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IMAGE PROCESSING AT RLE:
Focusing on the Future

Powerful radio and optical telescopes
receive cosmic signals beamed from

light years away; using image processing

techniques, radio astronomers can de-

termine their source. High-resolution,
multidimensional pictures of the human

body are produced by imaging equip-
ment, and then examined by medical

personnel to assist in diagnosis. In a hot-

ly contested technological and political
race, Japan and the United States pro-

pose new television broadcast systems
which promise 35mm quality on home

television screens. Beneath the layers of

paint on da Vinci's Mona Lisa, art

preservationists can detect previously
hidden features with the aid of digital

image processing. These diverse exam-

ples offer merely a glance at the issues

and applications associated with the

scanning, storing, retrieval, transmis-

sion, processing, and display of high-

quality images.
The broad field of image process-

ing involves the manipulation and analy-
sis of visual data. Fundamental math-

ematical procedures (known as algo-
rithms) are applied to the data, enabling
it to be processed in real time by digital

computer systems or analog video hard-

ware designed for this purpose. New al-

gorithms are constantly being developed
for image coding and compression,

(continuedon page 2)

Professor William F. Schreiher with displayed images from t/,e Adianced Telejision Re-

search Programs high-definition television system. (I'hoto & Jo/,n I Cook)






Director's Message

Building on a long tradition of RLE

research in information theory.

coding, and human cognitive infor-

mation processing, research in im-

age processing and its exploitation
in a wide variety ofapplications is a

major part of RLE's interdisciplin-

ary program. Basic techniques for

source and channel modeling, al-

gorithms for coding, compression,
enhancement, and object identi-

fication, together with the con-

straining effects of human visual

behavior and international system

standards, all combine to provide
new solutions to a large range of

application needs. Many RLE re-

searchers find image processing

techniques central to their re-

search, and much of the recent in-

novation in signal processing is di-

rected at two-dimensional

problems, rather than a single di-

mension where much of the re-

search effort was previously fo-

cused. VLSI technology, both

analog and digital, is making many

sophisticated image processing

IMAGE PROCESSING

(continued)

feature extraction, and spatial filtering.

Scientific advances in algorithm

development, coupled with technolog-

ical advances in devices and systems,

have resulted in a wide range ofimaging

applications for science, industry, and

government. Other uses for image pro-

cessing include remote sensing, robot

vision, industrial inspection, automation

systems, electronic publishing, and opti-
cal character recognition.

Image Processing Activities
Major research activities within the im-

age processing field include image cod-

Professor Jonathan Allen, Director

Research Laboratory ofElectronics

tasks practical, in systems with

broad commercial appeal (televi-

sion and multimedia computing),
as well as diverse instrumentation

applications. Indeed, the blend of

increasingly complex and effective

algorithms with compact and effi-

cient implementations makes im-

age processing a thriving research

area in RLE.

ing, compression, restoration, and

enhancement.

Compression of coded visual data is

used in order to remove redundant

information, and to represent the image
in a minimal number of code bits. This

permits more efficient and economic

use of storage space and channel capac-

ity or bandwidth. Image compression

techniques are based on fundamental

information theory, and most exploit
the spatial relationship among the

neighboring (or adjacent) pfvetc (pic-
ture elements) of an image. Basic re-

search in the modelling of human vision

processes (also known as visual psycho-

physics) contributes to the understand-

ing of image coding and recognition.

Many design parameters for high-defi-
nition television (HDTV) systems are

based on the results from experiments
in human visual psychophysics which in-

vestigate temporal and spatial process-

ing, motion sensing, and color analysis.
Researchers involved in image coding

and compression address issues such as

image quality versus bit rate and sam-

pling densities; hardware/software

implementation, complexity, and speed;
and the susceptibility to transmission

errors.

Image restoration uses mathemat-

ical models to characterize the source of

an image's degradation (for example,
noise, blur, defocus, ghosting, or distor-

tion caused by the image's sensor, trans-

mission channel, or display). Quantita-
tive approaches are then used to

measure and remove the degradation.

Consequently, image restoration focuses

on the selective emphasis and sup-

pression of various elements within a

picture. The image in question can also

be improved or enhanced to a more

useable or subjectively pleasing form.

(continued onpage 4)
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Above: These images show

the effectiveness ofadap-
ti:e modulation in sub-

band coding. The original

image (a), with the result

of normal transmission in

a noisy channel (h), and

the result through thesame

noisy channel at the same

transmission power (c).

Left: When a signal's spec-
trum is divided in a large
number ofsubband com-

ponents, the result should

look like a real moving

image, not like a noise

pattern. This requirement
places important statistical

limits on a signal. The re-

sult is that most subbands

are empty most ofthe time,

thus their elimination does
not result in a loss of im-

agequality. Thesefour im-

ages are a singleframe
taken from a 90-frame test

sequence thatfeatures very

rapid motion. The original
(a), with afixed selection

ofjust25% ofthe sub-

bands (b), and an adap-
tive selection of25% (c).
The best result achieved to

date is (d), where only 1/8

of the original subbands
are used. Some additional

digital information is
needed so the receiver can
reconstruct the image.






Image Processing for Broadcvt
Communications
Since the establishment of televisi
broadcast standards in 1941, televi-in

signals have been interlaced. That is, thy
525-line image on our television screen'
is generated by the display of the odd-
numbered lines, and then 1/60th of

second later, the display of the evvn-

numbered lines. Thus, a television'

electron tube generates a half-resoluti n

picture 60 times per second. The,"v iJ-

ternating scan fields produce an intci

line flicker visible to the human v

which results in a degraded signal
Professor William F. Schreiher Lu,

experimented with deinterlacing, or

progressive scan, where all the lines of
television image are transmitted in nu
merical order at twice the speed. This

produces a higher quality image with
twice the resolution. But, an intelligent
or smart receiver that has "frame mem-

ory" is needed in order to simulta-

neously process the data received in the
transmission while displaying the pro-
cessed picture.

The development of innovative vid-
eo transmission techniques, such as

progressive scan, has raised the issue of

updated standards for television signals.
The newly evolving industry of high-
definition television (HDTV) is antici-

pated as the next wave in the high-tech
consumer electronics revolution, and is

expected to generate tens of billions of
dollars in annual revenues. These devel-

opments will not only affect consumer

products such as television, VCRs and
other video equipment, but also direct
satellite systems and the semiconductor

industry.

Advanced Television Research

Program
The Advanced Television Research Pro-

gram (ATRP) at RLE was established in

1983 to develop the science and tech-

nology essential to advanced television

systems. The program is supported by
the Center for Advanced Television
Studies, a group of ten companies
which broadly represent the American
television broadcast industry, Under the
direction of Professor Jae S. Lini, ATRP
seeks to design advanced television sys-
tems, encourage MIT students to work
in the television industry, and provide a
common place for its sponsors to

investigate issues of mutual interest
without violating antitrust laws.

/'roj essorJoe .S Lao demonstrates a teleiisio,, 1/lo/lit,i Cl15J)ItItl?iy liv i5L1It OJSOLulC¬'-

adaptice videoprocessing research. In this method, developed at ATRP, the receiver is able

to adapt to the characteristics of different video sources. For example, film is normally
viewed at 24framesper second. in this new method, a 3.2pull-down method is used to

convert thefilm to theNational Television Standard Committee source. This information
can be used to signficantlv improve video quality. (Photo byJohn /' Cook)

Segment oj'a movieframe displayed on a National Television Standards Committee
monitor, todars current 1'.S. broadcast standard.

Segment oJ' the same not' 'iefratne di.da'ed on an ar/i 'anced television monitor that

was obtained using ATRP's source-adaptive method. This method does not require any
modification to the transmitter, thus it is receiver-compatible.






This photographic sequence demonstrates
how radio signal mapsfrom the Very

Large Ana" undergo signalprocessing to

enhance important features:

(a) The "beam pattern" illustrates how a

star-like quasar image would appear in

an initial map.

(b) The appearance of the quasar
0957+561 in the initial map isprocessed
by a cleaning procedure using the beam

pattern of the map in (a).

(c) Thefinal clean map shows the two

brightest quasar images clearly The signal

from the quasar image (which is accompa-
nied b) apair ofjets on either side), is the
first visible image, travelling approximate-
4 10 billion years. The signalfrom the cor-

ner quasar (which is lacking jets) travels a

more curved route through space. Profes-
sor Burke's group has determined that its

travel time is 14 months longer than the

first appearing quasar.

Audience research studies conduct-
ed by ATRP have shown the main limita-
tion to television picture quality is
transmission impairments in over-the-
air television channels. By designing an

entirely new system, ATRP research has
found it possible to overcome major sig-
nal impairments (ghosts, noise, and
interference). This is achieved by modi-

fying the transmitted signal in anticipa-
tion of channel degradation, and then

decoding the received signal and ac-

counting for channel degradation. With
this system, it is possible to increase the

signal's robustness, while providing
greater picture and sound quality in the
same 6-MHz channel bandwidth. In ad-
dition, more stations can be accommo-
dated within a given spectral band, since
there is greater spectrum efficiency.
Similar techniques have also been de-
vised for cable, satellite, and optical fi-
ber transmissions.

One problem inherent with this en-
tirely new HDTV system design is that
the signals it generates cannot be ac-

cepted by today's receivers. In order to
serve today's receivers, ATRP has pro-
posed simultaneous transmission (si-
oeilcasting) of the same program in
k)th the old and new formats via sepa-
rare channels. The channels currently

not used due to interference can be
used to accommodate the channels
needed for the transmission of newfor-
mats. The Federal Communications
Commission has recently decided that a

completely new HOW system design
based on a simulcasting approach will
be the basis for the new United States

high-definition television standard.
Simultaneous transmission of the

same program in both old and new for-
mats via separate channels has met with
resistance in the broadcast industry,
where a receiver-compatible signal for-
mat is preferred. ATRP has demonstrat-
ed a receiver-compatible version of its

proposed new system, which provides
improved picture quality within one of

today's channels, but does not have the

improved resistance to channel impair-
ments or the higher spectrum fre-

quency. The same smart receiver used
in the compatible system will be phased
out after a transition period.

In related research, Professor Lim
and his students have proposed a meth-
od to improve the quality of the current
National Television Standards Commit-
tee (NTSC) television picture. The ap-
proach addresses the problem of

(continued on page 6)
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Graduate student Samuel R. Conner- (seated) shows Professor Bernard 1. l3,erke one of
the ten-year series ofradio "snapshots" taken u'ith the Very LargeArra' used to determine

the large-scale geometricproperties ofthe universe. The image on the screen is the grai 'i-

tationally leased quasar (2957+561. (Photo byJohn P Cook)
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channel noise and degradations (snow,
echo, and channel crosstalk), as op-
posed to other methods which increase
the spatial or temporal resolution of the
television picture. Professor Lim's re-
search aims to reduce the effects of
channel imperfections on the received
television picture by making more effi-
cient use of the currently underused
bandwidth and dynamic range of the
NTSC signal. By using the technique of

receiver-compatible adaptive modula-
tion, more power is concentrated in

higher spatial frequencies, and digital
modulation is used to send additional
information in the image's vertical and
horizontal blanking periods. As a result,
the existing television signal can be

changed so that it is more robust in the

presence of high-frequency distur-
bances. It is also possible to modi' this

approach so that the modulated signal
can be received by a standard receiver,
but an improved receiver will be need-
ed to realize the benefits of adaptive
modulation. Current research will at-

tempt to determine the degree to which
channel degradations are removed
when the signal is displayed on an im-

proved receiver, and how much the sig-
nal is distorted when displayed on a
standard receiver.

Professor Lim also conducts re-
search on motion estimation for motion

compensation in image coding. Motion
estimation can be used to improve im-

age sequence restoration, and interpo-
lating between two adjacent image
frames. Another project attempts to de-
vise improved analysis and design tools
for multirate filter banks for transform!
subband image coding. To achieve this,
a design algorithm has been developed
with improved convergence behavior
over existing methods for the special
case of a two-channel perfect recon-
struction filter bank. Additional research

applies image processing techniques to

speech spectrograms. In this project, in-
formation from both wide- and narrow-
band spectrograms will be incorporated
into a single display. Other image pro-
cessing projects include the design of a

digital advanced television system, the

development of methods to convert one
television standard to another (trans-

coding), and the design of source-adap-
tive advanced television systems.

Image Processing for Radio

Astronomy
One activit of RLE's Radio Astronomy

Pro/vssoriacqeu'/ziiL,\ lieu III iid ((H ci id/u (like u/I ((((lilly s&o (}) Gem). The/b-
cus of her work, in collaboration u/tb researchers at the MIT Hcrjstack Observator' in

Weslford, Massachusetts, is aimed at measuring radio emissions using Very Long Base-
line interferometi-y (VLBI). VLBI can give extremely precise position measurements, and
researchers would like to use this technique to determine f neat-by stars haveplanetary
companions The datafor this image was taken with the Very Large Array (VLA) in New
Mexico. Professor Hewitt examines hou' a star's radio emission varies with time, so it is

necessary to exclude other sources ofemission and intetference from the data. Once
these effects are removed, a series of "snapshots" areproduced, from which it can he de-
tennined moreprecisely hou' the star's radio emission varies u'ith time, tphoto by John F
Cook)

One example of using imageprocessing to addressproblems in astrophysics is the analy-
sis ofthegravitational lens ,11G0414 + 0534, shown here. Under the direction ofProfessor

Jacqueline N Heu'itt, student James Brocly has calculated theoretical images of the ob-

ject and has developed an automatic technique to compare theoretical images with the
data, in this u'ay, theparameters ofa mass distribution consistent with the observedprop-
erties ofMG0414 + 0534 can be determined






Professor David!!. Staelin fright,) and graduate student Hon 'ard R. Stuart adjust a posi-

tioning and imaging device designed to explore the limits toprecision and speed oPen

measuring or "reading" the detailedshapes ofsmall mechanical objects. Because desired

accuracies are on the order of microns, problems arise in the micro-optical behavior oj'

surfaces, precision micro-distance measuring algorithms, and computational cfficiency.
Similar apparatus is being developed to address the issues ofduplicating or "writing" the

objects which have been "read" The monitor in the photograph dispIavs the reversed im-

age ofa quarters imprint 'in God We Trust" (Photo lxr John F Cook)

Group is the exploration of matter and

energy in the universe associated with
the gravitational lens effect. Working to

study this phenomenon are Professors
Bernard F. Burke andJacqueline N.
Hewitt. This effect uses radio and light-
wave deflections created by the gravita-
tional fields associated with large bodies
of matter. The effect occurs when two or
more objects at different distances from
the earth lie along the same line ofsight,
thus, they seem to appear at the same lo-
cation in the sky. Radiation from the
more distant object, usually a quasar, is
bent by the gravitational field of the

foreground objects. This results in what
can be called a "cosmic mirage," with
distorted or multiple images of the

background object.
Spread over a 25-mile diameter in

the New Mexico desert are 28 dish an-
tennas that make up the Very Large Ar-

ray (VIA) radio telescope. The VIA is

used by the Radio Astronomy Group to

study cosmic phenomena, including
very distant radio signals too faint to he
observed optically. Radio signal maps
taken from theVIA are enhanced bs' im-

age processing techniques to reveal im-

portant features. One of the major
objectives is to discover new examples
of multiple quasar imaging by the gravi-
tational lens effect caused by intervening
galaxies or clusters ofgalaxies. The most
dramatic cases are examples of the "Ein-

stein ring" effect, wherethe radio object
is imaged into a ring around the inter-

vening massive object. Two cases of this

phenomenon have been discovered,
which indicate that this may not he an
uncommon occurrence.

Image Processing for Manufac-

turing Technologies
Professor David H. Staelin of RLEs Radio

In earlier video imageprocessing research,

Professor David H. Staelin andhis students

studied adaptive block transform coding

techniques on full-motion video se-

quences, with and u.'ithout motion com-

pensation. In comparing the use ofthe

discrete cosine transform (DC) and a

new class of transforms called lapped or-

thogonal transforms (LOT), these photo-

graphs show how discontinuities at the

block boundaries ofan image coded with

LOT in (d) are reduced b) 1.2 dB, relative

to the DCI' in (c). The original uncoded

image (a) is a side m.'ieu' ofa 16mm motion

picture camera, and (b) is a magnified

segment qf it.

Astronomy Group is investigating the

development of image processing meth-
ods and equipment to measure the

shape of three-dimensional objects with
sub-mil (below 0.001 inch) accuracy.
The result of this work would be the
ability to quickly fabricate these objects
in metal, ceramic, or plastic with sub-mil

precision. Holographically generated il-
lumination patterns provide the signal,
and permit the shape of an object to be
measured at high data rates. Research
on this project continues on the devel-

opment of methods for adaptive experi-
ment design and materials.

by DorothyA. Fleischer
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FACULTY
PROFILE:
William E Schreiber
Over nearlyfour decades, Professor
WilliamF Schreiher haspioneeredde-

velopments in thefield ofimagepro-
cessing and transmission coding. As a
native Neu' Yorker, Professor Schreiber
received the BS ('45) andMS ('47) in
electrical engineeringfrom Columbia

University, anda PhD ('53) in applied
physicsfrom Harvard University, where
he wasa Gordon McKayanda Charles

Coffinfellow He wasajunior Engi-
neer at Sylvania Electric Products in
Bayside, New Yorkfrom 1947 to 1949.
From 195,3 to 1959, he directed elec-
tronics research at Technicolor Corpo-
ration in Hollywood.

Professor Schreiber came to MITin
1959 as an Associate Professorand

joined RLEs Cognitive Information
Processing Group. From 1964-1966, he
served as Visiting Professor at the Indi-
an Institute ofTechnology in Kanpur,
India, aspart ofa tISAIDproject. In
1968, he becamefull Professor ofElec-
trical Engineering and,from 1979 to
1982, was BernardGordon Professor
ofElectrical Engineering. In 1983, he
wasappointedDirector ofthe newlyes-
tablishedAdvanced Television Research

Program at RLE.
In 1989, Professor Schreiher was

honored with twodistinguished
awards. Fora third time, he received the
journalAwardfrom the Society ofMo-
tion Picture and Television Engineers
forhis article with Professor F. DuBois

ofINRS in Montreal titled "Improve-
ments to NTSC by Multidimensional

Filtering."Hepreviously received the

journalAwardin 1960 and again in
1984. ProfessorSchreiber also received
the Albert Rose Electronic Imager ofthe
YearAwardfrom the Institutefor
Graphic Communication, which cited
his contribution to the advancement of
the technicalstate ofthe art in electron-
ic imaging. Professor Schreiber spoke
with currentsshortly before leaving in

january 1990forasabbatical in Lau-
sanne Switzerland

Professor William i-I Schreiber (Photo by
John F Cook)

"What attractedyou to thefield of
imageprocessing and transmis-
sion?

I could always see better than I could
hear, so I was always more interested in

pictures than sound. As a recent engi-
neering graduate, I was fascinated by
Claude Shannon's 1948 paper, "A Math-
ematical Theory of Communication."
Then, at Sylvania, I tried to apply infor-
mation theory to image transmission.
But, since I wasn't mathematically pre-
pared to deal with these problems, I
went to Harvard for a PhD. For my the-
sis, and several years after that, I was
convinced that entropywas the key to
bandwidth reduction. So, I got involved
in measuring the statistics of image sig-
nals. After several more years of mea-

suring probability distributions, I be-
came convinced that the scope of

entropy coding for signal compression
wasvery limited.

" Was there someonewhogreatly in-

fluencedyou early in your career?

No, not really, but I was fortunate to
have metNorbert Wiener.When he was
asked by what factor television band-
width could he reduced, he answered,
"100 to 1." And, in a way, he was right.

" Before coming to MIT, you worked
at the Technicolor Corporation in

Hollywoodduring the 'SOs as are-
search scientist What was the na-
ture ofyour work there?

This was the period when many groups
tried to develop avideo tape recorder.
Theproblem was the very wide chan-
nel capacity needed, as compared with

an audio recorder-perhaps 1000
times as much. Some thought video
bandwidth reduction could make the

problem of expanding the recording
capacity less difficult. The people at
Technicolor were in this group, so that
was my main task. It turned out that the

problemwas solved entirely by im-

proving the tape recorders, without us-

ing any bandwidth reduction at all. Our
work was not completely wasted be-
causewe laid the foundation for later
work in which bandwidth reduction

eventually became an acceptable idea.

Personally, the Technicolor period
was very instructive. I learned some-

thing about the extremely high stan-
dards that imaging professionals usein

evaluating their results. It dawned on
me that traditional manual methods
which depended on the skill of the op-
erator could produce excellent results,
andthat computer-based methods
were of no unique value in themselves,
but they wouldonly be adopted if they
offered some advantage in cost, speed,
quality, or convenience.

"What broughtyou to MIT's aca-
demic environment?

Peter Elias, whowas on my doctoral
committee at Harvard, went to MITat
about the same time that I went to Hol-

lywood. I stayed in contact with him

through frequent visits and found out
that he really liked it here. Eventually,
he suggested that I come to MIT. I
hadn't thought seriously about teach-

ing, partly because I enjoyed the indus-
trial environment. But, I decided to

give it a try, and I've been here ever
since.

"AfterjoiningRL4 you collaborated
with SamMason andMurrayEden
in theCognitive Information Pro-

cessing Group (CIPGJ What was
thefocus ofyour research?

In CIPG, we attempted to deal with sev-
eral aspects of semantically significant
information, such as sensory aids for
the handicapped. One of the more

promising projects in RLE at that time
was the reading machine for the blind.
Although we never produced a practi-
cal machine for that purpose, we
learned a lot about character recogni-
tion and speech generation. I wasable
to develop a deeper insight into the

way humans absorb visual information,
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and I eventually applied these ideas to

practical imaging systems. After several

years spent on biological image pro-
cessing, I decided to abandon the held,
because I felt that the main result of our
work, considering the approaches we
used at that time, would increase the

cost but not the quality of medical care.

Duringyour career, you've partici-
patedin two outside business ven-

tures (Electronic ImageSystems
andECRM). Were these businesses

successful vehiclesfordeveloping
andapplyingyour ideas?

I cannot emphasize enough how im-

portant those experiences were in

teaching me what I nowthink are the
most significant aspects of engineering.
The application of science and technol-

ogy to real-world problems is as impor-
tant, difficult, and should be as intellec-

tually respectable as pure science.
There is no way to learn the value of
what one does in engineering without

trying to apply it. During most of my
years at MIT, many ofmy colleagues did
not agree with this opinion. However,
with the decline of American techno-

logical competitiveness, more people
are coming around to this view. If we
can't compete in the worldmarket with

high-tech products and processes, then
we will gradually become too poor to

support work in pure science.
Thebest schools in the country, in-

cluding MIT, must find awayto moti-
vate more of their best graduates to get
into the economic front lines. One of
the secrets of theJapanese economic
miracle is that their best graduates
from their best schools (which are not,
in fact, very good)are designing prod-
ucts at big companies. Many students
are highly motivated toward design
when they come to MIT, but are divert-
ed by the curriculum's and faculty's

emphasis on theory. My efforts to make

the curriculum more practical, while

preserving its scientific basis, came to

naught during my period as Bernard
Gordon Professor. The faculty was sim-

ply not interested. That is one of my

deepest regrets aboutmy long career at

MIT. It's not difficult to motivate stu-
dents towards careers in design, and an

easy wayto do that is to have industrial-

ly sponsored graduate research projects.

In 1970,you developeda new digi-

tal systemfortheAssociatedPress

Wirephoto Service that used laser

technology. Howfarhas the idea of
theLaserphoto come?

The laser facsimile machines that we

developed for the Associated Press
were by far the cheapest ones ever
made. All AP fax machines are nowof
this type, and our machinewasthe
forerunner of today's laser printers.
After the Laserphoto system was an-
nounced, I visited manyJapanese com-

panies, with the intention of getting
them to use our ideas in their other

products. They did, but withoutour

participation or any compensation. It
was an interesting experience in the in-
ternational exchange of technology,
and it has prepared me somewhat for

today's high-definition television

controversy.

" What wasyour two-year sabbatical
like at theIndian Institute ofTech-

nology in Kanpur (1964-1966)?

Those two years at lIT Kanpur were a
marvelous experience for me. It was
the largest overseas American educa-
tional project sponsored by USAID. Lou

Smullin organized it when MIT got in-
volved, and quite a fewpeople from
MITwent, although Louiewasthe only
MITperson there during the time I was
there. About thirty American educators
and their families at a time participated
in the program. Each of us was asked to

bring our research. Actually, there was
more teaching than research going on,
becausewe were essentially creating
the curriculum for a world-class educa-

tional institution, the "MIT of India," so
to speak.

While I was there, we installed an
entire television system on the Kanpur

campus and had a student station oper-
ating on cable transmission. We must

have put in three miles of cable! The
students created the programs, and the

other students watched. It wasgreat.
One day, the then president of India,
Dr. Radhakrishnan, awell-known Hin-
du scholar, came to visit, andwe put
him on TV. We placed TV sets all over
the campus, so many people saw televi-

sion for the first time, and they saw the

president of India on television for the
first time. Many of my Indian students

persisted in the image processing field.

Some of the students whowere in my
image processing laboratory subse-

quently started the first television fac-

tory in India. Others came to this coun-

try and became quite well known.

Image processing research was some-

thing that really took hold in India.
Almost everyone at lIT lived on

campus-the faculty, students, staff,
and workers. All the faculty lived next
door to each other, andour kids were
the same age. (Ofcourse, all their kids
have become doctors and lawyers, and
ours haven't.) I've kept in contact with

many of the Indian faculty, and many of
them have come to this country. Indi-
ans never stay in hotels; they stay with
friends. As a result, we have had many
Indian friends and their children come

to stay us many times. I've also gone
back several times, the last time in

1974.
I loved India, and I made a big ef-

fort to learn Hindi. Although I didn't
become proficient, I could read road

signs, write short letters, make simple
conversation, and ask directions. Being
able to read the road signs turned out
to be immensely valuable because, in

many parts ofIndia, you just don't find

any signs in the Roman alphabet.

" What wasthe impetus behind the

Advanced Television Research Pro-

gram ATRP)?

TheUnited States has pretty much
bowedout of consumer electronics.

Today, it's a $40 billion a year industry
almost entirely in foreign hands. In fact,
there aresome foreign-owned factories

in the United States, Most of the Ameri-
can laboratories closed because of dev-

astating competition from Japanese TV
manufacturers. Broadcasters were us-

ing mostly imported equipment. In

1982, many people in the American
television industry became concerned
and decided to set up a new jointly
sponsored laboratory. They formed an

organization called the Center for Ad-

vanced Television Studies (CATS), and
went around to universities, looking
for a place to invest their money. We
submitted a proposal, which they fund-
ed. In 1983, we started our program
with a three-year contract, and it was

recently renewed for a second time.
We didn't work on broadcast tele-

vision until 1983. But, we previously
worked on some TV coding problems,
and we were able to apply everything
we had ever learned about image pro-
cessing to this TV work. It all came to-
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gether in ATRP. Of course, we learned a
fewnewthings in those six years. For

example, the adaptive modulation that
we use to overcome noise in blank
areas was somethingwe actually devel-

oped ten years ago. Now, there are spe-
cial problems we have to attack, such as

transcoding from one system to an-
other and overcoming image degrada-
tion dueto channel impairments.

One thing that sets our effort apart
from everybody else's is that MITis not
a company. We try to develop things
that are good for thewhole country,
not just for one company. A lot of
broadcasters, for example, wish high-
definition television (HDTV) wouldgo
away. They see it as a threat to their au-
dience share, rather than an opportuni-
ty. For the country, it's an immense op-
portunity, because if HDTV is success-
ful, between $100 and $200 billion will
be spent in the first ten or fifteen years.
It will make a big difference where
HDTV equipment comes from. If it's

mostly made in the United States, it will
be very beneficial. If it's mostly import-
ed, it'll just make us poorer. There's no

waywe can buy $100 billion of HDTV
overseas and get rich from doing it.

ATRP has been a great project.
We've had no shortage of students, and
ifwe hadtwice the money, we would
have twice as many students. We have

good students; as good as I've ever had
in the time I've been at MIT. With good
students, good equipment, anda good
problem to work on-you do good
work. It's as simple as that!

.1 understand that an HDTV system
developed inyour laboratory is be-

ing considered as apossible Ameri-
can broadcaststandard by theFCC

The television system we developed by
computer simulation is one of eight
possible systems that the FCC will test
for the American HDTV broadcasting
standard. Of these eight systems, five
are compatible with today's television

system, and three are not-ours, Ze-
nith's (one of our sponsors), and the

Japanese system. TheJapanese have ac-

tually proposed two systems; one is

compatible and the other is not. All the

systems will be tested within an eigh-
teen-month period starting in early
1990. Our system will be the last tested
becausewe asked for last place. The
FCC might make adecision by 1992,

andwe might he on the air shortly after
that.

The people who don't want HDTV
have made all sorts of proposals that
would postpone it. In my view, post-
poning HDTV will just invite the Japa-
nese in. Thus far, theJapanese haven't
attacked theproblem of over-the-air
transmission impairments, at least they
haven't talked about it. But, they are

certainly as smart as we are, and they
have many more people working on it.
If we give them five years or so, they
will develop very good systems. I think
we should press ahead as fast as possi-
ble. Whether we will, remains to be
seen. We are trying to solicit money
from industry in addition to the money
we have from DARPAin order to maxi-
mize the possibility that oursystem will
be the best one tested.

"Whataboutthe issue ofcompatibil-
ity between oldand new systems?

When we started thinking seriously
about a new HDTV system for the Unit-
ed States, the knee-jerk reaction from
almost everybody in this country was
that it had to be compatible with our

present system. The first National Tele-
vision Standards Committee (NTSC) in
1941 set the black-and-white standards,
andthe color standards were set in
1953 by thesecond NTSC. When color
was introduced in 1953, it was compat-
ible with the previous black-and-white

system. So, if youhadablack-and-white
receiver, you could receive the new
color programs in black and white, and
the new receivers could receive the old
black-and-white programs also in black
andwhite,

At that time, almost everybody
wanted acompatible system for color.
It was the proverbial chicken-and-egg
problem: the industry wouldnot spend
money on color programs unless peo-
plehadcolor receivers, and people
would notbuycolor receivers unless
there were color programs to watch.
With a compatible system, the color

programs could he received by every-
one. In 1953, there were ten million re-
ceivers in the United States. Today,
there are between 160 and 180 million.
Forthe sake of those ten million re-
ceivers in 1953, all of them long since

gone,we seriously prejudiced the new

system. Furthermore, color television

grew very slowly. It took ten years to
reach the 1% penetration level. If it

hadn't been for David Sarnoff, who in-
vested $3 billion of RCAmoneyat to-

day's prices, color television maywell
have failed in the United States because
ofa lack of interest. But, Sarnoff pushed
it until NBC was broadcasting enough
color programs, then people bought
color receivers, and it finally took off.

The difference between color and
black andwhite is much greater than
the difference between medium defini-
tion and high definition. If you decide
on a totally new system that is notcom-

patible with the old one, you can make
a much better system. We canover-
come channel impairments and make
better quality pictures in the home.

Previously, we determined from our
audience studies that we wouldn't get
better quality pictures in the home at
all, unless we overcame channel im-

pairments. No system compatible with
NTSC can overcome channel impair-
ments. So, six of the new systems pro-
posed to the FCC are not going to work.

Only three will work-maybe. Actually,
the Japanese system doesn't do such a

good job of overcoming channel im-

pairments because it wasn't designed
for that. It was designed for satellite

broadcasting, as were the European
systems, and satellite channels are
much cleaner. But, Zenith and MIT de-

signed systems for real channels. Now,
it's beginning to dawn on everyone that
we were right, andwe're faced with an

interesting situation.

" Where shouldfundingfor HDTV
comefrom in this country? Inja-
pan, theJapan Broadcasting Com-

pany (NHK)has been a mechanism

formuch ofHDTV'sfundingand

development in that country.

NHKis similar to the BBC, and is actual-

ly supported by license fees from tele-
vision and radio. It's not officially a
branch of the government-it'sa non-

profit organization. However, in Japan,
they organize things differently, and al-

though they have antitrust laws too,

they don't inhibit this kind ofwork.
NHKhas orchestrated the development
of HDTV. They did the principal sys-
tems work themselves, and parceled
outthe development of various prod-
ucts to the big Japanese companies.
NHKis the largest customer of profes-
sional equipment made by all the Japa-
nese television companies. When NHK

speaks, the others listen. When NHK
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Graduate students ofthe Ac/i cowed Telei 'is/on Research Program and Professor William

F Schreiber discuss thefruits oftheir labor, an advancedtelevision imageon the monitor

display. From left: students David Kuo and Adam £ Tom, Professor Sc/yreihei; and stu-

dent PeterA Monta. The advanced television monitor image is courtesy ofEastman Ko-

dak Company. (Photo by John F Cook)

asks the other companies to spend
money, the companies do it. Sony,
alone, has spent more than $100 mil-
lion on HDTV development-probably
more than anyother company.

People have tried to estimate how
much the Japanese have spent on
HDTV-some say $500 million, others
say $1 billion. That may seem like a lot
of money, butGeneral Motors spent $3
billion to introduce the Saturn auto-
mobile. Anynew model car from De-
troit costs $1 billion to introduce, A

Boeing 747 costs $150 million. Each TV
network is a $4 billion operation, and
all the networks together are smaller
than NYNEX. So, in those terms, a bil-
lion dollars isn't much money.

Our research sponsors include the
networks (ABC, NBC, and PBS), as well
as Ampex, General Instruments, Kodak,
Motorola, Tektronix, and Zenith. One
would think thesupport would come
from the entire TV industry, except that
industry in this country has gotten out
of the habit of investing long-term
money. IfDavid Sarnoff was here today,
he wouldn't be free to spend money
the way he did on color television. The
result is that we are losing out in one

industry after another. Companies are
not making investments and are no long-
er as competitive as before. There are

many reasons for this; they're reacting
to the circumstances they work under.

Ayear ago, DARPA decided to

spend $30 million on HDTV on the

grounds of national security. But, re-

cently, a determined effort was made to
kill not only theDARPA program, but

every government program in aid of in-

dustry. That attempt failed because
those people went too far. The fact is

that government has always aided in-

dustry in this country.We wouldn't
have a computer industry today with-
out government aid. Time-sharing was

developed with DARPAmoney. The air-
craft industry wouldn't exist without

government money, andthe semicon-
ductor industry has grown mostly from

government money. Thereyou have
three separate industries, all ofwhich
are or have been successful, and all de-

pended largely on government money
to get started. So, it's not an un-Ameri-
can thing to do.

" What has been the most challeng-

ing aspect ofyour research?

My laboratory has been 100% industri-

ally sponsored for twenty 'ears, and it
is one of the few MIT laboratories like
that. There has never been any real

shortage of money, when you take the
time to look at it. The plus side of in-
dustrial sponsorship is that the money
is there. Such projects often provide
excellent thesis topics and can motivate
students to take jobs that are important
for society. The minus side is that man)'
industrial sponsors have a narrow view
ofwhat they're getting for their money.
Especially when companies have been
divided into profit centers, where the

managers are responsible for profit
and loss, and where the benefits from

university research arecompared with
those derived from hiring a fewmore
salesmen.

The right kind of money furthers a

goal that we can adopt as ourown (like
a better television system), and at the
same time, give us enough freedom to

pursue that goal in ways we believe are
the best-free from the industry's
viewsanda single company's economic
welfare. At the moment,we don't have

enough money becausewe know what
we want to do and, because of the dv-
namics of the HDTV race, we don't
have much time in which to do it. In
terms of the HDTV system, the FCCwill

only test the hardware, not the comput-
er programs, so we have to spend mon-

ey to put our system into hardware. To

get the money that people are willing
to spend, and at the same time give us

enough scope to do research in an in-

tellectually responsible way; in afunda-
mental way; in away that is useful to the
education of students-is a problem.
Thetwobest things about my thirty
years at MITare that I've had the privi-
lege ofworking with the best students
in the world, andthat I was allowed to
do pretty much whatever I wanted to
do, as long as I could find the money.

On another level, the basic visual
communications problem is learning
how to transmit better pictures in a
very poor-quality channel with restrict-
ed capacity. Getting good results has
certainly been a major challenge, but it
is also a major attraction. Whywould
we want to work on it if it wasn't diffi-
cult? That's the whole idea. It should be
a difficult problem, and it should he
one that we can attack with fundamen-
tal ideas.

" What doyou consider to be your
most significant achievement to

date?

If our television system works out the

way I hope, it will certainly be the most

significant achievement. Before that,
the project in which I took the most sat-
isfaction was the development of the
electronic laser camera. That was an

opportunity to apply myself to an im-

portant practical problem-the print-
ing of pictures on paper. Everything I
knew about image processing up to
that point went into that product. I have

always found product design to be at-
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tractive-how to make a terrific ma-
chine at the lowest price, easiest to use,

highest quality output, most reliable,
and easy to repair. I get a lot of satisfac-
tion from that.

'How doyou seeyour research as a
direct benefit to society?

In Four Reasonsfor the Abolition of
Television, the book's author argues
that television is had for us, and we
wouldhe better off without it. It's pos-
sible that he's right, that it does encour-

age habits of thought that are bad for
the community. Ifwe look at televi-
sion's influence on the election pro-
cess, for example, we may think it's
true. On the other hand, I suspect our
children aremuch better educated be-
cause of television. Certainly, they are
more broadly educated because of

television than they would otherwise be.

Technologically, television's im-

pact is enormous. The technology in
television is the same technology that
exists in the rest of the electronics in-

dustry. Within a few years, the electron-
ics industry will he the largest industry
in every developed country. The head
of Mercedes-Benz has said that elec-
tronics is now5% of the cost ofproduc-
ing a Mercedes-Benz, and he expects it
will he 25%. We don't think of a car as
an electronic device, but a Cadillac Al-
lante has twenty-two microprocessors,
and the average number of micro-

processors is currently three per car. If

you were to count all the microproces-
sors in your house, you'd be amazed. I
used to tell people to count the num-
ber ofmotors they had in their home to
realize that it was truly an electrical so-
ciety. But, now, it's an electronic soci-

ety. Every product's got a micro in it--
microwave ovens, dishwashers, wash-

ing machines, stoves.
Electronics is industry, so you can't

pick and choose. If you're going to be
in the electronics industry, you have to
he in the wholeelectronics industry.
You can't say, "Fmgoing to stay out of
consumer electronics because there's
no profit there, I'm just going to make
radar," or "Fmjust going to make com-

puters." The whole electronics indus-

try is at risk if American industry
doesn't get a big piece of HDTV. It's the
next big thing that's coming, and it's

coming without a doubt. It will he de-

layed ifwe have a recession, butwe will
recover from it eventually, and we'll

still have the same problem. Ifwe fail to

get part of the HDTV market, it will be
an economic disaster for the United
States, and it won't be confined to tele-
vision. It will involve the wholeelec-
tronics industry.

In terms of economic impact, tele-
vision is a very important industry. Of
course, graphic arts andprinting is also
an important industry, but there are

many aspects of that industry other
than images. In television, the picture is
the whole thing, and television exists to

transport pictures to the home. What-
ever you think of television's social val-
ue, there's no question that it's a strong
economic and social force in this coun-

try. It's the principal means of commu-
nication-and I suspect, principal
means of education-and people
spenda lot of moneyon it. So, those are
all good reasons to work on it.

'Asa scientist whodeals with images,
Isuspectyou also have an artistic
side. What areyour thoughts on the
colorization ofmotion pictures?

I'm involved in so many controversial

aspects of television that I try to stay
out of the ones I don't have to get in-
volved in! Most colorization is techni-

cally very poor, and I don't think it im-

proves the picture at all. No one knows
howto make an original picture look
like it was taken in color. Current col-
orization techniques are not good be-
cause they're primitive.

Thewriter, director, producer and
all those involved, make a product ap-
propriate to the medium they use.
When black-and-white movies were
made, they were made for black-and-
white purposes. They were notmade
with the expectation of being in color.
If they were, they would have been
made in a different way, just as the pro-
grams made for today's television will
not look much better on high-defini-
tion television, because present-day
television is low definition. Therefore,

they feature close-in shots and try to fill
the screen with a face. They don't show
two hundred dancing girls on the
screen where they wouldvanish into
the noise. Programs made for high-
definition television wouldnot only
look very good on high-definition tele-
vision, they would look very poor on

today's television. So, the problem is

trying to take the work produced for
one medium and use it in another

E

medium.
The problem is obviouswhen a

movie made for the wide screen is
shownon television. Aperfect example
is the glorious opening scene in Bridge
on the River Kwai. It's a total failure on
television! Its like taking Elizabeth Tay-
lor's scene in Cleopatra when she
comes into Rome,and showing it on a
small black-and-white television. Her

imagewas made to fill a screen fifty feet
wide! So, colorization in an artistic
sense, is a failure, because those mov-
ies were made to be seen in black and
white. But, apparently, at least on tele-
vision, the old black-and-white movies
that are colorized seem to have more
audience appeal than the original
black-and-white versions.

'How wouldyou like to be
remembered?

In principle, I don't care whether I am
remembered or not. (That isn't exactly
true, of course, but I would like it to
be.) What I do care about is whether
the various issues that I have been

working on, both scientific and social,

develop along the lines that I have been

urging. As a teacher, I have had the op-
portunity to influence many students.
Whethermy views on theproper edu-
cation of engineers take hold, depends
primarily on them.Theywill also he re-

sponsible for the spread, if any, of my
viewson the most fruitful approaches
to image processing.

The HDTV project, in which we
have been engaged these last seven

years, has made useofvirtually every
aspect of image processing on which I
have ever worked. Its technical success
has validated many of the approaches
that I have advocated for many years. If
it is adopted, or if it heavily influences
the standards that will be used, I would

he immensely gratified. However, the
HDTV issue also shows, in microcosm,
how the United States is losing its abili-

ty to compete in high technology. If we
fail to reverse course, we will become

poorer, and many social gains that we
have made in the last decades will he
lost. I have tried as hard as I can to in-
fluence public policy in this area. If it
turns out that I was instrumental in a re-
naissance ofAmerican technological
competitiveness, that will please me as
much as the adoption of my ideas about

image processing.
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The MIT School of Engineering has an-
nounced the establishment of the Amar
Bose Teaching Award. The award is
named in honor ofDr. Amar G. Bose

(SB/SM '52, ScD '56), Professor of Elec-
trical Engineering and Computer Sci-
ence. It will be presented for the first
time this spring to a faculty member
whose undergraduate teaching contri-
butions are characterized by dedication,
care, creativity, and inspiration to stu-
dents and colleagues. Professor Bose
has been a member of the MIT faculty
since 1956, and is recognized as one of
MIT's finest teachers. He is also the
founder and chairman of the board of
the Bose Corporation of Framingham,
Massachusetts. Professor Bose has been
affiliated with tILE since 1953 in the area
of acoustics and nonlinear systems.
(Photo courtesy ofBose Corporation)

Dr Sylvia T Ceyet Class of 1943 Ca-
reer Development Associate Professor
of Chemistry, was promoted to frill Pro-

fessor. Professor Ceyer joined the MIT

faculty in 1981, and was previously a

postdoctoral fellow at the National Bu-
reau of Standards. As a member of tILE's

Materials and Fabrication Group, herre-
search has included molecular beam
surface scattering experiments to ana-

lyze the chemistry that occurs during
the plasma etching of silicon and gal-
lium arsenide. She has received numer-

ous awards, including the 1981 Dreyfus
Award, the 1987 Harold E. Edgerton
Award, the 1988 Baker Award, and the

1988 Young Scholar Award from the
American Association of University
Women. Professor Ceyer has also held
an Arthur P. Sloan Foundation Fellow-

ship and a Camille and Henry Dreyfus
Teacher-Scholar grant. (Photo by John F

Cook)

Dr. Henry I. Smith was appointed to
the newly established Joseph F. and

Nancy P. Keithley Professorship in the

Department of Electrical Engineering
and Computer Science for a five-year
term. Professor Smith joined the MIT
faculty in 1980, after twelve years on the
staff at Lincoln Laboratory. He estab-
lished the RLE Submicron Structures

Laboratory in 1978, where he is director.
As a member of tILE's Materials and Fab-
rication Group, Professor Smith is wide-
ly acknowledged for his contributions to
submicron structure technology and re-
search, and his leadership in teaching
and promoting submicron structures.

(Photo by John F Cook)

Dr John L Wyatt, Jr. (SB '68), Associ-
ate Professor of Electrical Engineering
and Computer Science, was promoted
to frill Professor. Professor Wyatt has
been a member of the MITfaculty since

1985, and his research interests in tILE's
Circuits and Systems have focused on
the dynamics of nonlinear circuits and

systems, analog VLSI for machine vision,

delay estimation in digital integrated cir-
cuits, and neural networks. He received
his MS from Princeton University ('70),
and his PhD from the University of Cali-
fornia at Berkeley ('79). Professor Wyatt
is a member of the IEEE and the Inter-
national Neural Networks Society. (Photo

byJohn F Cook)

Dr.JamesG. Fujimoto (SB '79, SM '81,
PhD '84), Associate Professor of Electri-
cal Engineering and Computer Science,






is corecipient of the 1990 National Acad-

emy of Sciences Award for Initiatives in
Research. The annual award was estab-
lished in 1981 by AT&T Bell Laborato-
ries to recognize innovative young
scientists, and to encourage research
that will lead to new capabilities for hu-
man benefit. Professor Fujimoto, amem-
ber of RLE's Optics and Devices Group,
was cited for his work on femtosecond

optics and its applications in quantum
electronics and laser medicine. He and
his students have produced laser pulses
as short as a few wavelengths of light,
and have used them to uncover funda-
mental information about ultrafastdy-namicsin optoelectronic materials and
devices. Dr. Fujimoto, and corecipient
Dr. Wayne Knox ofAT&T Bell Laborato-
ries, will receive the -award in April at
the Academy's annual meeting in Wash-

ington, D.C. (Photo hi' John F. Cook)

11
Dr. Srinteas Devadas Assistant Profes-
sor ofElectrical Engineeringand Com-

puter Science

SLOAN FOUNDATION FELLOWS
Congratulations to three RLE faculty memberswhorecently received Alfred
P. Sloan Foundation Research Fellowships in Physics. The two-year Sloan

fellowships were established in 1955 to provide support and recognition to

young scientists in physics, chemistry, mathematics, neuroscience, and
economics.

Dr. Ying-Ching Eric Yang Research
Scientist

('circuit breakers" text continues
on page 20)

Dr JohnM Graybeal, Assistant
Professor of Physics. Professor

Graybeal's research in RLE's Sur-
faces and Interfaces Group focuses
on superconductivity, including

high-temperature superconductivity
and novel low-temperature super-
conducting devices. He also carries
out fundamental studies of phase
transitions in metallic spin glasses.
(Photo byJohn F Cook)

Dr.Jacqueline N Hewitt (PhD
'86), Assistant Professor ofPhysics. A
member of RLE's Radio Astronomi'

Group, Professor Hewitt was also
awarded the annual Annie Jump
Cannon Award in Astronomy from
the American Association of Univer-
sin' Women. She was cited for her
research in the application of radio
astronomy and interferometry tech-

niques to problems in astrophysics.
(Photo hi'JohnF Cook)

Dr. Simon G. J Mochrie (PhD
'84), Assistant Professor of Physics.
Professor Mochrie's research in-
volves the stability of metal and
semiconductor surfaces at RI-Es
Surfaces and Interfaces Group. Most
recently, he has studied the Pt(001)
surface to model the behavior of an
incommensurate overlayer on a
substrate. This will contribute to the
better understanding of thin film
orientation on a substrate. (Photo by

JohnF Cook)
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Professor Emeritus Yule Wing Lee,

85, died November 8, 1989. in Cali-
fornia. He had suffered from leuke-

mia. Born in Macao, China,
Professor Lee (SB '27, SM '28, ScD

'30) held professorships at three
universities in China-the National

Tsing Hua University, St. John's
University, and Ta Tung University.
In his MIT doctoral thesis, "Synthe-
sis of Electrical Networks by Means
of Fourier Transforms of Laugerre's
Functions," Professor Lee was rec-

ognized as the first person to coin

the term "synthesis" in that particu-
lar context. He joined theMIT facul-

ty in 1946, and the following year,
taught the first graduate course in

statistical communication theory.
Professors Lee and Amar G. Bose

persuaded Professor Norbert Wie-
ner to present a series of lectures
on nonlinear problems in random

theory. Professor Lee tape recorded
the lectures, and photographed
hundreds of complex equations
diagramed on the blackboard by
Wiener. This material became the

first hook on the subject in English,
Nonlinear Problems in Random

Theory, published in 1958. In addi-
tion to many papers and articles on
statistical communication theory,
Professor Lee was the author of
Statistical Theon' of Communica-
tion, published in 1960. lIe also
held an honorary doctorate of ap-
plied sciences from Katholiecke
Universitie in Leuven, Belgium.
(Photo courtesy MITMuseum)

h/ a 13)57 photograph, DocEdgerton
Ic/i) helps PLE glass shop staffers Anthony
'/7utoandLaurence Ryanfill the time

///f/.cule that was buried at the dedication
of .111Th Karl Tailor Compton laborator-
ies (Building 26). In 1983, AlIT dedicated
the EG&G Education Center (Building 34)
to Professor Edgerton andhis collabora-
tors, Kenneth Germeshausen andHerbert
Crier.

ProfessorEmeritus Harold E. 'Doc"

Edgerton, 86, diedJanuary 4, 1990, after

suffering a heart attack at MIT. Born in
Fremont, Nebraska, he graduated from
the University of Nebraska in 1925 with
a degree in electrical engineering. He

came to MIT to complete his graduate
work (SM '27, ScD '31) and joined the
faculty in 1932. Professor Edgerton had
been affiliated with PIE since its incep-
tion in 1946. His initial interest in stro-

boscopic photography stemmed from
his doctoral research, andpaved the way
for many industrial applications, includ-

ing night-time aerial and under-water

photography. Collaboration with two of
his students, Kenneth J. Germeshausen
and Flerhert E. Grier, resulted in forma-
tion of the company EG&G, which

helped to develop the instrumentation
and applications for high-speed strobe

photographs-. Professor Edgerton also

participated in the archaeological "photo
excavation" of many historic underwat-
er wrecks and lost cities. His work in
this area led to the development of side-
scan sonar technology. Professor Edger-
ton was the recipient of many
distinguished honors and awards, the

most recent being the National Geo-

graphic Society Centennial Award and
the National Medal of Technology in

1988. In addition, he was a member of

mans- organizations and professional
societies. (Photo courtesy MITMuseum)

Professor Richard B. Adler, 67,
died February 5, 1990, from injuries
suffered when he was struck by a
car while jogging near his home in
Concord, Massachusetts. A native
NewYorker, Professor Adler attend-
ed llan'ard, and then transferred to
MIT, where he received his SB ('43)
and ScD ('49). After serving in the
U.S. Navy as an instructor at MIT's
Radar School, he joined the facul
in 1950 in the Department of Elec-

trical Engineering and Computer
Science, From 1978-1989, he was

Associate Department Head, and
was appointed Distinguished Pro-
fessor in 1985. Professor Adler had
served as Co-Director of MIT's Mi-

crosystems Technology Laboratory
since last September. He had been
affiliated with PIE since 1973. In an
effort to bring transistor-based sol-
id-state electronics to undergrad-
uate education, he established the
international university-industry
Semiconductor Electronics Educa-
tion Committee in 1960, and served
as its Technical Director. His col-
laboration with Robert Fano and
LanJen Chu led to the publication
of Electromagnetic Fields, Energy
andForces, and Electrical Energy
Transmission andRadiation. In

1986, he received the IEEE Medal in

Engineering Education for his role
as the co-author of these textbooks
which revolutionized the teaching
of traditional electrical engineering
in the late 1950s. (Photo courtesy
MIT Communications Office)






History of
Image Processing
and Transmission
at RLE

Ca. 1948

Professor Claude E. Shannon, who joined RL.Ec Pro

cessing and Transmission of Information Group in

1956, laid thefoundation for research ininforma-tiontheory. He theorized that a message could be en-

coded and sent in "bits," with groups of bits

representing a sequence of letters rather than a siiiyle
letter. Once these bits were converted into electrical

impulses, the signal could be compressed and chan-

nel capacity increased. These ideas also suggested the

use oferror correcting methods to eliminate the ejj'cts

of noise in a transmission. (Photo courtesy MIT

Museum)

1950

Dr. Norbert Wiener conducted studies to convert
.speech into a sequence oftactileivperceptiblepat-
terns that a totally deafperson might learn to in-

teipret. In the original ai.perimental device,

calledFeli., several bandpassfilters were used to

subdivide the voice range. Tofix successive band

limits, each band represented approximately an

equal amount of energy when averaged over

speech. Five channels were used initially, with the

outputs arranged to control the amplitude ofJh'e

small vibrators on which thefingers ofone hand

rested. (Photo by Alfred Eisenstaedt)






1955

Research staff members Lamar Wash-

ington, Jr. (left) andDr. Clifford ,11.
Witcher collaborated on RLE's Senso'
Aidc Project and developed the experi-
mental Vocatac. The device was based
on the work by Dr. Norbert Wiener to

convert speech signals into tactile

form. (Photo by Ben Diver)

1958

fILE's Processing and Transmission of Infor-
mation Group. The statistical investigation of
information sources is the subject ofdiscus-

sion among Professor Robert M. Fano

(standing) and (seatedfrom left) Professors
PeterElias, DavidA. Huffman, andWilbur B.

Davenport, Jr. (Photo by Ben Direr)

RLE Director HenryJ. Zimmermann (left)
confers with Professor SamuelJ. Mason.
RLE1 Cognitive Information Processing
Group was initially led by Professors Mason
andMural, Eden. Professor Eden usedfea-
ture techniques to characterize handwritten

script, while Professor Mason developed char-
acter recognition techniquesfora variety of
fonts in his quest to develop a reading ma-
chinefor the blind, Later, Professor Donald
F. Troxel built on this work by demonstrat-

ing computer input scanningfor the ma-
chine. (Photo by Phokion Karas)






1963

Professor Thomas S. Huang with
the firing-spot or optical scan-
ner. The scanner uses a small

point oflight to rapidly scan an

image in a rectangularpattern.
Light reflected or transmitted by
the image is received by aphoto-
tube that generates electric sig-
nals. In 1968, Professor Huang
andhis students used this equip-
ment to perform Fourier trans-

form coding, and originated the

conceptof coding in blocks
smaller than the original image.
(Photo hi Phokion Karas)

1967

Research Associate Dr. Kenneth R.

!ngham works with RLFcfiist reading
machinefor the blind. It was thefirst
affordable optical character reader
and, in combination with the PI)P-1

computer, it comprised thefirst com-

puter system that could scan text and
read it aloud. The system was also ca-

pable of outputting spelled speech and
braille. (Photo by Richard Geraigery)






SIGNAL FROM WIRE





LASER

OSCIJ	NTUIG	 oB

MOCILATEDBEAU

	MySLYER

PHOTRAPINC PAPER

1975

Professors William F. Schreiber and Donald E. Troxel contin-

uedtheir collaboration on another imaging projectfor the As-

sociated Press-the Laserphoto system. Theflatbed scanner

used a laser beam light source, andpictures were heat-pro-
cessed on specially developed dry silverpaper. In the mid-70s,

it replaced all existing AP u'irephoto machines in the United

States.

1971

Professors William F. Schreiher,
Donald F. Troxel, and Charles L.

Seitz (in foreground) demonstrate

equipment usedforthe digital wire-

photo standards converter project
to twoAssociated Press representa-
tives (in background). Thestan-
dards converter translated

wirephotos simultaneously between
the United States and Europe, since

US. images containedmore lines
than European images. In 1968, the

converter was installed at the
Associated Press in New York City,
with great/v improvedpicture qual-
ity and time sat ings overprevious
procedures. (Photo courtes' ofAsso-

ciated Press)

tributions to RLE's Image Processing Group. In the

'60s, Professor Travel was involved in the group c re-

search on tactile communication andoptical charac-

ter recognition and was a ma/or contributor to the

development of RLEc reading machinefor the blind.

During the '70s, anotherfacet ofhis work wasthe de-

velopment ofthe "Electronic Darkroom," an interact-

ive multiprocessing computer system for u'irephoto

reception, storage, editing, andtransmission. In com-

bination with the Laseiphoto system, it gate picture
editors thefreedom to manipulate u'frephotos entirely
by computer. This method was adopted by the Associ-

ated Press in the late '70s. Professor Troxel's primary

focus is nou' in the area of computer-aidedfabrica-
tion of integrated circuits. (Photo In' John F Cook)
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(continued)

Dr SrinivasDeva4aswas appointed to
the Analog Devices Career Development
Professorship in the Department of Elec-
trical Engineering and Computer Sci-
ence for a two-year term. In 1988,
Professor Devadas joined RLE from the

University of California at Berkeley,
where he completed his PhD in high-
level computer-aided design synthesis
and testing. Professor Devadas is known
for his significant contributions to data

path synthesis and logic synthesis and
verification. In RLE's Circuits and Sys-
tems Group, his research focuses on the

computer-aided design of integrated cir-
cuits and systems, particularly in the
areas of test generation and logic syn-
thesis. (Photo by John F Cook)

Dr. Ying-Ghing Eric Yang (PhD '89)
was appointed Research Scientist in
ELE's Center for Electromagnetic The-

ory Applications. Dr. Yang's research in-
volves electromagnetic propagation,
coupling in microelectronic integrated
circuits, and electromagnetic interfer-
nce as it affects the communications
and control of airport precision landing
systems. Dr. Yang received his BS in
Electrical Engineering from the National
Taiwan University in Taipei ('81).
(Photo by John F Cook)

UPDATE: Collegium

RLE is pleased to announce the newest
member of the Collegium. The Elec-
tronics and Telecommunications Re-
search Institute (ETRI) of Daejeon, Ko-
rea, joined the RLE Collegium. ETRI is
the first Korean company to establish a

collegium relationship with MIT.
TheRLE Collegium was estab-

lished in 1987 to promote innovative

relationships between the Laboratory
and business organizations. The goal of
RLE's Collegium is to increase commu-
nication between RLE researchers and
industrial professionals in electronics
and related fields.

Collegium members have the op-
portunity to develop close affiliations
with the Laboratory's research staff and
can quickly access emerging results

and scientific directions. Collegium
benefits include access to a wide range
of publications, educational video pro-
grams, RLE patent disclosures, semi-
nars, and laboratory visits.

The PLE Collegium membership
fee is $20,000 annually. Members of
MIT's Industrial Liaison Program can
elect to transfer 25% of their ILP mem-

bership fee to the RLE Collegium. Mem-

bership benefits are supported by the

Collegium fee. In addition, these funds
will encourage new research initiatives
and build new laboratory facilities
within RLE.

For more information on the RLE

Collegium, please contact ELE Head-

quarters or the industrial Liaison Pro-

gram at MIT.

Publications

ELE has recently published the follow-

ing technical reports:

Acoustic Evidencefor the Develop-
ment ofSpeech, by Corine Anna Bick-

ley. RLE TR No. 548. October 1989. 146
pp. $14.00.

An Algorithm Design Environment

forSignal Processing, by Michele Mae
Covell.RLE TR No. 549. December 1989.
256 pp. $17.00.

Detection StatisticsforMultichannel
Data, by Tae HongJoo. RLE TR No. 550.
December 1989. 113 pp. $11.00.

A NovelQMFDesign Algorithm, by
Kambiz Casey Zangi. RLE TR No. 551.
March 1990. 60 pp. $10.00.

The annual RLEProgress Report will
he available inJune 1990. Progress Re-

portNo, 132, covering the period Janu-
at-v through December 1989, contains a
statement of research objectives and a

summary of research efforts for each
RLE research group. Faculty, staff, and
students who participated in these proj-
ects, and sources of funding are identi-
fied at the beginning of each chapter.
The Progress Report also lists current
RLE personnel.

The RLE Communications Group wel-
comes inquiries regarding our research
and publications. Please contact:

Barbara Passero
Communications Officer
Research Laboratory of Electronics
Room 36-412
Massachusetts Institute of Technology
Cambridge, MA 02139
telephone: (617) 253-2566
telefax: (617) 258-7864
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