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W hat is the future of instrumentation? It is an ab-
surdly open-ended but interesting question to 
explore in this age of ubiquitous sensing and wire-

less devices and the slow but steady realization of the “Internet of 
Things.” At the U.S. Department of Energy’s (DOE) Oak Ridge 
National Laboratory (ORNL) in Oak Ridge, Tennessee, we re-
search and develop sensors and instrumentation for a wide 
variety of energy-related applications impacting energy explora-
tion, energy delivery, and environmental monitoring (Fig. 1). To 
support research into these challenging measurement problems, 
the Measurement Science and Systems Engineering Division at 
ORNL initiated The Future of Instrumentation Workshop in 2010 
in collaboration with the IEEE Instrumentation and Measure-
ment Society (IMS) to reach out to the measurement community 
and pose this open-ended question. 

The first two years of this meeting were in 2010 and 2011 and 
they were held at ORNL in East Tennessee. They included tours 
of some of ORNL’s national user facilities and unique labora-
tories, thereby introducing many in the research community 
to our renewed campus and energy research mission. These 
workshops brought together industry, academia, U.S. national 
laboratories, and U.S. federal agencies and provided a unique 
environment for open and frank discussion on research direc-
tions and the merits (e.g., scientific, engineering, or financial) 
of employing different technologies to achieve practical ends. 

While the attendance of around 100 participants for each 
of the first two years was encouraging, we wanted to create 
a venue that would reach beyond the impression of this be-
ing an “ORNL” event. Consequently, we moved the Future 

of Instrumentation International Workshop (FIIW 2012) to 
Gatlinburg, Tennessee in October of 2012 (Fig. 2). The Work-
shop succeeded in attracting a broader range of participants 
from outside the U.S. DOE national laboratory community.

FIIW 2012 focused specifically on sensing and instru-
mentation needs in the energy value chain. Experts in 
technical areas including sensors, communications, and con-
trols gathered to discuss power generation from both fossil 
fuels and nuclear energy. Separate technical tracks looked at 
energy transmission and distribution at large scale and in mi-
crogrids. Presentations and discussions focused on end-use 
energy sensing in manufacturing, commercial buildings, and 
in demand response systems. In addition, we had a cross-
cutting area related to advanced instrumentation, including 
topics such as energy harvesting, wireless sensor networks, 
and resilient and trustworthy control systems in extreme en-
vironments. Over 40 technical papers were delivered during 
the two day workshop and two panel sessions dedicated to 
the role of sensors for building-to-grid integration and the 
deployment of wireless sensor networks for industrial en-
ergy efficiency. To drive the topical discussions in these areas, 
we had sponsors from several program offices within the 
U.S. DOE’s Office of Energy Efficiency and Renewable En-
ergy, Office of Electricity Delivery and Energy Reliability, and 
Office of Nuclear Energy. The National Energy Technology 
Laboratory and large industrial and automation companies 
Invensys Operations Management, Inc., and Mars, Inc. also 
provided financial, technical, and organizational support.

The workshop format has provided ample time for audi-
ence participation and discussion. In each workshop, we have 
discussed the value of creating a sensors and instrumenta-
tion roadmap that will highlight the key research areas that 
are necessary to achieve impact in energy efficiency through 
advances in communications and controls. Fig. 3 is a stylized 
representation of the general observations that have resulted 
from these annual discussions. 

Fig. 1. Sensing, instrumentation, communications, and controls form 
ubiquitous elements and wide networks of energy management and control. 
These systems extend from energy exploration, delivery, and utilization to 
environmental monitoring. Many of these areas require cross-communication 
and intelligence at the sensing node.

Fig. 2. The Workshop logo from 2012.






