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Mitsubishi Electric Research Laboratories

Mitsubishi Electric Research Laboratories (MERL) is the North American subsidiary of the
corporate research and development organization of Mitsubishi Electric Corporation (MELCO).
MERL conducts application-motivated basic research and advanced development in computer
and communications technology.

MERL’s mission—our assignment from MELCO—is twofold.
¢ Generating new technology in areas of importance to MELCO.

¢ Significantly impacting MELCO’s business—using our technical expertise in
partnership with organizations in MELCO to produce new and improved products.

MERL’s vision—our goal for ourselves—is also twofold.

e To be one of the world’s premiere research laboratories—significantly advancing the
frontiers of technology and making lasting impacts on the world.

e To be the prime source of new technology for MELCO in our areas of expertise.
MERL focuses on five principal technology sectors:

Digital Communications - featuring wired & wireless transmission technology & networking.
Multimedia — featuring speech interfaces and the encoding, decoding, & analysis of video.
Sensor and Data Systems — featuring HCI, data analysis, & equipment condition monitoring.
Imaging — featuring computer vision algorithms and the observation of people in images.
Mechatronics — featuring advanced simulation and control of factory automation systems.

An Algorithms group supports all five sectors, developing fundamental algorithms.

MERL is small enough to be agile and flexible in the dynamic marketplace of ideas. However,
we gain leverage from the size, recognition, and diversity of our strong global parent. We turn

our technical achievements into business successes by partnering with MELCO’s business units
and with other labs in MELCO’s global R&D network.

We are strongly involved in the R&D community and standards activities, maintaining long-
standing cooperative relationships with a number of research universities including MIT, CMU,
Stanford, Georgia Tech, Harvard, Columbia, Tufts, the University of Toronto, Imperial College
London, ETH Zurich, and Dublin City University. We encourage our staff to be involved in
their professional communities via conferences, papers, and continuing professional
development.

MERL’s output ranges from papers and patents, through proof-of-concept hardware and software
prototypes, to modules for industry-first products. The headquarters operation includes a small
marketing and business development department to help realize the full market potential of our
work and an in-house patent department to speed the filing of patents.

This annual report is a snapshot of MERL’s web site. For additional and updated information
please visit “http://www.merl.com”.

Dick Waters
President, MERL




MERL Organization

MERL is organized as six groups centered on technology areas, which collaborate closely to
achieve groundbreaking results. The six members of the top management team work closely
together, guiding all aspects of MERL’s operation.

Mitsubishi Electric Research Laboratories
Dr. Richard C. (Dick) Waters (CEQO)

— Dr. Masatoshi Kameyama (CFO & CLO)

| _|Directors - Dr. Joseph Katz IEEE Fellow
Dr. Kent Wittenburg
Dr. Huifang Sun, /EEE Fellow (Deputy Director)

—{Digital Communications (15 people) Dr. Jin Zhang
— Multimedia (11 people) Dr. Anthony Vetro

—{Data & Sensor Systems (11 people) Dr. Ajay Divakaran

—{Imaging (13.5 people) Dr. Jay Thornton

—IMechatronics (9 people) Dr. Joseph Katz (acting group manager)

—IAIgorithms (2 people) Dr. Joseph Katz (acting group manager)

b bt b b bl bl e

—|Marketing and business development Mr. Adam bogue

Richard C. (Dick) Waters Ph.D., MIT, 1978
President, Chief Executive Officer & Research Fellow

Dick Waters received his Ph.D. in artificial intelligence (Al). For the next 13

, years he worked at the MIT Al Lab as a Research Scientist and co-principal
investigator of the Programmer’s Apprentice project. Dick was a founding
member of MERL’s Research Lab in 1991. As a MERL researcher, his work
centered on multi-user interactive environments for work, learning, and play.
For this work, he was made a MERL Research Fellow in 1996. In December
1999, he became CEO of MERL as a whole. In addition to his duties at MERL, Dick is currently
a member of the board of directors of the Computing Research Association.

Masatoshi Kameyama Ph.D., Tokyo Institute of Technology, 2005
Executive Vice President, Chief Financial Officer & Chief Liaison Officer

Masatoshi Kameyama joined MELCO in 1975. He was a Visiting Research
Scientist at the MIT Media Lab from 1985 to 1986. At MELCO’s Information
Technology R&D Center (Johosoken) he developed display systems and
graphics accelerators for workstations, PCs, and mobile products. He also led a
project that created very large “display walls” using multiple rear projection
modules. Before coming to MERL in 2004, he was the general manager of
Mitsubishi Electric’s Multimedia Laboratory.




Joseph Katz Ph.D., California Institute of Technology, 1981
Vice President & Director

After working at Caltech’s Jet Propulsion Laboratory for a number of years,
Joseph Katz went to Symbol Technologies, where as Senior VP of R&D he
participated in, initiated, and led projects in a wide range of technologies,
including barcode/RFID data capture, optics, imaging, signal processing,
computing, networking, security, biometrics, and communications. He joined
MERL’s management in 2004.

Kent Wittenburg Ph.D., University of Texas at Austin, 1986
Vice President & Director

Before Joining MERL in 2001, Kent Wittenburg worked at the
Microelectronics and Computer Technology Corporation (MCC), Bellcore, and
Verizon/GTE laboratories. His research focused on Human-Computer
Interaction (HCI) technologies. He managed groups in natural language
interfaces and Internet technologies prior to joining MERL as group manager
of speech and HCI. Kent was promoted to Laboratory Director in 2002.

Huifang Sun Ph.D., University of Ottawa, 1986
Vice President, Deputy Director & Research Fellow

After four years as a Professor at Fairleigh Dickinson University, Huifang Sun
moved to the Sarnoff Research Laboratory in 1990 becoming Technology
Leader for Digital Video Communication. In 1995, Huifang joined MERL as
the leader of our video efforts, becoming a Deputy Lab Director in 1997. In
recognition of his productive career in video processing Huifang was made an
IEEE Fellow in 2001. He was made a MERL Research Fellow in 2003.

Adam Bogue B.S., MIT, 1986; MBA, MIT Sloan School, 1990
Vice President

Adam Bogue had 15 years of industry experience before joining MERL. This
included 3 years at GenRad Inc and 7 years at Active Control eXperts Inc.
beginning as Director of Sales and Marketing and ending as Vice President,
Core and New Business Unit. Adam came to MERL in June of 2000 to lead
our Marketing and Business Development effort.




Mitsubishi Electric

Number 196 on Fortune magazine’s most recent list of the world’s 500 largest
corporations, Mitsubishi Electric Corporation has $33 billion in annual sales, $1 billion in
profits, and nearly 100,000 employees in 35 countries.

MELCO is composed of a wide range of operations. The business units with sales of $1
billion or more are listed below.

Mitsubishi Electric
Diversified Electrical and Electronics Manufacturer

Public Utility Systems (Kobe, Itami)
Government Systems, Transportation

Energy & Industrial Systems (Kobe, Nagasaki)
Power Equipment, Plant Control

Building Systems (Inazawa)
Elevators, Escalators, Building Monitoring

Electronic Systems (Kamakura, Itami)
Satellites, Radar, Military Systems

Communication Systems (Itami)
Wired & Wireless Communications, Cell Phones

Living Environment & Digital Media Equipment (Shizuoka, Kyoto)
Air Conditioners, Refrigerators, TVs, DVDs, LCD Projectors

Factory Automation Systems (Nagoya)
Programmable Logic Controllers, Industrial Machine Tools

Automotive Equipment (Himeji, Sanda)
Alternators, Engine Controllers, Car Stercos, Car Navigation

Information Systems & Network Services (Tokyo, Kamakura)
IT Systems, Servers

Semiconductor & Device (Kita Itami, Fukuoka)
Optical and Radio Frequency Semiconductors, Power Devices

Together, these ten business units produce approximately three quarters of MELCO’s
revenue. Because information technology 1s important to each of the business units,
MERL works with them all.



It is worthy of note that there are over 30 major independent companies in the world that use the
word “Mitsubish1” in their names. These companies include the Mitsubishi UFJ Financial Group,
the Mitsubishi Corporation, Mitsubishi Heavy Industries, Mitsubishi Chemical Holdings, and
Mitsubishi Motors, (all five of which are also on the Fortune Global 500 list—Numbers 118,
146, 257, 317, & 382 respectively). They have shared roots in 19th century Japan; however,
these companies have been separate for many years and Mitsubishi Electric Corporation has
been separate from all of them since Mitsubishi Electric’s founding in 1921.

Mitsubishi Electric US Operations

Approximately 10% of MELCO’s sales are in North America and many of MELCQO’s business
units have North American subsidiaries. MERL seeks to work directly with these subsidiaries,
particularly when they have substantial local design and manufacturing as well as sales.

The US operations with sales of $100 million or more are listed in order of revenue.

Mitsubishi Digital Electronics America, Inc. (MDEA)
Design, Manufacturing & Sales: Lihon (Los Angeles, Mexicali MX)

High Definition Projection Televisions, DVDs, VCRs

Mitsubishi Electric Automotive America, Inc. (MEAA)
Manufacturing & Sales: Shahon (Detroit, Mason OH)

Auto Parts

Mitsubishi Electric United States, Inc. (MEUS)

Sales: Several BUs (Los Angeles, Sunnyvale & other cities)
Semiconductors, Air Conditioning, Elevators

Mitsubishi Electric Power Products, Inc. (MEPPI)
Design, Manufacturing & Sales: Shakaihon (Pittsburgh)
Power Transmission Products

Mitsubishi Electric Automation, Inc. (MEAU)
Sales & Installation: FAhon (Chicago)
Factory Automation Equipment




Mitsubishi Electric Corporate R&D

Number 31 on Intellectual Property Today’s most recent list of the top US patent
winners, MELCO has a global R&D network comprising five laboratories. The chart
below summarizes the primary activities of these labs. MERL pursues collaborations
with all these labs and 1s by itself number 238 on the list of top patent winners.

Corporate R&D
Headquarters: Dr. K. Kyuma (Director), Mr. A. Morita (GM), 18 people (Tokyo)
Managing Mitsubishi Electric’s R&D

Advanced Technology R&D Center (ATC)
Dr. S. Yamamoto (GM), 900 people (Itami)
Materials, Semiconductor Devices, Electrical & Mechanical Engineering

Information Technology R&D Center (ITC)
Mr. R. Nishii (GM), 800 People (Ofuna)
Information Systems, Communications, Opto-Electronics

Industrial Design Center (IDC)
Mr. M. Hara (GM), 100 people (Ofuna)
Industrial Design, Usability Studies

Mitsubishi Electric Research Laboratories, Inc. (MERL)
Dr. R. Waters (CEO), 82 people (MA)
Computer Vision, Communications, Video coding, Sensor networks

Mitsubishi Electric Information Technology Centre Europe, B.V. (ITE)
Dr. K. Oshima (CEQ), 60 people (France & England)
Wireless Communications, Digital Audio & Video




Awards and Commendations

The high caliber of MERL’s research and researchers is evident in a variety of ways. Four are
shown below. The first is the members of our staff that are Fellows and Senior Members of
technical societies. The second and third are best paper awards and technology awards received
from outside organizations. The fourth is awards received from MELCO for MERL’s
contribution to MELCO products. Listed below are achievements and awards for the period of
this Annual Report, July 1, 2006 through June 30, 2007.

Current Technical Society Fellows and Senior Members

Three of MERL’s researchers are fellows of professional societies:

Dr. Joseph Katz, Fellow Institute of Electrical and Electronic Engineers

Dr. Joseph Katz, Fellow Optical Society of America

Dr. Andreas F. Molisch, Fellow Institute of Electrical and Electronic Engineers
Dr. Huifang Sun, Fellow Institute of Electrical and Electronic Engineers

A further thirteen (23%) of MERL’s technical staff are Senior Members of the Institute of
Electrical and Electronic Engineers (IEEE).

Best Paper Awards

Seltzer, M.L., Raj, B., and Stern, R.M., “Likelihood-Maximizing Beamforming for Robust
Hands-Free Speech Recognition”, /EEE TSAP., Vol. 12, no. 5. (2006). (Best Young Author
paper award from the IEEE Signal Processing Society.)

Otsuka, I., Suginohara, H., Kusunoki, Y.,and Divakaran, A., “Audio-Visual Features for a
Personal Video Recorder”, IEEE Transactions on Consumer Electronics, Vol. 53, Issue |
(2007).

Tuzel, O., Porikli, F., and Meer, P., “Human Detection via Classification on Riemannian
Manifolds™, Proceedings of the 2007 IEEE Computer Society Conference on Computer Vision
and Pattern Recognition (CVPR’07), June 2007. (2nd Best Paper Award out of 1300+ papers.)

Technology Awards from Qutside Organizations

[n January 2006, Andreas Molisch was elected an IEEE Distinguished Lecturer.

In August 2006, Paul Beardsley and Fatih Porikli won the R&D100 award for the Heli-Tele
project led by Maehara-san of ITC.

In December 2006, Bill Yerazunis was selected for inclusion in NetworkWorld’s 50 Most
Powerful People in Computer Networking, listed in the “Net Security” category.

In May 2007, Huifang Sun received the award of outstanding performance as Associate Editor of
the IEEE Transactions on Circuits and Systems for Video Technology in ISCAS2007.




Awards from Mitsubishi Electric

In June 2006, MERL staff received two Corporate R&D Valuable Invention awards for patents
on video summarization.

In June 2006, MERL staff in collaboration with staff from MELCO’s ATC research laboratory
received an R&D award for their work on “Video Summarization Technology™.

In May 2007, MERL staff in collaboration with staff from MELCQO’s ITC research laboratory
received a Corporate R&D award for their “contribution to mobile communication business via
international standardization” on WiMAX and 3GPP.

In June 2007, MERL staff received a Corporate R&D award for their “outstanding contributions
to global standardization activities on mobile communication technologies”.



Business Impacts

This section details the impact of MERL on MELCQO’s business in four areas: product features,
system components, licensing, and standards contributions. In each of these areas, there is
continuing revenue from MERL technology that had its initial impact in previous years. This
section presents only those items whose first impact occurred in the 12 months covered by this
annual report.

A dream of MERL is to create a new high volume product for MELCO. We have not yet
achieved this, but we have contributed important new features to a number of products. For such
features, we take the date on which the product with the feature was first produced for sale as the
date of MERL’s impact on MELCO.

A large part of MELCO’s business is in the form of large custom systems for business or
government. MERL has contributed components to a number of such systems. For these
components, we take the date at which the first system using it was delivered to the customer as
the date of impact.

A different way that MERL can impact MELCO i1s by making standard contributions. This may
or may not lead to direct revenue via licensing. However, it allows MELCO to keep closely in
touch with important standards and to shape these standards for maximum benefit to MELCO.
For standard contributions, we take the date at which a contribution is included in a draft of the
standard as the impact date.

A final way that MERL can impact MELCO is by licensing MERL IP to third parties and
obtaining direct revenue as a result. For licensing, we take the date on which a license
agreement is signed as the impact date.

The following subsections detail what MERL’s impact on MELCO has been in the 12 months
spanned by this report. In addition, they summarize how this impact was achieved. It is worthy
of note that there are several distinct models of how impact can be achieved ranging from work
specifically requested by MELCO to finding an application in MELCO for a technology
developed independently by MERL. In addition, the typical time from the inception of a project
at MERL until actual impact on MELCO 1is 3 years, with some projects taking twice as long.

ZigBee Stack for Layout-Free Light Control System

On June 22, 2006, The President of Mitsubishi Cirmor ewaR AT i |
Electric Corporation, announced its Layout-Free ;

Lighting Control System on the market for sale
starting in August 2006. The system 1s called
MELSAVE NET.F and it consists of inverter
lighting instruments with communication capability,
area controller, communication units, lighting
sensors and motion sensors, switches, and lighting
set-up device. The system uses ZigBee technology
to configure lighting devices freely without any limitation from the layout. The lighting devices
can be turned on or off and adjusted one by one in a whole area. In addition, this system will
save energy and control a whole system more effectively. For a building with 20,000 square




meters (200,000 square feet) the cost of the system starts at $300K. MERL developed the ZigBee
technology and its stack, especially the network layer protocol (NWK), application sublayer
(APS) and ZigBee device object (ZDO), which is the enabling technology for this world leading
layout free lighting control system.

ZigBee has many other potential applications, such as home automation, building automation,
automatic meter reading, equipment condition monitoring, and environment sensing and control.
MERL is working with MELCO to apply ZigBee technology to several other business areas.
Some new system products including ZigBee are expected to come in the near future.

Details: In October 2002, MELCO became one of the founding members of the ZigBee Alliance,
which was established to develop the first standard for low power, low cost, short-range multi-
hop wireless ad hoc wireless network for variety industry applications. Shortly after that, MERL
was requested by MELCO to support their ZigBee activity and make technical contributions
towards the world first ad hoc wireless network standard.

From December 2002 to December 2004, MERL focused on the ad hoc network layer protocol
development and become one of pioneer members to make significant contributions to the
standard. For example, due to its energy efficiency, MERL’s channel quality indicator based
routing protocol was included in the specification. Using this protocol, the routing path is
selected not just based on number of hops or some other merits, but based on the channel quality
so that the overall energy consumption of the network is minimized. In December 2004, version
1.0 the of ZigBee specification was published. Since then, MERL was involved in the
development of the enhanced ZigBee specification version 2.0 to promote ZigBee applications in
HVAC systems, industry plant monitoring, and other areas.

In 2004 MERL pioneered the development of a ZigBee stack in collaboration with Renesas.
Within one year, MERL completed the development of the ZigBee network layer protocol
software and delivered to MELCO and Renesas. In 2005, MERL continued the stack
development and finished APS and ZDO as well as some basic application functions. By the end
of 2005, MERL’s ZigBee stack software successfully integrated with Renesas hardware
platform, passed all necessary interoperability tests and got ZigBee v1.0 certified. Meantime,
MERL and MELCO developed various ZigBee demo systems to demonstrate promising
applications. All of this prepared necessary technology for introducing new products such as
Layout-Free Lighting Control System (LF-LCS).

The most important features of ZigBee technology include self-organizing, self configuration
network, built-in discovery of devices and services, self-healing, and reliable communication.
After the LF-LCS network is installed, all those communication units (ZigBee nodes) will be
automatically connected and form a wireless network. Although the communication range
between any two nodes is short (10m-100m), with multi-hop routing, the network work can
cover large area with large number of nodes. Therefore, in this LF-LCS, the setting node can
communicate with many other nodes one by one without moving close to one particular
communication unit. In this way, all the lighting devices in the network can be freely controlled
and configured without any limitation from the physical allocation. Thanks to its self-healing
capability, when one of the nodes is out of order, for example, it runs out of the battery, the rest
of network will continue to operate normally. After it is recharged, it can re-join the network
automatically. This is why ZigBee is a perfect solution for LF-LCS and many other applications.

a 1) =



According to the press release, MELCO is planning to ship 15 LF-LCS systems in near future.
Since 2006, MERL has been working with MELCO to develop ZigBee middleware and enhance
the ZigBee stack. With the mass production of the ZigBee chip, the cost of the ZigBee will
dramatically drop. Many more LF-LCS systems and other application systems are expected on
the market in 2008 and beyond.

Sports Highlights Playback for D903i Cell Phone

In September 2006, MELCO began shipping a new
cell phone for NTT-DoCoMo (model D9031). This
cell phone has companion software that contains
an interface concept provided by MERL. For
sports programming in particular, MERL’s
“intelligent fast forwarding” makes it easy to scan
through recorded content, skipping from one key
play to the next.

MELCO has a long history of video related
products from video transmission equipment to TV
sets. One of the labs that became part of MERL
was founded in 1993 by the Audio/Visual business unit and has been involved with video ever
since. These researchers work both on projects specifically requested by MELCO and on more
speculative work.

Details: In 1998-99, MERL worked on video indexing in the context of the MPEG-7 standard,
culminating in the acceptance by MPEG-7 of a “Motion Activity Descriptor” that can be very
efficiently computed directly from compressed video.

Building on this foundation, MERL did speculative work on automatic video summarization
starting in 2000 and continuing through 2001 and into 2002. The general goal of video
summarization is to locate a small subset of a video that can serve as a summary of the rest.

MERL’s initial work in this area took the traditional approach of breaking video into segments
and selecting “key frames” to represent each segment. However, over time, MERL’s focus
shifted to what is perhaps better described as intelligent fast forwarding. In particular, MERL
created a prototype system featuring variable speed playback where “interesting” segments are
played back at normal speed while other segments are played back faster than real time. In this
system, “interesting” was defined primarily in terms of MERL’s motion activity descriptor, with
segments featuring highly varied motion being considered more interesting.

MERL demonstrated its summarization work to MELCO people on a number of occasions
staring in mid-2001. In mid-2001, MERL’s prototype was demonstrated to a group of people at
MELCO who were designing DVD recorders and generated considerable interest from them.

When purchasing a DVD, people are accustomed to receiving indexing information such as a
table of contents dividing the recorded material into “chapters”. However, when a standard
DVD recorder writes content, this is typically stored without any indexing information at all.
MERL’s work held the promise of (at least partially) filling this gap.

i [l [F




Starting in the last half of 2001, the DVD recorder group began to push the process forward to
the look and feel of the prototype. In late 2002, they presented MERL’s demo to the home
entertainment products business group and started to get buy-in from them.

In parallel with the image-based work above, MERL began to experiment with using audio
features for summarization. This was done using code developed separately by a MERL
researcher as part of his work on an audio contribution to MPEG-7. This work got off to a slow
start in 2001, but by 2002 had yielded tantalizing results. Driven by the needs of their specific
application, the MERL researchers eventually re-designed the audio analysis algorithms. They
went on to devise a classifier training technique that yielded the high classification accuracies
that were required for the application. A key aspect of the algorithm that it enabled scalable
summarization i.e. generation of summaries of any desired length.

Everything began to come together in 2003, with a strong push toward productization. While
studying exactly how MERL’s work could be included in a DVD recorder, it was discovered that
the planned DVD recorders did not have enough processing power to support video analysis---
not even highly efficient analysis based on motion vectors. Fortunately, it was discovered that
satisfactory results could be obtained by using very efficient-to-compute audio features alone.

MERL’s on-site collaboration with Japanese engineers revealed that the percentage of a
characteristic mixture of the commentator’s excited speech and cheering, in a sliding window
centered at the current point in time, is a good indicator of the interest level of the program
around the point. The summarization mechanism consists of playing back only the parts that
exceed a certain specified interest level. The final algorithm therefore consists of audio
classification carried out on the incoming audio stream in real-time followed by a percentage
calculation that yields the “interest level.” The graph of “interestingness” vs. time enables the
user to modify the length of the summary by moving the aforementioned threshold up or down.
The technique works well across a wide variety of sports content, as noted by several reviews in
the Japanese press.

Close collaboration continued through 2004 and into 2005, leading to the joint creation of
product-ready summarization code. This was included in the product released in late 2005.

The product has received critical acclaim in the Japanese press. The prestigious magazine HiVi
rated it as the best buy in its category. It is the world’s first mainstream PVR with such
highlights playback capability.

In 2006, MELCO ported this functionality to the companion software of NTT DoCoMo’s cell
phone model 903i. The software extracts sports highlights from content recorded on the PC. The
extracted highlights are in mp4 format and are transferred to the cell phone through a USB link.
The cell phone is equipped to play the sports highlights with essentially the same interface as that
of the DVD recorder.

In addition the new work on cell phones, MERL’s contribution to MELCO’s DVD recorder
product continues. In September 2006, MELCO began shipping a new DVD recorder (model
DVR-DV635), which includes MERL’s “intelligent fast forwarding” implemented using purely
the host embedded CPU unlike the previous model that employed an additional DSP. MERL
succeeded by both adapting the core algorithm to reduce the computation and memory footprint,
as well as by optimizing the software, thus achieving the functionality at no additional hardware
cost.
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In the future, we plan to extend our techniques to other genres of content to enable similar
intelligent “trick play.”

Contributions to the ZigBee Cluster Library

The ZigBee standard for short range communications includes a so-called "ZigBee Cluster
Library" which defines a set of reusable device descriptions and attributes that can be used to
develop advanced application profiles. MERL technology for thermostat and fan control was
included in the Cluster Library (Document 075123r01ZB) at the end of 2006.

Since 2003, MERL has been involved in the creation of ZigBee Alliance Specifications. We
initiated early attempts to draft Application Profiles in the domains of Industrial Plant
Monitoring (IPM) and Heating, Ventilation, and Air Conditioning (HVAC), with MERL
researchers acting as chairmen of these two groups. The IPM specification was balloted and
approved by the ZigBee Alliance in 2005. However, subsequent releases of the underlying
ZigBee protocol stack caused a fundamental change in the way that ZigBee handles specific
devices. In particular, the approach was changed from profiles to a library of concepts that could
be used by devices. Aspects of MERL's work (particularly on the HVAC profile) were
subsequently combined into this library.

Face Recognition for Biometric Terminal

In January 2007, MELCO made the first installation of a new
biometric access control system (ACS) for the Japanese domestic
market, the “Integrated Face/Fingerprint Biometric Terminal
OPG-FACE.” The system consists of a client device (or devices)
for user interaction—the “terminal”—and a server that does the
heavy computation and stores the various biometric data bases.
The terminals are capable of capturing both face images and
finger print images. They also contain a keypad for user entry of
PIN codes if desired. When installed, a terminal is mounted next
to a door that requires controlled access. To gain access, a person
must be recognized based on one (or both) of the biometrics. The
novelty of the system is the inclusion of MERL’s face
recognition to allow faster and more convenient user interaction
with the ACS.

Details: MERL’s work on face recognition started in 2002. Face recognition was a natural
follow-on to the face detection work done by MERL staff Paul Viola and Mike Jones and now
widely imitated throughout the world. Although the face detection work was started outside
MERL, we went on to make an improved algorithm for detecting faces in images, and then to the
problem of recognizing those faces. All this work is distinguished because of its speed and its
light weight implementation. The detection speed derives from two things: first, faces are
detected by sequentially testing and rejecting image patches. Most patches are rejected right
away, so the analysis can go on to consider the next patch. Second, each test is extremely simple
and fast to compute because it is based on simple sums and differences of rectangular pixel areas
in the patch. Exactly which tests (“rectangle filters”) produce good results is determined by a
machine learning selection algorithm called Adaboost. The same rectangle filters and learning
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engine were applied to the face recognition problem by pairing face images into “same person”
pairs and “different person” pairs. The learning engine selected filters that best classified pairs as
same or different. Of course, before faces could be compared for recognition, they had to be first
detected, and then aligned so that features were in more-or-less constant positions. This
alignment was also accomplished using similar detectors trained to locate eyes, nose, corners of
the mouth, etc.

There are many applications of face recognition in MELCO businesses, so MERL was
encouraged to benchmark and improve the performance of the method over several years. This
effort became a close collaboration with MELCO domestic laboratories and ultimately resulted
in error rate reductions by more than an order of magnitude. The process of continual
improvement continues today as we strive to extend the range of successful face recognition to
less controlled lighting and pose situations.

Human Tracking System Using RFID and Face Recognition

In the spring of 2007, Mitsubishi Electric began selling a human tracking system that uses both
face recognition and RFID tags to keep track of the location of people in a secure facility. RFID
is good for positive ID at specific checkpoints. Face recognition allows less formal verification
between checkpoints that a person passing by is who the system expected and is indeed
authorized to be in the location. MERL provided the face recognition algorithm used in the
system.

Since 2005, various parts of Mitsubishi Electric have become increasingly interested in systems
employing face recognition that build upon existing products and sales channels. The human
tracking application grew out of existing business with some large, secure facilities, and it was
natural to propose a system to raise the general security level. Development went on in 2005 and
2006, culminating in the product release in the spring of 2007. The face recognition algorithm is
the same MERL algorithm that is used in the biometric terminal described above.

Object Tracking for Harbor Surveillance Systems

In February 2007, MELCO began
installing the new harbor surveillance

N 7 { o N
system that is built using high-end security ' j 4
DVR as a core (model TL-5000U). The o S\ez s (17 ;,
integrated system contains other s =5 i

components such as PTZ cameras,
information fusion and storage servers,
video encoders, cable detectors, etc. to
provide a complete solution for a wide
spectrum of applications, ranging from
high security areas to small businesses and
residential houses. MERL’s advanced
detection ad tracking technologies make it possible to automatically find humans in variable
frame rate video, track humans and vehicles, analyze their actions using motion histories, detect
left-behind objects, and effectively control PTZ cameras.
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MERL has been an award winning leader in computer vision area in the last decade and MELCO
has a long history of video surveillance products from the world’s first time-lapse video recorder
to smart cameras. In 2000, MERL focused its related research on the understanding of people’s
and vehicles’ movements in video with the goal of developing technology for surveillance and
traffic products. This led to a wide range of technologies in the areas of motion detection, object
tracking, and human detection.

Details: In 2001, MERL started automatic video object segmentation for consumer video to
enable efficient encoding. This work naturally evolved into the background generation by motion
detection for static camera setups in 2002, culminating in the development of a robust and
accurate online learning method for static cameras that outperforms the conventional approaches
proposed by MIT and other companies. MERL’s initial work in this area has been later extended
for larger surveillance systems that consist of multiple non-overlapping cameras in 2003.

Building on this foundation, MERL did speculative work on the low-frame-rate object tracking
to achieve processing of multiple input videos on the same processor in 2004. The goal of object
tracking is to extract discriminative information of moving objects that can empower automatic
event detection.

Everything began to come together in 2005, with a strong push toward productization. By the
diligent efforts of MELCO team, MERL’s object detection and tracking solutions found their
way into DVR, access control and human recognition system, wide areas security system, and
intelligent camera terminal. In 2006, a parking lot monitoring system was another application
that wanted to feature MERL’s detection technology in its upcoming versions.

Driven by the needs of the harbor surveillance system and by constantly improving on the core
technologies, MERL has won one of the best paper awards at CVPR out of 1300 papers for
human detection on manifold technique in 2007.

Technologies developed for this system also benefit other projects. For instance, the human
detection using the classification on Riemannian manifolds is now a core solution for pedestrian
detection for on-vehicle cameras. The background generation based people counting algorithm is
being used in Misubishi Electric’s large visual system. The shadow removal and tracking is
integrated in the DSSS system for identification of illegal passes at toll gates on highways. The
object boundary and pose tracking methods are being revised for tracking of organs in medical
data, for extraction of player statistics in sports videos for a potential collaborator in US, for
controlling of the airborne camera in a next generation Heli-tele.2 system, and for correlating the
visual information in MERL’s own ambient intelligence system.

Our detection and tracking methods are shown to be superior to our competitors in terms of
accuracy as they employ competent image descriptors and precise learning techniques. We are
currently developing ultra-fast and economical implementations that make use of the of-the-shelf
components.
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Phase Unwrapping for Interferometric SAR

In early 2007, MELCO delivered to a
customer Digital Elevation Maps (DEMs)
produced using a new Ku-band airborne
Interferometric Synthetic Aperture Radar
(InSAR) system. A DEM is an elevation
(height) map of terrain, providing a height
for sampled locations on the ground (in
our case on a 50 cm x 50 cm grid) and can
be used for a variety of purposes. An ]
InSAR system uses two radar receivers, ter antenna
one of which is also a transmitter,

separated in height and traveling on a moving platform such as an airplane, to create DEMs of
terrain from long range and in any weather conditions. The new system includes a crucial
computational software component from MERL for 2-D phase unwrapping. The system and its
resulting DEMs demonstrated less than 50 cm mean absolute height error, which is believed to
be unprecedented in InNSAR imaging and substantially due to MERL’s phase unwrapping
algorithm.

slave antenna

MERL plans to continue development of the software, primarily to improve the speed of the
algorithm, which may become important to MELCO as more and larger datasets are processed in
the near future.

Details: Two-dimensional phase unwrapping is the critical computational step in InNSAR and has
received a number of recent treatments. In 1998, Constantini published a method based on
network programming using a Minimum Cost Flow (MCF) algorithm. In 2000, MELCO’s
previous phase unwrapping algorithm was developed with MIT and was based on a Weighted
Least Squares (WLS) algorithm. In 2001, Frey, Koetter, and Petrovic published an algorithm for
phase unwrapping using “loopy” Belief Propagation (BP). In 2002, Dias and Leitao published
the Z-Pi-M algorithm.

In the same time period, MERL had been actively involved in research on Belief Propagation
and in 2002-2003 undertook a basic research project to accelerate the very time-consuming
operations of 2-D BP networks by using a Graphical Processing Unit (GPU). MERL chose the
Frey phase unwrapping algorithm as a test case and demonstrated a 30x acceleration of the BP-
based phase-unwrapping computation using a GPU. Also during the same time period, MERL
was assisting MELCO on a separate project for satellite-based 3-D modeling, including the use
of satellite-based SAR.

In 2004, inspired by both the MERL projects, MELCO asked MERL to pursue research on phase
unwrapping itself.

By March 2005, MERL had implemented in-house software for the existing WLS-based and BP-
based algorithms and was able independently to verify that the Frey BP-based algorithm was
superior in many ways to the WLS-based algorithm. Although, despite better results in most
cases, the BP algorithm had one important flaw in that it did not guarantee a residue-free
solution. “Residues” in 2-D phase unwrapping are points of inconsistency that disallow the
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forming of a consistent phase solution throughout the pixel map. Removing all residues is one
important requirement of a successful 2-D phase-unwrapping solution.

During this testing period, MERL undertook a research effort to understand the nature of existing
algorithms and to design a better one. All existing algorithms had fundamental theoretical flaws.
The MCF algorithm always produces a residue-free solution, but does not support a noise model.
The WLS algorithm produces a residue-free solution and rejects noise statistically, but at the
expense of large systematic local distortions caused the wide-scale smoothing inherent in the
formulation. The Frey BP algorithm performs well locally, but does not guarantee a residue-free
solution and does not use a noise model. The Z-Pi-M algorithm does not guarantee a residue-
free solution.

By June 2005, MERL had developed a solution using a combination of BP and MCF. The BP
part was based on a well-formulated factor graph that supports both a noise model and a terrain
model. The MCF part guaranteed a residue-free solution at each step. The MERL BP-MCF
algorithm was developed and tested over the Summer 2005 showing superior results to existing
algorithms including a guaranteed residue-free solution, statistical noise and terrain models, and
good performance in both low-noise and high-noise regimes.

The main drawback to the system was that the BP part of the implementation was large and slow.
For a large realistic 100 MPixel dataset, the algorithm would require 400 GB memory and take
184 hours (8 days) to compute, which is probably impractical. This drawback led to the design
of a more efficient Iterated Conditional Modes (ICM) approximation to the BP part of the
algorithm and led to creation of the MERL ICM-MCEF algorithm. It was believed that the results
would be similar, but the same 100 MPixel dataset would require only 5 MB and 6.5 hours.

Between September 2005 and March 2006, a software engineering effort was made to convert
the original research prototype into useable software that was efficient and could be maintained
and tested more easily. This effort included converting certain parts of the software from
floating-point to integer and replacing BP with ICM.

In April 2006, MERL internally released MERL ICM-MCF algorithm to be used for internal
data processing. MERL received SAR data from a flight test made by MELCO earlier in the
year, processed the results and delivered them to MELCO for analysis. The analysis found the
results to be significantly superior to the existing phase unwrapping results. MERL made
subsequent improvements in the accuracy of the algorithm and the performance of the software.

In March 2007, MELCO reported results of evaluating the latest software on new flight data
collected on behalf of a customer. The results were compared against laser profiler data of the
same area and were found to produce height errors under 50 cm, a very good result, believed by
MELCO experts to be unprecedented and meeting the requirements of the customer.

In April 2007, researchers from MERL and MELCO collaborated on a report to be published in
Japanese at IEICE and in English at the IGARSS 2007 conference in July in Barcelona.

MELCO anticipates new contracts in the near future which will require processing many more
and larger datasets. To make this feasible, MERL intends to continue work in FY2007 primarily
to make the software faster. Other planned improvements include refining the noise model of the
algorithm and improving memory management and diagnostic reporting of the software.
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Contributions to IEEE 802.15.4a UWB Personal Area Networks

In March 2007, the IEEE Standards Association SFD conerator ovput (satanced SFD code)
officially approved the IEEE 802.15.4a T T
standard, which provides an ultrawideband
(UWB) — based physical layer for
communications and ranging in Personal Area
Networks (PANs). PANs have obtained great
importance in recent years especially for sensor
network applications and home automation; for
example, the widely used ZigBee standard
defines a good networking layer for such
networks. The IEEE 802.15.4a standard is the
first to provide explicit support for ranging, and
also provides a modulation scheme that provides
extremely energy-efficient communications.

MERL has been a key player in the development
of the IEEE 802.15.4a standard, and has
provided a number of important technologies.
MERL technologies that were added during the past year are the “Start Frame Delimiter” (SFD)
and a scaling factor for the range quality indication.

Details: The IEEE 802.15.4a standard defines an alternate physical layer for the IEEE 802.15.4
standard, also commonly known as low layers of ZigBee. While the original 15.4 standard used
narrowband signaling, the 15.4a standard employs ultrawideband (UWB) signals, i.e., signals
with a bandwidth of 500 MHz. This large bandwidth enables very precise ranging between
devices; the range information between several devices can be converted into geolocation
information. The use of UWB signaling also allows the design of low-complexity, energy-
efficient communications approaches.

MERL has been a key player in the 802.15.4a standard ever since its inception in 2003. Members
of MERL have played leading roles as subgroup chairmen and technical editors, over the years.
Furthermore, a number of key technologies from MERL were included in the standard. After the
official approval of the standard by the IEEE in March 2007, the first products from different
manufacturers have been deployed.

[n order to achieve precision ranging, the 15.4a standard defines a preamble that is sent at the
beginning of every packet. This preamble, which also serves for acquisition of the packet, has
variable length, and repeats a certain pre-determined sequence many times. Since the length of
the sequence is not known a priori, and since a receiver does not know which repetition of the
sequence it is observing after having acquired the signal, it is necessary to clearly demark the end
of the preamble, and the beginning of the actual payload data of a communications packet. This
demarcation is achieved by means of the “Start Frame Delimiter” (SFD). The SFD is a unique
sequence of bits that allows easy detection. With a well-designed SFD, the receiver correlates
output during preamble part of the received packet would not have side lobes as illustrated in the
figure, hence a better SFD detection performance.
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Since both coherent and noncoherent receivers are envisioned in IEEE 802.15.4a systems, the
SED has to be designed in such a way that good correlation properties are retained with both
types of receivers. The IEEE 802.15.4a supports a mandatory short SFD (8 symbols) for the
default mode (1Mbps) and an optional long SFD (64 symbols) for the nominal low data rate
(106Kbps). Both short and long SFD sequences in the IEEE 802.15.4a standard are provided by
MERL.

A further contribution to the standard was the design of the feedback for ranging reliability
information. In order to provide precise geolocation, a node has to combine the ranging
information from different neighbors. The best location estimate is achieved when the node
knows the reliability (probable error) of each ranging estimate; this information is communicated
in a quantized form in a feedback packet. But for different applications, different orders of
magnitude are most probable for the error — for example, for line-of-sight short-range
communications, errors on the order of one millimeter are likely, while for long-range non-line-
of-sight situations, one meter is a typical error. In order to accommodate those different ranges in
a quantized feedback packet, we have introduced a scaling factor into the packet.

Both the SFD and the ranging scaling factor are now established part of the 802.15.4a standard.
Research at MERL and MELCO is ongoing for exploiting the ranging capabilities of 15.4ain a
variety of future MELCO products.

“Watch-List” DVR Software DX-PCS5EXP

In the first quarter of 2007, MELCO released to customers of its Digital
Video Recorders (e.g. the TL5000U) a new software suite, the DX-
PCS5EXP, that runs on a PC and allows automatic scanning of the stored
video for people on a specified “watch-list.”

Details: The DX-PC55EXP is the latest version of software that started
with the PC55PRO. The goal of the PC55 series is to allow more
convenient access to video stored on the DVR. This first version was introduced in the February
2006 and included video search based on face detection and on tracking—another MERL
technology (see the MERL 2006 annual report for more information about the the PC55PRO.)

Detection and counting of faces can narrow down the possible video an operator might have to
search through, but face recognition can be even more specific about exactly what should be
retrieved: someone who “looks like this.” In 2004 MERL made a system for video retrieval
based on face recognition that we called “Face Browser” (see MERL 2004 annual report.) The
idea of Face Browser was that, as faces were detected and recognized in real time, meta-data
characterizing that person was recorded along with the video. At a later time, a user could select
a person by clicking on a gallery of faces and then automatically jump to points in the video
containing that person. Again our MELCO colleagues took over the development that resulted in
the PC55EXP release this spring. Although Face Browser demonstrated the possibility, face
recognition for identifying people in video had to substantially mature before it was ready to
become a MELCO product. Recognition in free video is much more challenging than recognition
for access control where a person is cooperating with the system in order to gain entry. In the
case of identification in free video, lighting, pose, and expression all vary in complex ways. This
complexity promises to keep MERL and MELCO researchers challenged in the near future and
15 the principle focus of our current face recognition work.
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Network Key Management for ZigBee Chip

ZigBee is a wireless communications standard intended
for home automation and sensor network applications.
ZigBee builds upon the IEEE 802.15.4 standard which
defines low-rate (<250kbps) physical and MAC
(Medium Access Control) layers. This chip is based on
a microprocessor running software written by MERL.
MERL provided the network layer (NWK), application
support sub-layer (APS), and ZigBee Device Object
layer (ZDO). During 2006, MERL completed the
ZigBee stack by implementing APL Security. Renesas
first shipped a chip implementing the ZigBee
communications protocol in 2005. APL security was
incorporated into the chip in the first quarter of 2007.
Renesas also sells a ZigBee Demo Kit (RZB-ZMD16C-
ZDK) for both 900-MHz and 2.4GHz.

Besides completing the last piece of ZigBee stack with the implementation of APL Security,
MERL has worked on and continues to work on ZigBee applications with projects like Image
Over Zigbee, Voice Over ZigBee and ZigBee Middleware.

ZigBee work at MERL started in 2002 with participation in the ZigBee Alliance standard.
MERL started implementing the NWK layer in 2004 and by 2005 had completed the basic stack
implementation of NWK, APS and ZDO, which was delivered to Renesas and MELCO. In 2006
MERL completed the ZigBee stack by implementing APL Security. ZigBee APL Security
builds upon the security of IEEE 802.15.4, providing an architecture for management of keys
and implementation of security policies. The implementation of APL Security for the application
layer includes methods for key establishment, key transport, frame protection, and device
management.

Key Establishment: ZigBee uses 128-bit symmetric keys. A key can be associated with either the
network (NWK and MAC layers) or with a link (application layer). Establishment of link keys is
based on a master key which controls link key correspondence between two devices.

Key Transport: Key distribution is an important function in a secure network. A secure ZigBee
network will designate one device, called the trust center, that all other devices trust for the
distribution of security keys. APL Security includes services for transport of keys between
devices and the trust center.

Frame Protection: The implementation of security for ZigBee includes protection of outgoing
frames with encryption using the master, network and link keys which have been established and
transported between devices. Frame protection i1s implemented at the APS layer and also
includes decrypting of incoming frames.

Device Management: The APL security is responsible for maintaining the security policies of a
device and in the network. This includes the addition and removal of devices as well as the
propagation of changes in devices or the trust center itself.

The implementation of APL Security completes MERL development of the ZigBee stack
producing a two-fold business impact. While Renesas sells MERL's ZigBee stack
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implementation with their MCU, MERL is also working to help MELCO business units apply
ZigBee technology to their customer applications for a technically competitive advantage.

=

Spoken Interface Testing & Support for US & EU Car Navigation

In the second quarter of 2007, MELCO started R S e
shipping production ready voice enabled navigation ‘
head units. This is the first production product to
come out of MERL’s wide ranging support for the
development of voice enabled automotive
electronics for markets outside of Japan. MERL has
provided testing and evaluation of speech
recognition and synthesis engines, voice user
interface translation and design. and customer
support among other services.

The MERL speech team’s primary focus has been in developing easier to use and safer voice
interfaces for mobile applications. SpokenQuery (SQ) enhances the usability of commercial,
automatic speech recognition (ASR) engines. Using processing of ASR output, SQ allows for
natural, free-form spoken requests for information. Using SpokenQuery is like using Google to
locate something you need, but you say the descriptive words instead of typing them.

Details: This project was started in response to a request in 2001 to support development of voice
interfaces for automotive navigation systems outside of Japan. The MERL speech team’s
experience in developing products for these markets provided key expertise. The project started
with the testing of commercial speech recognition and synthesis engines and giving voice user
interface design advice.

In September 2004 MERL sent a team member to Europe for several months to help with
product specification and support communication with the automobile manufacturer. MERL has
provided ongoing advice on the voice interface specification in several languages.
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Technical Staff

The most important assets of MERL are its people. The following pages present the capabilities
and interests of MERL’s current technical staff members. Additional information about their
work can be found in the publications list and the project descriptions in this report. Complete
information can be found in people’s individual web pages at “http://www.merl.com/people™.

"

Amit Agrawal  Ph.D., University of Maryvland, 2006
Visiting Scientist

Prior to his graduate studies, Agrawal worked as a DSP engineer at Hughes
Software Systems, India, for one year. His research interests are in computer
vision, image processing and computational photography. Current projects
include motion photography, flash photography, surface reconstruction from
gradient fields, high dynamic range imaging and image editing under
variable illumination using gradient domain methods.

Shmuel Avidan Ph.D., Hebrew University, Jerusalem, Israel, 1999
Research Scientist

Avidan’s research focus is computer vision with occasional detours into
computer graphics and machine learning. He joined MERL in 2004 after
three years at MobilEye, where he developed detection and tracking
algorithms for vision-based driver assistance systems. He also had a faculty
position at the Interdisciplinary Center, Herzlya, Israel. He also worked at
Microsoft Research on modeling environments from collections of images.

Ali Azarbayejani  Ph.D., Massachusetts Institute of Technology, 1997
Principal Technical Staft

Azarbayejani’s thesis was on computer-vision-based computational 3D
geometry and underlying nonlinear probabilistic methods. In 1997, he
founded Alchemy 3D Technology to develop technology and software based
on his research. There, he led the development of new markets in the film
and video post-production industry for vision-based software. In 2003, he
joined MERL with interests in technology, software, and business
development.

Luigi Baccari  B.S., University of Massachusetts of Lowell
System & Network Administrator

Baccari has 23 years of experience in the System and Network
Administrations field. For the 6 years prior to joining MERL he worked at
HP/Compaq's Cambridge Research Labs providing System and Network.
Previous to that he worked for Force Computers, Lycos and Digital
Equipment Corp. as Data Center Manger and in various System/Network
Support roles.
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John C. Barnwell 111
Research Assistant

John Barnwell is a former Software Engineer developing configuration and
database systems for the aircraft manufacturing, food processing, large
truck manufacturing and computer manufacturing industries. His current
personal interests include amateur radio, CNC control systems and
mechanical and electrical design.

Paul A. Beardsley Ph.D., Oxford University, 1992
Senior Research Scientist

Beardsley’s thesis work was on applications of projective geometry to 3D
recovery from images. His current focus is on 3D scanning, stereo vision
for surveillance particularly looking at depth and 3D connectivity cues to aid
segmentation of individuals in a crowd, and hand-held projectors together
with novel modes of use. In support of a range of vision research at MERL,
he is working on the Diamond3D vision library.

Ghulam M. Bhatti  Ph.D., Boston University, 1998
Principal Technical Staff

For his thesis, Bhatti specialized in distributed and parallel discrete event
simulation. Before joining MERL in 2000, he worked as a Sr. Software
Engineer at Evare LLC, Inc, developing software for a network switch and
implementing an RSA cryptographic scheme. He also worked at Excel Tech.
Ltd. (XLTEK) developing embedded software for a portable EEG device.
Currently, he is working on Home Networking and Digital TV.

Matthew E. Brand Ph.D., Northwestern University, 1994
Senior Research Scientist

Brand studies unsupervised learning from sensory data. His results include
spectral solutions for reconstructing manifolds from samples, decision-
theoretic elevator group control, a linear-time online SVD, recovery of non-
rigid 3D shape from ordinary video, and an entropy optimization framework
for learning. He has received best paper awards in computer vision
(CVPR2001) and scheduling (ICAPS2003).

Dirk Brinkman J.D., Suffolk University Law School, 1990
Patent Counsel

Brinkman’s undergraduate and Masters work was in Medical Physics. Prior
to joining MERL in 1998, he spent most of his career at Digital Equipment
Corporation, first as an engineer and product manager in the Medical
Systems Group and then as a Patent Attorney for Digital’s Research
Laboratories in Cambridge MA and Palo Alto CA.



Stephen R. Burgess  B.S., Bath University, 1980
Principal Technical Staff

Steve Burgess has extensive and diverse experience in ASIC/FPGA and
digital board hardware design. He was a member of the ASIC design team
and principal board designer for VolumePro, MELCO’s real-time volume
rendering hardware for PCs. Steve was also a hardware development team
leader for MELCQO's PXBI1-E CPU. Currently he is working on the
development of a chip for the Saffron type renderer.

Eric Chan  M.S., Massachusetts Institute of Technology, 2005
Visiting Scientist

Chan’s research 1s focused on graphics architectures, shading languages, and
real-time rendering techniques. At MIT, he developed efficient methods for
rendering hard and soft shadows. Previously at Stanford, he wrote compiler
back ends for the NV30 and R300 fragment architectures. At MERL he 1s
working on software implementations of the Saffron type renderer.

Johnas 1. Cukier M.Sc., Polytechnic Institute of New York, 1985
Senior Principal Technical Staft

Cukier joined MERL in 1996. His initial focus was on digital systems for
CATV, RF microwave transmitters & receivers, and front-ends for advanced
TV receivers. His current interests are in advanced Digital Networking and
Digital Signal Processing.

Paul H. Dietz  Ph.D., Carnegie Mellon University, 1995
Senior Research Scientist

Before joining MERL in 2000, Dietz headed up the electrical engineering
efforts at Walt Disney Imagineering’s Cambridge R&D lab where he
worked on a wide variety of projects including theme park attractions,
systems for the ABC television network and consumer products. At MERL,
Paul has been leading efforts developing new user interface technologies.

Ajay Divakaran Ph.D., Rensselaer Polytechnic Institute, 1993
Group Manager Data & Sensor Systems

Divakaran was an Assistant Professor with the Department of Electronics
and Communications Engineering, University of Jodhpur, India, in 1985-86.
He was a Scientist with Iterated Systems Inc., Atlanta, GA from 1995 to
1998. He joined MERL in 1998 and was an active contributor to the MPEG-
7 video standard. His current research interests include video analysis,
summarization, indexing, compression, and related applications
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Chunjie Duan M.S. Colorado State University, 1998
Visiting Principal Technical Staff

Prior to joining MERL, Duan worked for Alcatel, Qualcomm and Ericsson
and other telecomm companies for over 10 years. His research interests are
in wireless and optical communications, digital signal processing and
VLSI/CAD technology. He is currently working on Ultra-Wideband system
development and LSI implementation.

Alan W. Esenther M.Sc., Boston University, 1993
Principal Technical Staff

Esenther enjoys human-computer interaction (HCI) design, distributed
software development, graphical user interfaces and Internet technologies.
His recent work has focused on touch applications that support multiple
concurrent users (think multiple mice), rapid image presentation for video
browsing, and instant co-browsing (lightweight real-time distributed
collaboration using unmodified web browsers).

Clifton L. Forlines Master of HCI, Carnegie Mellon University, 2001
Research Associate

Forlines’ research interests include the design and evaluation of novel user
interfaces. His current research projects span from three-dimensional
presentation of and navigation through recorded digital video, to
collaborative tabletop user interfaces, to using hand-held projectors for
augmented reality. He is currently leading the user evaluation of three
projects, MediaFinder, TimeTunnel, and DiamondSpin.

Jianlin Guo Ph.D., Windsor University, 1995
Principal Technical Staff

Guo worked at Waterloo Maple for a year and a half as a software developer
before joining MERL in 1998. He primary research interests include home
networks, digital broadcasting, and wireless computing.

Bret A. Harsham Massachusetts Institute of Technology
Principal Technical Staff

Harsham joined MERL in 2001 to pursue interests in speech interfaces and
speech-centric devices. Previously, Bret spent 3 1/2 years at Dragon Systems
designing and implementing handheld and automotive speech products.
Earlier, he was a principal architect of a Firewall and Virtual Private
Network product. Harsham’s other technical interests include distributed
architectures, knowledge representation and language theory.
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Frederick J. Igo, Jr. B.A., LeMoyne College, 1952
Senior Principal Technical Staff

[go’s professional interests are in software development and its process. He
joined MERL in 1985 and has worked on various software technologies,
including Distributed Computing, Distributed OLTP, Message Queuing,
Mobile Agents, OLAP/MDDB and Data Mining. Prior to joining MERL
Fred worked at IPL systems.

Yuri A. Ivanov  Ph.D., Massachusetts Institute of Technology, 2001
Principal Technical Staff

[vanov’s main research interests lie in the area of Computer Vision, Machine
Learning and Data Mining. In particular, he is interested in dynamic
observations - video sequences, sounds, gestures, actions and events.

Ronald L. Johnson B.A., Louisiana State University, 1990
Manager Computational & Network Services

Johnson received his B.A. in English Literature from Louisiana State
University in 1990. Ronald began work for MERL as the manager of
Computational and Network Services in September of 2004, and supports all
of the Lab’s computational and network efforts. Ronald has 14 years
experience in Systems and Network Administration along with 4 years of
software development experience.

Michael J. Jones Ph.D., Massachusetts Institute of Technology, 1997
Senior Principal Technical Staff

Jones joined MERL in 2001 after 4 years at the Digital/Compaq Cambridge
Research Laboratory. His main area of interest is computer vision. He is
particularly interested in using machine-learning approaches for solving
computer vision problems. He has focused on algorithms for detecting and
analyzing people in images and video such as face detection, skin detection
and facial analysis using morph able models.

Keisuke Kojima Ph.D., University of Tokyo, 1990
Senior Research Scientist

Kojima spent 8 years in Melco’s Sentansoken research lab and 9 years at
AT&T Bell Labs. He has been involved in the research and development of
semiconductor lasers, optical communication modules, and optical
communication and sensor systems. At MERL, he is engaged in the
research of security systems and sensor technologies.
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Darren L. Leigh Ph.D., Harvard University, 1998
Senior Research Scientist

Leigh’s research interests range from electronic hardware and embedded
systems to signal processing, RF and communications. Before coming to
MERL, he worked on the Harvard University/Planetary Society Billion-
channel ExtraTerrestrial Assay (Project BETA), a search for microwave
signals from extraterrestrial civilizations (SETI). His current research
includes DiamondTouch multi-user touch technology and sensor networks.

Shan Liu Ph.D., University of Southern California, 2002
Member Technical Staff

Shan Liu joined MERL in 2006 after spending three years at Sony US
Research Labs, where she participated in the development of PlayStation3.
Shan has broad interests on multimedia data compression, processing,
networking, analysis and management, with emphases on advanced
video/image coding and processing technologies.

Janet McAndless
Technical Associate

McAndless formerly held a variety of tech-related positions including
management of peer review processes, web development, film and television
post production, technical writing/documentation, and technical-support.

For many years she has been involved with the planning of the annual
SIGGRAPH conferences.

Neelesh B. Mehta Ph.D., California Institute of Technology, 2001
Principal Technical Staff

Mehta worked at AT&T Research Labs (Wireless Systems Group) and
Broadcom before joining MERL’s digital communications group at MERL.
His areas of interest include physical layer communication technologies
such as MIMO, MIMO-OFDM, link adaptation techniques, multiple access
techniques, and system performance evaluation studies of 3G systems.

Andreas F. Molisch  Ph.D., Technical University Vienna, 1994
Distinguished Technical Staff, Chief Architect Wireless Standards

Molisch’s current research interests are multiple-antenna systems, wireless
channel measurement and modeling, ultra wideband systems, and OFDM.
He is active in standardization (IEEE 802.15, 3GPP, COST273), and has
authored or co-authored two books, five book chapters, some 50-journal
papers, and numerous conference papers.
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Clifton D. Mueller  J.D., Boston College Law School, 2005
Patent Attorney

Clifton Mueller received his Bachelor of Science degree from M.L.T. in 1997
with a major in Chemistry and minors in Biology and Music Composition.
Prior to starting law school in 2002, he was a research associate at PRAECIS
Pharmaceuticals, Inc. in Cambridge, MA working on therapies for
Alzheimer's disease, rheumatoid arthritis and HIV.

Yves-Paul N. Nakache MSc., ESLEE., 2000
Member Technical Staff

Nakache received a French Engineering diploma equivalent to M.Sc. degree
in Electrical Engineering in 2000 from the Ecole Supérieure d’Ingénieurs en
Electrotechnique et Electronique (E.S.ILE.E.) in Paris. He joined MERL in
2000 and works on interference cancellation and 3G CDMA systems. His
current interests include speech processing and wireless communications.

Barton Nicholls  Northeastern University
Systems & Network Administrator

Nicholls is a member of MERL’s Computer Network Services Group. He
supports primarily UNIX and some Windows client and infrastructure
software and hardware, and networking services for MERL. He comes to us
from Verizon’s Network Operations Management Group, and before that
Information Technology at Art Technology Group.

Daniel N. Nikovski  Ph.D., Carnegie Mellon University, 2002
Team Leader Analytics

Nikovski’s research is focused on algorithms for reasoning, planning, and
learning with probabilistic models. His current work is on the application of
such algorithms to hard transportation problems such as group elevator
control and traffic prediction. He also has varied interests in the field of data
mining.

Philip V. Orlik  Ph.D., State University of New York at Stony Brook, 1999
Principal Technical Staff

Orlik jomned MERL’s digital communications and networking group in
2000. His research interests include wireless and optical communications,
networking. queuing theory, and analytical modeling.
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Ronald N. Perry B.Sc., Bucknell University, 1981
Distinguished Research Scientist

Prior to joining MERL in 1998, Perry was a consulting engineer at DEC
developing a three-dimensional rendering ASIC called Neon. Ron has
consulted for many companies including Kodak, Adobe, Quark, and Apple
over the last 20 years, developing software and hardware products in the
areas of computer graphics, imaging, color, and desktop publishing. Ron’s
research interests are centered on key algorithms in computer graphics.

Fatih M. Porikli Ph.D., Polyvtechnic University, 2002
Principal Technical Staff

Porikli’s research interests are in the arcas of video processing, computer
vision, aerial image processing, 3-D depth estimation, texture segmentation,
robust optimization, network traffic management, multi-camera systems,
data mining, and digital signal filtering. Before I joined to MERL in 2000,
he worked for Hughes Research Labs, Malibu, CA (1999) and AT&T
Research Labs, Holmdel, NJ (1997).

Bhiksha Raj Ph.D., Carnegie Mellon University, 2000
Research Scientist

Raj works mainly on algorithmic aspects of speech recognition, with special
emphasis on improving the robustness of speech recognition systems to
environmental noise. His latest work is on the use of statistical information
about speech for the automatic design of filter-and-sum microphone arrays.
Prior to joining MERL. Raj worked at Compaq’s Cambridge MA lab.

Ramesh Raskar Ph.D., University of North Carolina at Chapel Hill, 2002
Senior Research Scientist

Raskar joined MERL in 2000. Prior to that, he was in the Office of the
Future group at UNC’s Computer Graphics lab. As part of his dissertation,
he developed a framework for projector based 3D graphics by treating a
projector as the dual of a camera. His current work includes topics from non-
photorealistic rendering, computer vision and intelligent user interfaces.

Kathleen Ryall Ph.D., Harvard University, 1997
Principal Technical Staff

Ryall’s research interests focus on human-computer interaction, user
interfaces and improving human-computer collaboration. Her current
research is on the design of interfaces and interaction techniques to support
multi-user collaboration on shared surfaces. For 3 years before joining
MERL, Kathy was an Assistant Professor of Computer Science at the
University of Virginia.
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Zafer Sahinoglu  Ph.D., New Jersey Institute of Technology, 2001
Principal Technical Staff

Sahinoglu worked at AT&T Shannon Labs in 1999, and joined MERL in
March 2001. His research interests include home networking, QoS in video
streaming & multicasting, wireless image sensor networks, traffic self-
similarity and biomedical signal processing. He has made significant
contributions to the emerging MPEG-21 and ZigBee standards.

Masashi Saito  Ph.D., Osaka University, 2006
Senior Principal Technical Staff

Masashi Saito received his Ph.D. in Computer Science specializing in
Distributed Systems. Before joining MERL in 2006, he worked as a Senior
Software Engincer at MELCO’s Information Technology R&D Center doing
rescarch on operating systems, Internet protocols and distributed systems.
His interests include wireless networking, algorithms, software development
and Internet services.

Bent K. Schmidt-Nielsen B.S. University of CA at San Diego, 1971
Team Leader, Speech

Schmidt-Nielsen spent 7 years at Dragon Systems applying speech
recognition to useful products. At MERL he 1s paying a lot of attention to
making speech interfaces robust and usable. He has very broad interests in
science and technology. Among many other activities he has taught genetics
at the University of Massachusetts at Boston and he has been a leader in the
development of an casy to use mass-market database.

Derek L. Schwenke M.S., Worcester Polvtechnic Institute, 1988

Principal Technical Staft

Before joining MERL in 1988, Schwenke worked at Raytheon on image
processing and satellite communications systems. At MERL he worked on
the design and simulation of CPU hardware and a wide range of software
development projects including multi-user virtual reality, mobile agents on
the Internet, and multi-modal interfaces. He 1s an active member of the
W3C VoiceXML and Multimodal working groups.

Hugh Secker-Walker  M.S., Massachusetts Institute of Technology, 1989
Principal Technical Staff

Hugh came to MERL after 11 years working on Dragon speech-recognition
technology. At Dragon and its successors he worked on many aspects of the
core speech-recognition algorithms, engine design, and productized delivery
for a large-vocabulary speech recognizer used both for research and
commercially. Technically he 1s interested in languages, rapid prototyping,
and technology transfer.
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Kuntal Sengupta Ph.D., Ohio State University, 1996
Principal Technical Staff

Before joining MERL in 2006, Sengupta worked at AuthenTec, a leading
fingerprint sensor company on the design and implementation of indexing,
image reconstruction, navigation, template compression and anti-spoofing
functionalities. His software implementations made itin to several million
cell phones and PCs that AuthenTec shipped.

Chia Shen Ph.D., University of Massachusetts, 1992
Senior Research Scientist

Shen’s current research focuses on shared interactive surfaces. She led the
MidART project, which MELCO has incorporated into several distributed
industrial plant control systems. MidART is a real-time middle-ware for
applications where humans need to interact, control and monitor instruments
and devices in a network environment through computer interfaces.

Samuel E. Shipman M.Sc., Carnegie Mellon University, 1985
Principal Technical Staff

Shipman’s interests include real-time analysis of video and audio content,
and real-time and distributed operating systems. He has worked on the
Video Summarization, TimeTunnel, DiamondTouch, Open Community, and
Network Replication projects, and on smaller efforts related to fingerprint
recognition, MPEG-7, and interactive surroundings.

Paris Smaragdis Ph.D., Massachusetts Institute of Technology, 2001
Research Scientist

Paris Smaragdis joined MERL in 2002. His main interests are auditory
scene analysis and self-organizing computational perception. Before
coming to MERL he was a postdoctoral associate at MIT. His most recent
work has been on sound source separation, multimodal statistics and audio
classification.

Zhifeng (Jeffrey) Tao Ph.D., Polytechnic University, 2006
Member Technical Staff

Zhifeng Tao joined MERL in September 2006. His research interests
include wireless networking, medium access control, quality of service,
cooperative communications and analytical modeling. He has been an
active participant in [EEE 802.11n and 802.11s standardization since 2004,
and is currently involved in developing the IEEE 802.16) and 802.16m
standards.



Koon Hoo Teo Ph.D., University of Alberta 1990
Team Leader BB Mobile Systems

Teo was with Nortel for about 15 years where he was actively involved in
the research and implementation issues of a number of 3G and 4G wireless
systems including Wireless Mesh Networks and WiMAX systems. His
current research interests include Cognitive Radio, location tracking using
Ultra Wideband technology, and Wireless Mesh and Multi-Hop Systems.

Jay E. Thornton Ph.D., University of Michigan, 1982
Group Manager Computer Vision Applications

Thornton worked at Polaroid Corporation for many years, first in the Vision
Research Laboratory and then as manager of the Image Science Laboratory.
There, he worked on problems in color reproduction, image quality and
image processing. He joined MERL in 2002 as Manager of the Computer
Human Observation project, focusing on the computer vision problems that
arise when computers analyze, measure, count, detect, and recognize people.

Jeroen van Baar  M.Sc., Delft University of Technology, 1998
Principal Technical Staft

Van Baar’s interests are in the fields of Computer Graphics, Scientific
Visualization, Computer Vision and HCI. He first came to MERL as an
intern in 1997. He joined MERL full-time in 1999. The projects he has been
working on include points as rendering primitives, automatic keystone
correction for projectors, and multi-projector displays on both planar and
curved surfaces.

Anthony Vetro Ph.D., Polvtechnic University, 2001
Group Manager Digital Video Technology & Systems

Vetro joined MERL in 1996. His research interests are related to the
encoding and transport of multimedia content. He has been an active
participant in MPEG standards for several years. Dr. Vetro has contributed
several technologies to MELCO products, including MPEG-2/4 transcoding
for surveillance, post-filtering for artifact reduction and video down-
decoding for a low-cost DTV receiver chip.

Gene V. Vinokur  M.S., Boston University, 2003

Associate Patent Agent

Prior to joining MERL, Vinokur spent four years at Putnam Investments
developing software applications for the financial industry. He has been a
licensed Patent Agent since 2003. He joined MERL’s Patent Department in
2006.
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Garrett Weinberg  B.A., Yale University, 2000
Member Technical Staff

Before coming to MERL, Weinberg designed and internationalized
automotive speech user interfaces at Dragon Systems, and was a chief
architect and implementer of enterprise solutions for two Boston-area
startups specializing, respectively, in Digital Rights Management and
portfolio management. At MERL, he is leading the effort to port
SpokenQuery technologies to various mobile and embedded platforms.

Jonathan Westhues B.A., Sc., University of Waterloo, 2003
Research Associate

Jonathan Westhues has experience in large-scale software, electronics, and
signal processing for wireless communications. He was previously
employed by Research In Motion, where he wrote software for their GSM
products. In addition to this, he has worked on several projects relating to
the control of industrial systems and machine tools. His interests at MERL
include practical hardware for sensor networks, and radio electronics.

Kevin W. Wilson  Ph.D., Massachusetts Institute of Technology, 20006
Member Technical Staff

For his doctoral thesis, Kevin Wilson incorporated aspects of the
psychoacoustics of the precedence effect into an algorithm for computerized
audio source localization. He is currently working on applications of signal
processing and machine learning to audio processing, video processing, and
equipment condition monitoring.

Christopher R. Wren Ph.D., Massachusetts Institute of Technology, 2000
Research Scientist

Wren’s research area is Perception for Human-Computer Interaction. While
his recent work has focused on using computer vision techniques to create
systems that are visually aware of the user, his current interests also extend
to include audio processing and other sensing modalities. As part of his
thesis work at MIT, he developed a system for combining physical models
with visual evidence in real time to recover subtle models of human motion.

Sehoon Yea  Ph.D., Rensselaer Polvtechnic Institute, 2006
Member Technical Staff

From 1996 to 2001, Yea was a Research Engineer at the Institute for
Advanced Engineering in Korea, working on control systems such as
industrial robots and servo-drivers. In the summer of 2004, he was an Intern
with Samoff Corporation, Princeton, NJ. Since joining MERL in January
2006 he has work has focused on digital image and video compression,
enhancement and communication.
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Jonathan S. Yedidia Ph.D., Princeton University, 1990
Senior Research Scientist

Yedidia’s graduate work focused on theoretical condensed-matter physics,
particularly the statistical mechanics of systems with quenched disorder. In
1997, he changed his focus to computer software and worked for a company
called Viaweb on a shopping search engine, which has since become
Yahoo's shopping service. At MERL since 1998, his particular interest 1s in
the development of new methods belief propagation in constraint networks.

William 8. Yerazunis Ph.D., Rensselaer Polytechnic Institute, 1987
Senior Research Scientist

Yerazunis has worked in a number of fields including: optics, vision
processing, and signal processing, computer graphics, artificial intelligence
parallel symbolic computation, radio astronomy and SETI, transplant
immunology, virtual and augmented reality (Diamond Park and SPLINE),
real-time sensing and ubiquitous computing, and real-time statistical
categorization of text (for spam filtering).

Jinvun Zhang Ph.D., University of Ottawa, 1991
Group Manager Digital Communication & Networking

Zhang manages MTLs digital communication and networking group.
Before joining MERL in 2001, She worked for Nortel Networks for 10 years
where she held engineering and management positions in the arcas of VLSI
design, advanced wireless technology development and wireless & optical
networks. She has a broad technical background, specializing in system
design and real-time embedded software for wireless communications.
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Recent Major Publications

I'he following lists the 106 major publications by members of the MERL staft over the past year.
( I'his 1s an average of more than 1.7 papers per technical staff member). A publication is
considered major if it appeared in a refereed journal, a refereed conference proceeding, or some
other significant publication such as a book.

\n asterisk (*) appears before the 37 (35.6%) publications that were subject to highly stringent
selection criteria where they were published. Some venues (such as major journals and certain
key conferences) are very selective in what they publish and some (such as workshops and many
conferences) are not. There are good reasons to publish something in a non-selective venue, the
most important of which being that a given workshop or conference may be the best place at
which to expose a particular piece of work to the scientific community. However, the mere
appearance of a piece of work in a non-selective venue says little if anything about the quality of
the work 1n the eyes of the scientific community.

As a basis for assessing the selectivity of various venues, the list below uses acceptance rates.
I'or instance, certain key conferences such as CVPR and SIGGRAPH accept only 20% or less of
the papers submitted to them, rejecting many papers that in fact describe fine work. In contrast,
many workshops and regional conferences accept 80% or more of the papers submitted. The list
below puts an asterisk before a conference or workshop paper only if the acceptance rate was
less than 25% or the paper received a best paper award. In addition, asterisks appear before
papers in major archival journals.

Draper, S.C.; Yedidia, 1.S.; Wang, Y., "ML Decoding via Mixed-Integer Adaptive Linear
Programming", IEEE International Symposium on Information Theory (ISIT), June 2007
(TR2007-022)

Wu, J.; Mehta, N.B.: Molisch, A.F.; Zhang, J.Y., "Spectral Efficiency of Channel-Aware
Schedulers in Non-identical Composite Links with Interference”, IEEE International
Conference on Communications (1CC), June 2007 (TR2007-029)

Nikovski, D.; Jain, A., "Memory-Based Algorithms for Abrupt Change Detection in Sensor
Data Streams", IEEE International Conference on Industrial Informatics, ISSN: 1935-4576,
Vol. I, pp. 547-552, June 2007

Zhang, H.; Mehta, N.B.; Molisch, A.F.; Zhang, J.Y.; Dai, H., "On the Fundamentally
Asynchronous Nature of Interference in Cooperative Base Station Systems", [EEE
International Conference on Communications (1CC), June 2007 (TR2007-030)

Draper, S.C.; Martinian, E., "Compound Conditional Source Coding, Slepian-Wolf List
Decoding and Applications to Media Coding", IEEE International Symposium on
Information Theory (ISIT), June 2007 (TR2007-023)

*  Agrawal, A.; Raskar, R., "Resolving Objects at Higher Resolution from a Single Motion-

blurred Image", IEEE Computer Society Conference on Computer Vision & Pattern
Recognition (CVPR), June 2007 (TR2007-036)
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Tuzel, O.; Porikli, F.M.; Meer, P., "Human Detection via Classification on Riemannian
Manifolds", IEEE Computer Society Conference on Computer Vision & Pattern Recognition
(CVPR), June 2007 (TR2007-046)

Morris, N.; Avidan, S.; Matusik, W.; Pfister, H., "Statistics of Infrared Images", /[EEE
Computer Society Conference on Computer Vision & Pattern Recognition (CVPR), June
2007 (TR2007-020)

Palanki, R.; Fossorier, M.P.C.; Yedidia, J.S., "[terative Decoding of Multiple-Step Majority
Logic Decodable Codes", IEEE Transactions on Communications, ISSN: 0090-6778, Vol.
55, Issue 6, pp. 1099-1102, June 2007 (TR2007-038)

Xin, J.; L1, J.; Vetro, A.; Sun, H.; Sekiguchi, S., "Motion Mapping for MPEG-2 to
H.264/AVC Transcoding", IEEE International Symposium on Circuits and Systems (ISCAS),
pp. 1991-1994, May 2007 (TR2007-004)

Dagtas, S.; Pekhteryev, G.; Sahinoglu, Z., "Multi-Stage Real Time Health Monitoring via
ZigBee in Smart Homes", /EEE International Conference on Advanced Information
Networking and Applications Workshops (AINA Workshops), pp. 782-786, May 2007
(TR2007-056)

Ince, S.; Martinian, E.; Yea, S.; Vetro, A., "Depth Estimation for View Synthesis in
Multiview Video Coding", 3DTV Conference (3DTV-CON), May 2007 (TR2007-025)

Wigdor, D.; Shen, C.; Forlines, C.L.; Balakrishnan, R., "Perception of Elementary Graphica
Elements in Tabletop and Multi-Surface Environments", Conference on Human Factors In
Computing Systems (SIGCHI), ISBN: 978-1-59593-593-9, April 2007 (TR2007-054)

Forlines, C.L.: Wigdor, D.; Shen, C.; Balakrishnan, R., "Direct-touch vs. Mouse Input for
Tabletop Displays", ACM Conference on Human Factors in Computer Systems, ISBN: 978-
1-50503-503-9, pp. 647-656, April 2007 (TR2007-053)

Tse, E.; Shen, C.; Greenberg, S.; Forlines, C.L., "How Pairs Interact Over a Multimodal
Digital Table", Conference on Human Factors In Computing Systems (SIGCHI), ISBN: 97§-
1-59593-593-9, pp. 215-218, April 2007 (TR2007-055)

Draper, S.C.; Khisti, A.; Martinian, E.; Vetro, A.; Yedidia, J.S., "Using Distributed Source
Coding to Secure Fingerprint Biometrics", [EEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP), ISSN: 1520-6149, Vol. 2, pp. 11-129--11-132, April
2007 (TR2007-005)

Shashanka, M.V.S.; Raj, B.; Smaragdis, P., "Sparse Overcomplete Decomposition for Single
Channel Speaker Separation”, /[EEE International Conference on Acoustics, Speech and
Signal Processing (ICASSP), ISSN: 1520-6149, Vol. 2, pp. 11-641 - 11-644, April 2007
(TR2007-031)

.38 -



Smaragdis, P.: Shashanka, M., "A Framework for Secure Speech Recognition", /EEE

International Conference on Acoustics, Speech and Signal Processing (ICASSP), ISSN:
1520-6149, Vol. 4, pp. IV-696 - IV-972, April 2007 (TR2007-057)

Raj, B.; Singh, R.; Shashanka, M.; Smaragdis, P., "Bandwidth Expansion with a Polya URN
Model", IEEE International Conference on Acoustics, Speech and Signal Processing
(ICASSP), Vol. 4, pp. IV 597 - IV 600, April 2007 (TR2007-058)

Li, Y.; Mehta, N.B.; Molisch, A.F., Zhang, J.Y., "Optimal Signaling and Selection
Verification for Single Transmit-Antenna Selection", /[EEE Transactions on
Communications, ISSN 0090-8778, Vol. 55, Issue 4, pp. 778-789, April 2007 (TR2006-095)

Cassioli, D.; Win, M.Z.; Vatalaro, F.; Molisch, A.F, "Low Complexity Rake Receivers in
Ultra-Wideband Channels", [EEE Transactions on Wireless Communications, ISSN: 1536-
1276, Vol. 6, Issue 4, pp. 1265-1275, April 2007 (TR2007-049)

Schonberg, D.; Yeo, C.; Draper, S.C.; Ramchandran, K., "On Compression of Encrypted
Video", Data Compression Conference (DCC), pp. 173-182, March 2007 (TR2007-059)

Tao, Z.; Teo, K.H.; Zhang, 1.Y ., "Aggregation and Concatenation in IEEE 802.16j Mobile
Multihop Relay (MMR) Networks", IEEE Mobile WiMAX Symposium, pp. 85-90, March
2007 (TR2007-019)

Korakis, T.; Tao, Z.; Slutskiy, Y.: Panwar, S., "A Cooperative MAC Protocol for Ad Hoc
Wireless Networks", IEEE International Conference on Pervasive Computing and
Communications (PerCom), pp. 532-536, March 2007 (TR2007-017)

Du, J.; Li, Y.: Gu, D.; Molisch, A.F.; Zhang, J.Y.. "Statistical Rate Allocation for Layered
Space - Time Structure”, IEEE Transactions on Communications, ISSN: 0090-6778, Vol. 55,
[ssue 3, pp. 489-496, March 2007 (TR2007-050)

Calcev, G.; Chizhik, D.; Goransson, B.; Howard,S.; Huang, H.; Kogiantis, A.; Molisch, A.F;
Moustakas, A.L.: Reed, D.: Hao, X., "A Wideband Spatial Channel Model for System-Wide
Simulations", IEEE Transactions on Vehicular Technology, ISSN: 0018-9545, Vol. 56, Issue
2, pp. 389-403, March 2007 (TR2007-051)

Joshi, N.; Matusik, W.; Avidan, S.; Pfister, H.; Freeman, W.T., "Exploring Defocus Matting:
Nonparametric Acceleration, Super-Resolution and Oft-Center Matting", /EEE Computer
Graphics and Applications, ISSN: 0272-1716, Vol. 27, Issue 2, pp. 43-52, March 2007
(TR2007-052)

Seltzer, M.L.; Raj, B.; Stern, R.M., "Likelihood-Maximizing Beamforming for Robust

Hands-Free Speech Recognition", IEEE Transactions on Speech and Audio Processing,
ISSN: 1063-6676, Vol. 12, Issue 5, pp.489-498, September 2004, awarded Best Young
Author, March 2007 (TR2004-088)
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Porikli, F.M.; Kocak, T., "Fast Distance Transform Computation Using Dual Scan Line
Propagation", SPIE Conference Real-Time Image Processing, ISBN: 9780819466099, Vol.
6496, February 2007 (TR2007-013)

Sun, H.; Vetro, A.; Xin, J., "An Overview of Scalable Video Streaming: Research Articles",
Wireless Communications & Mobile Computing, ISSN: 1530-8669, Vol. 7, Issue 2, pp. 159-
172, February 2007 (TR2007-007)

Liu, P.; Tao, Z.; Narayanan, S.; Korakis, T.; Panwar, S.S., "CoopMAC: A cooperative MAC
tor Wireless LANSs", IEEE Journal on Selected Areas in Communications, ISSN: 0733-8716,
Vol. 25, Issue 2, pp. 340-354, February 2007 (TR2007-018)

Otsuka, [.; Suginohara, H.; Kusunoki, Y.; Divarakan, A., "Detection of Music Segment
Boundaries using Audio-visual Features for a Personal Video Recorder", IEEE Transactions
on Consumer Electronics, ISSN: 0098-3063, Vol. 53, Issue I, pp. 150-154, February 2007
(TR2007-037)

Avidan, S., "Ensemble Tracking", IEEE Transactions on Pattern Analysis and Machine
Intelligence (TPAMI), ISSN 0162-8828, Vol. 29, Issue 2, pp. 261-271, February 2007
(TR2005-065)

Ivanov, Y.A.; Sorokin, A.; Wren, C.R.; Kaur, 1., "Tracking People in Mixed Modality
Systems", SPIE Conference on Visual Communications and Image Processing (VCIP),
Volume 6508, January 2007 (TR2007-011)

Draper, S.C.; Khisti, A.; Martinian, E.; Vetro, A.; Yedidia, J.S., "Secure Storage of
Fingerprint Biometrics Using Slepian-Wolf Codes", Information Theory and Applications
Workshop (ITA), January 2007 (TR2007-006)

Shubin, H.; Divakaran, A.; wittenburg, K.; Peker, K.A; Radhakrishnan, R., "Assessment of
End-User Response to Sports Highlights Extraction for Personal Video Recorders", SPIE
Conference Multimedia Content Access Alorithms and sytems, Vol. 6506, January 2007

Hata, T.; Kuwahara, N.; Schwenke, D.L.; Vetro, A., "Surveillance System with Mega-Pixel
Scalable Transcoder", SPIE Conference Visual Communications and Image Processing, Vol.
6508, January 2007 (TR2007-008)

Bashir, F.; Porikli, F.M, "Collaborative Tracking of Objects in EPTZ Cameras", SP/E
Conference Visual Communications and Image Processing , ISBN: 978089466211, Vol.
6508, January 2007 (TR2006-088)

Smaragdis, P.; Boufounos, P., "Position and Trajectory Learning for Microphone Arrays",

IEEE Transaction on Audio, Speech and Language Processing, ISSN: 1558-7916, Vol. 15,
[ssue 1, pp. 358-368, January 2007 (TR2007-001)
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Smaragdis, P., "Convolutive Speech Bases and their Application to Supervised Speech
Separation”, I[EEE Transaction on Audio, Speech and Language Processing, ISSN: 1558-
7916, Vol. 15, Issue 1, pp. 1-12, January 2007 (TR2007-002)

Shipman, S.E.; Divakaran, A.; Flynn, M., "Highlight Scene Detection and Video
Summarization for PVR-Enabled High-Definition Television Systems", I[EEE International
Conference on Consumer Electronics (ICCE), pp. 1-2, January 2007 (TR2007-060)

Wang, B.; Wang, Y .; Selesnik, I.; Vetro, A, "Video Coding Using 3D Dual-Tree Wavelet
Transtorm", EURASIP Journal on Image and Video Processing, Vol. 2007, Article 1D
42761, 15 pages, January 2007 (TR2007-015)

Vetro, A.; Schwenke, D.L.; Hata, T.; Kuwahara, N., "Scalable Videco Streaming Based on
JPEG2000 Transcoding with Adaptive Rate Control", Advances in Multimedia, Volume
2007, Article 1D 62094, 7 pages, December 2006 (TR2007-016)

Sahinoglu, Z.; Gezici, S., "Ranging in the IEEE 802.15.4a Standard", /EEE Wireless and
Microwave Technology Conference (WAMICON), December 2006 (TR2006-097)

Sudarshan, P.; Mehta, N.B.; Molisch, A.F.; Zhang, J.Y., "Channel Statistics-Based RF Pre-
Processing with Antenna Selection", [EEE Transactions on Wireless Communications, ISSN:
1536-1276, Vol. 5, Issue 12, pp. 3501-3511, December 2006 (TR2006-101)

Almers, P.; Tufvesson, F.; Molisch, A.F., "Keyhold Effect in MIMO Wireless Channels:
Measurements and Theory", IEEE Transactions on Wireless Communications, ISSN: 1536-
1276, Vol. 5, Issue 12, pp. 3596-3604, December 2006 (TR2003-136)

Mehta, N.B.; Molisch, A.F.; Greenstein, L.J., "Macrocell-Wide Behavior of the
Orthogonality Factor in WCDMA Downlinks", IEEE Transactions on Wireless
Communications, ISSN: 1536-1276, Vol. 5, Issue 12, pp. 3394-3399, December 2006
(TR2006-102)

Molisch, A.F.; Asplund, H.; Heddergott, R.; Steinbauer, M.; Zwick, T., "The COST259
Directional Channel Model - Part [: Overview and Methodology", IEEE Transactions on
Wireless Communications, ISSN: 1536-1276, Vol. 5, [ssue 12, pp. 3421-3433, December
2006 (TR2006-111)

Asplund, H.; Glazunov, A.A.: Molisch, A.F.: Pedersen, K.1.; Steinbauer, M., "The COST 259
Directional Channel Model - Part 11: Macrocells", IEEE Transactions on Wireless
Communications, ISSN: 1536-1276, Vol. 5, Issue 12, pp. 3434-3450, December 2006
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Project Reports

I'he body and soul of any research lab is the portfolio of projects it pursues. Therefore it is
appropriate that the main body of this annual report consists of descriptions of the various
projects being done at MERL. For ease of reference, the reports are grouped into six topic areas.

Digital Communications
Multimedia

Data & Sensor Systems
Imaging

Mechatronics

Algorithms

I-uach topical section begins with a short discussion of the topic area, highlighting MERL’s major
cfforts. It then continues with a number of one-page project reports. These reports describe
projects completed in the last twelve months and major milestones in continuing efforts. The
mdividual project reports begin with a brief summary at the top, followed by a more detailed
discussion. The bottom of the report indicates a contact person. Also included is a
“haracterization of the type of project. The purpose of this is to indicate the kind of result that
has been obtained.

[nitial Investigation — Work is underway on the project, but no firm results have been
obtained yet. The project report is included to give a better understand of a direction in which
MERL 1s heading.

Research — The results obtained are in the form of papers, patents, and/or research
prototypes. They represent valuable knowledge, but significant advanced development work
will be required before this knowledge can be applied to products.

Advanced Development — The results are (or will be) in forms that can be directly used in
product development. The exact form of the result depends on what is being produced. For
software projects, the results are typically code that can be directly used in products. For
semiconductor chip projects, the results are typically in the form of detailed specifications for
algorithms to be embedded in silicon.
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Digital Communications

Digital communications and networking are pervasive in today’s society. With advanced
technologies at physical layer, medium access control layer and network layer, it will provide
high speed communication capability for transmissions of voice, data as well multimedia
iformation with quality of service over the air or wireline, and connect people at anywhere and
anytime. From advanced wireless multimedia systems to simple integrated home networking,
communications and networking technologies is at the center of a continuing revolution.

At MERL, our goal 1s to seek new business and technology trends in the area of digital
communications and networking. We are not only conducting fundamental researches on
communication theories and developing new core technologies, but also apply these technologies
to international standards and emerging products.

I'or broadband mobile communications, MERL continues to develop MIMO (Multi-Input-Multi-
Output) technologies, such as antenna selection and control signaling design. MERL is
developing cooperative communications, cognitive radio and interference management, frame
structures and efficient medium access control (MAC) and contributes to 3GPP LTE and
Advanced WIMAX.

Project Descriptions

Hybrid ARQ for Future WiMAX SySteImM....ooiiiiiiiiiiiii et 50
\ggregation in [EEE 802.16] NetWOrK......cccooiiiiiiiiiiiicciec et 51
\daptive Frame Structure for Broadband Mobile Multihop Wireless System.........ccoocoeeene. .52
Adaptive Modulation and Coding for IEEES02, | 10w winmmsvsmssmmsmmimssimssrsasisvies 53
ZigBee Middleware DevelOpment. .o wisissmamamsiimonsmmiisins smis iy s s 54
UTtra RelIable WITEIESS ...oviiiiiiiiiiiiieeece et ettt st s n s 55
(‘ognitive Radio with Space-Time-Frequency Spectrum Sensing.......cooeovveeiieiiicieecee e 56
Ba5E SO COOD BRI crr corssasamsnstusssmsmusssss i detinnessas soshann sbnn st i en ot e G erAR AR TR SRR AT 5ns 37
Cooperative Communication Lising Fountain Codes ... iassmisissms 58
Spectral Efficiency Analysis with Channel-aware Schedulers............ccoiiimimiimiimmsesmmssmmmsssse 59
\ntenna Selection for Broadband Mobile Communications ............coccuiiiiiennininneniecsceieee, 60
Progressive AcCUumulative ROUINEZ. ...c.veiviiiiiiiiiiiieit ittt ettt enne e anaeas 61
l.ow Power MBOFDM-UWB Transceiver DeSiZN .......ccocueiiiiiiiiiiiieiiieie et siea st 62
Development of Location Cantrit NEtWOTKS mivmmmimamims e ris s mmis 