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Research Background
My main research interests are computer vision, image, and video processing.

My Ph.D. research at the University of Maryland under the supervision of Dr. Ramani Duraiswami, Prof.
Larry S. Davis and Prof. Rama Chellappa was dedicated to analysis of scenes containing non-rigid objects.
| developed a novel method for 3D structure recovery for textured objects such as bent paper with
printed text. | used differential geometric properties of non-rigid objects to formulate a closed-form set
of equations that allow the recovery of the full geometric structure of the paper from a single image. |
also proved that these partial differential equations can be reduced to the Hopf equation that arises in
non-linear wave propagation, and deformations of the paper could be interpreted in terms of the
characteristics of this equation.

After my graduation, | joined Epson R&D Lab in the Silicon Valley, where | worked on camera calibration
and image registration in visual inspection systems, and on printed text watermarking. One of the main
challenges was to use computer vision algorithm for visual inspection of printed circuit boards (PCB,
detect defects and distortions in their industrial production process, and compensate for such
distortions in a fully automatic and efficient method. | developed algorithms and software for all the
stages in the system, including intelligent substrate scanning, automatic image quality enhancement,
reference image generation, robust feature-based image registration, image stitching, error analysis and
defect diagnosis.

Another project | was involved in during my term in Epson was the watermarking project. | introduced
innovative embedding and extracting of invisible watermarking messages. At embedding stage, the
document image before printing is watermarked. At extracting stage, the watermark message is
extracted after printing and scanning the document. The challenge is the robust recovery due to the
printing/scanning step. | developed algorithms and software at the embedding stage to find
“acceptable” letters/strokes in the document suitable for embedding, how to “embed” a bit
information, “add” markers and “encode” a message with error correction encoder schemes, “embed”
many copies of the encoded watermark message throughout the image. Also, at the extracting stage |
developed solutions to “segment” the extracted bit-string to many “almost” similar encoded
watermarks using markers, “decode” each noisy encoded message, “recover” the final watermark
message out of many noisy messages using partial string matching algorithms.

| filed 15 patents covering the new methods and algorithms | developed.

After Epson, | continued my industrial and applied research career at Novafora Inc. There, | was one of
the first employees in the Video Genome project, dedicated to Internet-scale video analysis applications.
| worked with the company co-founders and scientists Drs. Alex and Michael Bronstein and Prof. Ron
Kimmel. | was responsible for developing algorithms for video indexing and search, interactive object
segmentation, tracking, and annotation. | employed geometric approaches to computer vision in
problems such as shot-detection using heat equation approaches and image segmentation using
geodesic distance framework. | also worked on object tracking problem via classical intensity-based



method, mean-shift and covariance-based methods. For video and object similarity, video search and
indexing, SIFT-like features methods were used. | filed 1 patent at Novafora.

Future Direction

| am interested in continuing my work on hypervideo annotation, appearance-based object tracking, and
object detection and similarity initiated at Novafora. My goal there is almost fully-automatic video
annotation. | would like to explore the problems of metadata and annotation mapping between
different video version, automatic extraction of objects and actions from movies, fast image and video
search, invariant feature descriptors and compact video representation, and motion segmentation.

Another domain | am interested in is text retrieval and indexing analogy to video analysis. | would like to
create “‘regular expressions” for videos, video source control and version management. The solution is
reachable by integrating computer vision with differential geometric approaches, statistical image and
signal processing, clustering and low-level vision algorithms with elegant engineering skills.
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