reader learns that the author isa product of the Imperial College
of Science and Technology (London, UK) and of Harvard Uni-
versity (Cambridge, MA, USA), with a highly respectable col-
lection of research papers and contributions to other books.
Currently, heisaprofessor of biomedical engineering at the Uni-
versity of Southern California. Obviously, al this vouchsafes
ample credential sfor the book, plusthe added academic backing
of the [IEEE/EMBS Book Series Editor, Prof. Metin Akay. Con-
gratulations to both of you!
—Max E. Vaentinuzzi
Universidad Nacional de Tucuman, Argentina

Networks and Artificial Intelligence

for Biomedical Engineering

By Donna L. Hudson, and Maurice E. Cohen. |IEEE Press.
IEEE/EMBS Series on Biomedical Engineering. New York,
2000. xxiii + 306 pages. |SBN: 0-7803-3404-3.

This broad-based text, intended for advanced undergraduate
and graduate studentsin biomedical engineering, providesintro-
ductionsto awide variety of the most important ideas and meth-
odologies in the areas that are often referred to as “soft
computing,” aswell assome of themoreclassical topicsin artifi-
cial intelligence (Al) and statistical decision making. Numerous
examples from the authors' work and the literature are used.

Biomedical applications would appear to be an unusually at-
tractive application areafor soft computing and Al. But the same
problems that inspired these approaches—the need for intelli-
gent decisions based on incomplete or poorly defined data, the
lack of well-specified algorithms—are formidable challenges,
particularly when placed in a clinical setting. The authors, col-
leagues at the University of Californiaat San Francisco, under-
stand thisvery well, and they havewritten atext ambitiousfor its
goal of covering most of the basic topicsin the field, including
the difficulties in data collection and preliminary processing.
Since al this occurs in about 300 pages, there are severa chal-
lenges of adifferent sort, which are discussed below.

The book is organized as an introductory overview and three
major sections: Neural Networks; Artificial Intelligence; and Al-
ternative Approaches. The section on neural networks manages
to cover, ineight chaptersand 127 pages, many of the best known
net architectures. The Al section hasfive chaptersand coversex-
pert systems, Bayesian systems, knowledge representation, and
datastructures (e.g., graphs and trees) with their search methods
and, importantly, validation and eval uation of these methodolo-
gies. The final section, Alternative Approaches, discusses, in
three chapters, genetic algorithms, fuzzy and probabilistic sys-
tems, and hybrids. Thelatter employ two or more of the many in-
dividual techniques already described. A fourth chapter in this
section exploresindepth areal hybrid system duetotheauthors.

Thefinal chapter discusses the implications of new and antici-
pated technol ogy on thetopicsof thebook, but it israther superfi-
cial and seems unnecessary. A relatively small number of
exercises are presented at the end of each chapter. Many of them
areintended to generate discussion, rather than computation, so
they can serve as platforms for elaboration in or out of class.

In general, each topic (aHopfield net, for example, or an expert
system) isinitially given abrief overview or “theoretical basis,”
followed by either a high-level algorithm that implements the
technigue or an exampledrawn from clinical experience, or both.
Thisisastraightforward approach, and onethat worksfor the au-
thors most of the time. The “theoretical basis’ in fact does not
present much theory, and thereisn’t agreat deal of mathematics
in the book, although the student reader must be comfortable
with matrix manipulation and vector calculus. The emphasisis
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on practical considerations, rather than on a rigorous devel op-
ment of the topics.

Intextwriting, aselsewhere, brevity canbeagreat virtue. Inthe
present case, it's something of atwo-edged sword. On the one
edge, thevolumeismanageablefor acourseand friendly enough
to be nonintimidating to students. Ontheother, there are approxi-
mately 500 sectionsand subsectionsin the 300 pages. By adeter-
ministic algorithm, one computes that the average subtopic
receives about 3/5 of one page, but many subtopics must receive
rather lessthan that. Thus, the question arises, are some particu-
lar subtopics worthy of inclusion when their treatment is so
skimpy? As just one example, the Hamming network is intro-
duced on page 36. It's said to have applications in communica-
tion theory. As far as this reviewer could tell, it doesn’t appear
againin the book. Other than yet another network, the reason for
itsinclusion is not clear.

Parts of the book, especially inthefirst few sections, tend to bea
little doppy and in need of editing, as if they’ve been cut and
pasted without the proper context. Here are some examples:
Lyapunov functions are mentioned early on, but they are not de-
fined, and the referenceto their use as*“ energy functions” without
further elaboration isconfusing for the uninitiated; the symbolsin
equation (2.15) are not defined; in sections4.2.3 and 4.2.4, the set
Y and the function J are twice confused with each other. Section
4.8iscalled achapter summary, but itisnot asummary, itisasec-
tion of references to the literature, so why not cdl it that? Thein-
dex lists“Hamming” under Nets, but lists“Hopfield” twice, once
under Nets and again under Networks. In a monograph, these
kinds of faults are annoying, but the readers are presumably so-
phisticated enough to fill in some of the gaps and wade ahead.
“Advanced” undergraduates and new graduates are another story,
and the book is designed, in large part, as atext for them.

Despite these reservations, this book hasimportant strengths, in
addition to itswide range of topics. As mentioned above, the em-
phasis is on the practical aspects of biomedica computation.
Chapter 7, which comparesdifferent network architectures, ispar-
ticularly valuablefor any student inthisarea, asarethe chapterson
validation and evaluation. The penultimate chapter, on area hy-
brid system, isaninteresting case study. Thewriting isoften terse,
but (with the caveats aready discussed) generaly down to earth
andinteresting, asfor examplein thediscussion of chaostheory. In
the hands of a capable and energetic instructor who will fill inthe
gaps and delve more deeply into selected topics, thistext will bea
valuable contribution to engineering education.

—Edward Theil
Lawrence Berkeley National Laboratory

Principles of Magnetic Resonance Imaging:

A Signal Processing Perspective

By Zhi-Pel Liang and Paul C. Lauterbur. |[EEE Press. IEEE/EMBS
Series on Biomedicd Engineering. ISBN 0-7803-4723-4.

Since the pioneer work done by Dr. Lauterbur in the 1970s,
magnetic resonanceimaging (MRI) hasrevolutionized the arena
of medical imaging. Its ability to provide superb contrast be-
tween soft tissues and to allow repeated measurements without
worrying about exposure to radiation has continued to gain clini-
cal acceptance. More recently, research focuses on the applica-
tionsof MRI inthe study of brain activation, tissue viability, and
pharmacological evaluation have further opened new avenues
for the utilization of MRI. With blood-oxygen-level-dependent
contrast, it isnow possibleto localize regions of brain activation
during an external sensory and/or cognitive input, providing a
noninvasive means to investigate how the brain works. In addi-
tion, diffusion-weighted and perfusion-weighted approaches
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have offered the potential to probe tissue viability after an
ischemic event, which potentially can be employed to guidether-
apeutic interventions. Finally, both clinical trialsand preclinical
trials have now employed MR to reduce required sample sizes
and hence decrease costs.

With the growing interests in MRI, numerous publications fo-
cusing on MRI have become available in the past severa years.
However, most of the booksfocus on either clinical applications
or aspecific topic of MRI. With theincreased number of univer-
sitiesnow offering MRI-related coursesinthegraduatelevel, itis
highly desirableto haveabook that focuses on the basic concepts
of MRI and in textbook format. This book by Drs. Liang and
Lauterbur can potentially fill thisgap and serve as atextbook for
agraduate-level MRI-related course.

Thisbook startswith abrief introduction (Chapter 1) of the asso-
ciated hardware of an M R system and the organi zati on of the book,
followed by areview of the required mathematical concepts of
MRI (Chapter 2). Vector quantities and the definitions of some
commonly used mathematical functions (e.g., Sinc function and
Bessdl functions) are given in Chapter 2. Furthermore, the most
commonly used integral transforms for MR, such as the Fourier
transform and the Radon transform, area so introduced in Chapter
2 s0 asto prepare readers for the necessary mathematical frame-
work for the subsequent chapters. It is perhaps worth pointing out
that, although both Chapters 1 and 2 intend to beintroductory ma-
terials, some basic knowledge of MR as well as mathematical
skills are required. For example, the concepts of transverse mag-
neti zation and k-space have been discussed briefly in both Chap-
ters 1 and 2. Without some basic knowledge of MRI, it may be
difficult for students to understand why these mathematical func-
tions or Fourier transform are essential to MRI.

Although thetitle of Chapter 3is“Signal Generation and De-
tection,” theauthorshave emphasi zed substantially morethesig-
nal generation, whilelittle attention has been given to the signal
detection. Fundamental physical conceptsof MR arereviewedin
this chapter, which include the spin system, the Larmor fre-
guency, the definitions of magnetization, the effects of RF exci-
tation and how an RF can be utilized to rotate magnetization from
the longitudinal direction to the transverse plane, the definitions
of rotating frame, and finally the Bloch equation. The effects of
relaxation in MR signal are also discussed and are incorporated
into the Bloch equation. Obviously, because of thelimited scope
aswell asthefocusof thisbook, the authorsdid not gointo great
detail of thefundamental conceptsof MRI. Nevertheless, the au-
thors certainly have provided sufficient information to prepare
the readers for the subsequent chapters.

Chapters 4 and 5 cover echo formation including RF echoes
and gradient echoes and the concepts of spatial localization, re-
spectively. In addition to the most commonly discussed
two-pulse set up, such as a 90-180 combination to form a spin
echo, theauthorsfurther extend to athree-pul seexample. Mathe-
matical derivationsasto how five echoescan begenerated witha
three-pulse setup are clearly described. Furthermore, the con-
cepts of extended phase graphs are also introduced to describe
thefiveechoesgenerated with thethree-pul sesetup. Finaly, gra-
dient echo formations are given in the latter part of Chapter 4.

On the other hand, how the spatial localizationin all three axes
isachieved in MR imaging experimentsisintroduced in Chapter
5. This chapter clearly demonstrates the technical expertise of
the authors, where major emphasis has been given to the signa
processing aspects. The authors provide adetailed description of
how slicesel ection can be achieved with an RF pulseand how the
required gradient for slice selection can beincluded in the Bloch
equation. Immediately after the descriptions of slice selection,
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frequency and phase encoding are given and followed by the
imaging concepts. One of the nice features is the combined dis-
cussion of the application of gradient and the concepts of
k-space. This feature should greatly facilitate the readers in
grasping theimaging conceptsaswell ashow spatial localization
is achieved with MRI. Finally, different k-space sampling ago-
rithms are described in the last part of Chapter 5. In addition to
the normally employed approaches, which sample k-space recti-
linearly, nonuniform sampling approaches are a so introduced.

The focus of this book switches from signal- to image-rel ated
issues after Chapter 5. Several different reconstruction methods
including the most commonly utilized Fourier approaches are
givenin Chapter 6. In addition, some of thelesswell-known re-
construction methods in the MR community such as
backprojection approaches are also given, providing a good re-
source for readers to explore other possibilities for reconstruct-
ing MR images. In contrast, Chapter 7 introduces several
different imaging sequences including inversion recovery, spin
echo, and gradient echo sequences and the corresponding tissue
contrast among different sequences.

Chapter 8isan excellent chapter due to both its contents as well
as its practica utility. Image resolution, noise, and artifact are
covered. One of the frequently ignored topicsin MR is the noise
behavior, and yet it plays a critical role in imaging experiments.
The authors have nicely discussed noise behavior, which is cer-
tainly of critica importance in the design of MR imaging experi-
ments. Finally, several commonly seen imaging artifacts are
addressed in the last section of this chapter. Although theseimag-
ing artifacts are commonly discussed and/or seen in imaging ex-
periments, mathematical descriptions to characterize these
artifactshave not been discussed extensively, particularly fromthe
signal processing point of view. With the detailed discussions
given by theauthors, this section should providethe readersthein-
sights of different imaging artifacts and how they can be mini-
mized and/or eliminated in MR imaging experiments.

Chapter 9 focuses on one of the most exciting MR imaging ap-
proaches: fast imaging methods. In addition to the well-known
EPI and conventional gradient echo imaging sequences, the au-
thors also cover fast spin echo sequences, which are widely uti-
lized clinically, and the burst imaging methods. This chapter also
serves asagood introduction to Chapter 10, which focuses on the
constrained reconstruction methods for MR imaging. Although it
is possible to take advantage of our understanding of the underly-
ing physical concepts of the spin systems, how echoes can be
formed, and how k-space can be sampled so asto reduce data-ac-
quisition time, the imaging time can be further reduced with the
help of novel reconstruction methods. Detailed discussionsof sev-
eral different reconstruction methods are provided in Chapter 10,
andit should serve asagood resourcefor readerswho have specia
interests in reconstruction methods.

In summary, two distinct features associated with thisbook are
worth pointing out. First, the overall design of this book is in-
tended as a textbook for a graduate-school course offered pre-
sumably from the engineering departments. Exercises are
provided at the end of each chapter. Second, detailed mathemati-
cal descriptions of the fundamental MR concepts, imaging con-
cepts, and, moreimportantly, signal processing are certainly one
of themajor strengthsof thisbook. Theauthorshavesuccessfully
demonstrated the M R imaging conceptsfromasignal processing
aspect. Overdl, this is an excellent book and certainly should
greatly facilitate studentsaswell asMR researchersin the under-
standing, exploration, and utilization of MR imaging.

—Welli Lin, Ph.D.
University of North Carolina at Chapel Hill
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