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OBJECTIVE

• To find a research and development position in the area of advanced data analysis methods
and algorithms in the fields of data and image processing, using computational and sta-
tistical techniques. Willing to acquire new computational and theoretical skills as needed.

CURRENT POSITION

• Postdoctoral Researcher (September 2016 –)
Kapteyn Astronomical Institute
University of Groningen
The Netherlands

– Working on data simulations aimed at gaining insight into developing strategies for
observations of the Epoch of Reionization (EoR) with the Square Kilometre Array
(SKA).

RESEARCH INTERESTS

• Advanced data analysis methods and algorithms, computational methods, statistical meth-
ods, image processing, signal processing

EDUCATION

• University of Illinois at Urbana-Champaign (UIUC), USA

PhD, Astronomy (2012)
Thesis: Radio-polarimetric observations of gravitational lenses

• Indian Institute of Technology (IIT), Kharagpur, India

Master of Science, Physics (2002)

• Indian Institute of Technology (IIT), Kharagpur, India

Bachelor of Science (Honors), Physics (2000)

https://www.astro.rug.nl/~modhurita


COMPUTER SKILLS

• Operating systems: Linux, Windows

• Programming languages:

– Expert: Python, C

– Proficient: C++, Shell programming, Sed, Awk

– Beginner: FORTRAN, CUDA

• Python libraries/utilities/tools:

– Expert: NumPy, SciPy, Pandas, Jupyter notebook

– Proficient: Seaborn, Scikit-learn

• Mathematical packages:

– Expert: MATLAB

– Proficient: Mathematica

• Statistical packages:

– Beginner: R

• General software:

– Expert: Microsoft Office applications (Word, Excel, PowerPoint), LaTeX, Emacs, Vi

• Database languages:

– Beginner: SQL

RESEARCH EXPERIENCE

• Kapteyn Astronomical Institute, University of Groningen, The Netherlands

– Data simulations for imaging the Epoch of Reionization (EoR) with the Square Kilo-
meter Array (SKA) (September 2016 –)

Working on simulating end-to-end data simulations for SKA1-low in order to
develop optimal observing strategies for EoR observations with the SKA.

– Analysis of direction-dependent gain solutions in LOFAR (LOw Frequency ARray)
EoR data reduction (September 2016 –)

Working on visualizing and analyzing LOFAR EoR data to understand the vari-
ation and dependence of direction-dependent gain solutions on time, frequency,
primary beam effects, distance of station from center of array, baseline length,
and ionospheric effects.



– SKA blind data challenge (September 2018 –)

Created simulated data sets containing combinations of EoR, foreground, and
noise signals. These were released to the different research groups comprising the
SKA EoR Science Team, in order to test their different methods of extracting
the EoR signal in power spectrum. Analyzed and compared results from the
various challenge participants.

• ASTRON, Dwingeloo, The Netherlands (Staff exchange program under MIDPREP)

– Development of a LOFAR data reduction pipeline

Learnt LOFAR data reduction and wrote a pipeline to reduce LOFAR data in
Pyxis (Python eXtensions for Interferometry Scripting) as part of the MIDPREP
exchange program between European institutes and South African universities.
This pipeline can preprocess, calibrate, image, and perform source extraction on
LOFAR HBA data (July 2015 – October 2015, July 2016 – August 2016)

• Department of Physics & Electronics, Rhodes University, Grahamstown, South
Africa

– Development of techniques for calibration of wide-band radio-interferometric data to
produce wide-field, high dynamic range images in a data reduction pipeline (Novem-
ber 2013 – August 2016)

Worked on incorporation of time and frequency-varying direction-dependent ef-
fects of the antenna primary beam in the calibration process to produce wide-
field, high-dynamic range images from wide-band radio-interferometric data.
Have successfully calibrated wide-band L-band JVLA data of the field around
the radio source 3C147 to produce a nearly artefact-free image with a dynamic
range of 5,000,000:1, with the field being imaged out to the second sidelobe of the
primary beam. These new techniques were incorporated into a data reduction
pipeline which performed data flagging, calibration, and imaging, with the tasks
being automated to minimize human interaction and input.

• National Center for Supercomputing Applications (NCSA), UIUC, USA

– Development of an automatic astronomical object finder, deblender and fitter for
images in AIPS++ (Astronomical Image Processing Software) (May 2004 – May
2005)

Conducted a literature survey on existing algorithms for image deblending, and
modified a C++ code to test and implement an algorithm for astronomical object
finding, deblending and fitting a Gaussian model to the components found.

– Software development for the Combined Array for Research in Millimeter-Wave As-
tronomy (CARMA) (May 2005 – July 2005)

Modified a script used by BIMA (Berkeley Illinois Maryland Association) array
to assess data quality at the telescope for use by CARMA (Combined Array for
Research in Millimeter-wave Astronomy).

– Representation of the far-field radiation pattern of an SKA (Square Kilometer Array)
antenna in terms of spherical harmonic basis functions (December 2009 – January
2012)



Explored the mathematical representation of the far-field radiation pattern of
an SKA antenna as a spherical harmonic expansion.

– Bootstrap resampling as a tool for radio-interferometric fidelity assessment (January
2008 – December 2008)

Learnt the statistical technique of bootstrap resampling and assisted in apply-
ing this technique to the assessment of fidelity of images produced from radio-
interferometric data.

– Bootstrap resampling as a tool for assessing the quality of estimated global fringe-
fitting parameters in VLBI data (September 2006 – September 2007)

Used the statistical technique of bootstrap resampling to assess the quality of
estimated global fringe-fitting parameters in VLBI data, and compared the per-
formance of this technique against reference Monte Carlo simulations.

• Department of Astronomy, UIUC, USA

– LiH line detection analysis (October 2012 – February 2013)

Performed feasibility analysis for proposed spectral line detection observations
of LiH.

– Radio-polarimetric observations of gravitational lenses (May 2004 – June 2012)

Reduced VLBI and VLA data of gravitational lenses, with specific focus on the
lens B0218+357, to produce high-resolution images, and studied the polarization
properties of these lenses.

– Multi-epoch imaging polarimetry of SiO masers in the extended atmosphere of the
Mira variable TX Cam (August 2005 – December 2007)

Reduced 43 GHz VLBI SiO maser polarization data to study the evolution of
polarization properties of the extended atmospheres of late-type, evolved stars
over time.

• Decision and Control Group, Coordinated Science Laboratory, UIUC, USA

– Theory and applications of feedback particle filtering (March 2013 – August 2013)

Worked on algorithm and software development related to theory and applica-
tions of feedback particle filtering.

• Department of Astronomy, UIUC, USA (May 2003 – May 2004)

– Identifying massive contact binaries in the variable star database produced by the
MACHO survey.

Examined the whole MACHO database of binary stars to identify contact bina-
ries in order to study their statistical properties.

• Max-Planck Institute for Extraterrestrial Physics, Garching, Germany (July
2002 – August 2002)

– Modeling the gravitational lensing effects of galaxies in the Abell 370 cluster.

Investigated the nature of the lens in the gravitational lens observations of the
Abell 370 cluster by testing various possible models for the lens.



• Department of Physics and Center for Theoretical Studies, Indian Institute of
Technology, Kharagpur, India (June 2001 – June 2002)

– Space-time inside the halo of a spiral galaxy.

Investigated the nature of the metric that could explain the observed rotation
curves of spiral galaxies.

• Raman Research Institute, Bangalore, India (May 2001 – December 2001)

– Do relativistic corrections affect gravitational lensing by galaxies?

Investigated whether second-order corrections to the amplification factor in
gravitational lensing by galaxies can be detectable given current observational
dynamic-range constraints.

PUBLICATIONS

• Mitra, Modhurita; Koopmans, Leon, Effect of gain errors and calibration on 21-cm
EoR signal detection with SKA1-low (in preparation)

• Mitra, Modhurita; Koopmans, Leon, et al., SKA blind data challenge for EoR signal
retrieval: Evaluation of performance of various foreground mitigation and power spectrum
generation algorithms (in preparation)

• Mitra, Modhurita; Makhathini, Sphesihle; Foster, Griffin; Smirnov, Oleg; Perley, Richard,
Incorporation of antenna primary beam patterns in radio-interferometric data reduction
to produce wide-field, high-dynamic-range images, Proceedings of the IEEE International
Conference on Electromagnetics in Advanced Applications (ICEAA), pp. 494 – 497 (2015)

• Kemball, Athol J.; Martinsek, Adam; Mitra, Modhurita; Chiang, Hsin-Fang, Further
evaluation of bootstrap resampling as a tool for radio-interferometric fidelity assessment,
The Astronomical Journal, Volume 139, Issue 1, pp. 252-266 (2010)

• Kemball, Athol J.; Diamond, Philip J.; Gonidakis, Ioannis; Mitra, Modhurita; Yim,
Kijeong; Pan, Kuo-Chuan; Chiang, Hsin-Fang, Multi-epoch imaging polarimetry of the
SiO masers in the extended atmosphere of the Mira variable TX Cam, The Astrophysical
Journal, Volume 698, Issue 2, pp. 1721-1739 (2009)

SUPERVISING EXPERIENCE

• Department of Physics & Astronomy, Rhodes University

– Robert Maccallum, Honors student: Co-supervised project “Empirical beam correc-
tions to radio sky models” (2015)

TALKS

• LOFAR EoR data reduction: Analysis of SAGECal gain solutions, LOFAR EoR Plenary
Meeting, Groningen, The Netherlands, February 2018

• End-to-end EoR data simulations for SKA1-low: Impact of gain errors, SKA EoR/CD
Key Science Project Meeting, Zagreb, Croatia, September 2017



• LOFAR EoR data reduction: Analysis of direction-dependent gain solutions, LOFAR EoR
Plenary Meeting, Haifa, Israel, April 2017

• End-to-end EoR data simulations for SKA1-low, SKA EoR/CD Key Science Project Meet-
ing, Pisa, Italy, March 2017

• VLBI and VLA imaging polarimetry of the gravitational lens system B0218+357, GravLens
2016, Leiden, The Netherlands, July 2016

• Incorporation of antenna primary beam patterns in calibration of radio-interferometric
data to produce wide-field, high dynamic-range images, SKA Bursary Conference, Stellen-
bosch, South Africa, December 2015

• Incorporation of antenna primary beam patterns in calibration of radio-interferometric
data to produce wide-field, high dynamic-range images, Astro lunch, ASTRON, Dwingeloo,
The Netherlands, September 2015

• Primary beam calibration for dish antennas to produce wide-field, high dynamic range im-
ages from wide-band radio-interferometric data, IEEE International Conference on Elec-
tromagnetics in Advanced Applications (ICEAA), Turin, Italy, September 2015

• Primary beam calibration, SKA Pathfinders Radio Continuum Surveys (SPARCS), Kruger
National Park Meeting, South Africa, July 2015

• Primary beam calibration, South Africa-Netherlands Radio Continuum Workshop, Cape
Town, South Africa, April 2015

• Primary beam calibration, SKA SA office, Cape Town, South Africa, March 2015

• Incorporation of antenna primary beam effects in calibration of wide-band, wide-field
EVLA data, SKA Bursary Conference, Stellenbosch, South Africa, December 2014

• Radio-polarimetric observations of gravitational lenses, SKA Bursary Conference, Stellen-
bosch, South Africa, November 2013

TEACHING EXPERIENCE

• National Astrophysics & Space Science Program, South Africa: Contributed to
the development of the curriculum and lecture notes for a master’s level course on radio
interferometry at the University of Cape Town. (November 2015 – February 2016) .

• Department of Physics & Astronomy, Rhodes University: Delivered lectures on
“The Radio Interferometry Measurement Equation” and “Calibration” as part of RATT
Interferometry School (February 2015).

• Department of Astronomy, UIUC: Teaching assistant for the courses “Stars and
Galaxies”, “Galaxies and the Universe”, “Perspectives in Astronomy”, “Extraterrestrial
Life”, and “Astronomical Techniques” (January 2003 – May 2004, January 2010 – May
2010). Duties included:

– Setting and grading homeworks and exams.

– Leading discussion sessions.

– Holding office hours.

– Observing duties at the Campus Observatory for solar and night observing sessions.



RELEVANT COURSEWORK

• Computer Science:

Data Structures and Software Principles, Numerical Analysis, Programming Languages
and Compilers, Operating Systems Design

• Electrical Engineering:

Random Processes, Detection and Estimation Theory, Information Theory, Introduction
to Optimization, Digital Signal Processing, Image Processing, Digital Imaging, Multime-
dia Signal Processing, Antennas, Communications, Wireless Communications

• Mathematics:

Probability Theory, Optimization in Networks, Graph Theory, Abstract Algebra

• Physics and Astronomy:

Computational Physics and Astrophysics, Statistics in Physics and Astronomy

• Humanities:

Psychology, Economics, German, Introduction to Linguistics, English for communication

COURSE PROJECTS

• Statistics in Physics and Astronomy:

Conducted research on “Resolution of nπ ambiguities in rotation measures.”

• Digital Signal Processing:

Tested the performance of various LMS algorithms, and applied adaptive filtering tech-
niques for system identification and channel equalization.

• Image Processing:

Solved problems on image coding, reconstruction, restoration, enhancement, segmentation
and analysis.

• Digital Imaging:

Conducted research on “Image reconstruction using photon differencing and subsequent
phase-retrieval.”

• Multimedia Signal Processing:

Solved problems on speech recognition and audio based speaker identification, vision-based
person identification (face recognition), multimodal person identification (face recognition,
speaker ID), audio/visual speech recognition, real-time speech driven face animation, and
shot boundary detection in videos.

SUMMER SCHOOLS, WORKSHOPS, ONLINE COURSES

• LOFAR data processing school, ASTRON, Dwingeloo, The Netherlands (September 2016)

• School on Bayesian Analysis in Physics and Astronomy, Stellenbosch University, South
Africa (November 2013)



• Virtual data-intensive summer school, NCSA, UIUC, USA (July 2013)

• Two month-long online Coursera course on “Heterogeneous Parallel Programming” (Novem-
ber 2012 – January 2013)

• XSEDE OpenACC GPU Programming Workshop, NCSA, UIUC, USA (Fall 2012)

• Summer School in Statistics for Astronomers, Pennsylvania State University, State Col-
lege, PA, USA (Summer 2007)

• Introductory Summer School on Astronomy and Astrophysics, Inter-University Centre for
Astronomy and Astrophysics, Pune, India (Summer 2000)

HONORS AND AWARDS

• JNCASR (May 2001)

Awarded a summer research fellowship by the Jawaharlal Nehru Center for Advanced
Scientific Research, Bangalore, India (awarded to a total of 100 students from all over
India from all scientific disciplines).

• JBNSTS (December 1997)

Awarded the Jagadis Bose National Science Talent Search Award (among the top 10 of
approximately 450 candidates).

• IIT-JEE (May 1997)

Ranked in the top 3% of the 120,000 students who appeared for the Joint Entrance
Examinations for the Indian Institutes of Technology.

• INMO (December 1995)

Selected for the Indian National Mathematical Olympiad (among the top 30 of approxi-
mately 450 candidates) from the state of West Bengal.

• NTSE (September 1995)

Awarded the National Talent Search Scholarship by the National Council of Educational
Research and Training, New Delhi, India.

OUTREACH

• ASTRON/JIVE Open Day, Dwingeloo, The Netherlands: Coordinator of “Build
an interferometer” demo (October 2015).

• SciFest Africa, Grahamstown, South Africa: Performed an interferometry demon-
stration and explained various radio-astronomical concepts to schoolchildren (March 2014,
March 2015).

LANGUAGES

• Fluent in English, Hindi, Bengali.

• Beginner in German, Dutch.


