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Research statement: Metrology
I am a metrologist, a scientist who explores measurement errors. I have been working for twenty years in the area of electrical standards. My first project was related to the AC signal comparisons for a power calibrator. For my PhD I went on to explore inductive dividers as voltage ratio standards and use them in various measurement bridges. My latest interest is in the capacitance area. I do my research at National Institute of Standards and Technology (NIST), the primary metrological laboratory in the world.
The classical approach to accurately measuring capacitance consists of building a measurement bridge that compares a device under the test to a standard. The challenges lie in building the measurement bridge and perfectly characterizing it. The bridge components are custom made for each measurement frequency and capacitance value, and it takes years to design and develop them. The bridge balancing is manual, lasts hours per data point, and requires that capacitor tested has cardinal value and ten parts per billion stability. State-of-the-art bridges have the uncertainty at the level of parts in billion. This level of accuracy is possible only for narrow capacitance range (at the order of pF) at 1 kHz range. Modern instrumentation developments require measuring capacitors that have wide range of capacitance values and frequencies (up to 100 μF at 10MHz). My research over the past eight years was focused on connecting classical and modern methods in measuring capacitance.

The PhD experience I had in developing inductive voltage dividers allowed me to engage in the design of an impedance scaling bridge. This is the implementation of a classical straddling method using programmable components in effort to automate the measurement process. The complexity of the design required dozens of specialized transformers to be built and tested, as well as programming an instrumentation system. The most challenging problem for me was the automation of three dependent injection signals balancing procedure. This bridge presently performs self-calibration of inductive voltage dividers at NIST and was used for the international inter-comparison in 2004. The most recent improvements to the bridge were added by MIDN Liu in 2006 during his summer internship at NIST, and are described in a paper. The impedance scaling bridge gave me the experience with the classical measurement system design.

In 1997 Yokoi et. al. presented a new method of measuring capacitance using commercially available instrumentation such as a network analyzer and an LCR meter. NIST was interested in evaluating this approach and sponsored my involvement in this area. My first experiments were focused on high frequency impedance measurements of a set of capacitors. I used capacitor models to predict resonances and therefore select suitable measurement frequency ranges. The simulations matched the measurements very well and allowed independent evaluation of the method’s uncertainty. This research evaluated capacitors from 1pF to1000pF in the frequency range up to 10 MHz.

The next step in my study of modern capacitance measurement methods was the development of a capacitance scaling system. This project has been ongoing since 2002. This system measures capacitors from 10 nF up to 100 μF at frequencies up to 100 kHz. I implemented this method at NIST and determined the uncertainty of the measurement procedure (journal [1], [2], conf. [2], educational conf. ref. [6]). My contribution is developing control software and thoroughly studying each influence on the measurement process, finding the optimal measurement parameters to minimize each particular influence, and determining the relationship to the overall uncertainty. The culmination of this analysis was the comparison between the classical quadrature bridge designed by Cutkosky and the capacitance scaling system this summer. The agreement in measuring a 10 nF capacitor was within parts per million. This is the first time that classical and modern techniques were directly compared and the result was metrologicaly significant. This is my most recent noteworthy contribution to the capacitance metrology. The capacitance scaling system is used for national and international calibrations of capacitors at NIST. Technical note that I wrote shows the achievements in detail. 
My newest project is the development of a programmable capacitor that could be set from 1 pF to 10 μF with the resolution of 1 pF. My most significant contribution in this research is the design of a Fibonacci series based capacitor set, the development of the instrument model, and the evaluation of its parameters in order to determine the uncertainty of the capacitance setting. This instrument is considered to be used in the inductance standards calibration.
I consider my study of electrical impedance (capacitance in particular) as my primary research focus. Several projects that I described here are complex and required years to mature. I also contributed to the development of instrumentation in the area of thermal converters. Thermal voltage converters are used for AC to DC transfer. I explored modeling the converters and characterizing their low frequency errors. This research connected me to the AC-DC team at NIST interested in high voltage and high frequency performance. I designed and characterized a binary inductive voltage divider for a new AC-DC comparator system. This system is presently used at NIST for the ongoing research and calibrations.
As for my future research plans: 

(1) The results accomplished in capacitance scaling system comparison with a quadrature bridge for a 10 nF capacitor opened the door for implementation of the similar approach to the full range of capacitance values. This comparison requires the development of a stable standard capacitor To fully characterize the programmable capacitor is my next step in the capacitance metrology.  
(2) I demonstrated that a programmable capacitor and resistor can be used to characterize inductance standards in a similar scheme to the capacitance scaling system (conf. [3]). This is a long term project at NIST that relates all three electrical standards: resistance, capacitance and inductance. This is a significant challenge that I feel qualified to accomplish. My strength as a researcher is the combination of hardware experience, fluency in writing control software, and the ability to mathematically represent the instruments in order to derive the measurement uncertainty. My personal strength is the fascination with math and science.

(3) Capacitance sensors are integrated in variety of applications in the engineering field. In effort to connect my research with the interest of my students, this fall I started couple of projects involving capacitance sensors. I developed a material property indicator for object classification project and worked on calibration of the pressure sensor for tsunami research and. The property indicator is a cross-capacitance based sensor with the part per million resolution. This experience opened the opportunity for me to apply the metrological methods in characterizing capacitance sensors. Another opportunity arising from my sensor application research relates to the new field of compressed sensing (recently funded ONR project, Dr Malek Madani). I plan to take part in devising sensor applications for the project.

I presented my first research paper at a student conference as a junior at the University of Novi Sad (1985 in Rabac, Yugoslavia). I was working on an agricultural plant control problem. I was a bit nervous, but excited to meet other presenters. Exactly twenty years later I was in Canada with the same feeling in my stomach. I was presenting my research on inductance measurements to a metrology audience (conf. [3]). At the conference I attended couple of talks were by students. I was impressed with their work, and wondered if they would stay in the field. 

I do not know if my professors knew that I would continue the academic path for the rest of my life. But I know that I do the research because feel comfortable doing mathematics and measurements, and like meeting people around the world who have strong ideas and look for solutions. 

