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ABSTRACT

Nowadays, smart grids are used widely around the world when they enable detecting, reacting and
pro-acting to changes in usage and many concerns with the power system, as well as having self-
healing capabilities. Some smart grids have recently been created and operational in Vietnam. To
ensure the effectiveness of the smart grids, the correctness of the system designs must be studied
carefully before the explosion of the use of smart grids, particularly in developing countries such as
Vietnam.

As formal methods, including formal verification and model checking, recently play more important
role in verifying smart grid properties such as load balancing and fault resilience, the effectiveness
of formal verification depends mostly on system modeling and verification techniques. Recent
researches have shown the feasibility of applying model-checking tools in smart grid verification,
and also the inability to test complex properties and systems. In our opinion, the inability could be
come from the complicating of the models of the system-under-test.

In this study, we suggested a new method for representing smart grids using Colored Petri Net
(CPN), a formal representa- tion language. In comparing to the current modeling approach, the
new model allows engineers transforms complex grids into simple models. Moreover, based on
the advantages of the "color" aspect of the CPN, the result model can be easily upgraded to adapt
to the changes of the original smart grids without re- modeling.

Also in this study, a basic case study for representing a smart grid, which consists of multiple power
sources and multiple consumers, will be shown. The model will be configured to capture some
problems that may happen in the grid such as the changing of the capacity of the power sources.
The verification experimentation conducted on the case study shows the usefulness of the pro-

posed method.

Key words: smart grid verification, smart grid modeling, smart grid formal verification

INTRODUCTION

A smart grid is a grid of power system using infor-
mation and communication technologies to optimize
the transmission and distribution of electricity be-
tween generators and con- sumers while also consol-
idating the electricity infrastructure with the inter-
information infrastructure. The grid has the basic
functions of (1) resisting intentional attacks against
the system both physically and in the computer net-
work; (2) reducing the amount of energy consumed
on the wire, and improving the quality of electric-
ity; (3) reducing production and transmission costs,
and upgrading costs by differentiating electricity con-
sumption; and (4) capable of self-healing in the event
of a power failure. Smart grid has begun to be de-
ployed in Vietnam during this decade and is still being
deployed .

Smart grid studies have been implemented for a long
time (see also UCLA Smart Grid Energy Research

Center®) and span from equipment researches, sys-
tems, communications, optimization, network secu-
rity, etc. These studies, before be- ing deployed in
practice, need simulation and testing steps for cor-
rectness confirmation. Formal verification is the most
prominent way to check the accuracy, but it needs the
system to be defined formally and it faces the common
issue of state space explosion in reality.

In general, a formal specification is a specification
repre- sented in a formal language®. In this way, a
formalized system is an abstraction of the real sys-
tem to focus on the representation of what the system
does. At that time, the use of mathematics-based for-
mal verification methods will prove the correctness of
the whole or show the irrationality of a given system
by its formal specification and attribute to be proved .
Recent studies have indicated that formal methods
%76 can potentially test properties such as load bal-
ancing or the probability of a fault happening in

2http://smartgrid.ucla.edu
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the grid (and fault tolerance) for smart grids specif-
ically. These studies also reveal that the performance
of formal verification (testing duration, computing re-
sources consumed, and scalability) relies on the sys-
tem’s modeling and the chosen formal verification
method.

Research on formal methods focuses on two main
branches, formal specification, and formal verifica-
tion®. The specifica- tion methods have many re-
search directions such as history- based, state-based,
transition-based, functional, special oper- ational,

or higher-order functions®.

Typical contributions
to this branch are temporal-logical representations’,
rep- resentation languages such as Process or Proto-
col Meta Lan- guage (PROMELA) introduced by Ger-
ard J. Holzmann ®, model languages such as Petri nets.
In general, studies on formal specifications attempt
to construct representation lan-guages/methods that
represent a system’s characteristics.

In the second direction of research, researchers focus
on modeling the system and modeling these models.
This branch consists of two main approaches: theo-
rem proving and model checking®. While the theo-
rem proving is based on inference laws to prove the
correctness of the system, the model check- ing is
based on search algorithms to find counter-examples
of the system’s improperness. Currently, there are
many powerful tools to help scientists continue to im-
plement new tests, as well as help users test their prac-
tical systems. Some of them are SPIN®, NuSMV®,
probability tool PRISMY, a proof of Isabelle’s theo-
rem®.

The specific studies on formal methods in the field
of smart grid can include the two latest research
branches*~°. The first branch of research*° proposes
to apply the NuSMYV tool in testing some properties
such as load balance, and resilience of the mesh sys-
tem. Research results (using NuSMV) show the feasi-
bility of applying model-checking tools in smart grid
verification. However, it also shows an inability to test
more complex properties due to limited com- puting
resources (memory). Another possible reason is that
the modeling approach presented by the study is still
too complex. In addition, the study has not shown
ways to use more scalable studies such as abstraction
or/and random path”®.

The second branch of research © focuses on fault prob-
ability and system recovery probability in smart grids

Phttp://spinroot.com
http://nusmv.fbk.eu
dhttps://www.prismmodelchecker.org
¢http://isabelle.in.tum.de

using both wired and wireless communication. Simi-
lar to the study above, this work also models the sys-
tem using a model testing tool called PRISM. How-
ever, the model used to illustrate the project is still
quite small and the feature to be tested is still simple.
The most notable studies on modeling and testing
the system model have been studied in'°~!*. These
studies focus on modeling wireless sensor networks
and using abstraction techniques, clustering, etc., ap-
plying model testing algorithms to verify congestion
characteristics of wire- less sensor networks. In ad-
dition, the congestion probability is also taken into
account when applied in practice with unstable net-
work parameters. In addition, the research on im-
proving the effectiveness of model checking has also

been studied in>1>"1?

with abstract methods, paral-
lelization, randomization, heuristic search, indexing,
etc.

Researches on verification of smart grids in Vietnam
seem- ingly have not been published.

This research contributes the following three-folds:
(1) smart grid representation using Color Petri nets '*;
(2) a smart grid case study consisting of a set of sample
smart grids of three types: many power sources, many
consumers, unstable power sources; (3) Some verifi-
cation experimentation conducted on the case study
to show the usefulness of the proposed method.

The rest of this paper is organized as follows. In
the next section, background information is pre-
sented. The proposed formal representation approach
for smart grids is then pre- sented in section 3. The
testbed and some experimental results are described
in section 4. The final part of this paper discusses the
main findings and the directions for future research.

BACKGROUND
Smart grids

A smart grid is an electric grid or network that enables
the management of smart devices based on data gath-
ered from the network to react quickly to demands for
electricity. It allows to enhance the electric network in
reliability, availability, and efficiency.

The smart grid can be categorized by levels such as
the customer, the distribution system, and the trans-
mission system during operation. At the customer
level, it may involve some things like meters that can
be read automatically, meters that communicate to
customers, control of customers’ loads, and flexibil-
ity in the use of time-of-day or time-of-use meters.
At the distribution level, system may involve distribu-
tion system automation, selective load control, man-
aging distributed gen- eration, and “islanding” And



Science & Technology Development Journal - Engineering and Technology 2023, 6(3):1924-1936

the transmission level, system may involve measure-
ment of phase and other advanced mea- surements,
and other advanced control devices, distributed and
autonomous control 8.

The main objectives of designing smart grids are to
achieve grid visibility, enable asset control, improve
power system performance and security, and lower
the expenses of operation, maintenance, and system
planning. In the research of smart grid, there are some
computational tools for modeling and analysis of the

d20—25

smart gri , as well as studies on threats and so-

lutions %°.

Formal verification

Formal verification is a research direction aimed to
prove the correctness of a system with respect to a
certain property rep- resented in a formal specifica-
tion. Theoretically, verification is a process of finding
formal proof on a formal/mathematical model of the
system under test. There are two main ap- proaches
in formal verification: model checking and theorem
proving .

In model checking, a finite model of a system is used
for searching for evidence of a violation of the de-
sired property. The system is verified when no such
violation evidence exists or a counter-example will be
shown. It is a very practical approach, even though
in the explosion of the state space, the search (for vio-
lation) can stop within a limit of computer resources
and running time and returns the correctness with
some confidence level””. The well-known logic used
in model checking is temporal logic, which aims to
capture the temporal aspect of the property. For ex-
ample, one can check if a smart grid satisfies the prop-
erty “Definitely, the top priority consumer will receive
enough energy as required”. Although, in theory, the
search in the state space is exhaustive, there are re-
searches in the model checking field to overcome this
drawback *1°-17:28,

In theorem proving, both the system and its desired
prop- erties are expressed as formulas in some mathe-
matical logic, which is based on axioms and inference
rules. By that logic, it can deal directly with infinite
state space, while model checking can hardly. How-
ever, some of the theorem techniques are used in prac-
tice with excellent results*®.

Colored Petri Nets

A Petri net is a system model that uses a weighted, di-
rected graph of nodes as places and transitions. Di-
rected arcs connect places to transitions (as inputs)

and transitions to places (as outputs). The Petri net-
works by moving tokens from (input) places to transi-
tions and from transitions to (output) places (firing).
The weight of the directed arcs determines the num-
ber of tokens moved (transmitted).

Colored Petri net (CPN) '# is an extension of Petri net
that merges the benefits of Petri nets with the expres-
sive power of functional programming languages by
giving more features and properties to tokens, places,
and transitions resulting in more classes of high level.
It enables tokens to have a data value attached to them
called the token color, and each place represents a
color set. Furthermore, arc-expressions (an extended
version of arc weights in classical Petri nets) deter-
mine which tokens can flow over the arcs. Additional
guard constraints on enabling transitions can also be
expressed as Boolean expressions.

A Colored Petri net is a tuple CPN = (ColBagPlaTrnV
ar Fun), where

o Col define a finite set of color sets.

o Bag is a bag of tokens (value) of colors ¢ € Col.
o Pla define a finite set of places.

o Trn is afinite set of transitions.

o Var is a finite set of variables v € V ar.

o Fun define a finite set of functions.

colset INT = int;
var X, y: INT;

INT
P2
T (a) Enabling in CPN
13
P1
X P3 1’14
INT &5 2x+y i :
y
Y] INT
P2
T T
T (a) Firing in CPN

Figure 1: Colored Petri Net (CPN).

For example, Figure 1 shows a CPN in its two stages:
enabling and firing. In Figure 1(a), place P 1 con-
sists of 2 bags of integer tokens (one with five (5) to-
kens and another with three (3) tokens), and place P
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2 contains a bag of four (4) integer tokens. They are
the input places for transition T 1 with the guard ex-
pression x >y (from P 1and P 2, respectively) as the
condition to enable the transition. In Figure 1(b), the
transition T' 1 has been fired when the guard expres-
sion is confirmed (the bag of 5 tokens in P 1 and the
bag of 4 tokens in P 2). It removed those tokens from
place P 1and P 2 and produced tokens in P 3 (a bag
with 14 integer tokens as the outcome of the output
arc-expression 2x + ).

RESEARCH METHODOLOGY

We employ a smart grid whose topology is shown in
Figure 2, as an illustrative case study 01 in this paper.
The smart grid in Figure 2 contains three generators,
three consumers, two buses, and seven circuit break-
ers (CBs).

A generator can either be a normal generator or
a smart generator. We refer to these elements as
nodes in the grid. In this demonstration, we assume
that these generators are normal generators that can
generate stable power. Generator G1 can generate
10MW, G2 can generate 5MW and G3 can gener-
ate 6MW. Three consumers require 6MW, IMW, and
6MW respectively. The total amount of power pro-
duced can satisfy the total amount of power required.
Itis also assumed that all elements in a smart grid have
standard parameters such as id and type. Moreover,
some of them such as generators and consumers have
additional parameters such as a capacity for their gen-
erating capacity or consuming capacity. Table 1 is for
the standard parameters for each grid element. Anac-
tual configuration of the grid in Figure 2 is described
in Table 2.

Smart grid representation using Color Petri
nets

Based on characteristics of a smart grid, we pro-
posed that the grid can be represented using two
generic components: generation and transmission/
consumption. Each of these com- ponents is modeled
by a CPN.

An illustration of those representations is in Figure 3.
Figure 3(a) is a pure petri net created from the topol-
ogy in Figure 2 by reducing the busses and CBs. The
left part of the petri net describes the power gener-
ation with three Generators G1, G2, and G3. From
these three generators, power is generated through
transitions genl, gen2, and gen3 and is stored in the
place “Generated”. After being generated, power will
be transferred and consumed in place “Consumer

» <«

C1”, “Con- sumer C2” and “Consumer C3” through
transitions transl, trans2 and trans3, respectively.

To use the power of the Color Petri net for mak-
ing a simpler net, all generators and consumers are
merged into the places Generator and Consumer, re-
spectively, as displayed in Figure 3(b). All generators
(genl, gen2, gen3) and transi- tions(transl, trans2,
trans3) have also been folded to functions fn_gen,
fn_trans, and fn_cons as in Listing 3 to describe power
generation, transmission, and consumption, respec-
tively.

Figure 4 and Figure 6 show the details of two folded
compo- nents, which will be explained in more detail
later.

The declarations are presented using the Coloured
Petri Net- Modelling Language (CPN-ML) syntax of
the CPN Tool' as follows (see Listing 1).

Color set types:

» “IDX”: integer, a unique id of a node in the grid.
« “TYPE”: [GEN,CON] for
Genera- tor and Consumer (Load).

enumeration =

o “CAPACITY: integer, the capacity of a genera-
tor or consuming capacity of a consumer.

o “NODE”: arecord of IDX * TYPE * CAPACITY,
anode in the grid.

o “POWER”: an amount of power.

o “NODE_POWER”: a product of “NODE” and
“POWER’, for power generated or consumed by
the NODE.

The configuration of the grid described in Table 2 is
in Listing 2. It is also called the initial marking of the
CPN. Listing 2 shows the initial marking of the “Gen-
erator’, “Generated” and “Consumer” place. Genera-
tors are initialized with full energy production capac-
ity. Generated place contains zero power at the initial
stage.

Listing 3 describes three functions for power gener-
ation, power transmission, and power consumption.
How these func- tions work is described in section be-
low.

Listing 1

Declarations of the color sets.

1. colsetIDX=int

2. colsetTYPE=

3. colsetCAPACITY =int
4, colsetPOWER=int;5
5

.colsetNODE=recordi:IDX*t: TYPE*
c: CAPACITY

f[1] https://cpntools.org
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10
L
cB2 CB4 CBS
6
& CB6 CB7
Figure 2: Topology of a sample smart grid.
Table 1: The parameter type of the Grid
Generator Consumer
Id Number Number
Type Enum Enum
Capacity Number Number
Table 2: The parameter configuration of the Grid
Item Id Type Capacity Unit(POWER)
Generator 1 1 GEN 10 MW
Generator 2 2 GEN 5 MW
Generator 3 3 GEN 6 MW
Consumer 1 4 CON 6 MW
Consumer 2 5 CON 9 MW
Consumer 3 6 CON 6 MW

6. colset NODE POWER =product
NODE*POWER;

Listing 2

Initial marking of the place “Generator” and place
“Consumer”.
8valinitGenerator: NODE POWER =
9[({i=1,t=GEN,c=101},10)

10, ({i=2,t=GEN,c=5},5)
11,({i=3,t=GEN,c=61},6)]

12
13valinitConsumer: NODE POWER =
14[({i=4,t=CON,c=6},0)
15,({i=5,t=CON,c=9},0)
16,({i=6,t=CON,c=6},0)]

17

18valinitGenerated: POWER=1°0

Smart grid component representation

We provide more details about the components men-
tioned above in this section. The generation compo-
nent has a tran- sition “gen” and two places “Genera-
tors”, “Powers”. The Generators place holds all gener-
ators of the smart grid.

For example, the Generator place in Figure 4 contains
three generators G1, G2, and G3 of the smart grid in
Figure 2, with the configuration as in Table 2. The
Generator G1 (ID: 1, maximum power generation ca-
pacity: 10) is setup to generate power of 8 (80% of
maximum capacity) is represented as ({i = 1, t = GEN,
¢=10}, 8). This approach allows us to easily simulate
the on/off state and the stability of the power source.
In this component, the transition “gen” fires when
taking one NODE_POWER token from the place
“Generator’, this color token represents a generator
and its associated power generation. And a POWER
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generation transmission/consumption
{10 A
oﬁ genl transl
5 L
eﬁ gen2 Generated trans2
6
—{ gen3 trans3
(a)
| | i
i i

{G1}{G2}L{G3}]

.
/

(b)

[{C1}{C2},{C3}]

;

Figure 3: Two components: basic generation and basic transmission (a); folded generation and folded transmis-

sion (b)

token from the place “Generated”, which represents
the total amount of electricity that has been produced
and stored. The function fn_gen will sum the amount
of electricity available from the generator and the
amount of electricity available in the place “Gener-
ated” to create a new total.

Figure 5 depicts the state of the grid implemented on
the CPN Tool after the transition “gen” fires once upon
receiving G2 tokens ({i =2, t = GEN, ¢ =5}, 5) (from
the Generator place) and 0 power (the token 1°0 in the
Generated place) to generate 5 powers (the new token
1°5 in the Generated place and no more token of G2
in the Generator place).

Listing 3

Three functions are used in the CPN

19 fun fn_gen (pl: POWER, p2: POWER) = p1+ p2
20funfn_cons(n: NODE, p: POWER) =(n, p
+(#c(n)));

21 funfn_trans(n: NODE, p:POWER) = p —(#
c(n));

After being successfully generated, the electric power
is ready to be transmitted and consumed using the
transmission component. The “Consumer” place in

Generator

fn_gen(..)
gen Generated

[{c1},{G2}.{G3}

Figure 4: The folded generation component.

1° ({i=1,t=GEN,c=10},10)++|
1° ({i=3,t=GEN,c=61},6) 10 15
p2
en,pl
@2 posioliy o »{ Generatad )i
NODE_POWER fn_gen(p1,p2) POWER

[({i=1t=GEN,c=10},10)
({i=2,t=GEN,c=5},5) p3
A{i=3,t=GEN,c=6},6)]

fn_trans(cc

Figure 5: The implementation of the folded gener-
ation component on CPN tool

5’ fn_trans(..) fn_cons(..) ;
[icapicapicsn

Figure 6: The folded transmission component
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Figure 6 contains all consumers of the grid with ini-
tial configuration. For example, the Consumer C2 (ID
is 4, the demand for power is 6, and the amount of
power received is 0) is represented as ({i =4, t = CON,
¢ = 6}, 0). Transition “trans” fires when it receives
one token from place “Generated” and one from place
“Consumer”. The function fn_trans and fn_cons are
used for transferring and consuming power between
two places “Generated” and “Consumer” Figure 7 de-
scribes a state of the grid when the place Consumer
C2 received 6 powers (the token is changed to 1‘({i =
4,t=CON, c=6}, 6).

Figure 8 shows the complete model of the sample
smart grid. It is clear that the CPN model is small re-
gardless of the complexity of the smart grid.

State Space

The state space in CPN is a set of possible configu-
rations that system can have. For the demonstration
case study 01, it is a collection of potential states of the
grid in Figure 2. In this work, we use the built-in State
Space module in CPN Tool to examine state space and
Graphviz?® library in Fig. 9 for exporting state space to
a Dotfile (*.dot), then visualize a graph from the Dot-
file in Figure 10.

In our case, nodes named from 40, 42 to 48 are the
final states of the grid, when there is no more firing.
For example, node 40 in Listing 5 shows a result when
Consumers 1, 2, and 3 receive 0, 18, and 0 powers re-
spectively and 3 redundant powers (token 1‘3) is still
at the "Generated” place. This is not the success of the
smart grid, absolutely.

Listing 4

A part of State space report file

1. Statistic

State Space
Nodes

Arcs

Secs
Status:Full
Scc

Nodes

10. Arcs

© ® N v kW

11. Secs
12. ...

8https://graphviz.org

Figure 9 represents a block of code in the CPN tool for
exporting state space to the “StateSpace.dot” file. Fig-
ure 11 shows a part of the full state space in Figure 10.
Listing 4 shows that the state space of case 01 consists
of 48 nodes and 96 arcs. The running time for the
analysis of this state space was almost zero seconds
and the state space was fully analyzed.

Listing 5

A part of State space .dot file

1. digraph_cpn_tools_graph{
2. N40[label=40:
3. sgrid’Generatedl:1°3
4. sgrid’Generatorl:empty
5. sgrid’ Consumer 1 :
6. 1°({i=4,t=CON,c=6},0) ++
7. 1°({i=5,t=CON,c=91},18) ++
8. 1°({i=6,t=CON,c=61},0)]
9. N42 [label=42:...]
10. .
11. N1 —
12. {p2=0,gen={i=2,t=GEN,c=5},pl =5} ]
13. N1 —>N3[label=A2:1->3: gen
14. {p2=0,gen={i=3,t=GEN,c=6},pl =6} ]
15. N1 —>N2[label=Al:1->2: gen
16. {p2=0,gen={i=1,t=GEN,c=10}, pl =10}
]
17. ...
Experimental setup

‘We aim to show how our suggested method can model
a realistic version of a smart grid in this section. The
grid’s setup in two different case studies is presented
in Table 3.

In case study 02, we simulate the unstable power sup-
ply and the stable consumer demand. For example,
Generator G1 can vary its capacity from 80% to 100%
(9 to 12 power). By this simulation, the state space
can be used to analyze situations such as when all
consumers ask for their demands, then what are the
power production levels of all generators.

For case study 03, some power generators may be shut
down randomly to simulate network failures.

RESULT AND DISCUSSION

In this section, we analyze the modeling result and
the experimental results of three case studies. Table 4
shows the state space reports generated for the three
case studies.
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J fn_gen(p1,p2)

p3

1'0 1‘9'

Generated (1

POWER

fn_trans(con,p3)

trans [p3 >= #clcon)]

fn_cons(con,p4)

[({i=4,t=CON,c=6},0)
({i=5,t=CON,c=9},0)
[{{1=6,t=CON,c=6},0)]

L)

1 ({i
17 ({i
1 ({i

4,t=CON,c=6},6)++°
5,t=CON,c=9},0)++
6,t=CON,c=6},0)

Il

L)

A

(con,p4)

Consumer

NODE_POWER

Figure 7: The implementation of the folded transition component on CPN tool

Table 3: The configuration (setup) of the Grid in three case studies.

Case Configuration

01 Capacity power of generators are fixed

02 Generators can change from 80% to 100% of its capacity
03 Three Generators can change from 80% to 100%

of its capacity and on-off randomly

Smart Grid modeling discussion

Petri nets or Colour Petri nets have been used to
model and verify smart grids in earlier research?’.
They all aim to mimic the network structure as closely
as possible and use some verification methods to
check some required properties. For instance, in >, all
generators are places in a Petri net. This is convenient
for engineers to simulate the nets as they know the
topologies well. However, for big networks, the Petri
nets are too complex to be shown and simulated and
too difficult to be updated. Even the work in’* that

uses CPN to model grids still has large models when
it concentrates on describing detailed/local electrical
transformer areas to find and locate illegal loads. In
our proposed approach, all generators (and their pa-
rameters) are color tokens, and the whole topology is
reduced to a few simple components with flexible con-
figurations. For example, the net in?? with 11 gener-
ator nodes (PO to P11) can be represented using our
approach with only one node (Node P using the color
token [{i=0, p=1}, {i=1, p=1, {i=2, p=4}] in which i is
the name of a node, p means power) as illustrated in
Figure 12.
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1" ({i=1,t=GEN,c=10},10)++
s (?:2": GEN,c=S§,5)++
1° ({i=3,t=GEN,c=6},6) 1°0 v
e p2 dﬂ
npl -
@3 '(g_p)) gen Generated '_'fl-);
NODE_POWER | fn_gen(p1,p2) POWER
[[{_i=1,t=GEN,c=10},10)
A{i=2,t=GEN,c=5},5) p3 fn_trans(con,p3)

{{i=3,t=GEN,c=6},6)]

trans [p3 >= #c(con)]

i=4,t=CON,c=6},0)++| fn—cons(con,p4}| |(con,p4)

5,t=CON,c=9},0)++
6,t=CON,c=61},0)

[({i=4t=CON,c=6},0)
({i=5,t=CON,c=9},0)
A{i=6,t=CON,c=6},0)]

NODE_POWER

Figure 8: The implementation of the full model on CPN tool

ExportToGraphviz |

Calculate the state space and/or SCC graph
using the State Space tools
before attempting to export to Graphviz

Change some string representation functions in the state space tool
0GSet.StringRepOptions'TI(fn (pg,tr,i) => tr);
0GSet,StringRepOptions'BE(fn (ti,b) => ti~" "~b);

Set the outputpath, after changing as necessary
val outputpath = "G:/araphviz_output/"

Export the selected part of the graph structure of the state space or SCC graph to Graphviz

0OGtoGraphviz ExportStateSpace(outputpath”"StateSpace.dot”);

Figure 9: The Graphviz code for exporting state space to dot file
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Figure 10: State space report and statespace.dot file

Figure 11: A part of full state space

- &
[{i=0, p=1}, {i=1, l
p=1}, {i=2,p=4},..,

{i=10, p=3},..] @

Figure 12: A part of the net in?? (the top half of the figure) in our proposed approach (the bottom of the figure)
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Therefore, our models are easy to be updated and re-
configured. Tools to convert from a smart grid to our
net will be provided.

Experimental results and discussion

In case 02, the report consists of 367 nodes and 5 474
arcs. There are 6 nodes where the consumers receive
their desired amount of power. These are our desti-
nation nodes. Of course, we need to travel in the state
space to determine the paths from the initial node to
the final node. Those paths are the configurations for
the smart grid to be successfully operated.

For case 03, the state space consists of 536 nodes and
13 691 arcs, much more nodes and arcs compared to
that of case

02. There are still 6 destination nodes to indicate
the success of the configuration of the smart grid.
However, the running time and computer resources
from finding such “successful configurations” are still
small, almost zero seconds.

CONCLUSIONS

In this paper, we have proposed a modelling approach
based on CPN to represent the electrical smart grids.
Interestedly, the complexity of the smart grid seems
not to be the complexity of the CPN model when all
components and topology of the

grid can be modelled in a small CPN and configura-
tion/ arc- expression/ functions.

One of the good things in our approach is that any
smart grid represented using this model can be up-
graded easily as demonstrated in this paper. Unfortu-
nately, there many other features of smart grids have
to be studied more carefully. In the near future, we
are going to study how to represent and verify more
features such as (1) power loss in smart grid, (2) us-
ing batteries to re-balance to smart grid in on-/oft-
peak period, etc. Moreover, studies on avoiding for-
mal verification drawbacks such as state space explo-
sion in checking the properties have also been carried
out carefully.

Finally, we will also offer a tool that allows engineers
to specify the smart grid structure and transform it
into our CPN models in the upcoming future.
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Huéng téi kiém dinh hinh thic lugi dién théng minh: Phuong
phap mé hinh héa hiéu qua va mét sé thir nghiém dau tién

Bui Hoai Thang', Bui Cong Tuan", Nguyén Dinh Tuyén', Nguyén Duy Anh', Nguyén Van Liém’,
Luong Minh Huan?

TOM TAT

Ngay nay, ludi dién thong minh dugc st dung rong rai trén toan thé gidi khi cho phép phat hién,
phén tng va cht dong trudc nhiing thay déi trong cach st dung va nhiéu méi lo ngai vé hé théng
dién cting nhu kha nang tu phuc héi. Mot s6 ludi dién thong minh gan day da dugc tao ra va van
hanh & Viet Nam. D& dam bao tinh hiéu qua cuia ludi dién thong minh, tinh ding dan cua thiét ké
hé théng phai dugc nghién cuu ky ludng trudce su bung né strdung ludi dién théng minh, dic biét
& cac nuéce dang phat trién nhu Viet Nam.

Céc phuong phéap chinh thirc bao gém kiém dinh va kiém tra mo hinh, gan day déng vai trd quan
trong hon trong viéc xac minh cac thudc tinh cta ludi dién thong minh nhu can bang tai va kha
nang phuc hoil6i, nén hiéu qua cdia kiém dinh hinh thic phu thudc cht yéu vao ky thuat xac minh
va mo hinh héa hé théng. Cac nghién cliu gan day da cho thay tinh kha thi ctia viéc ap dung cac
cong cu kiém tra mé hinh trong ki€ém dinh lugi dién théng minh ciing nhu khéng thé kiém tra cac
thudc tinh va hé théng phuc tap. Theo quan diém clia ching t6i, su kho khan cé thé xuét phat tir
su phic tap clia cac mo hinh ctia hé théng dang dugc tha nghiém.

Trong nghién cu nay, ching toi da dé xuat mot phuong phap mdi dé biéu dién ludi dién théng
minh bang Colored Petri Net (CPN), mot ngdn nglt biéu dién hinh thic. So véi phuong phap lap
ma hinh hién tai, mé hinh mdi cho phép cac ky su bién dbi cac ludi phic tap thanh cac mé hinh
don gidn. Hon nia, dua trén nhimg uu diém vé khia canh "mau sac" ctia CPN, mé hinh két qua
c6 thé dé dang nang cap dé thich ting vdi nhing thay déi clia ludi dién thong minh ban dau ma
khéng can mo hinh hoa lai.

Cung trong nghién ctu nay, mot tinh huéng co ban dé ma ta ludi dién théng minh, bao gom nhiéu
nguon dién va nhiéu ngudi tiéu dung sé dugc trinh bay. Mé hinh sé dugc cau hinh dé ndm bat mot
s van dé co thé xay ra trén ludi dién nhu sy thay ddi cong sudt clia céc nguon dién. Thir nghiém
dugc thuc hién trén tinh huéng co ban cho thay tinh hiiu ich clia phuong phap dugc dé xuat.
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