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Abstract:  Structural control is a powerful tool that careefively limit the undesired responses of civilustures

resulting from base motion occurring during a magismic event. In particular, low cost semi-actbontrol devices
(such as varying dampers) are gaining popularigatige they accomplish their control objectives togtemically

changing the properties of the structure under pmwer requirements. However, these devices angetinin the

amount of force that they can deliver comparedatger (and more costly) active control devices. aA®sult, high
actuator densities are often required to achieeegjaate control of a large structure using semiraatdntrol devices.
This dense actuator network, coupled with sensudstlze structure itself, represents a complex dymagstem that is
best controlled through a decentralized approatinthis study, a decentralized market-based cofM8IC) solution is

adopted for controlling tall buildings that emplayarge number of semi-active varying dampersdsponse mitigation.
Specifically, wireless nodes are used to colledpoase data from sensors (accelerometers) and rntonaod

magnetorheological (MR) dampers. The computatioaphbilities of the wireless nodes are also etlito formulate
the control solution based on the MBC strategy. rel&s nodes collocated with the MR dampers areeleddas

marketplace buyers vying for control energy madailalle by power sources modeled as market sell@se buyer

demand for control action is formulated as a functf the local response of the structure while sailer counter
balances the market demand by having the marketystumction correlated to the total reserve enexggilable in the
control system. A market price is arbitrated athepoint in time by determining the price at whitle demand and
supply functions equal one another. The theolldimsis of the MBC algorithm is first presented.exh the method is
experimentally validated using a six-story sterldtire controlled by MR dampers and excited biaaks table. The
results indicate the MBC solution to be effectivariinimizing the displacement of the test structure

1. INTRODUCTION this bandwidth. In contrast, the electrical enarggded to
power active devices is large; this leaves therobsystem
Limiting the response of civil structures to large vulnerable because the supply of grid power can be
external lateral disturbancesg;, wind loads, earthquakes) interrupted during a large seismic event. Furtioeem
helps to ensure overall stability while limiting dage. active dampers offer no inherent guarantee of l&afor
Aside from the use of lateral-load resisting syst¢hat are  the system.
designed to resist seismic forces imposed on laudeings, More recently, semi-active control devices that bime
structural control technology offers an additioaaénue to  the performance advantages of both passive andeacti
designers to limit vibrations. Early structural ntrol devices have been developed for the control otlaigil
systems tended to be characterized by a small nuafbe structures.  Semi-active devices consume enertyyton
large and expensive actuators that were eitheivpagy., modify the configuration of the device; device
tuned mass dampers, viscoelastic dampers, meyaid configurations then minimize the effects of largestem
dampers) or activee(y., active mass dampers). In passive disturbances. These devices have a smaller foctorfa
control systems undesired response energy is pbssiv consume less energy, and are considerably leshsxpe
drawn out of the system while for active systenmg t than active devices (Spencer and Nagarajaiah 2003).
dynamic behavior of the system is limited througtiract ~ Furthermore, unlike passive devices, they can ligec
application of energy (Spencer and Nagarajaiah )2003 commanded in real time giving them a wide operation
Passive dampers are effective within the spec#fitdividth ~ bandwidth. Examples of semi-active actuators @elu
to which they are tuned but provide less protedtiotside  variable stiffness devices, variable orifice darspéxg.,



Kajima's HIDAX device), as well as electro- and
magneto-rheological (MR) dampers. The drawbadkief
class of device is that their control potentidinsted, thus
necessitating dense installations to effectivelgtrob large
structures such as high-rise buildings.

susceptible to systemic failure due to the lossthaf
centralized controller.

In this study, a decentralized control algorithredahon
free market economies is adopted for wireless abofra
six-story steel frame structure. This study presithe first

The large number of actuators and sensors needed fexperimental validation of the market-based strattu

the control system, coupled with the large spdtiraknsions
of the structure itself, represents as extremelgnpiex
environment for the deployment of a cost-effecteatrol
system. Specifically, the wiring required to cortnimese
devices to a central computér( controller) represents a
significant installation cost, potentially thousaraf dollars
on a per channel basis (Celebi 2002). In lighthef high
installation cost of a wired control system, onleitsmn is to
forego connectivity altogether, operating each sative
actuator as an independent device, such as isrmapted in
Kajima Corporation’s HIDAX system (Kajima Corporati
2006). However, wireless telemetry also presemts
attractive alternative. A feedback control systeased on
the use of wireless communications allows inforarato be
exchanged between sensors and actuators yet aheids
costs commonly associated with the installationvogs.
Wireless sensing and actuation devices can bdléast a
significantly reduced cost (as low as a few hundfeithrs
per device) compared with their cabled counterpaits
addition, the computing capabilities integratedhwéach
wireless node (Straser and Kiremidjian 1998; Lyrettal.
2004) may also be harnessed for the real-time ctatipo
of the control solution (Wangt al. 2007; Swartz and Lynch
2009).

A network of low-cost wireless sensing and actuatio
nodes provides an economical computing platformtter
implementation of feedback control solutions. \ege
sensing and actuation nodes with embedded congnahti
abilities can be installed to sense the dynamiporese of
the structure, to compute control forces, and tmroand
semi-active control devices in a manner that aelsighe
desired control force. Unlike the traditional cefited
control system architecture in which one controller
calculates the control solution, the wireless systis
characterized by the spatial distribution of itenpoitational
resources and measurement data.

imposes a cost in terms of power (a critical iSeudattery
powered wireless nodes) and communication bandwidtl
(Wang et al. 2007; Swartz and Lynch 2009). These
limitations point to the need for decentralized tomn
methods when implementng on the distributed
computational system offered by a wireless sensaot a
actuator network. In this context, decentralizeshtiol
methods enjoy two distinct advantages over cepdhli
methods. First, employing a decentralized corsinaition
reduces the communication load on
communication channel, thereby improving commuiuoat
performancedg., channel reliability) while simultaneously
reducing the amount of energy expended by each. nod
Second, distributed controllers avoid dependence single

computational node; therefore, such systems ars les

Furthermore, data
transmission over the wireless communication channe

A

the wireless

control methods proposed and simulated by LynchLame
(2002; 2004). In the implemented control systeirgless
nodes are installed at each structural degree eagdfm
(DOF) to measure its response using acceleromethrs.
addition, wireless nodes are integrated with theddRpers
installed on each floor.  The wireless sensorssanghtors
are modeled as market buyers vying to acquire @ontr
energy. As the structural response of their agtwtiDOF
increases, the demand function of the DOF wiretessor
increases in tandem. Energy sources, modeled detma
sellers, have their own associated supply functiorhe

asupply and demand functions are aggregated (byesére

communication) in a virtual marketplace so thatamef®
optimal price of control energy can be determinethis
competitive equilibrium price is then the basis the
amount of control energy each DOF purchases (apikap
in the form of a control force). The subject athtudy is

a six-story steel laboratory shear building colgcblusing
magnetorheological (MR) dampers located betweearslo
Narada wireless sensing and actuation nodes (Syweirt.
2005) are installed with each actuator and areoresiple for
measuring the floor response, computing supplydancand
functions, allocating control energy, convertingntcol
energy into a control force, and commanding the MR
damper to apply that force. In this paper, thertical
foundation of market-based control is presentddvi@d by

a description of théarada wireless sensing and actuation
nodes. These sections are followed by a deseripfithe
experimental setup and test procedure. Finalylteand
conclusions are presented as well as recommensldtion
future work necessary to advance market basedbtontr

2. MARKET-BASED CONTROL

The installation of large numbers of semi-active
actuators (such as MR dampers) in a civil struatenelers
he disturbance rejection control problem as higoimplex
due to the sheer size of the actuator network. rGamling
this actuator network using a distributed netwdrow cost
wireless nodes introduces additional complexitiesthie
form of distributed data, deterministic computirgdgys, and
stochastic communication delays. These complexitie
make it difficult to administer control actionsarcentralized
manner. For complex distributed systems, a dealeznet,
agent-based approach is often more appropriatgak(Sil
1991). While many agent-based control methods have
been proposed, this study focuses on market-bamsgcbic

éMBC) because of its effectiveness when applied to

Structural control problems (Lynch and Law 2002).
In market-based control, decentralized controles



designed to exercise autonomous action as ecorageits
operating within a marketplace. In free markettesys,
scarce system resources are allocated from segjamtsa
(according to their supply) to buyer agents (adogrdo
their demand) (Clearwater 1996). The aggregafedteiff
the buy-sell interaction between market agentdtsesuan
equilibrium market pricep, for the scarce resource. Based
on the equilibrium price, the amount of resourt¢acated to
each buyer is determined. When buying power (Wealt
distributed equitably and demand is generated naitio
market systems produce an optimal allocation afuess.

In MBC, power source®g., batteries) represent the sellers
of control energy while control devicegd, actuators)
represent buyers. Control devices seek to maxithizie
utility by purchasing power based on the demancdsag
on them by vibration of the structurgz. Power sources
seek to maximize their profit from the power theywd to
sell,Ps In a closed system withsellers anan buyers, the
aggregated power supplied fromrabellers will be equal to
the aggregated power demanded byndiuyers:
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Figure 1  Equilibrium price increase due to inceeas
demand.
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As shown in Figure 1, the linear demand functidectizely

Through aggregation of the supply and demand frém amoves on the-P plot as the response of the structure varies.

buyers and sellers in the network, the individuaydrs’
utility functions and sellers’ supply functions amaximized
within the constraints imposed by the utility angpy
functions of all of the other buyers and selleesfectively)
in the system (Lynch and Law 2002).
objectives of these agents are balanced in a Papéitoal
sense through computation of the equilibrium pditated
by the aggregated supply and demand functions. wElye
in which the supply and demand functions are defini
determine the allocation of control power in the &1B
system during extreme loading events.

The objective of the control system is to protéet t
structure during extreme loading events by miningzhe
vibration associated with these unwanted distudsgribus,
the demand for control power is naturally tied troictural
response. The demand generated byi"tHeOF (and its

associated buyer agent), is modeled as a function ogdditional supply.

displacement,x;, and velocity,x;. A linear demand
function is selected for simplicity, with a negatislope to
ensure that an increasing price for power will iteBua

decreasing buyer demand:

Py = —|f(x, D)Ip + g (x, )| )

wheref is the slope of the demand functigris the intercept,
and p is the price for power. Both the intercept and
magnitude of the slope increase with structuraborse.
Various tuning constant, R, S andT are introduced into
the demand function to provide freedom in estainiisthe
relationship between response and demand (Lynclh.and
2004):

A simple linear supply function is selected with a
positive slope such that power sources are encediriy
supply additional control power as the price of pow
increases. Furthermore, in the absence of denthed,

The multiple supply function should be zero, necessitating ieply

function intercept to be at the origin.  With adatgutuning
ability built into the demand function, a constauipply
function with slope of ¥ is selected:

Ps=ap )

A graphical depiction of the interaction of the giypand
demand functions is presented in Figure 1. As ddma
increases, the price of power increases theretnulsting
In a single DOF system, equgatime
supply (5) and demand (2) functions yields therobifdrce,

uU:
ch> 6)

v

whereK is a conversion constant that translates equititori
price to control force (Lynch and Law 2004). Gailieing
this formulation to a multiple degree of freedom®IF)
system introduces a true energy marketplace. 0w #he
allocation differential control authority in thegign of the
MBC system, each controller (market buyer) is alled a
fictitious wealth €g., W, for thei™ controller). The wealth
factor is included as a multiplier to tift MDOF demand

|Rx + Sx|
ITx + Qx| +a

|Rx + Sx|
[Tx + Qx| + a



function (Lynch and Law 2002):

1 .

To maintain balance in the system, selling agerdgsnat
allowed to accumulate wealth gained by selling rabnt
power to buyers. Rather, the money spent by eagtr lis
aggregated and redistributed evenly back to theersuy
Heavy consumers of energy will find their wealtadyrally
diminished, reflecting depletion of their local pavsupply.
The MDOF equilibrium price is (Lynch and Law 2002):

i=1 WilRx + S%|
Peq =

nym Wi
a+2i=1|Tx+ch|

®)
If a buyer retains sufficient wealth in excess bkt
equilibrium price of power, the buyer will purchasantrol
power to generate the control force it desires ¢hyand
Law 2002):

U, = k[ —Peai_
|Tx + Qx|

The buyer’s wealth will be debited by the amountthe
control power purchased. The total wealth expeigeal
buyers is then summed and redistributed equallallto
buyers in the network. Finally, the MBC generatedtrol
force is translated into a command voltage to h@iexpto
the local semi-active controller.

+ W;|Rx + Sx|sign(Rx + SJ’C)) 9)

3. NARADA WIRELESS SENSING AND
ACTUATION NODES

Wireless control systems must include the functityna
of traditional wired control systems. For example,
high-fidelity response data is required for effextieedback
control; thus, a wireless sensing node must incatpo
sufficient sampling range and resolution to properl
characterize the structural response under botitivelly
large and relatively small excitation levels. Aret
important functional feature of structural contisl the
commanding of actuators; hence, a wireless actuatiole
must be capable of commanding actuators. To egehan

Figure 2 Narada wireless sensing and actuation node

computing. The wireless sensing and actuationcdevi
employed in this study has been designed at theetsity
of Michigan for real-time feedback control applioas.
The Narada wireless sensing and actuation node (Figure 2)
incorporates a high-resolution, 16-bit sensor fabter
accommodating up to four sensing channels, anraitst)
actuation interface, a Zigbee-compatible wirelemssceiver
capable of communicating data rates up to 250 kdops,a
microcontroller capable of carrying out calculagion

The sensing interface of thdarada wireless node
consists of a Texas Instruments ASD8341, 16-hithahinel,
low-power analog-to-digital converter (ADC). Sendata
digitized by the ADC is transmitted to the compiotasl
core of theNarada node via the serial-peripheral interface
(SPI) of the node’s microcontroller. The microcolir is
the Atmel Atmegal28, a low-power, 8-bit microcoliro
with 128 kB of flash memory for program instructicend 4
kB of static random-access memory (SRAM) for datd a
variable storage. An additional 128 kB of extelBRIAM
is also provided for additional data storage on gbesor
node. Narada’s link to the world (and othdé¥arada nodes)
is the Texas Instruments CC2420 |IEEE802.15.4-camipli
wireless transceiver. The CC2420 has been devklope
low-power, ad-hoc wireless network applicationgpsuts
16 independent channels in the 2.4 GHz range, can
communicate up to 50 m (line of sight), and congime
approximately 60 mW of power. Thsarada wireless
node also includes an integrated actuation interfac
consisting of a Texas Instruments DAC7612, 12-bit,
2-channel digital-to-analog converter (DAC). Thdll f
capabilities of the wireless node are employedéz@te the
market-based control tasks outlined herein .

information between nodes, a wireless communication

interface that introduces minimal communicatioertat is
important to keep the sampling and actuation
sufficiently high so as to preserve control perfance and
robustness. Finally, decentralized agent-basasttstal
control €g., MBC) over a wireless network requires
network nodes capable of embedded, local data gsioce
These functional requirements strongly influenaedhsign
of the wireless nodes used for sensing, actuatimh a

rated. EXPERIMENTAL METHODS

The structure that is the subject of this studyais
partial-scale, six-story steel structure (FigureeBjploying
MR-dampers located between floors to provide céntro
forces that reject seismically induced disturbances
Seismic disturbances are simulated by use of ax55nm



Figure 3 Six-story test structure mounted to ther
shaking table at the National Center for Research o
Earthquake Engineering (NCREE), Taipei, Taiwan

6-degree of freedom (DOF) shaking table. The &trads
composed of 2 cm steel plate floors supported air th
perimeter by 5 cm x 5 cm x 0.5 cm angles; eachr fiso
vertically spaced by 1.0 m. Floors are supported®cm
x 2.5 cm rectangular columns bolted to the coroérthe
floors and oriented such that lateral loading ohiiced by
the shaking table is applied in their weak direttioRigid
connections are provided for the columns at the bashe
structure. Diagonal braces mounted to the bottbrach
floor provide the connection points for MR-dampérerd
Corporation RD-1005-3 MR dampers) that indirectijuate
control forces between floors. By changing theremir
supplied to the MR-dampers, the level of dampirigvéen
the floors may be changed in real-time. The ikdeys
force applied by the MR-damper is a function of igut
current as well as the differential velocity betweabose
floors.

Narada wireless sensing and actuation nodes areyangwidth for computing.

installed on every floor in the structure as wslhathe base.
Each node is equipped to measure the acceleratponse
of the floor upon which it is located (using lowsto
Crossbow CXL02 capacitive accelerometers).
acceleration measurements are input to a statimataktate
estimator to compute the displacement and veladigach
DOF. The displacement and velocities are inputh®

functions. The equilibrium price allows each MRvteer
to determine the power (and amount of control fotoebe
applied to the structure. However, because
MR-dampers do not generate force directly, comjmutaif
a hysteretic bi-linear, bi-viscous model is neogssathin
the Narada node based on the desired control force, damper
velocity, and damper state (Lynckt al. 2008). The
Narada node commands the MR-damper over its actuation
interface by issuing an analog command voltage ighat
converted into a proportional current supply fa damper.
Aggregation of buyer demand and seller supply
information implies the existence of a “marketpfage
which market agents interact in a competition. cdiwy out
such a market place, wireless communication woesirio
take place at each time step so that buyer argt sgjents
could exchange their information (namely, demand an
supply functions). However, heavy use of wireldata
transmissions would incur cost in terms of incrddatency
in the control solution due to deterministic efeed.g.,
transmission time and packet overhead) as wetbahastic
effects €g., lost packets and resend protocols) (Wahgl.
2007). In structural control applications, theeifaty
introduced due to wireless communication has aftignt
effect on performance (Wanget al. 2007), therefore
redundant embedded computation of control parameter
decrease the reliance on the wireless channelgater
latency, and improve both control performance and
reliability of the wireless communications withirhet
network (Swartz and Lynch 2009). In this study’s
implementation of the market-based control solytesch
wireless sensor contains a predetermined supplgtidim
that is never transmitted. Rather, the commuuoicati
channel is reserved only for communication of agyer
agent demand function. In this case, each sensthei
structure takes its displacement and velocity nteasent to
determine its linear demand function (Equation 7his
information is broadcast by each node with evengrohode
receiving and aggregating all of the demand funstio
Once local energy demand is communicated over the
network, individual agents will each perform therkea
aggregation and computation of the equilibrium it a
parallel and redundant fashion, thus trading conication
Using the equilibrium gari
local control forces can be calculated using thelldemand
function. In addition, the wireless sensors eagtierdhine
their wealth, W,, available for the next time step. This

the

Theprocess continues for each time step of the cosystém.

Design of the MBC controller requires the assignmen
of values to the tuning parameters in the suppliydemand
functions in equations (6), (7), and (8), nam@yR, S T, a,

MBC demand function embedded in the wireless nodeyngk as well as the initial wealth valuesi, allocated to

measuring acceleration.
calculated at each sensor with the slope and égeat each
DOF’s demand function communicated to the netwads o
the wireless channel. Assuming a constant supipigtibn,
an equilibrium price for power can be calculatedeiobon
the aggregated demand.

Local demand functions arggch controller.

Preliminary studies in the siriota
environment found that placing a relatively highigh¢ on
the scaling factor applied to the displacement terrthe
denominator of the demand functiof) (yielded the best
results in terms of keeping the peak interstoryft dri

The equilibrium  price isexperienced by the structure during an earthquakemall

determined based on the aggregated demand and/ SUpRls possible. Therefore, the weighting parameterivei



Interstory Drift: MBC versus Uncontrolled
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Figure 4 Time-history drift response of the sixrgtstructure to the scaled El Centro ground magigstem under MBC

( K=20 and initial wealth\{ = 1000 for all floors)

from the tuning of the method in a simulation eowment
(MATLAB) and implemented experimentally are:

Q=1 R=1,S=1,T=1000, a =1 (10)

5. RESULTS

The MBC algorithm is run over the wireless network

In the MBC formulation, the magnitude of control during eight identical EI Centro ground motions wdeted

force can be calibrated in one of two ways. Thst fi
method is to adjust the balance between the pfipewer
and the wealth of the controllers (more wealthowrdr price
results in more aggressive use of control forceljhe
second method is to simply increase the convefaiar, K.
In this study, increasing levels of initial conteolwealth are
allocated to the wireless control agents coupléd varying
levels of the conversion factor to explore theaffef these
two different computational mechanisms. Testszirtd
uniform (all DOFs) initial wealth values of 400, ¥@nd
1000 are performed and varyiKgvalues of 4, 6, 8, 10, 20,
and 30 are applied. The resulting control perfoiceais
measured in terms of interstory drift performanceingd
repeated table motions with accelerations corrafipgrto
the El Centro (1940 NS USGS Station 117) groundamot
record scaled to a peak acceleration level of ¥ (h00
gals). A parallel tethered data acquisition systam
installed in parallel to the wireless system toordc
displacement, velocity and acceleration of all BIQFs;
these tethered measurements will aid in validatibithe
method. Results are presented in the followintisec

using the shaking table. A sample time-historpeoese of
the interstory drift recorded at each floor, witkequal to 20
and initial wealth equal t&/ = 1000 is presented in Figure 4.
Here, the effectiveness of the MBC algorithm inignaiting
the most extreme instances of seismically induaitl isl
evident. The first six ground motions are caroed with
identical MBC parameters with the exception ofkhiactor
which varies from 4 to 30. The peak interstonft dind
normed interstory drift measured at each floorresented
for each value oK in Figure 5. It is demonstrated that
control performance generally improves as Hevalue
increases, particularly in the normed drift benctkmehich

is an indirect measurement of the average drifi foor
during the record. This is not true after a certadint
however, as the performance suffers whers increased
from 20 to 30 suggesting a point at which the aiiietr
becomes too aggressive. Interestingly, extremely |
values oK result in very mild improvements in normed drift
(as one would expect) but worse performance then th
uncontrolled structure as measured by peak drift.
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Figure 5 Peak and normed drift by floor due to the
El Centro ground motion under MBC as the price to
control force conversion factor increases
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Figure 6 Peak and normed drift by floor due to the
El Centro ground motion under MBC as the with
diminishing initial wealth allocations

The level of response at which the buyers begin toexecuted within the wireless network designed toimize

purchase and exercise control power is affectedthiey
wealth allocated to the agents. Without adequaaltiy
the agents do not purchase power even when it wmeild
beneficial to do so. This fact is evident in Feyér where
peak and normed drift levels are plotted by floor &
constantK (K = 20) and varying values of initial wealth.
Here, the lesser values of initial wealth result/émy mild
control effort (small improvements in interstoryiftjr
With small allocations of wealth, the agents inghstem are
more successful in reducing the response of thetste as
measured in the average sense (normed drift) thahei
maximum sense (peak drift) as they are able tohpsec
power when the price is low. During periods ofatee
excitation that generate the peak drift values,pfiee of
power increases to the point where it is not afbkel to
buyers with limited wealth thus demonstrating tleedto
allocate sufficient wealth to buyers in the systém
accomplish the control objective.

6. CONCLUSIONS

This study experimentally assesses the feasibilitiie
MBC algorithm posed for structural control by Lynahd
Law (2002). The algorithm is deployed within aeléss
network composed Marada wireless sensing and actuation
nodes. Narada nodes are responsible for collecting
feedback data regarding the response of the steuictuhe
form of acceleration, computing control forces lase the

the data transmitted between wireless nodes. @ontr
energy is distributed to controller agents basedtten
aggregated supply and demand according to theal loc
demand. The power purchased by an agent is sigdatrac
from its individual remaining wealth total. At tled of
the control step, wealth collected by the selergturned to
the buyers, divided equally regardless of how meabh
buyer purchased.

The MDOF MBC algorithm, as posed, includes
several designer defined tuning parameters ingjudin
demand function response multiplie3, R, S andT), a
supply function slope factora), a price to control force
conversion factor{) and initial wealth factors for each DOF
(W). To maximize the effectiveness of the experimetn
while the shaking table is available, effectiveuesl for the
demand function response multipliers and the supply
function slope factor are selected based on refultsd in
simulation. For this experimental feasibility spudhe
effects of the conversion factor and the initiahitie factors
on control performance are explored. It is denmatest
that careful tuning of the price-to-control foroengersion
factor is required to generate control forces langeugh to
produce meaningful results but not so large aattoate the
controller (similar to a gain factor is more traafial control
algorithms).  Similarly, adequate wealth allocatids
necessary to allow control devices within the MBfSaork
to purchase power when it is necessary. Depermtirthe
price-to-force conversion factor, initial wealthloghtion
levels will affect the level of control force apgli and the

MBC algorithm, and issuing commands to collocatedeffectiveness of the control algorithm.

MR-dampers. To find MBC control forces, the nodesst
first find displacement and velocity using a Kalrstate
estimator. This response data is then used torajene
demand functions defining the amount of control @ow
desired by the network. A virtual marketplacedower is

Future validation work on the MBC algorithm woulel b
beneficial to further explore the effects of thenitg
parameters on control performance. In additionailee
stability analysis of the algorithm should be perfed.
This study exploits the inherent stability of thers-active



actuators employed to impart the control algorithimt
guaranteed stability for the generic actuator eeseld be
preferable. Furthermore, this feasibility studyesushe
simplified case in which initial wealth is allocdten a
uniform manner to all buyer agents. A rigorousigtof
the effects of wealth allocation would provide ‘ile
insight into future design of MBC systems.
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