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NOVE KNIHY (BOOKS)/KYBERNETIKA — 20 (1984), 5

FRANK M. CALLIER, CHARLES
A. DESOER
Multivariable Feedback
Systems
Springer Text in Electrical Engineering.
Springer-Verlag, New York— Heidelberg—
Berlin 1982.
ix + 275 pages; 20 illustrations; DM 86,—.

F. M. Callier is a Professor at the Facultés
Universitaires Notre-Dame de la Paix, Namur,
Belgium and C. A. Desoer is a Professor
-at the University of California, Berkeley, USA.
Multivariable Feedback Systems is the result
«of their teaching of a first-year graduate
course on multivariable feedback systems
addressed to control engineers. The text
covers finite-dimensional time-invariant linear
multivariable systems, described by poly-
nomia! matrix fractions, with strong emphasis
on control problcms. The prerequisites are
maodest: some acquaintance with concepts,
terms and design goals in control and working
knowledge of linear systems.

The book is reproduced in hard cover
from typewritten mats which appear to be
error-free.

The polynomial matrix fractions emerged
during the last decade as a generalization
of polynomial fractions to represent transfer
functions of finite-dim>nsional timz-invariant
linear systems. The idea is simple and natural,
but it took some time to appreciate and master
it. Yndeed, if T(s) is a p X ¢ rational transfer
matrix, then

T(s) = N(s)/d(s)

‘where d is a scalar polynomial and N is a matrix
pﬂ‘!'ynomial, is perhaps the most straight-
forward generalization of scalar polynomial
quotients associated with p= g= 1. The
trouble is that this representation has little
to say about the structure and properties
of the underlying system. It is the two poly-
nomial matrix fractions,

T(s) = N,(s) D, *(s)= D 1(s) Ny(s)

with N,, D, right coprime and D), N, left
coprime, that do the job neatly. They reflect

and display the dynamics as well as the struc-
ture and invariants of the system. It is not
an exaggeration to say that structure is the
most distinctive feature of multivariable
systems over the sinhlé-input single-output
ones.

This volume is one of the first to treat
multivariable systems exclusively by poly-
nomial matrix fractions. In addition to com-
plex-domain features such as poles and zeros,
particular attention has been paid to the
time-domain behaviour of the system (differen-
tial equations, pseudo-state, reachability, ob-
servability. exponential stability and well-
formedness). Needless to say, the exposition
cannot cover the muitivariable system and
control theory as a whole; the subject matter
is too vast and still growing. It is rather
a modern view on “polynomial matrix systems™
in the feedback control context.

A brief outline of the contents is as follows.
Chapter 1 explains the main engineering
motivations for using feedback: desensitiza-
tion to plant variations and noise reduction by
large loop gain. Chapters 2 and 3 cover the
mathematical tools for handling
functions as polynomial matrix fractions and
for studying systems described by polynomial
matrices. This is done in time domain. Thus,
if the system is described by the differential
equation

transfer

D(pyéu)y=0, 1220

where D is a nonsingular polynomial matrix
in the differential operator p, then &(r) is
called its pseudo-state trajectory. The beha-
viour of &(#) at =0 and for r— 0 is of
special interest. While the latter amounts
to the investigation of exponential stability,
the former exhibits the impulsive motions.
The absence of such motions is called well-
formedness; the concept itself is of key im-
portance but the term seems to be undescrip-
tive.

Chapter 4 uses the above tools to cover
the general theory of interconnected systems.
In the opinion of this reviewer, this is the
highlight of the book. Well-formedness and
exponential stability of an interconnected
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system are characterized in terms of poly-
nomial matrix description of the compon:nt
subsystems; the results are then applied to
feedback systems. Chapters ' 5—8 deal with
feedback control theory: compensator design
for controlling the dynamics, for tracking,
and special design techniques for stable
plants.

The text is completed with three appendices.
The first two briefly cover various algebraic
topics, the last one covers the division by
polynomial matrices. The list of symbols and
abbreviations used throughout the text (and
there are perhaps too many) are listed at the
end. The subject index is complete but, un-
fortunately, some items are not followed by
the page number and hence difficult to locate.

As a textbook, this work provides a rapid
introduction to some of the main results
on multivariable systems and control theory
and provides access to the current literature.
Each chapter contains a number of examples,
exercises and comments which help reinforce
the concepts presented. In summary, this is
an interesting and welcome addition to the
library on multivariabl: systems.

Viadimir Kulera

C. J. HARRIS, J. M. E. VALENCA
The Stability
of Input-Output Dynamical
Systems

Mathematics in Science and Engineering,
vol. 168,

Academic Press, London 1983.
xi - 268 pages; £ 27-20.

One of the best results of the fredback
theory have been the Nyquist stability criterion
from 1932. Evaluating the Laplace transform
of the open-loop at the stability boundary,
ie. evaluating the open-loop frequency res-
ponse. it permits to judge on the stability
according to the number of the encirclements
of the critical point —1. If the open-loop
frequency response is unstable or close to the
critical point, it is easy to introduce a tandem
compensator to obtain the feasible closed-loop
response. The new impetus to the extension
of the Nyquist criterion came from a problem
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of an absolute stability. Here, for the linear
system in tandem with a static nonlincarity
lying in some sector, the problem is to find,
a sufficient condition of closed-loop stability.
(This separation of the linear dynamics from.
the static nonlinearity is general, as the nsed
dynamical elements — integrator, diﬁeréﬁ\tia—
tor and delay, are linear.) The attempts to
solve the absolute stability problem using
the time-domain Lyapunov method had been
unsuccessful. During 1959— 1962 Popov publi-
shed the frequency-domain solution of the
latter problem which extends the Nyquist
criterion with the help of a tandem lead
compensator. In 1964 Sandberg and Zames
gave the circle criterion solution of an exten-
sion of the absolute stability problem: the
sector nonlinearity is extended to the sector
relation which may be even tim=-varying.
The critical point — 1 of the Nyquist criterton
is replaced by a circle given by the sector
boundaries.

The reviewed monography of Harris and
Valenca is concerned with multi-<input multi-
output (MIMO) extensions of the Nyquist,
Popov and circle criteria and to large extent
with the mathematical apparatus for these
extensions.

In the chapter “Linear Input-Output Sta-
bility Theory’’ (22 pp.) are given the extensions
of Nyquist criterion using the topology of
Riemann surfaces. In the chapter “Stability
of Nonlinear Multivariable Systems-Circle
Criteria” (43 pp.) the three small gain theorems
are given, one of them applies even to nonlinga~

rities with discontinuities and hysteresis.
Despise the heavy apparatus behind, the
authors take analytical results as useful

only if they can be interpreted graphically.
Both the frequency-dependent eigenvaiues
and their bounds by the Gershgorin circles are
considered. The last chapter “‘Stability of
Nonlinear Multivariable Systems — Passivity
Results” (43 pp.) treats off-axis MIMO circle
criterion and MIMO extension of Popov
criterion.

Moreover to these three chapters on the
stability, the moncgraghy contents four
chapters on the apparatus: the chapters
““Mathematical Preliminaries™ (40 pp.), “Rie-



mann Surfaces and the Generalized Principle
of the Generalized Principle of the Argument”
{41 pp.), “Representation of Multipliers” (40
pp.) and “Extended Space Theory in the Study
of Systems Operator’ (29 pp.)

The comparison of the extent of the formal
apparatus part and the stability part shows
where is the authors’ emphasis. The mono-
graphy is a Volumz 168 in Mathematics in
Science and Engineering, R. Bellman, Ed.
The topic have been very well sclected. The
book is finely printed and bound.

Antonin Vanééek

PATRICK C. PARKS,
VOLKER HAHN

Stabilititstheorie
Springzr-Verlag, Berlin— Heidelberg— New
York 1981.
viii 4 164 Seiten,
48,—.

69 Abbildungen; DM

Das Buch stellt eine Einfihrung in die
Stabilitdtstheorie dynamischer Systeme dar.
Es entstand aus des Vorlesungen, die Prof. P.
C. Parks als Gastprofessor an der Ruhr-
Universitdt Bochum hielt, und ist vor allem
den Studenten sowie auch den Fachminnern
auf dem Gebiete der Regelungstschnik be-
stimmt.

Das erste Kapite] des Buches ist der Stabi-
litatstheorie linearer Systeme gewidmet. Da
findet man das klassische l.eonhard-Michailov
Kriterium, das Routh-Kriterium uns seinz
verwandte algebraische Kriterien, ndmlich
die von Hurwitz, Orlando und Liénard-
Chipart. Weiter fiuhren die Verfasser das
Nyquist-Kriterium als Stabilitdtsbedingung des
geschlossenen Systems ein und zeigen seine
Anwendung auf System:> mit der Totz:it
FFir diese Systeme ist auch ein algebraisches
Kriterium von Pontryagin vorgsstellt. Man
findet hier auch die kurze Erlduterung weniger
bekannten Kriterien fiir die Systeme mit
komplexen Koeffizienten. Fiir diskrete Systeme
sind drei Typen des Stabilitdtsbedingungen
angefiihrt, namlich die Kriterien nach Routh-
Hurwitz, Schur-Cohn und Jury.

In dem zweiten Kapitel werden zunichst
ausfiihrliche Stabilitdtsdefinitionen angebracht

und die Bezichungen allen angefithrten Sta-
bilitdtsbegriffen  dargestellt. Der Stabilitdts-
satz nach Ljapunow ist als hinreichende Be-
dingung fir gleichmédBig asymptotische Sta-
bilitdt des nichtautonomen Systems (ohne
Beweis) vorgestellt. Die entsprechende Kombi-
nation der Bedingungen fiir andere Stabilitéts-
begrifle kann man mit Hilfe der dbersichilichen
Tafzl 1.icht erkznnen. Aus der Methoden
der Konstruktion von Ljapunow-Funktionen
findet der Leser die Ldsungsmethoden der
Matrix-Ljapunov-Gleichung. die Gradienten-
methoden von Schulz und Gibson, von Ing-
werson und von Brockett. Als wichtiger Bei-
trag in der nichtlinearen Stabilitdtstheorie ist
das Kriterium in Frequenzbereich nach Popow
und Kalman erldutert.

In dem dritten Kapitel ist die Stabilitdt
von linearer Mehrgrossensystemen betrachtet.
Zwei Stabilitdtskriterien sind angefihrt, nidm-
lich das nach Rosenbrock. das auf dem
Gergorinschen Satz begriindet ist, und das
verallgemeinerte Nyquist-Kriterium von Mac-
Farlane.

Das kurze vierte Kapitel zeigt die Form
des Ljapunow-Funktionals fiir ein System. das
durch eine hyperbolische partielle Differen-
tialgleichung zweiter Ordnung beschricben ist.
Dieses Funktional wird fiir das Ableiten der
Stabilitdt und der asymptotischen Stabilitdt
der Ruhelage angewendet. Der Anbang enthdlt
dreiBig gut ausgewihlten Ubungsaufgaben mit
der Losungen.

Das vorliegende Buch ist biindig, gut
Ubersichtlich, verstdndlich und dabei aus-
fihrlich genau geschrieben. Es erfordert
keine besonderen Vorkenntnisse und man
kann hoffen, dass es viele Leser und Gonner
findet.

Anionin Tuzar

P. X. 3APUIIOB:
MaunHublii NONCK EAPHAHTOB
1EPiH MOJC/IHPOEAHNT
TBOPYECKOTO IPONECea

Hayka, Mocksa 1983.

Crp. 232.

Hcnmonb3opaune Mallng
ANt MOOCIMPOBAHKUS XYOOKECTBEHHOTO TBOP-

BbIMUCHKTE/IBHBIX
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YeCcTBA TpeAcTaBisier coboH MHTEpecHY 00-
TIacTh CO3IAHUS HCKYCCTBEHHOTO MHTEIUIEKTa.
Hacrosmas pa6ota ocHoBana rnaBHbIM o6pa-
30M HA M3Y4EHUM 3aKOHOMEPHOCTEH My3bIKH
M Ha 3aM2THOM TIPEATIONIOKEHUH. ¥TO OONBILKH-
CTBO 3JEMSHTOB TBOPYECKOM [JCATENBHOCTH
MOXHO anrOpHTMHU30BATh.

YuTaTenb HE BCIpEYasSTCA B NSPBLIE pa3
C pelieHHeM TIPOOGIEMBI  aNrOPHTMHUUYECKOFO
CTPOEHHA MY3bIKANBHBIX COYMKEHHH. ABTOP
Mouorpadun X. P. 3apumos uznan yxe B 1971 1.
Kuury ,,Kubepueruka u My3bika'* ¢ moapobusm
aHATH30M MEXaHHYECKBX CIOCOBOB COYMHEHMA
My3bIKH, 2HAJTM30M PELIEHUIt 3a1a4 IO rapMo-
HUKM HA BBIUMCIMTENHLHON MAmWHE M nanbHeEd-
IMX BO3MOXKHOCTEH METOXOB MOJCAHPOBAHMA
My3bIKaJbHBIX TOHATHH. B oTamume ot 3TOM
KHUTH, METOJbI OXIHCAHHbIE B HACTOAIICH KHHre
ABNAIOTCS HECKONBbKO Gosee obmmMu. ABrop
OIHCHIBAET HPWHLUMI BapbHUPOBAHUS, CYTb KO-
TOPOTO COCTOMT B MpeoGpa3oBaHuy CTPYKTYPBI
C COXpaHeHMCM HEKOTODBIX €e WHBADMAHTOB
¥ TIOKa3bIBAET, YTO YIPHMEHEHHE ITOFO METOAd
B TBOPYECKOM NPONECCE ABISETCS OMHOH M3
€ro CyMIECTBEHHBIX YacTeif.

Kuura Pa3esiena Ha CeMb OCHOBHBIX YaCTEH.

TnaBa 1 comepxuT BBEJEHWE B KOHLEHLMIO .

BapbupoBaHus cutyaluy. Heckonexo npumepos
U3 Pa3HbIX obgacTell TOKa3spIBaeT OOBACHEHHE
DOHATUA WHBApHAHTA M TpaHCd)OpMB.HTa —
OCHOBHBLIX 3JIEMEHTOB BAPDEUPOBAHUA.

B rnaBe 2 00CTOATENBHO PACCMOTPHBACTCH
M2TOA MMHTALUMOHHOTO MOJACIMPOBAHHA C IIO-
MOIIBIO BBIYMCIMTENLHON MAlIAHBI. PES)’J’ILTB—
Thi TMOJIYYEHHBIE TYIOCIC OKOHYCHMS 3TAIoB
4HATM3a W CHHTE3a MOJICIIN OLEHEHBI SKCTIePH-
MeHTaMyM peanusyiomux rect Triopunra. Oco-
©60e BHHMAHHE IIOCBELIEHO UEPApXHH TOHSATHH
M VMepapxXuy ypOBHell oOupeneseHuit TOHSTHIL.
OTH Hepapxum SBASIOTCA NPHHLUAIINATLHBIMY
TIPU MOZEJIMPOBaHUH TBOPYECKOM ACATETBHOCTH.
T'nama 3aBepIIacTCs OMHUCAHMEM MOIACIHPO-
BAaHMST MY3BIKAJBHBIX COUMHEHUH METOIOM
MAapKOBCKHX LENEH, KOTOPBIH KOHEYRO HEOTpa-
JKaCT TTTABHBIC MY3bIKANIbHBIC CTOPOHBI MCJIOTHH.
ABTOp BBOAMT TIOHATHE ,,BEC 3BYKA B MEIOXAH"
C MOMOIIBIO KOTOPOTO Y AyqilaeT BOIMOXHOCTHA
OCHOBHOTO aropuTMma.

B rnase 3 00BeAMHEHBI HEKOTOPBIC OCHOBHBIE
MYy3BIKQJIbHBIE TIOHATHS W ]’)3.306[)211-1 TIPWHLHIT
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BAapUATIHOHHOIO DA3BHTHSA MEJOAMH B AYXE
npeeit TnaBsl 1. Toxe 0GCYKIAOTCS TPH YCIO-
BHS HEOOXOIWMBIC JUIS PACKDPBLITUS 3aKOHO-
MePHOCTEH EPEHOCa MHBAPHAHTHBIX 3NEMSHTOB
(rnasHeIM 0Gpa3’oM A7 OGBEKTHBH3AUMIO Bbi-
BOJOB M3 IKCICPHUMESHTOB CHYXKAI(MX OlEHKe
CHHTE3APOBAHHBIX COMUHEHNH).

Lienwio 4. TNaBbI SIBNAETCA BBEACHUE 0CODEH-
HOCTEl BEPOSITHOCTHBIX AATOPUTHOB KOTOPSHIC
YIOTPeOneHbl B CAMOM BaXHOI I71aBe KHUIY —
rnaBe 5. 3mece paccMaTpuBaloTCs HOAPOGHO
CTPYKTYPBbL JAHHLIX M ATTOPUTM Ul COUMHEH S
MEJTOAHYECKMX BAPUALIKA HA BBIYUCITUTENIBHOM
Mamee. IlapaMeTpn3alus anropuTMa fmo-
3BOJIACT HMCCJEIOBATHL OTHOIICHUA MEXJy Ha-
B6opoM 3HaYEHMI TAPAMETPOB U ICTETHYECKHMX
OCOOEHIICCTEH MALUIMHHBIX COYHHEHMIL.

TTocnenHee IBe 4YacTM KHUIH JIOCBEIEHbI
HCTIONB30BAHHIO MOKA3AHHBIX TIPUHIKIIOR B 28~
PUCTHYECKOH AESTENBHOCTH HA MPUM2pPE UIpbl
B 5 (rnaBa 6) M AMCKYCCHM IIO MIOHSTHH aHANO-
THM, KOTOPAn SBIISIETS HHBAPHAHTOM IIPH Hepe-
XOJIE OT O/THOTO BUAA NEATENBLHOCTH K APYTOMY.

Knura JomonseHa paboToi TUTYIBHOIO pe-
nakTopa xuuri M. I, 'aaze-Pamonopta o mosc-
K€ BApUAHTOB B COUMMHEHUH CKA3OK.

Kuyura Hamucaua siCHbIM TIOHATHBIM SI3BIKOM,
XOTH ¥ €6 BHYyTPCHHAs CTPYKTYPa HMEET HEKO-
TOpbIE HE3HAYMTENLHBIC HENOCTaTKM (HAIpU-
Mep, My3bIKaJibHbie IOHATUS HUCIOJIE30BAHHBIE
B paszgene 2.7 TOJHO Ompe/e/ieHbl B KOHTEKCTe
TnaBbl 3, TMPUMEP TIICTEHHMA KPYXCB MOXKHO
6BUIO JIyHLIE TIOMECTHTD B JOTIONTHEHHHE).

ABTOD BBIXOANT M3 HEKOTOPBIX TIPEAMONIO-
JKEHMI, KOTOPBIE IS PAA YHTATENCH SIBIAIOTCS
AUCKYCCHMOHHOM TeMO#. Tax, HampuMep, u3
[¥ANa3oHa TOHANBHOH MY3bIKM TIO.IyYEHHbIE
Pe3yNbTATHLI KACAIOTCSI TONBKO IHATOHWYCCKON
My3BIKM M WX HE JIETKO 0000INTH HAa XpoMa-
THYEKHE KOMITO3ULMH. TOXe T€3UC O TMO3HAHHM
NPAPOIBI TBOpYECTBA MpobieMaTuunkii. Hait-
JIEHHBIE ANFOPHTMbl TOJBKO JKBHBAIICHTH®E
(B CMBICIE OAMHAKOBOCTH PE3YIBTATOB) COB-
CTBEHHOMY TBOPYCCKOMY IpOLIECCy.

Haxkonen, MOXHO cxazatb, paboTa roxasni-
BaeT, YTO MPOUHbIA GYyHAAMEHT HOBOIM obmacTu
MCCTIeIOBAHHA 3aJI0KEH M €CTh BCE OCHOBAHHUA
ObITE ONTHMHCTHYHLIM B O3MIAHWM JAJbHEH-
1IMX PE3Y/BTaTOB.

Hpocaas Ilokopust
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