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ABSTRACT

The following article describes a proposal that
aims to plan and develop a framework for Smart
cities using modeling by UML through the Colos-
sus software tool. Further design analysis applied
to Smart cities based on wireless sensor networks is

developed.

The analysis is proposed using ARIMA time series
for finding a correlation of consumption of electri-
city in 50 Colombian homes and a possible forecast
if it were used ilnternet of things (IoT) as a possible
method to save on electrical energy consumption.
Keywords: ARIMA, Framework, Gretl, Smart cities,
UML, WSN.
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INTRODUCTION

The scientific investigation has a method, and this
one has, your approaches and exceptions as well
as your dimensions, with the possibility of using
one or another way of the method. When an in-
vestigation is done in the technological field, it is
necessary to use technological strategies, which
validate the results obtained across a software de-
velopment of software;. This article they presents
the results of the utilization of the Unified Lan-
guage Unified of Shaped UML (Bolanos, Gonzaa-
lez, Sanjuan & Easter, s. f.) to shape the graphs
of case of use, sequence, of class and activities
with support in the tool named Coloso (Bolafios,
Gonzalez, Sanjuan, & Pascual ) (Bolanos, Medina,
& Carrion, LACCEI, 2011).; Thise paper presents
an analysis relationing the Engineering software
(IS) using the Language of Shaped of Processes and
Methodologies of Software [LMMPS] (Bolanos,
Medina & Carrién, LACCEI, 2011). The approach
to realizing carry out will combine the investiga-
tion and technology, with IS technics of the (IS).

LANGUAGE MODEL AND
METODOLOGIC PROCESS OF
SOFTWARE (LMMPS)

The concepts of grammar are described to cons-
truct words of a certain language. The intention aim
is generating a vocabulary of expression for the fra-
me of a (SC).

1) The gGrammar with phrases structure consists
of a vocabularyV, a subset T of V formed by the end
effectors and initial symbol S of V - T and a set P of
productions (Bolafos S., 2014; Rosen, 2004).

2) The vVocabulary (V) is a finite set and non-
empty, the elements are called symbols, where a
word onV is a finite chain of elements of V (Bolanos
S., 2014; Rosen, 2004).

It is necessary to define the language generated
for G, L (G)

For a consistent set of aspects where loT (Inter-
net of Things) is, the Internet of the things and FW

(Framework) is the working space or referential
frame.

Therefore, if WSN SC are elements of the set
FW;, then, because each element of C sublies is
contained in loT.

loT is a function of FW, (Framework) SC, (Smart
Cities),and WSN (Wireless Sensor Networks),
where it is possible to verify and validate. Wifhere
IM is defined as Internet in Movement.

Next, it presents a general graph of the services
classification, in the top part appears (loT), which
wraps the (FW), the (SC) and (WSN). The structures
WSN sublies before the (SC) and this one sublies
before the (FM), which forms a part integral of (loT).

IoT

Figure 1. Integration and perspective of Smart Cities
(SC) and loT

Source: Author.

PRECEDENTS AND CURRENT STATE OF
THE ART

The conceptual development of this project is ne-
cessary to understand four big components: (loT),
( FW), (WSN), (SC); the comprehension and dee-
pening of these subject matters, the props of this
offer, will depend ofn the design that is achieved
in a great extent with the success of the same one.
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Internet of the (IoT)

Defined as a global infrastructure based on stan-
dards and communication protocols where the
physical and virtual "things" are equally integrated
with the network information. Important and es-
sential part of loT are the sensors (Vergara Carabe-
no & June, 2013).

Framework (FW)

A frame of reference is used as a development pat-
tern of an application, though it is a wide defini-
tion, this designation because it can remove the
different levels of software development (Ffor a
complete application defined, application web,
until focusing in an unique aspect, user interface)
(Cavaness, 2003), being versatile without requiring
a language of programming. [FW] is defined also
as a set of bookshops, designed to give support in
the development of sites generating the construc-
tion of any web application (Lyman, 2009). A [FW]
facilitates with common activities realized carried
out during the development of the application
(Brandon & Brandon, 2008).

Some characteristics are evaluated in the table 1:

Table 1. Characteristics are evaluated in the selection
of Framework (FW)

FEATURES DESCRIPTION AUTHORS

has as purpose recog-

nize the requirements
Domain and concepts that the
(FW): (FW) needs

(Shafer, Prieto, & Mat-

sumoto)

FW Support and securi- (Bae, 2014) (Ras-

Security FW . . mussen & Dara,
ty in the infrastructure 2014).
(Ahamed, Mil-
Interopera-  Interact with other waukee, & Pezew-
bility platforms ski, 2004) (Jin Oh

& Youl Park, 2014)

Source: Own work.

The Framework (FW) design is necessary to
take in mind allowing total access and control at
sensors network, for any device with connectivity.

Wireless Sensor Network (WSN)

WSN are networks for small nodes that working
to obtain a common objective with resources of
accused and computation limited. In the begin-
ning of this evolution, the nodes were big distant
stations, spatially and the communication would
take place across an infrastructure wired up (Akyil-
diz, Weilian, Sankarasubramaniam, and & Cayir-
ci, 2002). Since then different investigations have
been developed in order to improve of the sensors
in caps: physic, link and network optimizing for
the processes of transmission with the objective,
diminishing the energy consumption (AUTELSI
(Association), 2006). Nowadays, the communica-
tion is wireless and when exists an exchanges of
information between nodes conforms a networks
(Hao, Xue, Yan, and & ChunLi, 2012). It is neces-
sary to take control that supervises the connections
between the net, as the information is caught by
the sensors networks; in general, the information is
bidirectional for user to the net and vice versevice
versa. This scheme is shown in Figure 2.

Control Center

Network
Mobile User

Figure 2. Basic scheme for a WSN

Source: Own work.

Some considerations to bearing in mind for de-
signinged a WSN are described in table 2.
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Table 2. Considerations to bearing in mind for
designinged a WSN

Characteristics: Definition:

Some nodes sensors can fail or be
blocked due to the lack of energy,
or to receive physical damages or
environmental interferences. The
failure of nodes sensors must not
compromise the global function
global in the net of sensors.

Tolerance for failures

Scalability. The designs must be capable of
working with a number of nodes
in order of hundreds, thousands,
and depending onf applications,
millions. Also take in mind the
high density, which can take have
relation to some hundreds of no-
des sensors in a region that can be

minor than 10 meters by diameter.

Provided that the sensors ne-
tworks consist of a great number
of sensors nodes, the cost of an
individual node is very important
to justify the complete cost of the
network.

Costs of production

The topology can suffer changes
due to function mistakes, involun-
tary changes in position of nodes
sensors, interferences with objects
for the environment. Later, it is
possible to precede methods like
repair, substitution or amplifica-
tion at network.

Topology

The sensors networks meet are af-
fected for the environment. Nor-
mally they are opened in remote
areas, the difficult or impossible
access being nearby or inside with
phenomenon where wants to be
measure.

Environment

A sensor network is constituted
for four basic components: sensor
unit, a processor, transmitter, and

Hardware limitation

energy unit.

Source: Own work.

Authors whom works in this topics are: (Liyan-
age & Marasinghe, (2013), (Kehua, Jie, & Hong-
bo, (2011), (Elmangoush, Coskun, Wahle, &
Magedanz, (2013), (Karnouskos & de Holanda,

(2009) (Chourabi, y otroset al., (2012), (Chaonan,
Liudong, Vinod, & Yan Lindsay, (2014).

Smart City (SC) and Digital City

Knowning as Digital or Intelligent City, is consi-
dered as an city “intelligent"” city when the in-
vestments in the human and social capital, and a
traditional infrastructures in a traditional commu-
nication (transport) and modern (ITC), they foment
an economic development and a high quality of
life, knowing the management of natural resour-
ces, across a participative government (AUTEL-
SI (Association), 2006) (Hao, Xue, Yan & ChunlLi,
2012) (Liyanageand Marasinghe, 2013).

Digital city: is a virtual space of interaction be-
tween all the actors whom take part in the life of
a city, citizens, companies, administrative, visitors,
- using the support of the electronic and the in-
formation, and communication technologies and
communication (TicsICTs), offering the above men-
tioned actors, the access like an innovative way of
relation and communication, across the channel
that they choose, in any moment and place (Kehua,
Jie & Hongbo, 2011; EImangousch, Coskun, Wahle
& Magedanz, 2013; Kamoouskos & Holands, 2009;
Chourabi et al., 2012).

PROBLEM DEFINITION

The high consumption of electrical energy with in
the big cities and every time scanty generation of
the same one, generating a crisis in the energetic
sector; it is not enough to create saving policies,
saving but also it is necessary the implementation
of intelligent networks that allow manage the ener-
getic saving (Krishnamachari & Ordénez, 2003).
Some disadvantages could be nowadays exists and
is related to the energy consumption.
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METODOLOGY:

Metaprocess definition:

“The significant problems we have cannot be sol-
ved at the same level of thinking with which we
created them”. Albert Einstein.

For the development of reference frame was
used UML that is a language that allows shape,
construct and document the elements that form
a system in object orientated software.; iln the
present article - there will develop the model of
software Metaprocess (Bolanos, Gonzalez & Easter,

s. d.; Bolanos, Medina &Carrién, LACCEI, 2011).
The Metaprocesos (Gracanin, Eltoweissy, Olariu &
Wadaa, 2004), is defined as process models who
which are going to serve as referential frame, and
they help with a graphical scheme of representa-
tion. Three big processes are distinguished: man-
agement, structure and innovation.

The process management, is shaped by the strat-
egy, organization, production and documentation.
In Coloso is possible to estimate in a graphical and
pedagogic way 3 processes that shape a Metapro-
cess. (figure 3).

2‘ metaproccess
management process structuration proccess
@ estrategy @ architecture
@ organization @ guidelines
(@ production {@ roadmap
| & documentation ] | @ contribution |
innovation proccess
(& comunication
@ problems
(@ improve
L @ knowledge i)

Figure 3. Metaprocess from Coloso software

Source: Bolafios, Gonzalez, Sanjuan, & Pascual.

As a strategy, the holistic looks about problem
and the hypothesis; the strategy or process select-
ed RUP (Rational Unified Rational Process) (Peng,
Wang, Have & Zhao, 2012), the life cycle is usesd
in cascade (Royce, 1970), allowing the generation
of a software in an UML environment UML, de-
sign, develop and visualize processes;, simplifying
the complexity of the designs, processes and cre-
ating a development without equally. The process
RUP assigns tasks and responsibilities,; shaped
by the strategies: business models, requirements,

analysis and design, implementation, checking,
between among others.

Additionally, the RUP administrates the re-
quirements, which are dynamic during the pro-
ject, develops the iterative software, develop sand
the software visually, evaluates the system quality
with regards to the functionality, uses an architec-
ture based on components and establishes repeti-
tive processes to manage the changes of software
(Flérez, 2009; Abranson, 2002; Kasaju, 2013) This
process is shown in the Figure 4 shows this process.
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Figure 4. Methodology RUP
Source: Bolaios, Gonzalez, Sanjuan, & Pascual.

For the particular case that occupies us, the
model of business is represented in Figure. 4.

Candidate

Figure 5. Use case activities

Source: Bolaios, Gonzalez, Sanjuan, & Pascual.

The use case, describes the general activities in
the development of the (FW)] for - SC - (Elman-
goush, Coskun, Wahle & Magedanz, 2013). Three
actors decided the Ph.dD candidate, the direc-
tor and judge, where are represented the general

activities that will allow to develop and give solu-
tion to the project;, this one is composed for five
activities:, formulation, adjustments, design, im-
plementation, tests and socialization for the results
in the academic community.
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The following provides developments of the for- ~ who will find be resisted. These processes are
mulation activity, in which the thesis taking part ~ shown in the Figure 6 shows these processes.
in problem approach and investigation hypothesis

Sequence Diagram: SD Formulation J

% problem hypothesis

RIRIRIRSE IRSRIRTASERLS

Candidate |
| 1 o definition():void

2 o formulation():void

Figure 6. Problem and hypothesis formulation

Source: Bolafios, Gonzalez, Sanjuan, & Pascual.

Taking again the Sstrategy about Metaprocess, developed in a Frame of Reference for Intelligent
begins the specification of the activities, which Cities controlling a sensor wireless network in
will be orientated to project objective, which is Smart City applications,. tThis allows the energetic

saving, ias shown in figure 7.

Candidate Director
Techniques addressed:
WSN, Framework, Smart-City. | —
- -
{_Revision of the initial model )

H__Suggestions about methodological model )

AN
(USmudation ) me=srement of Statistcs
energy saving T

Figure 7. Developing activities about methodology

Source: Bolafios, Gonzalez, Sanjuan, & Pascual.

In the project developing of project are definite  the art state condition, including the approached
two actors:, the director and the candidate Ph.D; subject matters (WSN), (FW) and (SC). Once the
with the following function review the state of  previous task has been realized carried out and
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agreement with results obtained, it will be decid-
ed, by mutual agreement, a specific methodology
to identify the methodological offer that will in-
clude the suggestions realized given by the direc-
tor, the bidder will realize carry out part of design
in a model (FW) who will be used in the simu-
lations accomplishment and statistics which have
information about energy consumption in homes
respect to the level; the contrasting results will be

realizedmade. This point is important because here
culminatingends the traceability reached by the
director; later, results obtained will socialize previ-
ous approval by the director.

The activity appears the contrasts Figure 8 in
which present the results, conclusions and con-
fronts with the judge for your checking. This activ-
ity is conducted through checking the hypothesis
of investigation.

Verification activities |

Preparation of

Figure 8. Verification activities and conclusion

Source: Bolaios, Gonzalez, Sanjuan, & Pascual.

STUDY OF AN APPLICATION OF
ENERGY SAVING AT HOME AND
FORECAST

The first forecast, the home energy consumption
performed measurements of 50 home conformed
by 4 persons who consumed around 4-6 kWh per
day, there were extracted from the samples to be
included in the Autoregressive Integrated Moving
Average (ARIMA) model (Pulido, 2001). Mathe-
matical models are a class of stochastic processes
used to analyze time series is dueaccording to Box
and Jenkins model., wWe used a GRETL free sof-
tware, which to analyzed the statistical behavior
and represented through a graphical interface will
be used.

Table 3. Sample for 50 real home user’s from Codensa

Day kWh-Mount  kWh-day Variation
0 157 5,2
1 190 6,3 33
2 165 5,5 -25

3 171 5,7 6
4 180 6,0

5 175 5,8 -5

6 169 5,6 -6
7 173 5,8 4

8 161 5,4 12
9 152 5,1 9
10 188 6,3 36
11 165 5,5 -23
12 194 6,5 29
13 199 6,6 5

14 174 5,8 25
15 160 5,3 14
16 159 5,3 -1

17 152 5,1 -7
18 164 5,5 12
19 167 5,6 3

20 186 6,2 19
21 147 4,9 -39
22 180 6,0 33
23 158 5,3 22
24 169 5,6 11
25 175 5,8 6
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26 149 5,0 -26 38 181 6,0 -52
27 172 5,7 23 39 141 4,7 -40
28 189 6,3 17 40 112 3,7 29
29 171 5,7 -18 41 145 4,8 33
30 166 5,5 5 42 193 6,4 48
31 190 6,3 24 43 103 3,4 -90
32 174 5,8 -16 44 111 3,7 8
33 197 6,6 23 45 207 6,9 9%
34 149 5,0 -48 46 195 6,5 -12
35 182 6,1 33 47 161 5,4 -34
36 204 6,8 22 48 217 7,2 56
37 233 7,8 29 49 193 6,4 24
50 133 4,4 -60

The Table 3 data kWh-day for 50 home user’s,

are represented in the following GRETL graphic:

Y

KiWh_da

8

7.5

7

6.5

6

5.5

s

a.s

Source: Own work.

10

Figure 9. Time series original function in GRETL

Source: Own work.

20

After analyzing the statistical behavior, it is ne-
cessary to take the first difference occursas shown
in the Figure 10:

¥

4_kWh_da

30

40

so

-2

-3

10

Figure 10. Plot time series function and his first

derivate

Source: Own work.
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Autocorrelation function foxr

Figure 11. Correlogram values, about ACF (Auto Correlation Function) point and PACF (Partial Auto Correlation

Function)

Source: Own work.

o.a
o.2

—o.2

-o.a

o.a

o.2

-o.2

-o.a

d_kWn_dav

LAac ACFE PACEF Q—stac.
a —0.24206 - —0.2206 = 3.0719
2 —0.3664 afadid —0.4503 ===~ 10.34931
3 o.1561 —0.1067 11.6213
< ©0.113113 —0.04<20 12.3893
s —o.1869 —0.159S 14.4206sS
s 0.035S —o.o0380 14.4s210
7 —0.0s552 —0.2355 = 14.6654
-3 —0.0763 —0o.249149 = 1s.02s9
= 0.1632 —0.0S556 16.7159

10 —0.0s539 —0.1897 16.90S0
113 o.oi81 0.02s50 16.9268
1z 0.02497 —0.o04e6s 17.0633

ACF for d_kwh_day

(p—value]

(o-.os0]
[o.oo0s6]

+- 1.9e/7~0.5

O T T 17T

s 10 1s

)
1ag

=2s

PACF for d_lkwh_day

ET) ss =0

+- 1.96/7~0.5

O T T 77T

s 10 1s

20
1ag

2s

so ss =0

Figure 12. Correlogram time series function ACP and PACF

Source: Own work.

This difference gives the graph of its Correlo-
gram, which has ACF (Auto Correlation Function)
point and PACF (Partial Auto Correlation Function)
points.

To perform observation users are taken as sam-
ples 40 crews is 80% and 20% is left to perform
the prediction is shown in figure 12 Correlogram.

According to the coefficients obtained from the
autocorrelation functions and partial autocorrela-
tion prediction models based on the coefficients p
(Rho) AR(2) = -0,.3664 , q1 g2 MA(2) = -0, 4503,
and g2 MA(7) = -0, 2355, with and their ARIMA
model combination ARIMA (2,1,2) from the equa-
tion 1:

(1-0.3664L)(1-L)Y, = (1-0,4503L-0,2355)u, (1)

Figure 13. ARIMA Model | (2.1.2) function evaluation

Source: Own work.
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d_k<wh_day
forecast

25

Figure 14. Graph ARIMA model 1 Forecast prediction

Source: Own work.

30

35

From the data provided in Figure 14 may func-

tion prediction plot for 50 samples in red differen-
tiated function is presented and the corresponding

forecast.

d_kWh_day
21 0.633332
22 -1.300000
2 1.100000
24 -0.723333
25 0.366667
26 0.200000
27 -0.866€67
28 0.7666€7
280 0.5666€7
20 -0.600000
a1 -0.166€67
32 0.800000
22 -0.523333
24 0.7666€7
as -1.600000
26 1.100000
27 0.733332
28 0.9666€7
£ -1.723333
40 -1.323333
41 -0.966€67
a2z 1.100000
42 1.600000
44 -3.000000
45 0.266667
46 2.200000
47 -0.400000
48 -1.123333
49 1.8666€7
s0 -0.800000
s1 -2.000000

Figure 15. Model | ARIMA (2,1,2) function evaluation

Source: Own work.

From the data provided in the Figure 15 may
function prediction plot for 50 samples in red

-0.
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The Figure 15 presents the exact data for the dif-
ferentiated function and data for function predic-
tion also calculated the RMSE (Root Mean Square

Error):

Forecast evaluation statistics

Mean Error

Mean Squared Error

Root Mean Sguared Errox

Mean Absolute Exrror

Mean Percentage Error

Mean Absolute Percentage Error
Theil's U

Bias proportion, UM
Regression proportion, UR
Disturbance propertien, UD

@ o

o ook

.017594
.9804
-7264
.4€69
1.383
1.3%02
.08sse

oo01038€

.0060519
.99384

differentiated function is presented in the Figure
16 red and the corresponding forecast.
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d_variationMHz
forecast ———

Users

Figure 16. ARIMA second model graph and forecast prediction

Source: Own work.

The Figure 17 presents shows the exact data for
the differentiated function and data for function
prediction also calculated the RMSE (Root Mean
Square Error):

d_variation prediction Forecast evaluation statistics

2009-09-18 -55.00 -27.00 Mean Error -9.3269
2009-09-19 33.00 9.79 Mean Squared Error 1272.2
2009- 09- 20 -5.00 -6.26 Root Mean Squared Error 35.668
2009- 09- 21 -32.00 -15.04 Mean Absolute Error 34.434
2009-09-22 49.00 29.02 Mean Percentage Error 63.638
2009-09-23 -6.00 -20.72 Mean Absolute Percentage Error 63.638
2009-09-24 -35.00 -34.32 Theil's U 0.30464
2009-09-25 13.00 16.48 Bias proportion, UM 0.06837¢
2009- 09- 26 29.00 15.16 Regression proportion, UR 0.35904
2009- 09- 27 -40.00 -29.41 Disturbance proportion, UD 0.57258
2009-09-28 39.00 10.83

2009-09-29 -71.00 -21.16

2009-09-30 81.00 54.10

2009-10-01 -11.00 -21.07

2009-10-02 7.00 -43.79

2009-10-03 -81.00 -44.69

2009-10-04 12.00 61.29

2009-10-05 11.00 81.02

2009-10-06 62.00 56.34

2009-10-07 15.00 -34.02

2009-10-08 -138.00 -82.08

2009-10-09 98.00 96.58

2009-10-10 88.00 27.74

2009-10-11 -108.00 -136.98

2009-10-12 -22.00 -29.80

2009-10-13 90.00 52.34

2009-10-14 -80.00 -58.22

2009-10-15 -36.00 7.87

2009-10-16 94.42

Figure 17. Model to data for function prediction |

Source: Own work.

UML diagrams carried out

 Casos de Uso

mCasos de Uso

m Activades = Activades

m Estado m Estado

mClase W Clase

m Secuencia M Secuencia

u Flujo » Flujo

¥ comprobacién m comprobacion
Componentes Componentes

Figure 18. UML diagrams results from Coloso

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638 © Vol. 18 - Special Edition Doctorate ® December 2014 ¢ pp. 109-123
[120]



Development of a uml framework for smart cities with forecasting electrical consumption in Colombia

Ricardo Alirio Gonzalez Bustamante, Roberto Ferro Escobar, Giovanni Tarazona Bermtdez

RESULTS

In the graphs Figure 18 appears the percentage
used from UML perspective;, the approach was
guided by percentage of utilization, which was
77 %, versus the total graphs of UML language, as
well as the use diagram disaggregated thatis 11 %.

The ARIMA models have been applied to pre-
dict the behavior energy consumption in home,
from a growing number de of peoples in a city,
respectively. The Figures 12 and 13 corresponds
to the Autocorrelation function for ACF, PACF. Be-
havior prediction is similar and is in agreement
with the data included for the 50 samples submit-
ted monthly consumption in households. Thus it
is possible to make predictions much larger and
that they are commensurate with the energy sav-
ings that can be estimated in the future near future.

CONCLUSION

A formal investigation process, can be realized ca-
rried out using IS's methodology, with Coloso pro-
tocol A key search is utilization of approach based
on independent components from technology, ac-
companied along with of a methodology that faci-
litates the model interpretation combines the (IS)
with our offer. The mixed investigation methodolo-
gies and generating models software (IS) who whi-
ch explain the problem.

The integration of software engineering UML
diagrams and modeling engineering problems
based on efficient as those used by software de-
velopers methodologies, can integrate these aspects
with problems related to smart cities., iln our case,
to predict consumer behavior of electrical energy in
homes and predicting them in and near future and
thus achieving create predictive models of behavior.
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