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ORNL is DOE’s largest science and energy 
laboratory

 World’s most powerful open 
scientific computer

 Operating the world’s 
most intense pulsed neutron 
source and a world-class 
research reactor

 $1.4B budget

 4,550 employees

 4,000 research
guests annually

 $500M invested
in modernization

 Nation’s most diverse 
energy portfolio

 Nation’s largest 
concentration of open source 
materials research

 Managing the billion-dollar 
U.S. ITER project
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ORNL Vision for Ubiquitous Sensor 

Networks

 The sensors are the network

 Ultra-integration is needed at the chip level –
micro-controller, memory, IO, radio, battery 
or power harvester and sensors

OR

 New paradigm that changes the game –
DISPOSABLE?

 Standard communication protocols and data 
formats
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What are the market prospects?

 Commercial and residential buildings, There are over 
300,000 buildings with little or no automation, >10million 
sensors

 Biomedical implants, >millions

 Smart vehicles and transportation systems, 10s of 
millions

 Smart grid diagnostics and load monitoring, 10s of 
millions

 Industrial control and smart parts, >10million –
renewable!

 Infrastructure monitoring, situational awareness, ???

For some applications the sensors will become disposal or be consumed with the product 

(e.g., smart oil filters that tell you when to change the oil instead of relying on a schedule).
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ORNL has developed a custom 

chip set that includes sensors, 

electronic readout, and telemetry

2nd Generation
1st Generation

Present Chip Set
(enlarged)

MEMS
Readout

Telemetry
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Toward the Development of Ultra-low 

Cost Wireless Sensor Networks for 

Building Energy Efficiency

 The goal is a sensor platform that 
costs <$5/mote

 The system must be easy to install 
and maintain – wireless

 The system need also be cyber secure

 Utilizing COTS initially, demonstrate a 
best-in-class sensor network for 
building controls

 Benchmark the possible – how much 
energy savings is possible from retro-
commissioning a building with a 
wireless BAS.

SensorMote  $30/Mote

Arduino Uno

Arduino XBee - Pro

+

ORNL Next Gen 

Suitcase. Devices<$43

http://www.digi.com/products/morephotos.jsp?pfid=147&lid=EN
http://www.digi.com/products/morephotos.jsp?pfid=147&lid=EN
http://arduino.cc/en/Main/ArduinoBoardUno
http://arduino.cc/en/Main/ArduinoBoardUno
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Developing an Integration Architecture for 

Sensors, Controls and Building Automation 

Systems Implemented at CERL
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Supervisory Model Predictive Control 

Integrates Sensor Data, Control Set Points, 

Weather Conditions and Occupancy Profiles

RESULTS: 63% Reduction in Energy Consumption from the HVAC System
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Low-cost Wireless Sensor Networks 

Impacting Industry

 ORNL deploys wireless suitcase at Alcoa

Alumina production and 

smelting process facility

750 MW power plant

Rolling mill
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ALCOA benchmark analysis 

of 9 facilities has identified 

millions of dollars in 

unaccounted energy use.  

Application of wireless 

sensors could pinpoint 

opportunities to save 

energy.
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ORNL “Wireless Suitcase” – circa 2012

Details…Lots of Details…
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6 x for ADC input, 3PIN JST-

XH connector

RF module 

connector

Power switch 

connector

On board

Temperature & 

Humidity sensor

External 5V 

Power input

3.7V Li-poly

Battery 

connector

USB device 

connector

Ethernet 

Connector

Debug serial

connector

SWD connector for 

STM32 programming & 

debugging 

SD memory 

card 

(imagery, 

storage)

Cortex-M3/M4 

processor (the brains)
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Key components:

The main parts in the schematics are:

1) STM32F103 processor ( two processor parts, pin & function 

compatible) STM32F103VET6, 64K RAM, 512K Flash 

2) Ethernet interface (RJ45)

3) NRF24L01 wireless interface  (50m w/ 2dBi external antenna)

4) 2.8" TFT LCD and touchscreen

5) SHT10 temperature & humidity sensor

6) Li-poly battery with onboard charger circuit

7) 6x Analog inputs; the analog inputs are routed to the JST 3 pin 

side entry connectors

8) RT-Thread operating system

9) realtime clock (RTC) with battery backup
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ORNL sensor module with connetors & wireless modules
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ORNL sensor module - TFT LCD touchscreen

Some features:

* IP Addressable (static or DHCP)

* webservice (retrieve data via http:// 

call)

* Module may function as Server or 

Remote
(i.e., plug into Ethernet (non-wired, stand alone unit) 

or Wireless Sensor module communicating to a 

sister device that is in Server mode)

* Touchscreen for setting clock, 

selecting devices

RT-Thread OS (open source)

Graphical User Interface (GUI) may 

be customized.
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ORNL sensor module – local sensor readings

Displaying sensor 

readings on the “local 

screen”
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ORNL sensor module – remote sensor readings

(this is the screen on the “server”.  You can use the touchscreen to select which remote 

module’s readings you wish to display)
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Open source software

Complete electrical design (schematic, Gerber, BOM)
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Firmware details…

1) RT-thread kernel only - 60K flash

2) RT-thread kernal + RTGUI (LCD graphic interface) -- 100K 

Flash

3) RT-thread kernel + RTGUI + DFS (filesystyem, SD card) --

160K Flash

4) RT-thread kernel + RTGUI + DFS + LWIP (light weight IP stack 

& ethernet ) -- 250K flash

A word on sensors…

onboard 

temperature+humidity, 

general purpose A/D 

inputs

3-way ADC socket on the board;  
direct interface to the following MQ-
series sensor modules:
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Functionality details…

1) The gateway (server unit) works as a webserver; and it has a 

DHCP client thread running, so it can get the ip address for the 

network router. So when a user visits the server unit, sensor 

readings from remote units will be shown as a webpage in 

user's web browser.

2) Data format - remote units will send 8 channel readings (1 

temperature (32bit), 1 humidity(32bit) , 6 adc readings (16bit 

each channel) ) in one packet.

3) Up to 6 sensor units can connect to one server units - so 

total 8x6 = 48 sensors.

4) Sensor push data to the server at fixed interval ( user can 

determine the interval - for example 1s, 10s, 100s ...)

5) Up to 6 sensors can be connected to one remote unit, plus 2 

internal sensors (temperature, humidity)

6) The remote unit address is configurable both on server unit & 

on remote unit. So potentially the remote & server units know 

each other.
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ORNL “Wireless Suitcase” – circa 2012

Did we mention $43/complete 

device?
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ORNL “Wireless Sensors” – circa 2013

Printable Electronics
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ORNL “Wireless Sensors” – circa 2013

More details available…just ask!
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Applying Wireless Sensor 

Networks for Sustainability of 

the DoD Infrastructure
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Community

Net-zero

Energy

Dover AFB

Building

Energy

Monitoring &

Control

Micro-grids

& Demand

Response

Ft. Stewart

Building
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Initiative

ORNL teams with preferred

base vendors to implement

new technology for mission

sustainability.
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Impact

Studies

Environ.

Impact

Studies

Water

Sustainment

http://images.search.yahoo.com/images/view;_ylt=A0PDoTHLmutOJSYAUU6JzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=fort+campbell+logo&n=30&ei=utf-8&fr=slv8-hpd10&tab=organic&ri=20&w=132&h=170&imgurl=0.tqn.com/d/nashville/1/G/P/2/patch.jpg&rurl=http://nashville.about.com/cs/festivalsnmore/a/101st_.htm&size=42.3+KB&name=Supporting+our+Military+Neighbors+at+Fort+Campbell&p=fort+campbell+logo&oid=b340b659a63900e94cbb758279fdfd8a&fr2=&fr=slv8-hpd10&tt=Supporting+our+Military+Neighbors+at+Fort+Campbell&b=0&ni=60&no=20&tab=organic&ts=&sigr=11p1nmhtl&sigb=13fko79at&sigi=117bscq5n&.crumb=iMAe4d6AQJG
http://images.search.yahoo.com/images/view;_ylt=A0PDoTHLmutOJSYAUU6JzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=fort+campbell+logo&n=30&ei=utf-8&fr=slv8-hpd10&tab=organic&ri=20&w=132&h=170&imgurl=0.tqn.com/d/nashville/1/G/P/2/patch.jpg&rurl=http://nashville.about.com/cs/festivalsnmore/a/101st_.htm&size=42.3+KB&name=Supporting+our+Military+Neighbors+at+Fort+Campbell&p=fort+campbell+logo&oid=b340b659a63900e94cbb758279fdfd8a&fr2=&fr=slv8-hpd10&tt=Supporting+our+Military+Neighbors+at+Fort+Campbell&b=0&ni=60&no=20&tab=organic&ts=&sigr=11p1nmhtl&sigb=13fko79at&sigi=117bscq5n&.crumb=iMAe4d6AQJG
http://www.af.mil/
http://www.af.mil/
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Next Generation Technology for 

Environmental Sensor Networks

Moving Analytical Measurement 

from the Lab to the Field

Control electronics, 

data storage, 

communications

Reagent, fluidic 

manifolds, valves 

and pumps

Fluidic injectors

Sample collection & 

purification wheel

Elution & 

amplification wheel

Battery pack

External 

pressure 

vessel

Expanding the Sensed Domain

MEMS 

ultrasonic 

transducer 

array
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Multi-modal & moving platforms
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IR Imagers
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Next Generation Technology for 

Environmental Sensor Networks, cont.

Networked on the ground 

& in the “canopy”

Itasca Park, Minnesota

cellular

satcomm

Internet
Private network

- Web 3.0 -

WSN Gateway

Ubiquitous 

Sensor 

Network

Highly integrated 

single chip 

sensors

Passive 

RFID 

sensors

Mesh network

PARC “sensor tape”

Exotic new sensor platforms

RF SAW Sensors
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For more information…contact any one of us

Wayne:  mangesww@ornl.gov

Peter:     fuhrpl@ornl.gov

Teja:       kurugantipv@ornl.gov

Tim: mcintyretj@ornl.gov

Low Cost Wireless Sensor Network 

Research at Oak Ridge National Laboratory 

(ORNL)

This has been:  

ISA ComDiv, Washington DC May 2013


