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 Hong’s point estimate methods

 To account for uncertainties, that may arise from different sources as load demand or 
generation unit outages.

 Many engineering problems are subject to uncertainty due to: 

• The inherent randomness of natural phenomena 

• The implicit and inaccurate assumptions related to the considered modeling approach.



Point Estimate Method

• In power flow problem

 The information is not certain, and for this reason, it is desirable to assess system variables 
(bus voltages and line flows) for a range of load and generation conditions.

 There are several techniques to deal with problems under uncertainty. 

 These techniques may be classified into the three main categories:

• Monte Carlo simulation,

• Analytical methods

• and approximate methods.
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Monte Carlo simulation

 Monte Carlo simulation

 Monte Carlo simulation randomly generates values for uncertain input variables, and these values are 

taken into account to solve a deterministic problem. 

 This technique has been widely used in power systems analysis to model uncertainty.

 The main drawback of the Monte Carlo method is the great number of simulations required to attain 

convergence
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Analytical methods 

 Analytical methods 

 Analytical methods are computationally more effective, but they require some mathematical 

assumptions in order to simplify the problem.
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 Approximate methods provide an approximate description of the statistical properties of output random 
variables.

 First-order second-moment method (FOSMM) 

 point estimate methods.

Approximate methods

 Approximate methods
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Approximate methods

 Approximate methods

The main advantages are as follows.

1) As Monte Carlo simulation, point estimate methods use deterministic routines for solving 
probabilistic problems; 

2) However, they require a much lower computational burden.

3) Furthermore, point estimate methods overcome the difficulties associated with the lack of 
perfect knowledge of the probability functions of stochastic variables
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Moments

 Moments

 since these functions are approximated using only their first few statistical moments 

• mean,

• variance, 

• skewness, probability distribution of a real-valued random variable "leans" to one side of 

the mean

• Kurtosis: measure of the "peakedness" of the probability distribution of a real-valued 

random variable

http://en.wikipedia.org/wiki/Probability_distribution
http://en.wikipedia.org/wiki/Real_number
http://en.wikipedia.org/wiki/Random_variable
http://en.wikipedia.org/wiki/Probability_distribution
http://en.wikipedia.org/wiki/Real_number
http://en.wikipedia.org/wiki/Random_variable
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Moments

 Skewness:

 Probability distribution of a real-valued random variable
"leans" to one side of the mean

 Kurtosis:

 Moments

http://en.wikipedia.org/wiki/Probability_distribution
http://en.wikipedia.org/wiki/Real_number
http://en.wikipedia.org/wiki/Random_variable
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Properties of Point Estimates

 Properties of Point Estimates

 Unbiased Estimates 

• Definitions

- A point estimate     for a parameter     is said to be 

unbiased if 

- If a point estimate is not unbiased, then its bias is defined

to be 

ˆ( )E  

̂ 

ˆ  ( )bias E   
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Comparison of PEM methods

 Comparison of PEM methods
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Hong’s Point Estimate Method

 Hong’s Point Estimate Method

 K points for each random variables, named concentrations

 By using these points and the function F, which relates input and output variables, information about 

the uncertainty associated with problem output random variables can be obtained.
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Point Estimate Method

 Point Estimate Method

• The aim of any PEM is to compute the moments of a random variable Z that is a function of M 
random input variables

1 2
( , , ..., )

M
z F p p p
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The Kth concentration (pm,k,wm,k) of random variable pm can be 
defined as a pair composed of a location pm,k and a weight wm,k

k=1, 2, …, K

F has to be evaluated only K times for each input random 
variable pm at the  points made up of the Kth location pm,k of the 
input random variable pm and the mean of the M-1  remaining 

input variables, i.e. .

1 2
,

( , ,..., ,..., )
p p m k pM

p  

Point Estimate Method

 Point Estimate Method
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Point Estimate Method

 Point Estimate Method

The number  K of evaluations depends on the scheme used.

Total simulation number:

K M

1 2

1 2

,
( , , ..., , ..., )( )

( , , ..., , ..., )

p p m k p

p p p p

M

m M

p K M  

   





1K M 
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Point Estimate Method

 Point Estimate Method

 The location to be determined , ,
.

1,...,

1,...,

m mm k p m k p
p

m M

k K

   





 Standard location
K unknown ξ for each pm

,

1,...,

1,...,

?
m k

m M

k K








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Point Estimate Method

 Point Estimate Method

 Standard location
K unknown w for each pm

,
?

1,...,

1,...,

m k
w

m M

k K







• Unknown parameters
• Known equations

2 K M 
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Point Estimate Method

 Nonlinear system of equations

• For each m

,

1

, , ,

1
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Point Estimate Method

 Calculation of the moments

jth Moment

 
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Point Estimate Method

 Solving nonlinear equations system

 The analytical solution exists for 2m method (K=2)

 m is the number of input random variables
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Point Estimate Method

 Solving nonlinear equations system

2m+1

K=3, 
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Point Estimate Method

 Solving nonlinear equations system

2m+1

K=3, 

are the same
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Point Estimate MethodPoint Estimate Method

 Application of PEM to PPF
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Point Estimate Method

 Application of PEM to PPF Performance Evaluation

• MC with 10000 runs
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Point Estimate Method

 Application of PEM to Probabilistic Small Signal stability
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Point Estimate Method

 Application of PEM to Probabilistic Small Signal stability


