kpyriable CtOJibl, COPEBHOBaAaHNA U MHOTOE Apyroe

Obpas3oBatenbHble NnpoayKTbi NI

JKocuctema
L CreHabnl, VYeOHUKH, O HJIAH-00YYeHHE U AD. )
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PazButue corpymandectBa National Instruments - TYCYP

- Buenpenue texHonoruii NI B oOpazoBarenbHbiii npoiiecc (cucrema I'TIO)

- Buenpenue texnosorurd NI SDR, NI RIO nns pacmpenust Hay9HO-
ucciegoBareasLckoro noreHnuaina TYCYP

baHk MpOEKTHBIX JluniioMHEbIe
3aIaHUU pPabOTHI/TIATEHTHI

Texaomoruu NI

HHOKP,
JIOTOBOP
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1. HanmpaBnenwue «I Iporpammupyemoe paaro» (SDR)
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[ IporpammMupyemMbIn IPUEMOTIEPEAATYMK

Co3paHue nob6paboTka curHanos

= CosgaHue n otpaboTka
anroputmos ¢ NI LabVIEW

= NI LabVIEW Modulation
Toolkitn opyrve paclumpeHus
ans paboTbl ¢ peanbHbIMU

MporpammupyemMbIi l CUrHanamm

npuemonepeaaT4mk
» [lnanasoHuvactorgo 9,9 My

NATIONA
vnsnumt'ins K L, 2
(s u)l&: . NI USRP~2920 I”“
= 50 Mr - 23 G “”I”””
] An P
: . c o

ey e

P lllllllllllmmulllllllll

Mpunoxenms 1 Gigabit Ethernet

= FMpaauo " CneuvankHas caasb = [IpocToTaUcnonb30BaHms
= 1B = OFDM = CTpuMnHrIQ gaHHbIX 80 25
= GPS = [laccuBHas paaronokaums MBbIG/c
= GSM = Dynamic Spectrum Access
= ZigBee
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NI USRP-2901

LabVIEW Communications Teaching Bundles

HoBbi1 SDR-npuemonepenatymk

USRP 2901 - 2 output and 2 input channels (MIMO)
LabVIEW Communications software

KomnaeKT — 2 ycTponcTBa + akceccyapbl

YacToTHbIM Amnana3oH 70 My —6 Iy,

USB3 —nHTepdeinc nogKkno4eHms
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LabVIEW Communications System Design Suite

IInamghopma HoB020 noxonenus: 0.1 NP OSPAMMHO-0NPedesIeMbIX paAOUO CUCHEM

ObopynoBanue [porpamMmvHoe obecriedeHye
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USRPRIO

y CuHXpoHu3au,
MJTNC gns umdposon BbicokockopocTHas st MHOXKEeCTBAa
06paboTKn curHanos wuHa PCle x4 Bus yCTPONCTB
Kintex 7

2 paguoTpakTa
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I Ipumepsl pemmennii Ha 0aze NI SDR - USRP
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CuMyJISITOP HABMI ALUOHHBIX CUTHAJIOB - UniteSs

File Edit View Project Operate Tools Window Help

s

USRP RIO Device Reference Frequency Source Number of Frames

(oo |”~1} ([ors m] [F5 ] .)‘Geneming

r r
GPS ON }" i GLONASSON}“ GPS Settings | GLONASS Settings | Advanced

Current GPS Time of Week Current UTC Time
e || || GPS Almanac File Path £172932.5000 fur420
™ 8] ™ C‘} 9 C:\Program Files (x86)\National Instruments\GNSS\GPS\Almanac h‘ 2
files\2011\242.A13 GPS Satellites Selected GLONASS Satellites Selected

Lt 614,G16,620,623,624,G31 R6,R7,R8,R9,R10,R1L
Frequency (Hz) Numeric Control G?S Ephemeris File Path o c
(fi 1575426 ] (B oo ] ] fC';\P\';ogfla\’Erznisazg 1 1 Hational 5GP epnemers |

— LI - = Lol Number of Bits Created (GPS) Number of Bits Created (GLONASS)

at it
,027 ,& 2 Initial GPS Time of Week GPS Reference Power Level (dBm) . E 5126 . H 5122
| E[1om &f1om Yunn e
. . : No. of blocks in No. of blocks in
Output Power Output Power Optimal GPS Satellite Maximum Number of

n

— e Update Interval GPS Optimal Satellites GPS Queue GLONASS Queue
)[30d8m )[-30d8m eF) ¥ 1 e 1o-
Maximum Relative Power Level (dB)

Receiver Location Format (GPS) GPS 8- 8- GLONASS Producer End

A AT 2 GPS Producer End i
Fua o i :
5 6- GLONASS Consumer End
- 2 3 GPS Consumer End 5
ECEF LLA |Rece|verlocanon (WGS 84) i 3
4- 4- GLONASS done?
Latitude | Longitude | Alttude | - GPS done? S
' 2- o
Lat.Degrees ‘Laﬁ.Mlnutes Lat.Seconds  Lat.Direction E g
9,‘27 9% 9‘0 N 0- 0
10 10
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ba3oBrklie cTanimu - Fairwaves

CORE
oud

&k\'ﬁ'v) &
gmgone A -
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})} In/E1
5 _ local Roaming

Network®

=
s

ni.com

‘7 NATIONAL
’ INSTRUMENTS'




Setting a World Record in 5G EAKC University of

Wireless Spectrum Efficiency BRISTOL Tensra )
027 LUND UNIVERSITY %) gy

With Massive MIMO

The Challenge

A ES, L
A I
A == I B
A e O =
; . Spectral Efficiency - - .

79.4 bits/s/Hz | 159bps |

;
NN - W B Vo o544
SRR = ool 0 A 7

Validating massive multiple input, multiple output Using the NI platform to develop a 128-antenna,
(MIMO) as a technology that can bring huge real-time massive MIMO testbed. Using this
capacity and energy efficiency gains to future 5G cutting edge system, we were able to use just 20
networks, which must accommodate increased data MHz of spectrum to simultaneously serve 12 client
rates and the rapid proliferation of smart connected devices over-the-air, with an aggregate data rate of
devices, without consuming any more of the radio 1.59 GB/s, and sets a new world record for 5G
spectrum. wireless spectrum efficiency.
‘7NATIONAL )
ni.com ’ INSTRUMENTS



«Yuénpie u3 MIT Hayunmich BUAETH Yepe3 CTeHbI Mpy oMoty Wi-Fi»

Chirp Reset

Control Signals




UccienoBanns HOBBIX cuTHAIOB B 1TU Dresden

WIRELESS

- 5G naboparopus u maatgopma trectupoBanus B TUD (Germany)

- 5G PHY uccnenoBanus 1 IpOTOTUITMPOBAHUE

5

Dr. Gerhard Fettweis

TECHNISCHE
@ UNIVERSITAT
DRESDEN

- Hepsbiii GFDM MIMO npororun (CeBIT 2015)

22 e e ] g
s o [ | !
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KorauruBHoe paano Ha 6aze USRP B

-

Bl c o GEU:
HcnpITareIbHbId CTEH] MACIITaA0OHOTO ’
KOTHUTUBHOI'O pa)mo

- IIporoTunupoBaHre KOTHUTUBHOI'O PaINO B
LabVIEW

e OHpCI[eJ'IeHI/Ie CIICKTpPa CO CJICITbIM
JACTCKTUPOBAHHUCM

- T'eonoxkarus Ha ocHOBe 0a3bl faHHBIX ¢ GPS
- Bueapeno B Mronxene, [ epmanus

oBo88l
LT
-

=] i [

——————
ClllldanaaaaaaaT e -

e an e b oM ks m
T e

sunnanh

.

“TIO LabVIEW u o6opynosanue NI USRP — kiroueBbie KOMITIOHEHTBI 3TOTO
POEKTa, MO3BOJIMBIINE KOMAHE OCYIIECTBUTH TPOTOTUITUPOBAHUE U

YCIIEITHO BHEAPHUTH ITIEPBOE KOTHUTUBHOE paIno Takoro tuma.” Dr. Paulo
Marques, COGEU

Aveiro, [TopTyranaus /




MO B Lund University, [1IBeys

—
L

~
»

Massive M

S
ProfFredrik Tufvesson

Prof Ove Edfos

V”' .. ..
T .'-00.:

Llens: Moctoutb cuctemy 100x10 Massive MIMO anga
NPOBEPKMN TEOPETUYECKNX pPe3ynbLTaToB C 06paToKon B

peanbHOM BPEMEHU
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[ I[poToTrrrpoBaHne (pU3UIECKOTO YPOBHS

nnnnnnnnnnnnnnnnnnnnnnnnnnn

Dr. Murat Torlak

- [loCTOAHHBI MOHUTOPUHT I[eMoz[yJIﬂuHﬂ JHemmudpoBka
HECKOJIbKMX KaHaioB WiF1

escrambler

sr2=zeros(1,7);

for k=1:length(cp)
r(k)= mod(mod(sr2(7)+sr2(4),2)+op(k),2);
sr2(2:7)=sr2(1:6);
sr2(1)=op(k);

end

I Descrambled Bits
=

- Jlemonynsiums U gemmgppoBKa
CUTHaJIOB Todek goctyma 802.11b

- UnenTndukanys TOYKU AOCTYyIIA, | Setps ﬂ ﬂ
= o - XOR!

OTCJIC)KUBAHUE YPOBHS CUTHAJIOB

W WN

Serial Data Out

[lekogmposanune 802.11b SSID

OOHapyxeHue CMEIICHUS Hemonymsmus & Nutepnperanus
HeCyIIeh YaCTOTHI U nemudpoBka kazapa st SSID
KOPPEKIHS



HOKaJ]I/IBaI_[I/IH HNCTOYHMKOB CUT'HAJIOB Prof. Athanassios Manikas

Comm & Array Processing Chair
Imperial College, London

TectupoBanue anroputmoB MUSIC

3  Imperial College
" London

beictpoe nmporotunupoBanue B LabVIEW ¢
MathScript RT

CuHXpOHU3AMA BIUIOTH 10 12 yCTpOUCTB
USRP

Koppekius ga3bsl OT HCTOUHUKA MOTTPABKU

BreLHuin
oTcyeT

CeTeBoM
Kabenb

Xoct MK

igabi
Ceteroi Ethernet
kabenb Switch CurHan
KanuopoBKu




Hcnoms3oBanme curaaioB Wikl uToOrs! «BueTs» ¢ckBO3b cTeHbI, ¢ NI USRP n
LabVIEW

3agaua:

IToka3aTh, yTO moBceMecTHBIE cUTHAJLI 0T WiF1
000pyI0BaHMS MOKHO MCIIOJIb30BaTh JJIsl MOHUTOPUHTA
JIBMDKCHUS TIPEJIMETOB U JIFOZICH B pE)KUME TAaCCUBHOTO
pajnapa 6e3 BU3yaJlbHOro KOHTaKTa

Pemenmne:

Cuctema maccuBnoro WiFi pagapa paspaborana u
IIPOIEMOHCTPHUPOBAHA C TOMOIIBIO HECKOJIbKUX NI USRP
u LabVIEW. USRP npuHUMaOT LIUPOKOTOIOCHBIE
CHUTHAJIBI IT0 HECKOJILKUM KaHajaM, LabVIEW mo3Bosser
OBICTPO UTEPATUBHO Pa3padATHIBATH AJTOPUTMBI JJISI
¢dbukcanuu U HTEpIpeTaunu casura Jlomnepa

"LabVIEW u NI USRP — uaeanbHbIil BBIOOD JJIs1 OBICTPOTO IPOTOTUIIUPOBAHUS
OEeCIpOBOHOTO IIpHUEMa, Nepeaadu U 00padoTKH. "
- Bo Tan, University College London
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OcoO0bIe CUCTEMBI CBSI3HU

Space explorer changes course .
Probe could be re

WASHINGTON (UPI) — The day put the half-ton International som
American . space probe that flew Cometary Explorer on a path in its Fa
through the tail of a comet last orbit around the sun that should little
September changed course and send it whipping around the moon _in the
should sw:ng back into orbit on Aug 10. 2014. .
around Earth 28 years from now e are now targeted for the Explo
for possible retrieval by 21st centu- moon, but it's a long time awa Eart
ry astronauts. saxd flight director Robert ar-  from
A series of rocket firings Mon &hnr at the Goddard Space Flight firethe
nter, Greenbelt, Md. “I'm not
gom‘g to be able to wait around.”’ of Cog
he spacecraft was maneu- when
vued out of its ong:’n-!hEmh orbl‘; miles .
swinging around the sun, and spaced
PUBLISHED t{o return c?oso encounter with the agd th
9 APRIL 1986 is expected to place the craft direct
bu:k tnl.o an elongated Earth orbit.  basi
_.. There, Farquhar said the probe 0.2

Hello again.

b

3anyck: 12 aBrycra 1978
Source: spacecollege.org KoHTakT: 29 mas 2014
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2. Hanpagnenue «BcrpanBaemeblie cucteMbDy (R10)
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NI myRIO - noprarmBHast BCTpaMBacMasi CricTeMa

7 NATIONAL
) INSTRUMENTS

S poio = «Cucrema Ha kpucTawie» Xilinx Zynq

Berpoennpiii WiFi -« (TUTKC Artix-7 1 ARM Cortex-A9)

3-0CHBIif akcenepomerp =
Crepeo ayano BXO/I-BbIXO

YHuBepcaibHble 34-ITMHOBBIE Pa3beMbl =

40 udpoBBIX JIMHUT

IT =
pOTPaMMHUPYCMBIC KHOIIKH (SPI, I2C, UART, LLINM, sHKO 1ED)
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| ni.com/myrio

Mechatronics

Starter

CBETOAMOIBI ¥ IEPEKIL JIBuraTes NOCTOSTHHOIO TOKA C AATYMKaMH
"/ -CEerMEeHTHBIN TUCIUIEH TIOJIOKCHHUS U CKOPOCTH— 2
[ToreHmomerp paiiBep yrnpasieHUs IPUBOLAMU;
Tepmucrtop Axcenepomerp;
doTtopesucrop TpéxoceBoi TMPOCKOTI,;
JaTtuuk XoJjuia HNudpakpacHbIi TaTYUK paCCTOSHUS;
Muxpodon/mmHaMuK JlaT4uK m0JI0KEeHHUS;
Kommekr 6Gatappeit VYapTpa3ByKOBOH JaIbHOMED;
JIBMraTenb OCTOSTHHOTOTOKA Iudposoii kommac;
Cepsonpusoz

ni.com

Embedded

RFID - punap
KnaBuarypa (uudpsr)
LED-matpuna
Hudp .moTeHmomMep
CumBoseHbI LCD-nucruieit
[udpoBoii gaTIMK TEMIIEPATy PhI
EEPROM (nepenporpammupyemoe [13Y)
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Yued

NI myRIO
Project Essentials Guide

By Ed Doering

NATIONAL
,\'mmw.ws

im0

HBIN KypC

2 Discrete LED

LEDs, or light-emitting diodes, provide sim-
ple yet essential visual indicators for system sta-
tus and error conditions. Figure [21] shows the

Leaming Objectives: In this module you will
create a standard interface circuit to verify cor-
rect operation of the LED, learn interface circuit

four types of LEDs in the Sp:
“LED Mixed Bag (5Smm)” kit http://www.|

design principles and related LabVIEW pro-
i i make some basic mod-

sparkfun.com/products/9881l

ae.
I |

2.3. BASIC MODIFICATIONS

+23v  B/plod

B/oiog

MUAALA AR LA AL Radh Ay AMALAAN ML,

Figure 2.2 Discrete LED ion circuit: ic diagram, lay-
out, and connection to NI myRIO MXP Connector B. J

ABosasad o A s 200 4 a0 A D o A OO O D D Ao

t to right:
sy in vari-

PO N P Y i eV P P NP N NN

ifications to extend your understanding of the
interface, and then challenge yourself to design
a system that integrates the discrete LED with
additional components or devices.
2.1 Component Verlfication
Follow these steps to verify correct operation of
the discrete LED component.
Select these parts:

« Resistor, 220 ohm

* “Basic Red” LED from Sparkfun 9881

* Breadboard

o Connecting wires [need details]
Download the LabVIEW project: Download the

project Discrete LED demo.lvproj from
[need details].

N Al A AL A AR A AR A M AR AL A A A A,
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—>STUDENT DESIGN

COMPETITION o

7 NATIONAL
ni.com ’ INSTRUMENTS'



VNATIONAL
ni.com ’ INSTRUMENTS'




Komanap! — ¢puHamcter SDC
2015

Tsinghua University @ ETH Ziirich

University of Leeds
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@ AIRBUS

BceMupHBIN CTyIEHYECKU KOHKYPC

JlormomHUTEIbHAS HOMMHAITUS

ABTOHOMHas1 CUCTEM A YIIPABJICHHS ITUTAHUS
Ha TPaHCIOPTE

ITpuem 3asBok SAuBaps 2016

[pu3: $10,000 USD, noe3nka Ha 3aBoa Airbus B Tyny3y
u npurianienne Ha NIWeek 2016
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National Instruments — nmapTHep MeKTyHApPOIHBIX COPEBHOBAHUIA

- World Robot Olympiad (WRO) W R Ok

World Robot Olympiad

- Eurobot

LA TUGENT GERNANY 2013

—jal MAHLE

- Formula SAE
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worldskills ™. =—

B N
4
b
\/ A

T * SRy
RUSSIa MoOuipHas
DJIEKTPOHUKA poOOTOTEXHHUKA
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[ Ipumepsl pemmennii Ha 6a3e NI R1O - myRIO
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Robotic Table Football u Loughborough

University
Revolutionising Mechatronics Education

The Challenge The Solution

Students struggled to realise their innovations using textual Using LabVIEW and myRIO to develop the Robotic Table
programming, due to unintuitive syntax and complex hardware Football challenge. This practical approach to teaching
integration. Following many research successes, Loughborough mechatronic systems integration resulted in a marked
wanted to incorporate LabVIEW into their refined Mechatronic increase in student engagement, improved grades and the

module best system implementations to date.
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Autonomous Robotic Satellites

The Challenge The Solution

Creating a cluster of autonomous robots that can Developing small robotic devices based on the NI

simulate satellite dynamics in space and creating a myRIO and using LabVIEW to write the code,

comfortable environment for fast development of including the robot software and the ground station

the next generation of autonomous nanosatellites. platform, all with space-like computers, software,
sensors, and actuators.

INSTRUMENTS'

ni.com

y NATIONAL



Autonomous Humanoid Robot r 1
Performing Inclined Squat Movements TUDelft &y

Challenge the future

The Challenge The Solution

Implementing learning and control algorithms for Stand-alone system based on the NI myRIO using
squat movement and autonomous balance NI LabVIEW Real-Time and MathScript RT Modules

management on a walking Bipedal Humanoid to control 6 servo motors, performing squat
Robot movementand autonomous balance management.

‘7 NATIONAL
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Development of a Wearable Exoskeleton for

People with Duchenne Muscular Dystrophy UNIVERSITY OF TWENTE.

The Challenge The Solution

distributed
transmission
sytem

am
shells
Develop an arm support that gives people with Using CompactRIO and LabVIEW we were able to

Duchenne Muscular Dystrophy (DMD) a better develop the A(bility)-Gear that can adapt during
quality of life, helping them be more independent the lives of patients for their different needs.

and a more social life.
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MedSim Haptic Simulator for
Medical Teaching UNIVERSITY OF LEED!

The Challenge

The Solution

Developing a fully functional haptic mechanism
accompanied by an anthropomorphic casing for a
full teaching interface that addresses a real gap in
the clinical training curriculum for an objective and
high-fidelity training tool.

Using LabVIEW’s seamless compatibility with
3D models and myRIO to generate the relevant
forces across the range of the needle insertion
produced a professional interface and mnexpensive
teaching model.
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( UNIVERSITE
PARIS

Orseus: myRIO i Space P S5

The Challenge

Developing an embedded system which operates
under low pressure and temperature conditions -
space. The system must carry out various
experiments, including the study of solar radiation
and atmospheric pollution

ni.com

IUT D'ORSAY

The Solution

3 . 53 ' 4

Final Payload

Onboard Camera Radio Communication

Using myRIO to control all on-board sensors and
experimental equipment in a high altitude balloon,
from the launch to the landing with real time
monitoring and post processing.

‘7 NATIONAL
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Student Design Contest Winner 2014 m

Sepios, the Omnidirectional Cuttlefish Robot

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

The Challenge The Solution

£ MakeAGIF.com

A four-finned robot, each fin equipped with nine

Creating a nautical robot driven by cuttlefish servo motors to generate waves of various shapes

inspired fins to study this unique propulsion and perform any conceivable manoeuver. All this

mechanism and its advantages is coordinated by a single NI myRIO at the heart
of the drone.
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ni.com ’ INSTRUMENTS'



3. Harrpasnenue «CAIIP myis poexktpoBanuss BY MHTErpaIbHBIX
cxeM 1 ycTporcTB» (AWR)
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CpencTBa mpoeKTUPOBaHMs M MozienupoBanus CBY-y3510B u
CHUCTEM

Visual System Simulator™ Microwave Office™

RF and Microwave Design

MoaenunpoBaHue Ha YpOBHE CUCTEM MpoeKTnpoBaHue n moaennpoBaHUe Ha
MogaenunposaHue CBY-cuctem, B Tom YPOBHE KOMNOHEHTOB

yncne (LTE, WiFi, WiMAX, DVB, W- MNpoeKkTnposaHmne CBY-KOMNOHEHTOB U
CDMA, GSM/EDGE), yctpowcts (CBY MM, moHonnTHbIEe UMC,
PaANONOKALMOHHbBIX KOMMAEKCOB U T. 4. Moy nu)

ni.com
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O0nacTy IPUMEHEHUS
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MMIC

ni.com
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3apayum aHanumsa

Sierpinsii_C3_Triangle_Dipole_FFP
Pt —

o RF__ MIX_ouwt Fiterin lout

HenuHeHbIN
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! CUrHanos

9M-aHanus3
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Axkagemudeckas mporpamma National Instruments




