
 

EPA’s Next Generation Air Monitoring Workshop Series  
Air Sensors 2013: Data Quality & Applications 

 

 
Speaker Biosketches and Abstracts 1 March 19 & 20, 2013 

Speaker Biosketches and Abstracts 

Tuesday March 19, 2013 
 

9:00 am - Welcome and Speaker Introduction  
Peter Preuss | Chief Innovation Officer, EPA Office of Research and Development  
Peter Preuss, PhD, is the Chief Innovation Officer in the Office of Research and Development (ORD), US EPA. Dr. 
Preuss leads an interdisciplinary team created to build an innovation infrastructure for science that will move US 
EPA forward on the path to sustainability. In their first two years, Dr. Preuss and his team have already introduced 
several innovative ideas and approaches to ORD, including the use of collaborative platforms for research planning 
and competitive internal awards to promote high-risk, high-reward research. The team has established a cross 
agency innovation workgroup to help US EPA make effective use of open innovation challenges, prizes and awards 
delegated under the America Competes Act. Additionally, the team has launched an environmental pavilion on 
InnoCentive.com; a company that specializes in open source innovation for scientific and technical challenges. 
Currently Dr. Preuss and team are working closely with ORD’s National Program Directors on high profile 
signature projects oriented around topics such as sustainable alternatives to toxic chemicals and net zero 
structures and communities. Currently, the Innovation Team is working to promote new air monitoring sensors 
and applications to enhance citizen science and citizen empowerment. 

Dan Costa | National Program Director; EPA Air, Climate and Energy Research 
Dr. Daniel Costa is currently National Program Director for Air Research in the Office of Research & 
Development/EPA. He is responsible for the overall direction and management of the Air (including PM, ozone and 
air toxics) research program across all EPA Labs and Centers. Dr. Daniel Costa received his B.S. in Biology from 
Providence College, an M.S. in Environmental Sciences from Rutgers, an M.S. and a Sc.D. (doctor of science) in 
Physiology / Toxicology from the Harvard School of Public Health. Dan has authored / co-authored more than 120 
publications, 4 book editorships, and over 30 book chapters, conference proceedings and monographs. For 18 
years prior, he served as Chief of the Pulmonary Toxicology Branch of the National Health and Environmental 
Research Laboratory, where he led an active group investigating the health effects of particulate matter and other 
air pollutants. He is a Diplomat and Past-President of the American Board of Toxicology (1994) and is Past-
President of the Inhalation Specialty Section of the Society of Toxicology (1996). Dr. Daniel Costa continues his 
individual research focusing on pollutant alteration of cardiopulmonary function through neurophysiologic 
pathways in various susceptible animal models 

9:10 am - New Ways of Making “Sense” of What’s in the Air: Why it Matters 
Dan Greenbaum | President, Health Effects Institute 
One of these most critical factors in determining whether air pollution is having an effect on health is 
the degree to which a person’s exposure is well understood and characterized. Getting it “wrong” can 
lead to misstating public health impact, and misdirecting the focus on what sources make the most 
sense to control. Getting it “right” can make all the difference, especially when we consider the wide 
array of sensitive populations – and their distribution across any geographic area – but we will never 
have all the resources we need for conventional monitors. This talk will highlight why we are concerned 
about air pollution and health, drawing on recent health research – and the brand new Global Burden of 
Disease 2010. And then discuss some of the challenges of getting an accurate exposure picture, some of 
the “baby steps” we have taken to enhance how we measure, and the needs of the health community 
going forward. 
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Dan Greenbaum joined the Health Effects Institute as its President and Chief Executive Officer on March 1, 1994. 
In that role, Greenbaum leads HEI’s efforts to provide public and private decision makers in the US, Asia, Europe, 
and Latin America with high quality, impartial, relevant and credible science about the health effects of air pollution 
to inform air quality decisions in the developed and developing world. Greenbaum has over three decades of 
governmental and non-governmental experience in environmental health. In May 2010, Greenbaum received the 
Thomas W. Zosel Outstanding Individual Achievement Award from the U.S. EPA for his contributions to advancing 
clean air. Prior to joining HEI, he served as Commissioner of the Massachusetts Department of Environmental 
Protection from 1988 to 1994, where he was responsible for the Commonwealth's response to the Clean Air Act, 
as well as its award-winning efforts on pollution prevention, water pollution and solid and hazardous waste. 
Greenbaum holds Bachelor's and Master's degrees from MIT in City Planning. 

11:00 am - Orientation to the Workshop  
Chet Wayland | Director; EPA Office of Air Quality Planning and Standards, Air Quality Assessment 
Division 
Richard A. “Chet” Wayland has over 20 years of experience in information management, air quality modeling and 
data analysis. He has been employed with the U.S. Environmental Protection Agency (EPA) since 1991 and 
currently serves as the Director for the Air Quality Assessment Division within the EPA’s Office of Air Quality 
Planning and Standards (OAQPS) in Research Triangle Park, North Carolina. He is responsible for the overall 
management of the technical programs for modeling, monitoring, emissions and data analysis that support all 
OAQPS regulatory programs and policies and also serves on various EPA oversight groups related to information 
management and technology. He has B.A. and M.S. degrees in Environmental Sciences from the University of 
Virginia. 

11:15 am - Plenary Session I – New Technologies, Hot Science, and Instruments on the Horizon  
Session Chair: Sherri Hunt | EPA National Center for Environmental Research 
Dr. Sherri Hunt came to EPA and the National Center for Environmental Research in the fall of 2004 as an 
American Association for the Advancement of Science (AAAS) Science and Technology Policy Fellow. During this 
time, she worked with both the Air and the Global Change teams on several projects to summarize and 
communicate program results including the development of posters, talks, journal articles, and a report on the 
impact of climate change on air quality. After completing two years as a fellow, she was hired as an Environmental 
Scientist and Project Officer. Since then, she has managed the AAAS and the ASPH (Association of Schools of 
Public Health) fellowship programs within EPA, served as Atmospheric Science Team Lead and Air Climate and 
Energy (ACE) Team Lead, and is currently the acting-ACE Assistant Center Director. Sherri has been a project 
officer on approximately 60 grants and led or participated in writing teams for at least dozen solicitations for the 
Air, Global Change, and ACE programs. She plays an active leadership role in the ACE program planning and 
coordination and was a key author for the Ace Research Action Plan development. 

Towards Self Powered Nano-systems for Human Physiological and Environmental Monitoring 
John Muth | Center for Advanced Self-Powered Systems of Integrated Sensors and Technologies, 
North Carolina State University 
We are rapidly approaching the intersection of two technology trends that have the potential to 
change the way we examine relationships between human health and the environment. The first 
trend is the decreasing amount of power required to perform analog to digital conversion, perform 
computations on that information, and wirelessly transmit results of that computation. The second 
trend is the increase in efficiency of energy harvesting and non-battery energy storage. Once these 
trends intersect and the amount of energy harvested from the human body exceeds the power 
consumed by a well designed nano-system, new technology pathways open up where self-powered 
nano systems can be designed to interact with the human body and the environment in new ways. 
Providing correlated measurements between individuals and the personal exposures they receive in 
their daily micro environments provide new opportunities to improve the human condition. 
The newly formed NSF Nanosystems Engineering Research center will be described with a focus of 
explaining how the above constraints of ultra-low power consumption and form factors that are 
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compatible with the human body lead to new system designs. To illustrate specific cases of interest 
to the air quality community, some example pathways to lowering the power consumption of gas 
sensors and particle exposure monitors will be described. 
John Muth received a B.S. in Applied Engineering Physics from Cornell in 1988, served as a fast attack nuclear 
submarine officer 1988-1993. He received a PhD in Physics from NC State University in 1998. He is presently 
a full professor at North Carolina State University in Electrical and Computer Engineering and the Deputy 
Director of the National Science Foundation Nanosystems Engineering Research Center for Advanced Self-
powered Systems of Integrated Sensor Technologies (ASSIST). His research interests include applying 
nanotechnology at the systems level with an emphasis on novel optoelectronic materials, ultra-low power 
sensors and incorporating them into flexible and textile electronics. By monitoring human physiological and 
environmental parameters in a low power, wearable form factors he hopes to obtain a better understanding of 
how individuals interact with the microenvironments and stresses encountered in daily life. 

MWCNT Selective Benzene Detector 
Marc Delgado | Sensotran 
The use of CNT for benzene detection has been demonstrated, but there are not results that achieve 
the low resolution and the selectivity the market requires. The key is to use a matrix of four MWCNT 
sensors decorated with metallic clusters that donate or accept a significant amount of charge upon 
adsorption of a target molecule. We specifically investigated systems based on carbon nanotubes 
whose surfaces are decorated with Rh, Pt, or Ni clusters as well as characterized and non-decorated 
CNT. Thereafter, multi-walled CNTs were decorated with metal clusters using two different synthesis 
techniques: oxygen RF plasma treated tubes were decorated with either thermally evaporated 
metal clusters from a wire or a metallic colloid solution. The result was a device for the selective 
detection of benzene gas with sensitivity at the ppb range at ambient temperature in the presence 
or absence of oxygen, which is easy to handle in the field. The detection of benzene gas in the 
presence of other interfering gases at ambient temperature is achieved by implementing a signal 
processing module that acquires the signals from the sensors and using pattern recognition 
techniques, such as PCA or regression models. In this way, the presence or absence of benzene can 
be determined and quantified within the ppb-ppm range. Some of the device benefits are selectivity 
to benzene, high sensitivity (LOD 25 ppb), low production cost, no humidity effect and very low 
power consumption. 
Marc Delgado holds a technical degree in Industrial Electronics, with broad experience in digital electronics. 
He has an MBA from Universitat Oberta de Catalunya and Sales Management Program for EADA Business 
School. He has worked for several companies such as MERCK, ATC, and Maps Informática. He joined 
SENSOTRAN in 1996 responsible for the after-sales department. In the same year he became Technical 
Manager, and is currently the General Manager. He has experience with international customers and suppliers, 
and has worked closely with various research centers developing new gas sensor technologies. He has 
frequent contact with Spanish, Portuguese and European Industries from various sectors including oil & gas, 
pharmaceutical, environmental, food & beverage, academia, etc. He also has organized several seminars for 
industry and research centers in Spain. Marc has also been working since 2003 at RAE Systems, a portable 
detector manufacturing leader in Spain, as RSM for Spain & Portugal. 

Microfabricated Direct-Reading PM Mass Sensors for Personal Air Quality Monitoring 
Igor Paprotny | University of California, Berkeley 
Devices based on microelectromechanical systems (MEMS) can dramatically increase the 
penetration of low-cost air pollution sensors into the public and private sectors, thus facilitating 
their widespread use for personal and community-based monitoring. This talk covers the design, 
fabrication, and experimental results of a microfabricated direct-reading PM mass sensor. Our 
sensor is 21 mm × 25 mm × 2 mm, and has been manufactured using MEMS processes on three 
separate wafers that were later bonded together to form the complete device. Its small form factor 
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and low fabrication cost makes the sensor a good candidate for personal and community-based air-
quality monitoring applications. An external miniature pump pulls the air through a microfluidic 
circuit that separates the particles by size (targeting a 2.5 µm AD cut-point) and then deposits the 
particles on the surface of a mass sensing resonator (FBAR, film bulk acoustic resonator. Similar to 
the sensing element of a tapered element oscillating microbalance (TEOM), the added mass of the 
deposited particles induces a change in the resonant frequency of the FBAR, and the rate of the 
frequency change corresponds to the concentration of the particles in the sampled air. The sensor 
has been characterized in a room-sized environmental using both cigarette smoke and diesel 
exhaust. Our prototypes have been able to detect concentration changes of a few µg/m3. The small 
size and low cost of the MEMS sensor enables a variety of personalized air-monitoring applications, 
ranging from wearable badges to inclusion of the sensor in regular cellphones. 
Dr. Igor Paprotny is currently research faculty at the Center for Information Technology Research in the 
Interest of Society, Berkeley Sensor & Actuator Center, the Berkeley i4 Energy Center, UC Berkeley, and an 
Affiliated Scientist at the Lawrence Berkeley National Laboratory. He is the director of the UC Berkeley Air-
Microfluidics group. His research includes the applications of MEMS technologies to distributed microsensors 
for electric power systems, air microfluidics for environmental monitoring, and microrobotics. Dr. Paprotny 
holds a Ph.D. in Computer Science from Dartmouth College, BS and MS degrees in Industrial Engineering from 
Arizona State University, and an Engineering Diploma in Mechatronics from the NKI College of Engineering in 
Oslo, Norway. 

Cost-efficient miniature sensors for network continuous monitoring of diffuse pollution at the low ppbv level 
Olivier Zaouak | Cairpol 
Inhalation is well known to be the main exposure pathway to pollutants for the majority of the 
population. If the toxicity of ppmv levels is demonstrated, it is also recognized that chronic exposure 
to ppbv levels can impact human health. Many analytical apparatuses can reach these levels, but 
their size and cost make the deployment of high-density networks difficult, illustrating the increasing 
need for cost-efficient miniature sensing systems. Cairpol is a French start-up specializing in the 
development of innovative miniaturized sensors for air quality monitoring. This cost-efficient 
integrated system, Cairsens, comprises an amperometric sensor, a dynamic air sampling, a patented 
filter, and a high-sensitive electronic circuitry fitted with a datalogger. We will present this 
technology and the different problematics (e.g., data quality and long-term stability) that have 
oriented the development of this device and which have permitted to reach, for example with the 
O3/NO2 sensor, a detection limit better than 20 ppbv under field conditions. Very promising results 
of NO2 continuous monitoring during more than 1 year with a specific NO2 sensor will also be 
shared. As an illustration, considering 24-hour average values measured between 20 and 80 ppbv on 
a traffic area during 14 months without maintenance or recalibration, an average discrepancy of 
only 4 ppbv has been obtained between a reference apparatus (AC32, Environnement SA – France) 
and a Cairsens NO2 sensor. It is noteworthy that these results are in agreement with the maximum 
discrepancy accepted by the comparability test procedure of the U.S. EPA. 
Olivier Zaouak is the sensor development task leader of Cairpol. After a PhD in analytical chemistry 
performed in the Pluridisciplinary Institute of Environement and Materials of Pau (IPREM, France), he has been 
in charge of the development of microconcentrators on silicon chip in the CEA-LETI of Grenoble. After a 
period of teaching in the National School of Chemistry of Rennes, he joined Cairpol with the aim to bring its 
background in the field of chemical and electrochemical sensors. 

2:00 pm - Plenary Session II – Data Quality, Evaluation, and Calibration  
Session Chair: Ron Williams | EPA National Exposure Research Laboratory 
Ron Williams is an Air Climate and Energy (ACE) Task Lead with the U.S. EPA’s National Exposure Research 
Laboratory. He has held senior research positions in private, academic and governmental research organizations 
for more than 33 years. His research focus has been upon human exposures to complex environmental mixtures. 
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He is a recognized expert in the area of exposure monitoring and has been responsible for designing, executing, 
and summarizing some of the EPA’s largest human observational panel studies. He is currently evaluating air quality 
sensors and development of novel monitoring systems for community-based research. The multipollutant 
environment is of particular interest. This research involves determining the relationships between personal 
exposures to air pollutants across multiple spatial settings. 

Low Cost Air Quality Sensors and Associated Data Quality 
Praveen Sekhar | Washington State University 
Devices such as mobile phones, computers, and sensors are shrinking in size and cost. The air quality 
community is also experiencing this change as manufacturers of air quality instruments and sensors 
reduce the size and cost of their products. Low cost sensors have opened up a new vision for air 
quality control that includes the do-it-yourself (e.g., citizen science) community. The success of low 
cost sensors is often challenged by the quality of the collected data. It is crucial to carefully analyze 
the collected sensing data, which helps in understanding the dynamics of the monitored field along 
with the pitfalls that should be considered in future sensor system design. In this talk, real-world 
observations on data quality associated with low cost sensors will be presented. Data from both a 
laboratory setting and a field setting will be taken as case studies. Then, the approaches that might 
be used to systematically improve the data quality will be discussed. Finally, an insight into the 
current state of science in calibration will be highlighted. 
Praveen Sekhar received his BE degree (with distinction) in electrical and electronics engineering from the 
Coimbatore Institute of Technology, Coimbatore, India, in 2001; his MS degree in microelectronics from the 
University of South Florida (USF), Tampa, Florida, USA, in 2005; and his PhD in electrical engineering from 
USF, Tampa, Florida, USA in 2008. He was a postdoctoral research associate in the Sensors and 
Electrochemical Devices Group at the Los Alamos National Laboratory, Los Alamos, NM. His current 
research interests are in the areas of exhaust gas sensing targeting environmental pollution, national security, 
energy security and point-of-care biodiagnostics and nanomaterials. Dr. Sekhar was the recipient of the 
Outstanding Dissertation Award and is a panelist reviewer for the National Science Foundation and the 
Department of Energy. 

Leveraging Assumptions of Simplicity When Measuring Complex Phenomena 
Laura Balzano | University of Michigan 
Many modern engineering and signal processing problems, including those in environmental 
sensing, experience the blessing and curse of big data. Large datasets give us the promise of 
understanding complex worldly phenomena in order to help us make predictions and decisions 
about our environment. Unfortunately, big data turns out to be messy, with corruptions, missing 
data, and heterogeneous sensing modalities. In this talk, I will discuss signal processing approaches 
to overcoming this challenge of massive low-quality data. Recent developments in signal processing 
and optimization theory have made it clear that we can get a lot of mileage out of assumptions of 
simplicity of the phenomenon we are measuring. I will give a handful of examples of "assumptions 
of simplicity" (smoothness, sparsity, and more) and show how these assumptions allow us to 
leverage information from measurements across time and space in order to ensure that many low-
quality sensors exceed the inference abilities of one high-quality sensor. As three examples, I will 
discuss successful optimization algorithms for modeling such a phenomenon when data are missing 
or corrupted, and I will discuss their sample complexity (i.e., how many sensors and time-samples 
are needed). I will end with an idea for how one might do the same when sensors are uncalibrated.  
Laura Balzano received her BS, MS, and PhD in electrical engineering from Rice University, UCLA, and the 
University of Wisconsin, respectively. Her PhD was supported by a fellowship from 3M. She worked as a 
software engineer at Applied Signal Technology and was a visiting researcher at EPFL, the Institute for Pure 
and Applied Mathematics, and Duke University. She is now an Assistant Professor in the Department of 
Electrical Engineering and Computer Science at the University of Michigan. Her work focuses on developing 
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practical and theoretically sound signal processing algorithms for data analysis, often when data are missing or 
low-quality, and often in streaming data applications. 

Data Quality and Big Data: Shoot First, Ask Questions Later? 
Roger Peng | Johns Hopkins University 
The availability of low-cost high-quality sensors to monitor air quality has the potential to 
dramatically change the way we measure our environment and connect it to various outcomes of 
interest. Health outcomes in particular are of tremendous importance and providing methods for 
increasing the scope of exposure assessment could allow researchers to better characterize health 
risks and to design relevant interventions. However, care must be taken when diving into the world 
of “big data” as the data collect by low-cost sensors can be of varying quality. Specifically, the 
usefulness of the data can only be determined by evaluating it in the context of the question being 
asked. I will present some examples of high-resolution sensor data and discuss the questions they 
can address. I will also discuss the role of statistical methods in handling problems with data quality. 
Roger D. Peng is an Associate Professor of Biostatistics at the Johns Hopkins Bloomberg School of Public 
Health. He received his PhD in Statistics from the University of California, Los Angeles. He is a prominent 
researcher in the areas of air pollution, climate change, and health risk assessment and statistical methods for 
spatial and temporal data. He has developed novel approaches to integrating complex national databases for 
assessing population health effects of environmental exposures and has developed software for efficiently 
distributing data over the Web for disseminating reproducible research. Dr. Peng's research is highly 
interdisciplinary and his work has been published in major substantive and statistical journals, including the 
Journal of the American Medical Association and the Journal of the American Statistical Association. Dr. Peng 
is the author of over a dozen software packages implementing statistical methods for environmental studies, 
methods for reproducible research, and data distribution tools. 

Data Quality, Evaluation, and Calibration of NGAM from an EPA Regional Perspective 
Robert Judge | EPA, Region 1 
EPA uses air monitoring data for a variety of purposes. At EPA’s 10 Regional Offices and for each the 
State, local and tribal organization that EPA works with, the importance of collecting high quality air 
monitoring data cannot be understated. EPA Regional Offices are at the front lines of the Agency in 
ensuring the quality of the data so that it can be used in a variety of ways to protect and inform the 
public. This presentation is intended to inform the audience of the ways EPA utilizes air monitoring 
data, the procedures we follow to ensure and assess its quality, and the ways we help ensure 
nationally consistent measurements. Further, this presentation will offer thoughts on how to ensure 
that we understand the quality of these NGAM (next generation air monitoring) measurements, and 
offer some thoughts to consider as these monitors are deployed. 
Bob graduated from Tufts University with a Bachelor of Science in Chemical Engineering in 1986. After briefly 
working for an electrical utility at a power plant, he began his career at EPA Region 1 in 1986 in Boston. He 
has worked in all aspects of air quality planning under the Clean Air Act since then, ranging from emission 
inventories and nonattattainent designations; to SIP strategy development and approvals; to vehicle inspection 
and maintenance (I/M) programs and fuel programs. He is presently the Team leader of the Air Monitoring 
Team at EPA Region 1 at its Chelmsford laboratory. 

E-Enterprise for the Environment and Advanced Monitoring 
David Hindin | EPA Office of Enforcement and Compliance Assurance 
E-Enterprise is a joint initiative of States and EPA to improve environmental outcomes and 
dramatically enhance service to the regulated community and the public by maximizing the use of 
advanced monitoring and information technologies, optimizing operations, and increasing 
transparency. Through shared services and modern IT systems, E-Enterprise will move us from paper 
to electronic transactions, increase the use of advanced monitoring technologies to produce better 
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data on pollution sources and environmental outcomes, and expand transparency by making new 
and existing quality data available in a user-friendly format for communities, government, and 
regulated entities. E-Enterprise will make EPA more accessible, efficient, responsive, and 
significantly improve the experience of anyone who conducts business with the Agency (e.g., renew 
or apply for a permit, find data on pollution sources, enable the public to access and share advanced 
monitoring information.) by allowing two-way business transactions with regulated entities. E-
Enterprise would reduce burden and improve collaborative management among states and EPA. 
Through shared IT services, EPA will stop building disconnected and redundant data systems. 
Electronic reporting would lead to significant improvements in data quality, completeness, and 
timeliness. Advanced monitoring technology would produce better data on pollution sources and 
environmental conditions, and increased transparency would mean improved public access to that 
information. This would help government operate more effectively and efficiently, would help 
regulated entities better manage operations, leading to better, more useful information.  
David Hindin started at U.S. EPA working on water enforcement cases and policies. In 1999, he became the 
Associate Director of the Toxics Release Inventory (TRI) Program, where he led the development of new 
“TRI-ME” software to guide facilities to electronically report toxic chemical releases. In 2003, David returned 
to enforcement, and managed the modernization and operation of national information systems, including the 
creation of a national tool (Net-DMR) for wastewater electronic reporting. And he helped lead creation of a 
new initiative, the Clean Water Action Plan, among the states and EPA, to improve the NPDES program. In 
2012, David took a new position to lead a new initiative, Next Generation Compliance, to improve 
compliance using advanced monitoring, information technology, better regulation design, and other tools. 
David has a B.S. from University of Michigan, an M.A. in psychology from Arizona State University, and a J.D. 
from University of California, Berkeley. 

3:45 pm - Plenary Session III – Big Data: Management and Analysis  
Session Chair: Vasu Kilaru | EPA National Exposure Research Laboratory 
Vasu Kilaru is a physical scientist with EPA’s National Exposure Research Laboratory and Task Lead in the Air. 
Climate, and Energy (ACE) National Program. His main areas of expertise is in GIS, spatial analysis, and information 
management. His research interests are in aerosol remote sensing and use of satellite derived information to 
characterize exposure to air pollution. 

Making Sense of Millions of Observations Using Open Standards 
Luis Bermudez | Open Geospatial Consortium 
Big data can be defined with 4Vs: Volume, Velocity, Veracity and Variety. Sensor systems generate 
Big data. There is a large amount of sensor data generated at fast speeds, with the need of 
provenance and from various domains. Integration of sensor data can be done geospatially, but not 
using standards can hinder sharing and the timely use of these data. The Open Geospatial 
Consortium (OGC) is a global forum for the collaboration of developers and users of spatial data 
products and services, and for the advancement and development of international standards for 
geospatial interoperability. The Sensor Web Enablement (SWE) is an OGC initiative that has defined 
standards for discovering, data encoding, description of sensor systems, getting of data, and tasking 
of sensors. This talk will provide an introduction of Big Data, discuss why open standards can help, 
provide an overview of SWE, and motivational examples where OGC SWE standards have been 
successfully implemented. 
Dr. Luis Bermudez is responsible for the strategy, development and management of the Compliance Program 
at the Open Geospatial Consortium (OGC), the world leader organization focused on geospatial standards. 
Dr. Bermudez has more than 15 years of experience in the information and technology industry including 
geospatial, sensor web, semantic web and legal information. Within OGC, he also serves as system architect in 
OGC Test beds and leads OGC educational activities worldwide. He is Adjunct Professor in the GIS Masters 
Program at the University of Maryland. Before OGC, he was the Technical Manager at SURA and Technical 
Lead of the Marine Metadata Interoperability project at MBARI. In both positions he advanced technologies to 
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support sharing and improvement of numerical models and the integration of ocean observing systems around 
the world. He has a Ph.D. and M.S. in Hydroinformatics from Drexel University. 

Big Data in Biology: Integrating Large, Fast-moving, and Heterogeneous Datasets 
Adina Howe | Argonne National Laboratory 
The scale at which DNA sequencing technology can accomplish data generation in biology has 
transformed how the field must analyze and integrate datasets. We'll discuss the challenges and 
opportunities of heterogeneous biological data integration. Specific case studies of integrative 
platform efforts will be presented including the community tool provided by the Department of 
Energy Knowledgebase and the development of executable publications and data reuse. Through 
these examples, we will address some of the typical solutions, failure points, and success stories of 
data integration approaches. 
Adina Howe studies next-generation sequencing data in complex environments such as soils and the human 
gut and is interested in how to do data-driven modeling of these environments. She is currently at the Math 
and Computer Science Division at Argonne National Laboratory and also in the Department of Microbiology 
and Molecular Genetics at Michigan State University. 

IBM Smarter Cities Challenge Initiative 
Levente Klein | IBM Smarter Cities Challenge Initiative 
Technological development and the appearance of social media have led to the daily creation of 
more than 2.5 exabytes of data with more than 80% of the total existing data being generated in the 
last 2 years. One characteristic of big data is the ability to optimize and improve the life of the 
citizens by better understanding the environments surrounding them. For example, real time data 
from static or mobile sensors can improve the traffic, healthcare, agriculture, and the well-being of 
people. The Smart City Challenge, a collaboration between IBM and more than 100 cities, was 
initiated to demonstrate the potential of big data to anticipate problems and to resolve them 
proactively. One example of this initiative  is “The Smart City Louisville” that proposed to study and 
provide recommendations on the root cause of asthma among city’s children and adults and ways to 
minimize and prevent its impact on citizen’s life. While many data sources are already available, new 
data sources may be needed to improve the spatio-temporal resolution of sensing at the regional, 
city, neighborhood, street, household, and individual level. This aim can be most easily achieved 
through participatory sensing by citizens and large scale remote and distributed sensing. We present 
two case studies of distributed and participatory sensing for air quality and solar radiation 
measurements that combine data validation, aggregation, and machine learning to analyze and to 
forecast environmental parameters. 
Dr. Levente Klein is a Research Staff Member in the Physical Sciences Department at the IBM T.J. Watson 
Research Center, Yorktown Heights, NY. His doctoral work focused on developing measurement methods 
for high sensitivity electrical characterization of insulating surfaces and on developing spin based quantum 
computing. Since joining IBM Research in 2006, he developed technologies to enable energy efficient cooling in 
data centers based on sensor networks and air contamination sensing. Current research interests focus on 
day’s ahead solar radiation prediction, implementation of variable rate irrigation system for precision 
agriculture, and distributed sensing data modeling and analytics. Dr. Klein is a member of the American 
Physical Society (APS), American Vacuum Society (AVS) and the NY Academy of Sciences. 

Low-Cost Air Quality Monitoring, Visualization, and Citizen Science 
Chris Bartley | Carnegie Mellon University 
In all its projects, the CREATE Lab seeks to effect positive, lasting, and meaningful change in 
communities around the world by coupling deep problems with understanding, innovation, and 
cultural transformation. We present here our new, low-cost air quality monitor as well as prototypes 
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of open-source data visualization tools. Our goal is to help empower everyday citizens and scientists 
with affordable yet effective hardware, as well as powerful visualization platforms for analysis and 
sharing of gathered scientific data to promote evidence-based decision making, public discourse, 
and action. 
Chris is a Principal Research Programmer in the CREATE Lab at Carnegie Mellon University’s Robotics 
Institute. In all its projects, the CREATE Lab seeks to effect positive, lasting, and meaningful change in 
communities around the world by coupling deep problems with understanding, innovation, and cultural 
transformation. Technology is merely one of many tools, not the end goal. In realizing the lab’s vision, Chris 
has had the privilege to work with an extraordinarily talented group of people on a diverse set of projects 
including educational robotics, environmental sensors, electric vehicles, gigapixel imagery, digital interactive 
museum exhibits, and health and environmental data visualization. Chris has a BS in Computer Science from 
the University of Tennessee, an MS in Robotics from Carnegie Mellon University, and over twenty years of 
software development experience. 

Towards a Generative Platform for Air Quality Data 
Prabal Dutta | University of Michigan 
In the years ahead, unconventional air sensors will generate untold volumes of data that vary in 
structure and quality. In the years ahead, the data generated by America's roughly 5,000 state and 
local air quality monitoring stations will be eclipsed by the data generated by concerned citizens, 
curious children, and conscientious corporations. The value of the new air quality data, ranging from 
individual readings to aggregate sets, will depend critically on their provenance, quality, and 
availability. How will the data be used? How could the data be used? What are the applications that 
will drive sharing of air quality data? What is the underlying infrastructure that will facilitate sharing, 
analysis, mashups, and visualization? A key challenge is how to construct a generative platform that 
can allows us to leverage the data in unforseen ways. This talk will explore these questions with an 
eye toward emerging technologies. 
Prabal Dutta is an Assistant Professor of Electrical Engineering and Computer Science at the University of 
Michigan, Ann Arbor. He researches the circuits, systems, and software necessary to realize pervasive sensing, 
computing, and communications at scale and in the service of society. His work has yielded over a dozen 
hardware and software systems, has won four best paper awards and several design awards, has been 
commercialized by Aginova, Arch Rock (now Cisco), Crossbow (now Memsic), Moteiv (now Sentilla), 
Moteware, Seeed Studios, Sonnonet, and Vectare, has been utilized by thousands of researchers and 
practitioners worldwide, and has been recognized with an Intel Early Career Faculty Award. He earned a 
Ph.D. in Computer Science from the University of California, Berkeley, where he designed and deployed some 
of the largest academic sensor networks, and where his work was supported by NSF and Microsoft Graduate 
Fellowships. 
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Wednesday March 20, 2013 
 

8:00 am - Open Lab Event Overview  
Ron Williams | EPA National Exposure Research Laboratory 
The U.S. EPA’s Office of Research and Development (ORD) is currently conducting a world-wide 
Sensor/Application challenge as a result of the 2012 Apps and Sensors for Air Pollution (ASAP) 
Monitoring Workshop held in the Research Triangle Park, North Carolina. This evaluation is allowing EPA 
to provide critical feedback to groups and individuals developing novel Sensors/Apps as to the potential 
of their devices to be used for community-based (crowd source) data collections. A variety of lower cost 
sensor technologies (<$500) involving the detection of nitrogen dioxide and/or ozone are being 
examined under controlled laboratory conditions using Federal Reference Method/Federal Equivalent 
Method instrumentation and a sophisticated exposure chamber system developed specifically to 
support the research. These efforts will establish basic performance characteristics of the sensors such 
as response linearity, detection limits, precision, and interference issues, among other considerations. 
This collaboration is providing EPA an opportunity to examine the general performance characteristics 
of sensors with sensor developers. Overall, this effort seeks to advance the general state-of-the science 
for this arena of emerging technology by a two-way exchange of information. 

11:00 am - Plenary Session IV – Recent Applications of Sensors 
Session Chair: Mike Hannigan | University of Colorado 

Engaging Citizens – Contributing to Science: (What) Can We Deliver? 
Alena Bartonova | CITI-SENSE, EU 
The boom of sensor technologies for monitoring air quality presents a new opportunity to engage 
with the public on environment. But, do we know what is important to the public, and how can the 
outputs be used in science? This is investigated in CITI-SENSE, ”Development of sensor based 
Citizen’s Observatories for better life quality in cities”, a 4-year project co-funded from the 7th EC 
RTD Framework Program, contract nr. 308524, started in October 2012. The aim is to develop 
citizens’ observatories, to enable public participation in environmental decisionmaking, and to 
investigate the properties of the data and develop methods to use it in global observing systems. 
The project joins three elements: technological platforms for distributed monitoring, information 
and communication technologies compatible with global observing systems, and societal 
involvement. Pilot studies focus on urban air quality, public spaces and indoor environment at 
schools, in nine European cities. The five first months of the project teach us that the discrepancy 
between what can be measured and what information we find important can be solved through 
continuous technology development and by linking different sources of information. But we do not 
know the properties of those data, or how to use them for scientific purposes. Even bigger gap is in 
our understanding how to engage with the public. The important and often restricting technological 
challenge seems to be solvable. The societal involvement, however, is not well understood. Unlike 
controlled research studies, in real-life, anything can happen, and the social aspects of the citizen’s 
observatories are determining their outcomes. 
Alena Bartonova, Research Director, NILU UAE, coordinator of the CITI-SENSE project, has an education in 
mathematical statistics from Charles University, Prague, CZ. Since 1987, she has worked at the Norwegian 
Institute for Air Research on research and assessment projects involving human exposure to air pollutants 
indoors and outdoors, and environmental assessment. In recent years, she took an active interest in science-
policy and science-society interfacing, and has developed and led multidisciplinary collaborative projects 
related to human exposure focusing on societal aspects funded by the Framework Program for Research of 
the EU. She serves in research development forums in two national multidisciplinary research centres (FRAM 
High North Centre for Environmental Research, CIENS Oslo Centre for Interdisciplinary Environmental and 
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Social Research) and collaborates on projects supporting the European Environment Agency or the EU DG 
Sanco. She has co-authored over 50 peer review publications. 

From Personal Exposure in Boulder to an Environmental Justice Community in Denver to Cookstove 
Assessment in Rural Ghana 
Mike Hannigan | University of Colorado, STAR grantee 
Low-cost, small sensors are enabling new air quality assessment monitoring campaigns. Our team 
focuses on using whichever low-cost sensors meet the needs for the specific study; study 
requirements often include monitor mobility, size, cost, power, data storage, data accessibility, 
pollutant species of interest, other data needs like location measurement, detection limit, signal-to-
noise, and quantification system. Different sensor technologies and deployment scenarios require 
different quantification requirements. To date, much of our research and deployment activities have 
focused on quantification. We have used NDIR CO2 sensors to assess personal air exchange rate 
using students at the University of Colorado. Students from Haskell College also used that tool to 
explore urban – rural CO2 in the Colorado Front Range immediately after a series of wildland fires. In 
collaboration with EPA Region 8, we deployed four monitors on tri-pods stationed on rooftops in an 
environmental justice neighborhood just north of downtown Denver for two weeks in December of 
2012. Each monitor was equipped with a meteorological station, NDIR CO2 as well as metal oxide 
sensors for NO2, O3, CO and total VOCs. Recently, we took monitors equipped with electrochemical 
CO and O3 sensors to northern Ghana to start to assess cookstove impacts. Hannigan’s talk will cover 
each of these deployments with the focus on quantification system development. He will also briefly 
describe future deployments including ideas for measurement communication and citizen science. 
Mike Hannigan is a professor in the Mechanical Engineering department at the University of Colorado in 
Boulder. He is part of the MAQS (Mobile Air Quality Sensing) team that has been developing low cost air 
quality monitoring tools for use by other researchers as well as interested citizens. To date, this team has 
deployed monitors in Boulder, CO, Denver, CO, Shiprock, NM, rural China and Africa with the emphasize on 
tool validation and improvement. In addition, Hannigan’s research group has been exploring airborne PM 
sources and fate with the focus on improving our understanding of health impacts of PM. Mike also loves to be 
in front of the class, teaching anything from Statics to Data Analysis to Air Pollution Control, as well as getting 
in the way in the lab. In his time away from the office, Mike attempts to keep up with his two boys (third on 
the way). 

CitiSense–Always-on Participatory Sensing for Air Quality 
William Griswold | CitiSense; University of California, San Diego 
Recent revelations about the impact of air pollution on our health are troubling, yet air pollution and 
the risks it poses to us are largely invisible. Today, the infrastructure of our regulatory institutions is 
inadequate for the cause: sensors are few and often far from where we live. What about the air 
quality on your jogging route or commute? Can you be told when it matters most? Recent advances 
in computing technology put these capabilities within reach. By pervasively monitoring our 
immediate environs, aggregating the data for analysis, and reflecting the results back to us quickly, 
we can avoid toxic locales, appreciate the consequences of our behavior, and together seek a 
mandate for change. In this talk, I describe CitiSense, which leverages the proliferation of mobile 
phones and the advent of cheap, small sensors to develop a new kind of ``citizen infrastructure''. We 
have built a robust end-to-end prototype system, exposing an abundance of challenges in power 
management, software architecture, privacy, inference with ``noisy'' commodity sensors, and 
interaction design. The most critical challenge is providing an always-on experience when depending 
on the personal devices of users. I report on our latest research results, including a user study, which 
reveal the incredible potential for participatory sensing of air quality, but also open problems. 
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William Griswold is a Professor of Computer Science and Engineering at UC San Diego. He received his Ph.D. 
in Computer Science from the University of Washington in 1991. His research interests include ubiquitous 
computing and software engineering, as well as educational technology. Griswold is a pioneer in the area of 
software refactoring. Later he built ActiveCampus, one of the early mobile location-aware systems. His 
current CitiSense project is investigating technologies for low-cost ubiquitous real-time air-quality sensing. He 
is a member of the ACM and the IEEE Computer Society. 

Village Green Project: Solar-powered Air Monitoring for Research and Outreach 
Gayle Hagler | EPA National Risk Management Research Laboratory 
Recent near-source air monitoring field studies, such as monitoring air pollution adjacent to 
highways or rail yards, illustrate that air pollutants can significantly vary with time and space in an 
urban environment. Current regulatory monitoring stations provide important information on the 
regional air shed, however they do not provide the level of spatial resolution needed to address 
community-based air quality issues. Researchers evaluating local-scale air quality currently balance 
the desire for temporal information with the need for spatial information, with cost of data 
collection as a practical limiting factor. Today, these competing interests lead to either short-term 
mobile sampling or longer-term monitoring at fewer locations. A key technology gap is lower cost, 
autonomous and robust air pollution monitoring systems that would allow for longer-term sampling 
at a greater number of locations. This presentation will discuss an air pollution measurement 
prototype – the Village Green Project – that is in development to target the technology gap. The 
monitor is being designed to provide real-time air pollutant data for several measurements of 
interest (black carbon, ozone, and fine particles) as well as weather, be self-powered, have a small 
physical footprint, require minimal maintenance or calibration, and provide public engagement 
elements that would expand siting options and augment outreach efforts. In addition, a key goal is 
an overall lower total cost compared to a traditional monitoring station, by at least an order of 
magnitude. These and similar types of air monitoring stations may transform future monitoring 
efforts in near-source environments, enabling the diagnosis of local air pollution and development 
of mitigation strategies. 
Gayle Hagler is an environmental engineer in the U.S. Environmental Protection Agency Office of Research 
and Development, National Risk Management Research Laboratory and is located in Research Triangle Park, 
North Carolina. She received a Ph.D. in environmental engineering from the Georgia Institute of Technology, 
in Atlanta, Georgia. Dr. Hagler’s research is focused on characterizing air pollution nearby major sources and 
evaluating emerging measurement technologies, with recent work focused on characterizing near-roadway and 
near-rail yard air quality. Her work has been published in a number of scientific journals, including the 
Atmospheric Environment, Aerosol and Air Quality Research, Journal of Geophysical Research-Atmospheres, 
Geophysical Research Letters, Atmospheric Chemistry and Physics, and Science of the Total Environment. Dr. 
Hagler was a recipient of the 2010 Presidential Early Career Award for Scientists and Engineers; the award 
funding has supported the development of the Village Green Project.  

How Good is It? Experiments in Quality with Multiple Dimensions [To Me, Too Many Qualifiers Before 
Getting to the Most Important Word, Quality] 
Tim Dye | Sonoma Technology, Inc. 
All activities, whether examining sensor performance in the laboratory, comparing sensor data to 
reference data, or citizens strolling around with sensors, help improve the quality of the data, of the 
experience, and ultimately the quality of our lives. During this talk, we’ll share different ways we’re 
exploring to improve the quality of low-cost sensing data. 
Tim, with STI since 1990, provides strategic and senior oversight of our operational and public outreach and 
education programs, and oversees our domestic and international business development activities. For more 
than a decade, Tim has directed his knowledge and creativity toward the design and development of innovative 
information systems, such as AirNow, AirNow International, and SmogCity2. He leads several efforts to 
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conduct low-cost, citizen-based air quality monitoring. His enthusiasm for finding ways to communicate air 
quality information effectively also led him to explore the fusion of environment, technology, and art in our 
everyday world. Tim is accredited by the American Meteorological Society (AMS) as a Certified Consulting 
Meteorologist. He serves on the Management Review Board for the National Oceanic and Atmospheric 
Administration’s Cooperative Research and Development Agreement as well as AMS’s Board on the Urban 
Environment and Board of Certified Consulting Meteorologists. He earned B.S. and M.S. degrees in 
Meteorology from Millersville University and Penn State, respectively. 

2:30 pm - Panel Discussion: Federal Agency Perspectives on Sensor Development and Application  
Session Chair: Linda Sheldon Associate Director for Health 

National Exposure Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 

 David Balshaw Program Director, Emerging Technologies 
Center for Risk and Integrated Sciences 
Division of Extramural Research and Training 
National Institute of Environmental Health Sciences 
National Institutes of Health 

 Albert Davydov Project Leader 
Materials Science and Engineering Division 
Material Measurement Laboratory 
National Institute of Standards and Technology 

 Julie Dickerson Program Director 
Division of Biological Infrastructure 
BIO Dierectorate 
National Science Foundation 

 Anne Hultgren Branch Chief 
Chem Bio Research & Development 
Department of Homeland Security 

 Cody Howard SBIR Program Specialist 
National Center for Environmental Research 
Environmental Protection Agency 

 David Jackson Director Biomarkers Program;  
Chair, JCP5 Pulmonary Health Working Group  
U.S. Army Center for Environmental Health Research 

 Sari Paikoff Senior Science and Technology Manager 
CB Division/Emerging Threats Division/Threat Agent Sciences Office 
Chemical/Biological Technologies Department (CB) 
Research & Development Directorate 
Defense Threat Reduction Agency  

 Dan Costa National Program Director  
Air, Climate and Energy Research  
Environmental Protection Agency 
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