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This pager inroduces o possible dissributed prmuT.hnMunmamn af EMS fumctions. The

Abstract.
.lppcu.chdl.h.w Is hased on ren major develop

developments. On

development of Inu-p'med Conered

and Prodection Systems (ICFS) for substation applications. The other development is redated 1o the

distribated algorithms for
utilized o deline & new
coovenlional remeie termi

sysiem dala acquisition, controd and protection.  Both developments are
ementation approach where the ICPS equipm
units. The paper illusirates this approsch by providing examples of protective

enl is used in place of the

relaying, state estimation, ard stahilizing control functions.

Power system control; substation contred and protection system; adaptive relaying, state

u.'ﬁmatinr;: deceniraleed control.

INTRODUCTION

Two major developmenits in the process al computerizstion of
power indusiry are coming fram twa different ends. Cine is the
Inegrated Controd and  Protectica  System  (ICPS)  for
subatations (EPRI, 1981), and the other is the Energy
Manzpemeni System {EMS) for conkrod cemers using decisson
and contral {Zaborseky, Prasad amd Whang, 1980).

The integrated contral and protection approach for substations
was introduced as & technological improvement in the late T0s
. The major benefits were expecied im the area of reduced
substation wiring, improved eguipment monitoring and enlarged
data base.  Imtegrated sysem also provides substancial
rocessng,  commumicalon, and  men-machine  interface
:wrm:ml n-nl found in the existing substation contral and
pr The p situation, with several af
integrated contral and prolection syslems huﬁ‘m lested and
offered as commercial pases & nismber af questions
regarding utilization of these systems [Kezunovic and Perunicic,
1987 M . 1985, Mew contral and protection concepts, that
u:l]i.'p-: the rnﬂutinund characteristics to generale some new
menedits, are still nesded.

'l:lrl the other hand, the control eenter for EMS applications
decishon and control, have became an expanding business.
f, the EMS control has been designed as a centralized
mrdinnm which gathers all the required global data and
information from RTUs thr commusnication network, The
necessary compatation is carried cut &1 the comiral center 1o
manitor and te conral the system,

As 2 conssquence of the mentioned developments, a natural
question arises: s it possible 1o dwrdbute some of the
computing load to the bacal computers plactd at pabstations,
and at the same time 10 maintain the required processing
eonrdination for EMS and relaying functions?

Advanced computer system and communication architectures
and fechnologies can be implemented both &1 the substation
and at the control center level e facilitate distributed
processing approach (EPRI, 1987, Horton and Gross, 198T)
Distribuned sensors, computing power, data hase, and controls
are availahle for EMS to use  There are several potential
benefiis aof this approach. First, distributed processang would
relseve some of the computing load at the contral center and
thus mare isvahved functions can be added to further utilize the
control center. Second, the distributed compiting can increase
the reliabaliry al the mplemestad funcizons. The failure at ore
I.n\:llmrrmu:lrl‘ facility will not jeppardize the overall operation.
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Third, the disiributed data base is e and checked easilly
&t & local level, and thas more reliable data base far the system
can be maintained. Fourth, the 1CP5 Interface to the EMS
architecture allows for implementation of the new relaying

oaches. Finally, the distribaled emvironment cam increass
d?p{mnl utilization of the computstional and communication

discusses the distributed approach by piving
of some of the EMS fundtion jrq:lernmhll'u}ﬂﬂ hl-q'
the |SP$ designs in place of RTUs.

ICFS CHARACTERISTICS AND POTENTIAL USE

This section points cut same characterstics of the ICPS designs

that are utilized to implement the distributed processing
comcepl.  The discussion concentrates on the following ICFS
issues that are common 10 almost all of the ICPS :lmlglr
svstem architectare and allocation of function; distributed
bese and EMS interfacing.

An analysis of the swhstation control and protestion [untioes
reveals thai there are at least thess herachical levels of
fanctional organization (Kexunovie, 1982). The firss level is
interface to the switchyard where measarement and actuator
submysterns are allocsted. The next level is associated with the
direct comiral functions that require a fast time response, such

&8 prodective relaying functions. The functions that are related
o the owerall swbstation contral and mmm represent the
third level. Examnples of the substation functions are: operatar
messuremenis, auiomatic seiching sequences, and boeaker
fxilure inftiate.

The choices for computer and communication sysiem
architecture to suppart the mentioned functional levels are
numerous.  Several eriteria for functics allocation can be
defined (Kezumovic, 1984). If dhe criterion is that the ICPS
resembles the conventional system design, then esch individual
substation control amd protection lanetson can be allocated o
different processors al bevel 11 In that case & separate wiring
iz used 1o wmewl e (1] hm
el b Uy H comversion interface
oqh:m:lun mqu is wsed only to gather the related
measarements and indications, and m this case no fanction
coordination is dome at e substation level.  Yet another
criterion might be optimization of the switchyard signal wiring.
Fig. 1 indicates the switchyard equipment that corresponds 1o
different bays andfar related functions.
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Fig. 1. Typical FCPS Hierarchical Cvganization for the Related
Switchyard Equipment

For the given ICPS architecture and the substation layout, is
can be chserved that the equipment sndfor funclion zomes
W@M means thal the asseciated signal connections are
red ml. This l-qll] wiring redundancy can be eliminated by
sharing each individual substalion connection among several
users (functions). This concept is known as "data sharing® and
can be implemented wsing different LAN communication
arrang The imj inn chodee will affect the design
of level 1 interfsces.  The data exchange amang level 11
i affected by the data shari
implementation, As a consequence, Functional allecation at a
levels can be differsent from the classical ane allowing for
Function coardination @ the ICPS multiprocessor esvironment,
‘This facilitates implementation of the EMS distributed functions
since the system architecture and allccation of funclions can he
selected to oplimize the requirement of the overall substation
function coordimation and data exchange needed for the EMS

applicaticms.

D Data B EMS Inierfaci

©One specific application of the ICPS is as a substitute for
Resmoge Terminal Units in the EMS desipn (Kezunovie and

Perunicic, 1987).  This siluztion places some special 1CPS
implementation reguirements.

Az mentioned sarlier, the main requiresnent in this caz= is thas
substation functions allocated an levels | amd 11 are in diase
coordination with functions at level 111, This means that the
ICPS data base is implemented in a distributed manner with an
extensive  dats  excha performed  aver the LAN
communication system, Signal sampling and processing as well
a3 data base maintaining and upditiag have b be smchrondzed
throughaut the ICFS. ﬁ:mﬂpﬂin:‘m:h might npat
be required in the classical CPS ication, but the EMS-
related application is dependent on this featre

The oiber importand issue is ke data hase contend and relaved
signal processing. Classical EME interface requires data that is
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musily related to the mormal operational siate of &
wydum. Substation protection and most of the automatic
comtral funciins are raditionally hased on the data that
corresposds 1o the signals generated durin er m
faults. Therelore, in the case of the ICPS q#:lﬁ::‘oﬂ E,gr“l!hc
EMS distributed functics implementation, it i required ihai
flexibsle sagnal processing algarithes are defined 1o provide for
straightforward  implementation  of  differemt  processing
requirements, This design feature would enahle “tunmg” af the
digital algesithms o the desired accuracy levels required by
diflerent applications such as protective relaying, SCADA
measarements, bocal and remote decision and control of
substations, Details of such am algorithm synthesis approach
are given by Perunicic and colleagues | 1988),

PROTECTIVE RELAYING AND RELATED
CONTROL FUNCTIONS

This section iBustrates some mew design approaches for
protective relaying and related comtral fanctions using &n 1CPS

lemented as a part of the EMS configuration. Several
:mumm berween ihe new approach and the existing practice
are cautlined and major benefits abtained by the new approack
are emphasized (Kerunovic, 198%).

ol koo 2 Mok sl Cbaasad et

As it is well knewn, the classical protective relaying functions
are "on-aff™ ype direst control automata that sre distribaied
throaghout the power system. Their decision is made hased on
1he specified set of measurements and the setlings. A sysiem-
wide fault s is performed in peder to caleulate the short-
circudl quastitees refated 1o the selected pumber ol faull
situations. These quantilies are used io carry out the relsy
eelting coardination susly that & done off-line. Therefore, the
protedtion philosaphy of the entire power system represents a

hiration of the individual relay logic set 1o resposd in
accordance with the previously sisdied worst case faubt
conditions.

The main prablem with the above approach i an inherent
limitstion ol some of the individual bogic schemes 1o make
jprecise determination of the fault guantities based on the lacal
measarements oaly.  Another disadsamiage is associated with
inability of the existing protective relaying scheme: o adapi 1o
snajosd changes in the power system operating conditions. In
particilar, il some unexpected normal and/ar abnormal power
system conditions do ocour it is very likely that the protective
relaying scheme will not operate as expected. This, in turm, can
cause reduced selectivity of the protection scheme which may
lead o major blackour.

The main question 1o be asked is as follows:  Are there any
new approaches to protection that can be umed 1o mmprove the
exnsling schemes? A her of | 1o this
question were given in the past in a farm of pew Is for
aduptive and system-wide protective relaying (Kezunavie, 1989).
However, one of the main ohalacles 1o the implemeniation was
unavailabdity of the adequate technology base. The problem
was Further complicated by the pressing requirement, coming
from the present practice, that the protection funelions must be
implemented as stand alone system with no intersetion with any
oeher data aequisition and/ar control system.

Development of ihe substation based ICPS provides hoth the
lechnalogy base and the required rince to consider s
interface to the EMS design for further developmenits of the
adaptive and spstermowide protective relaying concept.

Ancther set of functions, the contral fusetions for apparatus
switching, are chosely related to protective ing. Classical
implementation of the existing systems, 1o substation
interlocking amd switching. sré hard-wired systems, These
ysteni afe qisile diffioult to implemen and 10 change. They
only give status indication and there s no i ated
processing capabiliy 1o provide an cperator with diagnasis of
any sequency malfurction sndyor imterruption.  All sutematic
swilching sequences are initisted by the protection relay actions.
Ckher switching actions, sssociated wilh operabor requests, ane
quile aften executed on a step-by-step hasis wilth no antomation




ied 1o the overall sequence execston. Most af the post-
faull switching reguires diagnosis of the fults as well as
sccurate validation of the final topalogy of (e sysiem, These
scticns are, as a rule, performed at the contiol cemer hased on
the statas snd slarm information chiained through a SCADA
gystem. The restoration sequences are also determined ag the
pantrod center and their execution is carried out using SCADA

gystem.

A number of techniques o automate some of the menlioned
amalysis amd execution steps associated with the swilching
sequencés have been proposed mn the past.  However, the
mmuum;pma.uwemmkhginmmnum
coordination amoap subsiation arsd contral center sctions.
Mare precisely, there was no sharing of the common data base
, Furthermore, no ilities for extensive m:ls-t'a
af the switching events and the faul dingnosis were assum
e available at the substation level. Alsn, substaticn tinn

Any discreparcy requires further coordination by the means of
corrective switching Lo satisfy the system-wide decision. A close
analysss of the ciroait breaker operational availabilizy, indicated
?’11 successful trigping, cawsed by the primary protection,

uld he used 1o seles appropriate sequences of the cosrective
switching.

o B Baaction A

The substaticn based processing coupled with the mew relaying
provides potentially much more efficient techrigee for the
analysis of the relsying-related switching saions, than the new
schemes pr for the contral center (Wollenberger and
Baka . 1IRT). The new relaying approach has an important
benefin that all of the fsult disgnosis and fault Joecation
techmigues can be derived a5 a direct oulcome of the
substation-based  protection  processing  (Jeyasurys and
colleag) 198%). This comes fram the fscs that all of the

was ot considered as a part of the overall SCADA consrol
philesapy.
The use of the ICPS in place of the RTU provides new
ppportunities for the systemn swilehang function implementation
ane analysis due 1o the distrbuted data base amd prosessing
capahilities.

‘ st

This section is nod aimed toward ining the mew relaying
sehemes introcluced so far for adaptive and wide
relaying, since these schemes are well documented (DOE, 1985
Zaborszky, Iic, srd Huang, 1987). I is related o the
implementation issues of the mentiohed schemes. The rale aff
the ICPS is explained in this contest.

The first impartant conclusion is that bath a tive relaying
and system-wide relaying are “betrer” a than the
conventmnal protection. The adaptive relaving assumes 1thil &
coordingtion  amang is required to improve the
performance of the cassical relaying schemes. The sﬁ'ﬁm-lmde
relaying is inherently adaptive since il derives the specific
eclian hased on the piven system comditions.
cwever, both adaptive and system-wide relaying reguire
extensive communication facllithes o coordinate relaying
Tancians. At the same lime the question of reliability andfor
lime response af the sew protective relaying approaches arises.
An efficient protective ing scheeme: should take advantage
of both approaches by praviding a carefl coordination of the
related and relaying actions.

One | ed here for implementation is to use the
shstalion-wide -ﬂ;'w: relsving far primary protecison and
m-widke relaying for hack-up protection (Kezumavic, 1989),
using this appreach, it would be possible 1o wiilize the
advantages of bath pts. The adaptive relaying would be
implemented bocally at the substation, &nd it will improve the
performance af the dassical protection.  This is dane by
utilizing the local measurements 1o asdapt the relay schemes to
1he chamge of the system operaticnal conditions, anid yet the
required Fast tiene would be maintained, The system-
wide relaying is mherently adaptive, which assures i improved
selectivity, However, it requires some commuanications 1o
perform the required system-wide exchange of data, and this
determines its action as & heck-up protection.

“The system-wide relaying can he implemented in & distribated
way [Zahorszky, Iiic, and Huang, 1987) to provide for the
required coordination between the primary ansd the hack-up
protecibon.  The ICPS imerfsce to the EMS facilitates the

ired systemewide exchange of dala The additional
in ation from other substations can be routed via SCADA
communication inferface. The same signal measurements are
uzed for both the primary and the back-up probection.

i for the primary profestion is evecuted at the protection
units while ihe logic for she substaticmewide relaying i
peerformed at the substation computer. Trip.:l:; decisions are
first made by the primary protection, Ia the meantime the
syslem-wide protection puins some time reguired for the
system-wide coordination of each of the substation processing
results.  The tripping dechsion af the back-up system-wide
relaying is checked against the primary protection decisson.

relaying measuremsents and final breaker status infarmation are
available In ihe ICPS data base. ln that case some exlensive
ata validation technigues can be applied 1o assure the correct
representation of the reley measuremends (Gonalez-Urdansia,
| Also, some systematic substation switching logic
confirmation schemes can be wed 1o verify the subsiation
topology (Brand and colleagies, 1986). Finally, a combination
of the analag and status information, avnilable at tbe subslation
data base, can be used 1o disgnose and locate the faull (Cirgls
and Johns, 1988). The main advantage in this case comes from
the distributed processing approach obtaimed by usilizing the
TCPS data base and processing capahilities. The results of all
of the mentioned steps, obfained an each substation snd
communicated bo the éoamtral center, provide 1o the system
operator full and explicit information aboul the operstional
condition af the power system.

Anather advaniage ol the [CFS-based automation concerns 1he
operntor-initiated swiiching sctions. All of these actions can be

a1 the 1CPS in ceder to verify their validity, 1f the
validity is confirmeed, then the switching actions can be
amlamatically executed 'h,- the ICPS. This facilidates
confirmation of each swilching siep and enables a fall
verilication of the final switching state. If some problems ecour
during the sequence esecution, the operator @ prompily
informed abeaut the problem with clear indication of the causes.

DISTRIBUTED STATE ESTIMATION

Power system state estimation is generally formuliated as a
weighted least squares minimization problem, The resulsi
nonlinear equations are linearized arcund an initkl geess an
the m&.L.;ﬂ i ohiained iteratively sobing the linear eqguations
of the form:

[N [aX] = [ar(X0) i
where: G-[:l{"l i the imformation matris evaluated at
Heration k,

AX" is the correction & siate vector X,

X' is the weighted messurement mismaich
weclor,

Eq. (1} is sobved repeatedly unil| 2 X'| < tolerance. Typically
the infarmstion matric does not change significantly. Using the
P decoupling pivms, G cam he decamposed isto reo
decoupled submatrices which are evaluated once at the indlial
e &nd maimiained constan,

It is possible 1o exploli the sparsity of G and apply the paraliel
salutsan scheme (Abur, 1988) to eq (1), The solutioa of eg.
(1) involves fwo  steps iriangular  factorization  aned
Torward fhack substitutions. While the former is done ance, the
Istter step is repeated at esch iteration. The second step can
be described by 1 following two equaticns:

LDy = al (ri]
L'aX =y &3



where: L. 3, LT are the trinmgular /dingonsl factors of G,

¥ iz the intermediale forward salwtion vector.

In {Abur, 1983} it was shown that by proper ordering of G, the
normally full right hand side vector 21 can b broken dosn
inte several very sparse veclors al' whose sum remains egual fo
at. Each of these very sparse s as well 85 iheir
corresponding forward salutions ¥'s defined hy:

LDy =ar "

<an be computed independently and in parallel, Once s are
mmumuua'mult be summed up 1o obtain y of eq (2). This
completes the forward substitution step, The back substitutions
(e [3}) can be similarly parallelized, this time breaking down

&K according to the sime pattern used for at (Abar, 1988).
At the camgletion of this step, subsets of the emtries of 3 X will
be abtsined concarrently by processors assigned 1o each chuster
[ 9

Implementation of this idea will be possible by utilizing the
ICFS in substations. For a given measurement configuration,
the custers af nodes can be designated and each cluster can be
assigned 10 a suhstation.  This way, esch substation 1CPS will
receive measurements oaly froe 1 nodes in its clusier and
will carry out the computations associsted with st and AY
concurrenthy with other substations. The gynchronization
in this scheme is required before the summation of s a1 each
slate eslimation iteration. Assuming that a central computer is
ceordinating  the process, this  summation  amd  the
syrchronization can be taken care of centrally. The steps of the
propased distributed scheme, as well as the commurication asd
processing requirements are outlined in Table |

The above described distributed computation scheme has been
simulated in a serial machine amuming that 10 paraliel
processars are avaidable, and one processor is assigned & a
oe and the inimg U are used as local
computers. The IEEE 118 bus test system with 10 injectian,
358 line Bow and 118 voltage magnitude measarements is used
for this simulation. Different parts of the scheme are Limed

ately. For comparison purposes, the same parts sre run
m the conventional state estimation schamea, Table 2 shiws
ke comparative limings for hoth cases. The ratio indicates the
averall cosmputational gain throwgh the use of the distributed
schseme

The ratio in Table 2 & somewhat optimistic since the
communications deliys &r¢ not taken into account,  Heowever,
cansidering the fact that communications are nesded only rrice
per iseration and only for a small portion of the overall system
states (the omes in the trunk of the factorization path graph) it
is expected that the performance of the scheme will not be
signilicantly degraded by i,

Cluster &
ICPS!,

_
compate | compate §*
&2, | acthate 1P|

Recent installments of [CPS for variow power systems makes
il possible to actuslly implement the propessd scheme and fes
i3 eflectiveness in real-timse power sysiem environment.

Takle 1: Disiributed State Estimation Steps

Processing  Processing
Step Task Computer  Type
1 Farming G Cemtral Sequential
2 Factorizing G Central Sequental
3 Compute 'z Local Farallel
4 Foreard Sehstitutions Lecal Parallel
3 Transmit ¥ 1o the
aemiral computer
& Summalion Central Pairwise
Farallel
T Transmit ¥'s back
tor local computers
& Backward Substitutions Logal Parallel
9 Check Convergence Lasesl Paralled
10 Trarsmil Comverpence Flags

1o the central computer
]Tcnnvzrgx.d, stop; else
BO B step 3.

Table 2: Simulation Results, IEEE 118 Bus Test System

Task Ti
Farward Sal, 9325
Summaatson 01e

BoE

DECENTRALIZED STABILIZING CONTROLS

As explained earlier, the ICPS is equipped with new dats hase
and digital algorithms capability. In particular, new data o
vallage, currents and power will be coatinuously available
during the emergency and fault clesring perids. Algorithms
can be designed ro estract the ransient Power companents out
for each line (Perunicic and colleagues, 19589). Based an this
infarmaion, chservation decoupled targer can be computed anel
the cantrol can be decided to stabilize the sytem, Three congrol

hierarchies are proposed (Zaborszky and H 1984). Due
1a ?1!('! limitation, snly the cluster feedback stabilizstion and
its ICPS impl ation & p d here. The configuration

is llustrated in Fig. 2.

Synchroalzed _f

data hase

Measurements of
mooming real

peower al each
j substatian
ICPS,
Compute 4%

\
ICPs,

Fig. 2. 1CPS communication configuration to implement stabilizing contrals.
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At each bus, we have P, - Py, {ihe net power injection) and
'Ellfl sl #, — &; — 8 J.rhe real power across the lines from
the al the gling rate of 10° sec, Here
ENTLEY represents the iranmissian line impedande,
E, E, are the vollage magnitudes at buses { and j, respoctively.

Some pﬂmmmﬁ may be needed o get rid of the subtransient

t= 1o obitam the desired nes. Then the target
phasar and angle £, cin be compoted through the following
equations

E,E;
i

gy ¥
aver the
connected
reeighbaring
buses

P-Pu= snlb, - (6 - &)= 8,),

wheres |£,| < x/2,

The computition can be carried out by expanding sinl ¥, —
(4; = &) — 8} into-comg of ke ed values of real
pirwer acmass i and bus j, Hﬂﬂ[ﬁn—ﬁx—ﬂu]"nﬂ the

comguted value cos{d; = §; = '{:L

3 Clusterized Siabilizing Conrol

Braking resistors and SMES are expensive control devices.
When anly a few soch devices are svailable, the comiral law
needs o be designed in such & way thal it incorporates the
meeded information across the system 10 ¢lfectively stahilize the
But at the same time, ssch infosmation gathering
uld he simple enough 10 be implemenited reliably. One dea
is based on the clusters of machines which have a tendescy 10
swing fogether. In this case, the cluster and optimal cantrol
locatsons can be found through the distering scheme (Huamg
anid Amtania, 1986). The custer information can either be
stored in the comiral center, or in the ICPS subsiation where
the hraking resistors sre located. Such a controld law is defined
as follows:

L Comgute §.as in previous sshsection. Measure
the rator velocity

3 At EMS, or ibe ICFS suhstations where the

braking resistors are locsled, compute the
folloming cluster angle target and cluster velocity,

and estimate &% numerically.
ot = T,
#= Tl ]

where i € cluster k.
i Find the required control amount in cluster & by

e :.Ef[a?»‘—if]+P"+k..+ﬁt1 e,
Sl LA S R T o

L}
where = is & presen value, say 5 cycle/sec.
T is the 1otal intertia at caster k. ie.

* = ¥ i (L]

16 chuser k
! ELEY
by = cm;;‘, e

whiere:

1 i there is a transmission
line from mth machine in
cluster k to rih machine

it

in eluster f,
0 caberwise,
D [ ]
o F¥o1-D°
D ix rhe number of states in clusier & poch that
|6 = ¢ af cime &
4 Set

Uraviigitse,
Uk hir % o
Communicate the values to the

sabstations
where the controls are locsted and indtiate the
contral ait the substations,

(L]

Many simulations have been carried ot One of the nens s
given as follows in Fig. 3 and Fig 4. The simulstion is casrjed
cut on a modified IEEE 118 bus system. The modification is
muidi 50 that there sre three clusiers in the system. A detailed
description of the dats @ availble s DOE repon

and nlngalm A fault is created by & 3-phass short circuit
on fine 17-38 with a fault durstion of 12 cpeles, Line 17-38 and
200 MW of losd 41 bus 17 is lost at clearing of the faslt. Then
cluster I is separated from the rest of the system. Some bus
znﬁ:lrmequﬁu from three separate clusters are gven in Fig,
3. Three discrete braking resistors Incited at buses 12, 46, and
B0 are initited at the &ad of the fauli, [n Fig. 4, the sample
angle trajectories are clearly stabilized snd in Fig, 5 the
corresponding control amplitudes are given. [1 can be seen the
system is seriling down to the new steady state gince the contral
amplitudes and durations are decreased graduslly.

B WA Ee [
;X |

7 P

¥

3 7

Fig. 3. Angle trajeciories afier fault without comral actices,

= 2= AWl

Fig 4. Angle trajectaries with clusterized leedback control law
initiated af buses 12, 69 and A0,
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Dscrete control ctions a1 buses 12, 46 and 50, The
controds zre assemed with steps af 10 MW with maximal
60 MW, The confrols are taken ai the closesi discrete
value ta the computed setling values,

Fig. 5.

CONCLUSIONS

The discussion of the paper irdicales a pew ahtained
combaning the two new enils, namely the ICPS and
e decentralized comtrol and decision. The benefits af this
approach are illustrated by providing examples e protective
relaying, siate estimation, and siabilizing contred Funciions.
However, the distributed processing implementation requires
further investigation af the following problems:

EMS and protective relaying hlrm-c-n coordenalion in
the distributed EMS archilecture

Synchronization of data sampling and dala base
malatenance Tar 1he distributed EMS data base.

far the disirihuted

i ication system regui

EMS implementation.
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