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in five years time?
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The NI world is very innovative in that it uses many more 
sensors, is much more innovative, and is much more 
sophisticated than the process control. In revolutions 
like this, edges end up becoming centers of things.

“

”
—Paul Saffo, Futurist
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Industry Savings with 1% Efficiency Improvements

$27B
Rail Productivity

$30B
Aviation Fuel

$90B
Oil and Gas Capex

$66B
Equipment Fuel



Industrial Internet Consortium Activities
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Condition Monitoring and Predictive Maintenance 
Testbed





IBM will invest $3 billion over the next four years 
to establish a new Internet of Things (IoT) unit.“ ”

—IBM, March 2015



Evolution of Maintenance Strategy
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NI and PTC End-to-End IoT Solution

Sensors

LabVIEW

ThingWorx
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Wi-Fi
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Rapid Evolution of Standards



Wi-Fi
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Mobile
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Rapid Evolution of Standards



Wi-Fi
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Rapid Evolution of Standards



Wi-Fi
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Massive MIMO in Practice
- from theory to proof-of-concept

Joao Vieira – PhD student, Lund University,  Sweden
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MAMMOET Consortium
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Project members at Lund University
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System and
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Professor
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Joao Vieira

PhD stud.

Propagation and

radio systems

Viktor Öwall

Professor

Digital circuit

design

Steffen Malkowsky

PhD stud.

Digital circuits

and processing

Liang Liu

Asstn. Professor
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Massive MIMO TDD illustration

Let us understand massive MIMO in 2 minutes!



Massive MIMO theoretical claims

“Technology to handle orders of magnitude more data traffic!”

“Focus energy into ever smaller regions of space to bring huge 

improvements in throughput and radiated energy efficiency!”

“Linear processing is able to provide near-optimal 

performance!”

...

We need a testbed to take the next steps

towards realizing massive MIMO!
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System component & architecture

50 NI USRP

8 Ettus OctoClock-G

4 NI PXIe-1085 chassis

NI PXIe-

8135 

Controller

Printed antenna array

4 NI FlexRio 7976R
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BS hardware setup: side-view
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Base station assembly
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User-equipment



Proof-of-Concept



52

LTE-like OFDM TDD Massive MIMO
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Some results

Received signal constellations – LOS & four users 2 m separation

2 m

2 m
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Some results

ZF detector MRC detector

Received signal constellations – LOS & four users 2 m separation
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Demo (video)

https://www.dropbox.com/s/pid54pd1w6rn7y0/lumami2.mp4?dl=0

https://www.dropbox.com/s/pid54pd1w6rn7y0/lumami2.mp4?dl=0


Summary

• Flexible architecture based on NI 

platform and software radios

• 100 frequency coherent RF chains

• Supports 10 simultaneous single

antenna users in the same time-

frequency resource block

• Real time operation in the 3.7 GHz band, 

20 MHz bandwidth

• More at:  http://www.eit.lth.se/mamitheme

• Taking Massive MIMO from the lab to

reality.

https://webmail.lu.se/owa/redir.aspx?C=tg8OQO-EPEy7Nf35ltJ3vlAHYsak5tEIil1-M8LMNwnmeV9oMUCdbVdIFW15BEdj0btxAfUetmQ.&URL=http://www.eit.lth.se/mamitheme
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Uncertainty is going to be as huge 

as opportunity, and it’s going to 

take every bit of your visionary skill, 

your management skill, and your 

technical vision to take advantage 

of what is about to happen.

“

” 
Paul Saffo, Futurist



The Industrial Internet is indeed 

transformative. It will change 

the basis of competition, redraw 

industry boundaries, and create 

a new wave of disruptive 

companies

“

”World Economic Forum



You and NI will create the Internet of Things.




