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Abstract

Vibrations in dynamicalstructures,as thoseencounteredfor
instancein mechanical,aerospaceor civil engineering,areof-
ten causedby internalor externalexcitations. Oneway to at-
tenuatevibrationsthat canbe undesirablefor safetyor other
reasonsis by the useof active control systems. This means
to usefeedbackcontrollersdriving actuatorsat appropriatelo-
cationsbetweenthe structureandits environment. This work
considersaspecifickind of uncertainexcitationdueto atempo-
rary couplingof thestructurewith a seconddynamicalsystem
which cannotbe influencedby actuatorscontrolling the main
structure. A linear control schemeis proposed,which is im-
plementedwith the feedbackof the structure’s stateonly and
ensuresthe existenceof a ball of ultimateboundedness.The
effectivenessof thecontrolschemeis illustratedby numerical
experimentson a modelof a bridgeplatformwith crossingve-
hiclesasunknown couplingexcitations.

1 Intr oduction

Activecontrolhasgrown in thelastyearsasameanto attenuate
vibrationsof dynamicalflexible structuressubjectedto internal
or externalexcitations.Examplesareencounteredin areassuch
asmechanical,aerospaceor civil engineering.Active control
meansto usefeedbackcontrollersdrivingactuatorsatappropri-
atelocationsbetweenthestructureandits environment.In the
last yearsdifferent approacheshave beentaken from control
theoryto developactivecontrollers.Within thiscontext, robust
control methodshave beenusedto accountfor uncertainties
in the structuralmodelsandthe lack of knowledgeof the ex-
citations,which in most of the casesareeven unpredictable.
Oneof therobustcontrolapproachesfor this purposehasbeen

basedon theconstructiveuseof Lyapunov stability techniques
[1-3]. Within this approach,semiactive structuralcontrol sys-
temshave beendevelopedfor instancein [4-5]. In this kind
of systems,thefeedbackis designedto modify in realtime pa-
rameterssuchasdampingor stiffnessto increasetheresistance
of thestructuresascomparedwith thepurelypassiveschemes.
Purelyactivecontrollers,in which thefeedbackis usedto feed
actuatorsto implementdesiredforcesto the structures,have
beenproposedfor examplein [6-7].

Following this direction,this paperdealswith a classof struc-
turesexcited by the couplingwith anotherdynamicalsystem
during a certaintime. An active linear controller is proposed
which usesfeedbackinformationfrom thecontrolledstructure
only. It is shown thattheresponseof thestructureandtheexcit-
ing systemstayboundedwithin a neighborhoodof the origin.
Theclassof systemsis illustratedby consideringa modelof a
bridgeplatform with an unknown moving vehicleascoupled
exciting system.Numericalresultsaregivento show theeffec-
tivenessof theapproachin gettinga practicalreductionin the
vibrationsof theplatform.

2 Control scheme

Thecontrolobjective is to attenuatethevibrationsof a system
describedby thestatespacevariables�����
	 � . Theexcitation
appliedto this systemis dueto a secondsystem,describedby
thestatespacevariables�
���
	 � , to which it is coupled.This
coupling is uncertain. In this sense,the following model is
considered:

Main System: �������� ������� ����� � � ��� � � ! " �
ExcitingSystem: ��#�
��$ ����� $ � �%� � � ! " & (1)�'�(�
) is the control, which actsonly on the main system.��� � ��� and ��$ areknown constantmatricesof appropriatedi-



mensions.Thecouplingbetweenthesystemsgoesthroughthe
uncertainfunctions * + and * , , andis dueto someinterchange
action -/.�021 , which canbedescribedby somemathematical
relationshipsuchas -43�5 6 7�8 9%8 : ; . In thecasethatthereis no
coupling,-<3�= .
Thefollowing assumptionscompletethemodelof thesystem.

Assumption 1: >�+ and >�, arestablematrices.

Assumption 2: Thereexists an uncertainfunction ?�@�0
A B�C0
A D2C%0�EGFH0
A D suchthat ?G6 I 8 I 8 : ; is continuousand?G6 7�8 9�8 I ;
is continuousfor all : exceptfor aset J : K 8 : L 8 M M M 8 : AGN , andthere
exist known non–negativeconstantsO
PP 8 O
QP , R P , S2PQ , and T Q such
that

(2.1) * + 6 7�8 5 6 7�8 9%8 : ; 8 : ;U3
V�+ ?G6 7�8 9�8 : ; 8
(2.2) W ?G6 7�8 9%8 : ; WYX
O2PP W 7%W�Z�O2QP W 9%W�Z�R P ,
(2.3) W * , 6 7�8 5 6 7�8 9�8 : ; 8 : ; W�X�S2PQ W 7%W�Z#S2QQ W 9%W%Z#T Q ,
hold for all 7�8 9 and : .
Considerthelinearfeedbackcontrol[ 6 : ;%3(EU\]V�+ ^2_�+ 7�6 : ;`8 (2)

where_�+ is thesolutionof thealgebraicLyapunov equation_�+ >�+UZ�>�+ ^
_�+UZ
ab+Y3�c28 (3)

for a givenmatrix ab+�.#0
A B d A B , positive definite. And where\�ef= is a gain parameter. Notice that the matrix V�+ ^2_�+ of
this controlusesonly informationon theknown part( >�+ 8 V�+ )
of theuncoupledmainsystem,while thescalargain \ will be
chosenthrougha stability analysiswhich involvesthe known
part ( >�, ) of theexciting systemandtheboundson theuncer-
taintiesin Assumption2.

Thestabilityanalysiswill ensurethatthecontroldefinedin (2),
with anappropriateselectionof \ , guaranteesthat thereexists
a parametervalue g(e/= suchthat any admissibletrajectoryh 6 : ;�3/6 7�6 : ; 8 9�6 : ; ; entersB i�34J h .
0
A B�C#0
A D : j h j
Xfg N
at a time k , andthat thereexistsa compactset l , which is a
global uniform attractor of (1).

3 Stability analysis

Let us definethe following Lyapunov function candidatefor
system(1):m 6 7�8 92;U@ 3�n�7�8 _�+ 7#e
Zon�9%8 _�, 9�e]3o6 7 ^ 8 9 ^ ; _ p 79fq
where_�, is thesolutionof thealgebraicLyapunov equation_�, >�,%Z#>�, ^ _�,%Z
ab,]3�c28 (4)

for a chosenmatrix ab,�.�0
A D d A D , positive definite,and _r3s t u v 6 _�+ 8 _�, ; . Thusww : m 6 7�8 9
;UXyxbn�7�8 >�+ 7�e�ZYxbn#7�8 * + 6 7�8 - 8 : ;Ue�Zxbn�9�8 >�, 9#e�ZYxbn�9�8 * , 6 7�8 - 8 : ;Ue(M

UsingAssumption2 andequations(3) and(4), wehave:ww : m 6 7�8 92;]X�E(n�7�8 ab+ 7#e(EUx \�W V�+ ^2_�+ 7%W L Zx O PP W 7%W�W V�+ ^2_�+ 7%W%Z#x O QP W 9%W�W V�+ ^2_�+ 7%W ZZ]x R P j V�+ ^2_�+ 7%W E�n�9%8 ab, 9#e�ZYx S PQ W _�, W�W 7%W�W 9UW ZZ]x S QQ W _�, W�W 9%W L Z#x T Q W _�, W�W 9%W M
Usingthefactthat E(n�7�8 ab+ 7#eYX(EUz {�| }G6 ab+ ; W 7%W L andalso
that E4nf9�8 ab, 9feYXfEUz {�| } 6 ab, ; W 9%W L (where z {�| } denotes
theminimumeigenvalue),andsetting~ @ 3�6 W 7%W 8 W 9UW 8 W V�+ ^2_�+ 7%W ; ^ 8� @ 3�6 = 8 x T Q W _�, W 8 x R P ; ^ 8
andaftersomemanipulations,we arriveatww : m 6 7�8 9
;UX(E(n ~ 8 � ~ e�Zon � 8 ~ e�8
where ��@ 3����� K�E � L�EUO
PPE � L � � EUO
QPEUO
PP E]O2QP x \ �� 8
with � K�@ 3Yz {
| } 6 ab+ ; , � L�@ 3]S2PQ W _�, W and � � @ 3Yz {
| } 6 ab, ;
Ex S2QQ W _�, W . Accordingto theTheoremof Hurwitz, wehavethat� is positive definiteif andonly if (i) � Kbef= , (ii) � K ��� E� LL e
= , (iii)

s � � 6 �f;Ue�= .
Condition(i) is satisfiedby construction,since ab+ is positive
definite.Condition(ii) leadstoz {
| } 6 ab+ ; � z {
| } 6 ab, ;
E�x S QQ W _�, W �YE
6 S PQ ; L W _�, W L e�= M (5)

This conditionholds if andonly if the following inequalities
aresatisfied: S QQ n z {�| } 6 ab, ;xGW _�, W 8 (6)

and

S PQ n�� z {�| }G6 ab+ ; � z {�| }G6 ab, ;�E�x S2QQ W _�, W � � K � LW _�, W M (7)

Condition(iii) leadsto\�e x O
QP O
PP � L%Z�6 O2PP ; L � � Z
6 O
QP ; L � Kx 6 � K � � E � LL ; M (8)

Choosingab+ , ab, and\ accordingto (6)–(8),then� ispositive
definite.Now, we haveww : m 6 7�8 9
;UX(EUz {�| }G6 �o; W ~ W L Z�W � W�W ~ W M
Therefore,setting� KY@ 3 z {
| } 6 �f;W � W ,� @ 3(J 6 7�8 9
;U.�0 A B C 0 A D suchthatW ~ 6 7�8 92; W]3
� K N 8



and ��� ����� �� � �   ¡ ¢ £]¤ ¥ ¦�§ ¨2© ¤ , which is well–definedsince ª is a

compactset,wehave that«« ¬ ­ ¥ ¦�§ ¨2©]®
¯
holdsfor all ¤ ¥ ¦�§ ¨
© ¤]° � .
The smallestlevel surfaceof

­ ¥ ¦�§ ¨
© containing±]² (the ball
centeredat theorigin of radius� ) is givenby ³U²�� �(´ ¥ ¦�§ ¨2©]µ¶
· ¸�¹�¶
· º

, suchthat
­ ¥ »2§ ¼ © ��½ ¾�¿ À ¥ Á © � ÂY� ­ ² Ã . If we de-

note Ä thelengthof themajorsemi–axisof thehyper–ellipsoid³]² , then ­ ¥ »
§ ¼ © Å Æ º ��½ ¾�¿ À ¥ Á © � Â ��½ ¾
Ç È ¥ Á © Ä Â §
which leadsto Ä�� �
�UÉ ½ ¾�Ç È ¥ Á�©½ ¾�¿ À ¥ Á�©2Ê (9)

Thereforeany trajectoryË ¥ ¬ © � ¥ ¦�¥ ¬ © § ¨%¥ ¬ © © enterstheball of
ultimateboundednessB Ì , at a time

¬ � ¬ Í . Furthermore,as
it is proved in [6] with all the details,the compactset Îr� �´ ¥ ¦�§ ¨
©Uµ ¶
· ¸U¹b¶
· º suchthat

­ ¥ ¦�§ ¨2©UÏ ­ ² ÃY�Y³U²GÐYÑ Ò Ó ¥ ³U² ©
is a globaluniformattractorfor system(1).

Observethat Ô2ÕÕ § Ô ²Õ § Ö Õ § × Õ² § × ²² , andØ ² areboundsontheuncer-
tainties,which aregivena priori, while ÙbÚ § ÙbÛ and Ü arefree
designparameters.Accordingto the above stability analysis,
thedesignerhasto chooseÙbÚ § ÙbÛ andÜ satisfyinginequalities
(6)–(8). Theseinequalitiesgive only sufficient stability condi-
tions,which in practicecanberelaxedasit will be illustrated
in theexamplein thenext section.

4 Bridge platform with moving vehicles

In [5] a semi–active control approachfor an elasticallysus-
pendedbridgewith crossingvehiclesis provided.Figure1 de-
picts themainelementsof thesimplifieddynamicmodel. We
will apply the active control approachdescribedin Section1
to that model. The bridgesectionconsistsof a rigid platform
with elasticmountson theleft–handandright–handsides.The
mainvariablesthatwewill measurearetheverticaldeviation Ý
of thecenterof massÞ of thebridgeandtheinclination ß with
respectto the horizonof the platform. Within a time intervalà ¬ á § ¬ â ã , an object, saya truck, crossesthe bridge. The truck
is modelledby a massä with anelasticsuspension(dampingå andstiffnessæ ). The truck crossesthe bridgewith velocityç ¥ ¬ © . Additional variablesè § é and ê arechosenaccordingto
Figure 1. The massof the platform is given by ë , and the
momentof inertiawith respectto Þ by theparameterì .

Theactivecontrolis implementedby two actuatorslocatedbe-
tweenthe groundandthe bridgeat the left andthe right ends
respectively. The actuatorsíYî and í Â supplyverticalcontrol
forces ë(ï2î and ë(ï Â which complementthe resistant(pas-
sive) forces ð�î and ð Â given by the elasticsupports. ï2î andï Â are the control variables. The objective is that the active
forcesë(ï2î and ë(ï Â significantlyimprove theattenuationof
thevibrationof thebridgecausedby thecrossingvehicle.

Figure1: Model of an actively mountedplatform bridgewith one
crossingvehicle.

4.1 Equationsof motion

Without looseof generalitywe set

¬ á � � ¯ . In thefollowing

¬ â
denotesthefinal time of interactionbetweenthestructureand
the truck. This valuecanbe determinedby physicalsensors,
henceit is not anuncertainvalue.

Equationsof motion of the truck: For

¬ ®4¯ and

¬ ° ¬ â the
equationof motionof thetruck is ä4ñé ��æ é áUò ä�ó , whereé á
is thepositionof relaxedsuspension.For

¬ µ à ¯ § ¬ â ã wehaveä4ñé ��ð ò ä�ó § (10)

whereðf� ��æ ¥ é á2ò ¥ é�ô ê © © ò å ¥ õé%ô õê © , and ê�� ��Ý ô ¥ è ò�ö © ß ,
assumingsmallvaluesof ß .

Equationsof motionof thebridge:For

¬ ®
¯ thebridgeis in a
steadystate.For

¬ µ à ¯ § ¬ â ã wehavethefollowing equationsof
motion:ë÷ñÝb��ë/ó ô ð ò ð�î ò ð Â ò ë(ï2î ò ë(ï Â §ì ñß(� ¥ è ò#ö © ð ô ö ð�î ò�ø ð Â ô ö ë(ï2î ò#ø ë(ï Â Ê (11)

where ð
î �4æ î ¥ ò Ý î � á ô Ý ò
ö ß ©%ô å î ¥ õÝ ò�ö õß © , and ð Â �æ Â ¥ ò Ý Â � á ô Ý ô ø ß © ô å Â ¥ õÝ ô ø õß © , being Ý î � á (respectively Ý Â � á )
the vertical position of relaxed left–hand(respectively right–
hand)suspension.

In order to usethe model framework in (1), we considerthe
bridgeasthemainsystemandthetruckastheattachedsystem.
The spacestatevariablesaresplit into the oneswe measure,



ù4ú ûrü ýGþ ÿbþ��ý þ �ÿ � � , and the oneswe do not measure,� ú ûü �`þ��� � � . We also consider � ú û ü �
	 þ ��� � � . The interaction
variable� û�
 ü ù�þ � þ � � is now dueto theforce � betweenthe
bridgeandthetruck, thatis thescalarfunction�oû � û��`ü � ����ü ����� � � ��� ü ���� �� � �
For �rû�� the two systemsare obviously decoupled. This
occursfor �! "� # , and then the equationsof motion of the
bridgeare $&%ý�û $ '�� � 	(� � ��� $ �
	)� $ ��� þ* %ÿ(û�+ � 	(��, � �(��+ $ �
	(�-, $ ��� �
We have to build the matrices .0/ þ 1 / , and .02 with known
parameters,andthefunctions3 / and 3 2 includingthecoupling
effectsandtheuncertainties.

In this modelwe considerthat thestructuralparametersof the
bridge(

$ þ * þ � 	 þ � � þ � 	 þ � � ) areknown, while the parameters
relatedto the truck (4 þ � þ �`þ � � þ 5 þ 6 ) areuncertain. For these
parameters,we assumethat 78 û:9
���<;�9Uþ with = ;�9 =
>@?9UþA8 û<B ����;0BGþ with = ;�B = >:?B , 7C û�DYþ with D > ?DYþ AC ûFEbþ
with E > ?E�þ = � � =�>�?� � þ = 6Gü � � =�>�?6 . In this description9
�
and B � areknown nominalvaluesand ?9Uþ ?B
þ ?DYþ ?E�þ ?� � and ?6 are
known bounds.

Finally theequationsof motion(10)and(11)canbere-written
in thefollowing stateform:�ù û .0/ ùG�!1 / � � 3 / ü ù�þ � þ � � û .0/ ùH��1 / � ��I3 / ü ù�þ � þ � ��� û .02 � � 3 2 ü � þ � þ � � û .02 � ��I3 2 ü ù�þ � þ � �
where

.0/ û JKKL � � M �� � � M� 7 N O�7 PCRQ 7 N S�T 7 PC � A N O A PCUQ A N S�T A PCQ 7 N S�T 7 PV � Q P 7 N O
T P 7 PVWQ A N S�T A PV � Q P A N O�T P A PV
X YYZ þ

1 / û JKKKL
�[��[���M\��M+ $* � , $ *

X YYYZ þ and I3 / û JKKL ��' A ] ^' A ] _
X YYZ �

Herefor �a`-b � þ � # c :' A ] ^ ü ù�þ � þ � � ú û�� �$ ýF� M$ b �`ü 5 ü � � �-+ � ��� 6 c ÿ� �$ �ýF� �$ ü 5 ü � � ��+ � �ÿ<� �$ ��� �$ ��
� �$ � �a� � 	$ ý 	 ] �(� � �$ ý � ] �a��' (12)

and' A ] _ ü ù�þ � þ � � ú û�� �* ü 5 ü � � �-+ � ý�� M* b �`ü 5 ü � � �-+ � ��F� 6`ü 5 ü � � ��+ � c ÿ�� �* ü 5 ü � � ��+ � �ýF� �* ü 5 ü � � ��+ � � �ÿ� �* ü 5 ü � � �-+ � �0� �* ü 5 ü � � �-+ � ���� �* ü 5 ü � � �-+ � � �� + � 	* ý 	 ] �a� , � �* ý � ] � þ (13)

while, for �a �� # , wehave' A ] ^ ú û � 	$ ý 	 ] �a� � �$ ý � ] �a�-'
and ' A ] _ ú û�� + � 	* ý 	 ] �(� , � �* ý � ] � �
We alsohave .02 û@d �eM�a9
�f��B ��g
and,for �(`-b � þ � # c ,I3 2 ü ù�þ � þ � � û d �' h ] �ig þ
where ' h ] �]û �4 ý�� M4 b �`ü 5 ü � � �-+ � ��� 6 c ÿ�� �4 �ý� �4 ü 5 ü � � �-+ � �ÿ���;�9��0�-;0B����� �4 � ���i'
For �( !� # , it is I3 2 ú ûoü � þ �a;�9����-;0B!���� �4 � ���i' � � .
In [7] it is checkedthatthemodeldescribedabovesatisfiesthe
Assumptions1 and2 requiredin Section2. Thisis necessaryin
orderto ensurethat thestability analysisdevelopedin Section
3 holds.

4.2 Tuning of the control law

For the designof the control law, we usethe following setof
known parameters:

Bridge:

$ ûjM � k [kg],
* û@l0m�M � n [kg m

�
], +
û@, û@l o

[m], � p�ûjqHm�M � r [N/m] and � p�ûjqHm�M � _ [Ns/m] for eachs û�M þ l . ý 	 ] ��ûHý � ] ��û��a� � M l o [m], which correspondto
theequilibriumpositionfor theplatformwithout truck andno
control.

Nominalparametersandboundsfor uncertainties:?� �Yû�M [m],9
��û<q � [N/(m kg)], ?9�ûtl � [N/(m kg)], B ��û�M [Ns/(m Kg)],?B�û�o [Ns/(m Kg)], ?D(ûto [N/(m kg)], ?Eoût� � o [Ns/(m Kg)],?6�û�u � v v [m/s] ( ?6�û v � [km/h]), � �Yû<q�m M � k [N/m], � �YûtM � _
[Ns/m].

We selectw�2 û�x (identitymatrix)and

w�/ û JKKL of�f�y��zM{�y��f�zM|��f�f�}M
X YYZ þ

which gives�a1 / �
~ / û d � � � v M lz�a� � � � � l|� � � � q�Mf�a� � � l o M� � � v M l�� � � � � l|� � � � q�M�� � � l o Mig þ
andthegainmatrix is givenby � ú ût�a��1 / � ~ / .



With theaboveselectionof ��� , theinequality(6) leadsto�
��F�:� �)� ��� ��� ���� � � �{��� � � � � � (14)

Taking � ���� � � � � andusingtheselectedmatrix ��� , inequality
(7) leadsto

�
�� �j� � ��� � � ��� � � � ��� � � ��� ��� � � �� � � � � � �
�   ¡� � � � ��� � � � ¢ �
(15)

Thesetwo inequalitiesimposemaximumtheoreticalallowable
valuesfor the parameters� �� and � �� appearingin the affine
boundingof thecouplinguncertainfunction £ � in Assumption
2.3.

In this case,taking � ��G� � � � � and � ��G� � � � � , inequality(8)
becomes ¤i¥<¦ � � � § ¢(¨ ¢ � © ��ª ¤ « � (16)

Inequalities(14),(15)and(16)givesufficientconditionsto en-
surethat thecontrol law satisfiesthestability analysisof Sec-
tion 3. Whencomputingtheuncertaintyboundsfor thedataset
in thisexample,weobtain� �� � � � � ¬ � and� �� � ¢ § § ­ � � , which
aresignificantlybiggerthanthemaximumallowablevaluesac-
cordingto the theoreticalstability analysis.In practice,simu-
lation resultsshow that thecontrol law guaranteesthederived
stability propertyevenfor theseactualvalues.This is because
the Lyapunov approachusedin the stability analysisis rather
conservative in giving sufficientstability conditions,whichare
basedon roughestimatesfor the valuesof ® �� ¯ ® �� ¯ ° � ¯ � �� ¯ � �� ,
and ± � . Practicealsoshows thatvaluesof

¤
lower than

¤�«
are

acceptableto achieve stability andsatisfactorycontrol results
asit is illustratednext.

4.3 Numerical example

The following unknown parametersfor the truck (which lie
within theprescribeduncertaintybounds)areused:

Truck: ² � ¢ � ³ [kg], ´ � ­ � ¦ ¦ [m/s] (́ � ¦ � [km/h]), µ ���¨ ¢ � © [N/m], ¶ � ¢ � ³ [Ns/m], · ¸ � � � ¹ § [m].

Figure2 shows the time historyof the verticaldeflectionº of
thecenterof mass» of theplatformfor theuncontrolledcase
(dashline) andthecontrolledcase(solid line) whenusing

¤ �� � . Theplatformis excitedby thecrossingof thetruckfor time¼(½-¾ � ¯ ¬ ¿ seconds,andafter
¼ � ¬ secondstheplatformevolves

with no excitation. In boththeuncontrolledandthecontrolled
cases,thecenterof massesevolvestowardsits new equilibrium
position( º � � � ¢ � § ¾ ²H¿ ) with the truck on the platform, and
evolvesto recovertheinitial equilibriumpositionafterthetruck
leavestheplatformat

¼
=6 seconds.A significantreductionin

the oscillationsaroundthe equilibrium positionsof » canbe
observedwith thecontroloperation.

Figure3 showsthattheinclination À of thebridgehasasimilar
patternfor theuncontrolledandthecontrolledcase.It behaves
almostlinearly while the truck crosseswith a constantspeed.

0 2 4 6 8 10 12 14 16 18
−0.015

−0.01

−0.005

0

0.005

0.01

0.015

0.02

0.025

B
ri
d

g
e

´s
 v

e
rt

ic
a

l d
is

p
la

ce
m

e
n

t 
[m

]

Time [s]

Figure2: Time historyof Á Â Ã Ä without control (dashline) andwith
control(solid line) using Å�Æ�Ç È .
After the truck leavesthebridge,the inclination tendsto zero
in a dampedoscillatorymotion.
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Figure3: Time historyof ÉFÂ Ã Ä without control (dashline) andwith
control(solid line) using Å�Æ�Ç È .
Figure 4 displaysthe control signals Ê � and Ê ¡ . Initial im-
pulsive actionsareobservedwhenthe excitationstartsup and
whenit disappears,followedby smoothevolutionsto zero.

5 Conclusions

A linear feedbackcontrol law is proposedto actively reduce
the vibrationsof a classof structuresexcited by the coupling
with anuncertainsystem.Themainpracticaladvantageis the
simplicity of thecontrollaw. It is composedby a nominalgain
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Figure4: Time historyof controlsË�Ì Í Î Ï and Ë Ð Í Î Ï whenusing Ñ0ÒÓ Ô
.

matrix with a scalargainfactor. Thedesignof this matrix uses
informationonly on theknown linearpartof themodelof the
mainuncoupledstructure.Theselectionof thescalargainpa-
rameteris chosenusinginformationon the known linear part
of themodelof theexciting coupledsystem,aswell ason the
boundsof two uncertainfunctionswhich describethe interac-
tion betweenthe controlledstructureandthe exciting system.
The real time implementationrequiresfeedbackonly of the
structurestate.

A Lyapunov stabilityanalysisgivessufficientconditionsfor the
existenceof a ball of ultimateboundednessanda global uni-
form attractorfor both the structureand the exciting system.
Dueto thecharacterof theLyapunov techniques,thesecondi-
tionscanappearto beconservative. In practice,suchsufficient
conditionscanberelaxedkeepingsatisfactoryperformancein
thecontroloperation,asit is shown in theexamplepresentedin
thepaper, in which a modelof a bridgeplatformis controlled
againsttheexcitationinducedby acrossingvehicle.
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