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Abstract—This paper presents a methodology based on 

queuing theory for assessing the service rendered by the control 
center of a power utility. Stochastic point process modeling is 
used for representing the sequence of events to be solved by the 
control center and the control center operator service times. The 
control center service indexes are computed by means of a 
procedure of sequential Monte Carlo simulation. This 
methodology was applied to the control center of Electricaribe, a 
large power distribution utility in Colombia. Results show that: 
i. In almost all the zones served by the studied control center, the 
input and service processes are not stationary; thus, a 
methodology like the proposed one, that can manage stationary 
and non-stationary processes, is a necessity.  ii. The power law 
stochastic point process model is recommended as the first 
choice for representing the input and service processes because it 
fits even in those cases of samples with low tendency for which 
renewal process models could not be fitted. iii. The traffic 
intensity parameter is very helpful because it shows the pattern 
of utilization of the control center resources and when they will 
be totally occupied.  
 

Index Terms—Poisson processes, power distribution 
reliability, queuing analysis, reliability modeling. 

I.  INTRODUCTION 
HE operation of a power system is a challenging task 
because: i. It is composed by lots of components that are 

dispersed over wide geographical regions. ii. The random 
nature of the events that affect its operation. iii. Its non-linear 
dynamic nature. iv. It has to operate continuously meeting 
requirements of reliability, power quality, safety and security.  

Fortunately, advances in communications, electronics and 
computing have allowed remotely supervising and controlling 
its operation from a control center. The history of power 
system control centers is presented in [1]; some visions about 
of their future are given in [1] and [2].  

Control center operators interact with power system 
components and others actors of power system operation. 
This is depicted in Fig. 1. 
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Fig. 1.  Interactions of control center operators  

 
Due to the importance of control centers on power system 

operation and on customer service quality, it is necessary to 
assess the service they render. For this purpose, a 
methodology based on queuing theory, stochastic point 
process (SPP) modeling and Monte Carlo simulation (MCS) 
is presented in this paper. It was previously applied to the 
repair process performed by crews in eight Colombian power 
distribution systems [3], [4].  

II.  STOCHASTIC POINT PROCESSES 
A SPP is a representation for a phenomenon in which 

events occur or “arrive” randomly in time.  
Tendency of a SPP is positive if the pattern of event 

arrivals increase with time, negative if it decreases with time 
and zero if it does not increase or decrease; the intensity 
function ( )λ t  controls the tendency of a SPP model.  

A classification of SPP models is shown in Fig. 2 [5]. A 
RP is named after the distribution of the inter arrival times; 
the most famous RP is the exponential one called 
Homogeneous Poisson Process (HPP). While there are many 
NHPP models, the approach here is to use the Power Law 
Process (PLP) [6] because (i). There are methods for 
parameter estimation and goodness of fit. (ii) It can represent 
a process with or without tendency. 
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Fig. 2.  A classification of SPP models 

III.  METHODOLOGY 

A.  Modeling 
The service rendered by a control center in a service zone 

can be represented as the queuing system shown in Fig 3.  

 
Fig. 3.  Queuing model for a service zone of a control center 

 
The input to this system is the sequence events that control 

center operators have to solve; these include alarms, trips and 
requests. It is represented by means of a SPP with intensity 
function ( )λE t .  

The service is a SPP with intensity function ( )λS t  that 
represents the times to service ( tts ), i. e. the periods dedicated 
by the control center operators to solve the events.  

The output of this system is the sequence of “solutions”, 
given by the control center operators to the events.  

B.  The Traffic Intensity  
The traffic intensity ( )a t  is defined by (1). 

( ) ( ) / ( ) (1)= λ λE Sa t t t  

A traffic intensity higher than 1.0 (or 100%) means events 
arrives faster than the control center operators can solve them; 
thus, it has then to be less or equal to 1.0.  

For the case where the input and service processes are 
represented by means of PLP models: 

( ) (2)β= λ a
aa t t  

/ ( ) (3)λ = λ β λ βa E E S S  

(4)β = β − βa E S  

The service process performance will be constant if 
0β =a , deteriorating if 0aβ >  and improving if 0aβ < . 100t  

denotes the instant for which ( ) 100%a t = . 

C.  Computation of Service Indexes 
The service rendered by the control center is assessed by 

means of the following indexes: The mean waiting time ( tw ), 
the mean event duration ( ted ) and the congestion ( C ). 

These indexes are computed by means of a procedure of 
sequential MCS. As shown in Fig. 4, a simulation consists of 
N  realizations during a period T  of one or more years and 
sub-periods idT  (week, month, etc.).  

 

Fig. 4.  General procedure of the MCS procedure 
 
As depicted in Fig. 5, in each realization, a sequence of 

events 'ie s and solutions 'is s are generated in order to obtain 
samples of tw  and ted . The period an event i  has to wait 
until an operator is free to solve it is itw . The total time 
required to solve an event is ited , the sum of  itts and itw . 

 
Fig. 5.  A sequence of events and solutions in a realization 
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After performing N   realizations the service indexes are 
computed. C  is obtained applying (5). 

/ * 1 0 0 % ( 5 )=C t w t e d  

IV.  HOW TO OBTAIN THE INPUT AND SERVICE MODELS 

A.  Data Samples 
The procedure for obtaining the samples for building the 

input and service models of a service zone is: 
1. For a period of at least one year, take the instant of 

occurrence of each event; this is the sample of arrival 
instants of the events. 

2. For each event, obtain the time to service; this is the 
sample of tts  or service intervals.  
If two events have the same arrival instant, displace them 

adding one minute to one of them. 
If a control center operator requests the service of an 

external actor, e. g a crew, the tts  ends when the request is 
given. If the external actor calls after to request something 
like a switching action, this request is treated as a new event.  

B.  Model Fitting 
Fig. 6 shows the procedure applied for fitting a SPP model 

to a sample of size n . ix  denotes an inter-arrival interval and 

it  an arrival time. More details are given in [4]. 
Tendency is checked by means of (6) and (7), the Laplace 

and Lewis-Robinson statistics which are normally distributed.  

1

1 1 1[( ) ] / [ ] (6 )
1 2 12( 1)=

= −
− −∑

k

L i n n
i

U t t t
n n

 

* / (7 )=LR L xU U s x  

xs  and x  are, respectively, the inter-arrival times standard 
deviation and mean. 

LU  and LRU  are compared to / 2αz , the value  in the 
standard normal distribution for a critical probability α , in 
order to hold or reject the null hypothesis of no tendency. 

Independency of the inter-arrival times sample is checked 
by means of the scatter diagram. 

Goodness-of-fit to the PLP model is checked by means the 
TTT-plot. Goodness-of-fit to HPP, Weibull RP, Gamma RP 
and the Lognormal RP is checked by means of the 
Kolmogorov-Smirnov (KS) test.  

The parameter of RP models is estimated before the 
application of the KS test using (8). 

ˆ ( ) / 1 / (8)λ = =nt n t x  

The PLP parameters are estimated after the application of 
the TTT-plot test using (9) and (10). 

1

ˆ ( 2 ) / ( / ) (9 )
=

β = − ∑
n

n i
i

n Ln t t  

ˆˆ / (10)nn t βλ =

 

Fig. 6.  Procedure for fitting a SPP model 
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V.  ELECTRICARIBE AND ITS CONTROL CENTER 
Electricaribe is a power distribution company that serves 

the population that lives in the Colombian Atlantic Region; 
this region is shown in Fig. 7. Table I shows some data about 
this utility.  
 

 
Fig. 7.  Service territory of Electricaribe 

 
 

TABLE I 
GENERAL DATA OF ELECTRICARIBE 

 

 
 
Electricaribe is the third largest power distribution 

company in Colombia. Its control center is located in the city 
of Barranquilla, the fourth most populated city in Colombia 
(Approximately 1’800,000 inhabitants in its metropolitan 
area). 

Table II shows a general description of the service zones 
defined for the control center of Electricaribe. 

TABLE II 
SERVICE ZONES OF ELECTRICARIBE CONTROL CENTER 
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VI.  RESULTS 

A.  Input and service models 
Table III shows the input and service models that were 

built using operating data of year 2009.  
For a confidence level of 95% (Critical 

probability 5%α = ), /2 1.967zα = is the reference value to 
accept or reject the null hypothesis of no tendency. 

 

As can be observed, almost all input and service processes 
are non stationary.  

The PLP model could be fitted for all samples, even for 
those with low tendency.  

In all cases, 100t  is very large what means that the traffic 
intensity parameter will never be 1.0, i. e. the resources will 
never be 100% occupied. 

 
 
 

TABLE III 
POWER LAW MODELS FOR INPUT AND SERVICE 

 

 
 

B.  Service Indexes 
Table IV shows the service indexes for 1.0T = year. As 

can be seen, the waiting time is very low in all service zones.  
 

TABLE IV 
SERVICE INDEXES FOR 1.0T =  YEAR 

 

 

VII.  REQUIRED COMPUTATIONAL TIME 
An important aspect of every simulation method is to have 

an idea of the required computational time.  
Table V shows required computational time for assessing 

the performance indexes of the service zones. 
 

 
 

TABLE VI 
REQUIRED COMPUTATIONAL TIME FOR ASSESSING THE SERVICE INDEXES 

 

 
 

Fig. 8 shows how the required computational time grows 
exponentially with the number of events to be processed. This 
is a disadvantage of all assessment methods based on MCS; 
however, it is mitigated by the fact that every day computers 
with higher performance are more affordable. 
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Fig. 8.  Required computational time 

VIII.  CONCLUSIONS 
1. In almost all the service zones served by the control center 

of Electricaribe the input and service processes are not 
stationary; thus, a methodology like the proposed one, that 
can manage stationary and non-stationary processes, is a 
necessity.   

2. The power law stochastic point process model is 
recommended as the first choice for representing the input 
and service processes because it fits even in those cases of 
samples with low tendency for which renewal process 
models could not be fitted.  

3. The traffic intensity parameter is very helpful because it 
shows the pattern of utilization of the control center 
resources and when they will be totally occupied. 
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