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NO[{VEAUX DIPLOMES A. L’EPFL /
Science et conscience

Un institut interdépartemental de
microéiectronique, un echange avec la

prétendu M. Pierre Nicod, parlant au |
pom des ingénieurs du génie rural de

T

4

Carnegie Mellon University, une gar-
derie-Chenille, le département de chi-
mie qui prend le large du coté d’Ecu-
blens, des manifs et des Chinois venu
goiter aux vertus lémaniques, un troi-
sieme cycle en informatique techni-
que, I'énergie solaire & la «unew, un
championpat de planche a voile; et
171 nouveaux diplomés! Bilan dressé
ar M. Bernard Vittoz, président de
'EPFL, lors de la cérémonie de

remise des diplomes qui a eu lieu hier
soir 2 Lausanne, en présence de nom-
breuses personnalités du monde politi-
que ct universitaire suisse,

« Mieux habilités a faire des nceuds
routiers que des nceuds de cravate », a

M. Bernard Vittoz remel les diplomes,
amateurs de service!

sa volée, les nouveaux diplomés ont
désormais pour tache de créer, avec
les morceaux épars d'un savoir touffu,
une mosaique qui concilie la sciencz
rigoureuse et l'approche humaine, la
formation reque et celle acquise par
I'expérience sur le futur terrain de
leurs recherches. A cette lente trans-
formation de jeunes étudiants en ingé-
pieurs et architectes responsables,
I'EPFL a contribué aussi largement
que possible. 11 appartient’ des lors &
chacun d'en faire l'usage gue la com-
pétence, le sens des responsabilités et
la curiosité toujours en eveil lui dicte-
ront. — &

enloure des nombreux photographes
Muriset
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Interactions between actin and myosin filaments in skeletal
muscle visualized in frozen-hydrated thin sections

B.L. Trus,* A. C. Steven,t A. W. McDowall ! M. Unser ¢ J. Dubochet) and R. J. Podolsky*
*Computer Systems Laboratory, Division of Computer Research and Technology, Laboratory of Physical Biology,
National Institute of Arthritis, Musculoskeletal and Skin Diseases,® Biological Engineering and Instrumentation Branch,
National Institutes of Health, Bethesda, Maryland 20892; and IEuropean Molecular Biology Laboratory, D-6900

Heidelberg, Federal Republic of Germany

ABSTRACT  For the purpose of deter-
mining net interactions between actin
and myosin filaments in muscle cells,
perhaps the single most informative
view of the myofilament lattice is its
averaged axial projection. We have
studied frozen-hydrated transverse thin
sections with the goal of obtaining axial
projections that are not subject to the
limitations of conventional thin section-
ing (suspect preservation of native
structure) or of equatorial x-ray diffrac-
tion analysis (lack of experimental
phases). In principle, good preserva-
tion of native structure may be
achieved with fast freezing, followed by
low-dose electron imaging of unstained
vitrified cryosections. In practice, how-

ever, cryosections undergo large-scale
distortions, including irreversible com-
pression; furthermore, phase contrast
imaging results in a nonlinear relation-
ship between the projecied density of
the specimen and the optical density of
the micrograph.

To overcome these limitations, we
have devised methods of image resto-
ration and generalized correlation aver-
aging, and applied them to cryosec-
tions of rabbit psoas fibers in both the
relaxed and rigor states. Thus visual-
ized, myosin filaments appear thicker
than actin filaments by a much smaller
margin than in conventional thin sec-
tions, and particularly so for rigor mus-
cle. This may result from a significant

fraction of the myosin S1-cross-bridges
averaging out in projection and thus
contributing only to the baseline of pro-
jected density. Entering rigor incurs a
loss of density from an annulus around
the myosin filament, with a compensat-
ing accumulation of density around the
actin filament. This redistribution of
mass represents attachment of the
fraction of cross-bridges that are visi-
ble above background. Myosin fila-
ments in the ‘“nonoverlap’” zone
appear to broaden on entering rigor,
suggesting that, on deprivation of ATP,
cross-bridges in situ move outwards
even without actin in their immediate
proximity.

Jacques Dubochet, Joachim Frank, Richard Henderson

Nobel Prize in Chemistry 2017

"for developing cryo-electron microscopy for the high-resolution
structure determination of biomolecules in solution"

Ulttamicroscopy 30 (1989) 429-434
North-Holiand, Amsterdam
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SHORT NOTE

THE SPECTRAL SIGNAL-TO-NOISE RATIO RESOLUTION CRITERION:
COMPUTATIONAL EFFICIENCY AND STATISTICAL PRECISION

Michael UNSER ***
Biomedical Engineering and Instrumentation Branch, National Institutes of Healh, Bethesda,
Maryland 20892, USA

Benes L. TRUS
Computer Sysiems Laboretors, Division of Computer Rescarch and Technology. National Institutes of Health, Rethesda, Maryland
20892, USA

Joachim FRANK
Wadsworth Center for Laboratories and Research, New York Stare Department of Health, Atbany, New York 12201, USA

and

Alasdair C. STEVEN
Laboratory of Physical Bioiogy, National Institute of Arthruis, Musculoskeleial and Skin Diseases, National Insutuies of Health,
Berhesdu, Marviand 20892, USA

Recelved 14 March 1989

This note describes 4 practical improvement in the computational efficiency of the spectral signal-to-noise ratio (SSNR)
resolution criterion for corrclation-averaged images, The otal set of ¥ images is randomly partitioned into n, subsets, each
subset is separately averaged, and a reduced form of the SSNR is computed from these average images. In general, larger
values of 1, achieve lower statistieal upcertainty, while smaller valus of n, are computationally more expedient. It is shown
that, for negatively stained data, 2 judicious compromisc is achicved with 10 % », 5 20, regardicss of how large N may be.



1990-93: Splines and signal processing

IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL. 13, NO. 3. MARCH 1991

Fast B-Spline Transforms for Continuous
Image Representation and Interpolation

Michacl Unser, Akram Aldroubi, and Murray Eden

Absraci—This corcespondence deseribes efficient algorithms for the
contiouous representation of a discrete s es (direct
B-spline transform), and for interpolative sl ecousiructon (ndirect
B-spline transform) with an expansion factor m.Expressions for the 2
transforms of the sampled B-spline functions are determined and a
convolution property af these kernels is established. It is shown that both
the direct and indirect spline transforms invol ar operators that are

Manuscrip received June 14, 1989: revised Tuly 19, 1990, Recommended
for acceplance by R.J. Woodham
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B-Spline Signal Processing: Part [-Theory

Michael Unser, Member, IEEE, Akram Aldroubi, and Murray Eden, Life Fellow, IEEE

Abstract—This paper describes a set of efficient filtering tech-
niques for the processing and representation of signals in terms
of continuous B-spline basis functions. We first consider the
problem of determining the spline coefficients for an exact sig-
nal interpolation (direct B-spline transform). The reverse op-
eration is the signal reconstruction from its spline coefficients
with an optional zooming factor m (indirect B-spline trans-
form). We derive general expressions for the z transforms and
the equivalent continuous impulse responses of B-spline inter-
polators of order n. We present simple techniques for signal
differentiation and filtering in the transformed domain. We then
derive recursive filters that efficiently solve the problems of
smoothing spline and least squares approximations. The
smoothing spline technique approximates a signal with a com-
plete set of coefficients subject to certain regularization or
smoothness constraints. The least squares approach, on the
other hand, uses a reduced number of B-spline coefficients with
equally spaced nodes; this technigue is in many ways analogous
1o the application of antialiasing low-pass filter prior to deci-
mation in order to represent a signal correctly with a reduced
number of samples.

Edge detection is a good example in which the use of

a continuous signal representation is particularly appo-
site. Most algorithms are based on the evaluation of spa-
tial i or Laplaci [5]. Early techni relied
on finite differences to estimate these quantities [6], {7);
however, these simple operators used on neisy images
perform poorly. More recent approaches often depend on
the concept of fitting a continuous surface locally to the
data [5], [8], [9]. Haralick used local least squares poly-
nomial fits to determine the zero crossing of the direc-
tional second derivatives [9]. Poggio ez al. proposed a
smoothing cubic spline technique to improve the estima-
tion of the intensity gradient in the presence of noise [10),
[11). These authors showed the approach to be more or
lsss equivalent to smoothing the image with a Gaussian
pass filter in a p ing step. In fact, an initial
smomhing operalmn is implicit to all least squares tech-
nigues and is used in almost any modern edge detection




1991-93: Splines and wavelets

864 IFRE TRANSACTIONS ON INFORMATION THEORY. VOL. 3%, NO. 2, MARCH 1992

On the Asymptotic Convergence of B-Spline The corresponding basis functions are obtained by translation (index

‘Wavelets 10 Gabor Functions k) and dilation (index §) of a single prototype: the wavelet fupcnun

. One of the intcresiing propettics of the wavelet transform s that

Michacl Usser, Member, IEEE, Akram Aldroubi. and it is rclatively easy to construct a function ¢ that satisfies the
Murcay Eden. Life Fellow, IEEE biorthogonality condition

Abstract—A family of nomorthogonal polynomisl spline wavelel
transforms is considered. These iranforms are fully reversible and can
be implemented efficiently. The corresponding wavelet functions have a
compact support. It is proven that these B-spl s cnnverge to _ for (i = j) and (k = 1), (14)
Gabor functions (modulated Gaussian) pointwise and in all £ -norms =
with 1 < p < 4o as the order of the spline (#1) teads to infinity. In fact,
the approximation error for the cubic B-spline wavelet (n =13) is
already less than 3%; this function is also near optimal in terms of its
lime /frequency locali ion in the sense 1hat its variance product is .
n./n';-fa of the limit specified by the uncertainty principle. simple inner product

(2 x— k) d@x - 1)

0, otherwise

This function can be used to oblain the cxpansion coeflicients by

Index Terms—Wavelet transform, Gabor transform, uncertainty prin- ae
ciple, polynomisl spline, B-splines, time-frequency localization. d (k) = (g(x).2 "Pe(27'x - &)} (1.5)

Signal Processing 30 (1993) 141 162 141
Elsevier

A family of polynomial spline wavelet transforms

Michael Unser, Akram Aldroubi and Murray Eden

Biomedical Engineering and Insirumentation Program. National Center for Rescarch Resources, National Institues of Health,
Bethesda, MD 20892, USA

Received 25 July 1991
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Abstract, This paper presents an extension of the family of orthogonal Battle/Lemarié spline wavelet transforms with emphasis
on filter bank implementation. Spline wavelets that are ol necessarily orthogonal within the sume resoluton level, are con-
structed by linear combination of polynomial spline wavelcts of compact support. the natural counterpart of classical B-spline
functions. Mallat's fast wavelet transform algorithm is extended to deal with these non-orthogonal basis functions. The impulse
and frequency responses of the corresponding analysis and synthesis filters are derived explicitly for polynomial splines of any
order u (n odd). The link with the general of wavelet is also made explicit. 'Fhe special
cases of orthogonal, B-splinc, cardinal and dual wavelets are considered in greater detail. The B-spline (respectively dual)
Tepreschtation is associated with simple FIR binomial synthesis (respectively analysis) filters and recursive analysis (respectively

synthesis) filters. The cardinal representation provides a sampled of the underlying functions (inter-
polation property). The distinction between cardinal and orthogonal represcntation vanishes as the order of the spline is
increased: both wavelets tend 1o the i let. The distinctive featuses of these various represen-

tations are discussed and illustrated with a texture analysis cxample.
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1991-97: Wavelets in medicine and biology

WAVELETS
in Medicine
and Biology

CRC Press, 1996

PROCEEDINGS OF THE IEEE. VOL. 84. NO. 4, APRIL (5%

A Review of Wavelets in Biomedical Applications

MICHAEL UNSER, SENIOR MEMBER, IEEE, AND AKRAM ALDROUBI

Invited Paper

In this paper, we present an overview of the various uses of
the wavelet transform (WT) in medicine and biology. We start by
describing the wavelet properties that are the most important for
biomedical applications. In particular, we provide an interpreta-
tion of the continuous wavelet transform (CWT} as a prewhitening
multiscale matched filter. We also briefly indicate the analogy
between the WT and some of the biological processing that occurs
in the early components of the auditory and visual system. We
then review the uses of the WT for the analysis of 1-D physiolog-
ical signals obtained by i i
(ECG), and electroencephalography (EEG), including evoked re-
sponse potentials. Next, we provide a survey of recen: wavelet
developments in medical imaging. These include biomedical image
processing algorithms (e.g., noise reduction, image enhancement,
and detection of microcalcifications in mammograms), image re-

ion and isition schemes iphy, and magnesic
resonance imaging (MRI)), and multiresolution methods for the
registration and statistical analysis of functional images of the
brain (positron emission tomography (PET) and functional MRI
(fMRY). In each case, we provide the reader with some gen-
eral back infe ion and a brief exple ion of how the
methods work.

1. INTRODUCTION

tomography (PET) and magnetic resonance imaging (MRI).
The main difficulty in dealing with biomedical objects is
the extreme variability of the signals and the necessity to
operate on a case by case basis. Often, one does not know
a priori what is the pertinent information and/or at which
scale it is Jocated. For example, it is frequently the deviation
of some signal feature from the normal that is the most
relevant information for diagnosis. As a result, the problems
tend to be less well defined than those in engineering and
the emphasis is more on designing robust methods that
work in most ci rather than that are
optimal under very specific assumptions. Another important
aspect of biomedical signals is that the information of
interest is often a combination of features that are well
localized temporally or spatially (e.g., spikes and transients
in electroencephalograph (EEG) signals and microcalcifi-
cations in mammograms) and others that are more diffuse
(e.g., small oscillations, bursts, and texture). This requires
the use of analysis methods sufficiently versatile to handle
events that can be at opposite extremes in terms of their
time-frequency localization.
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