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Abstract

This study is concerned with generating odd distribution by combining Rayleigh distribution to
uniform distribution, denoted by (RUOD). We drive the distribution function (df), its probability
density function (pdf), and we discuss some other properties like the survival function, moments
and graphs of such functions. Also, we estimate the parameters model of the generated distribution
RUOD by using the maximum likelihood method to find the approximate values that fit the desired
distribution. Eventually, we analyze some data set by the generated RUOD and compare the results
upon the goodness-of-fit measures with respect to Rayleigh distribution to decide the best distribution
that fits the data set.
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1. Introduction

The RUOD is an odd distribution that is generated from combining a uniform distribution with
Rayleigh distribution to obtain the requested odd distribution. Moreover, we estimate the new
parameter model resulting from this combination by substituting the location parameter of the
Rayleigh distribution with uniform distribution. A comparison of RUOD with Rayleigh distribution
has been discussed via the measures of goodness-of-fit. This method appears to improve the analysis
of data sets that have been used to compare the Rayleigh distribution using statistics genuine data
sets. The usage of maximum likelihood method to estimate the parameter for a one parameter
Rayleigh distribution with estimation of three parameters model of RUOD. We have also utilized the
goodness-of-fit measures to find the optimal distribution that matches the data set among others.
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Rayleigh distribution has been applied in a variety of fields, including life testing, dependability,
and survival analysis. Another field of research that relies heavily on the Rayleigh distribution is
modeling the lifespan of random occurrences. Rayleigh was the one who originally introduced us to
each other (1880), [2].

Maximum probability is a very straightforward method of constructing the unknown parameter
estimator o. In 1912, R.A Fisher, an eminent English mathematical statistician, introduced it. The
Maximum Likelihood Estimation (MLE) may be used to solve a wide range of issues, has a natural
gravitational value, and frequently yields a same estimate of 0. Furthermore, if the sample size is
big, the approach will yield a good estimate of 0. Because of these factors, the most extensively used
estimating approach in statistics is the maximum likelihood method. In the current age, there has
been a growing interest in using at least one extra shape parameter event for the baseline distribution
to provide novel generators of univariate distributions.

This additional parameter value was demonstrated in the tail properties in addition to increasing
the proposed family suitability [1]. Some common estimation in weighted Rayleigh [2], the odd
Fréchet-G [12], beta- gamma [13], Estimation of the Rayleigh [4], Exponential-Weibull Exponential
[7], Kumaraswamy-Weibull [3], gamma-uniform [10], Weibull-exponential [8] and gamma- uniform
[11].

Eventually, we refer to parts of this paper: in the next part, we review some basic notions related
to the statistical concepts like pdf, df, and others. Part three consists of the main ideas concerned
with this study. In part four, we present several sentences that summarize the whole work.

2. Basic notions

We review some basic notions related to uniform distribution and Rayleigh distribution. The pdf,
the df, survival function S(x), the hazard function h(x), [5].

f(x) =
x

σ2
e
(
−1

2σ2
x2)

, 0 ≤ x ≤ ∞ (2.1)

F (x) = 1− e
(
−1
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s(x) = e
(
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2σ2
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(2.4)

Also, we need only to review the pdf, the df, and the survival function distribution, respectively.

g(x) =
1

b− a
, a ≤ x ≤ b, a, b > 0 (2.5)

where a and b are scale parameter.

G(x) =
x− a

b− a
, a ≤ x ≤ b, a, b > 0 (2.6)

G(x) =
b− x

b− a
, a ≤ x ≤ b, a, b > 0 (2.7)
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Also, we can be defined as anew random variable that is used to generate the odd distribution by
the odd ratio and remember as follows:

X =
G(x)

G(x)
, a < x < b, a, b > 0 (2.8)

A well-known approach for estimating parameters is the method of parameter estimation. The final
concept is to demonstrate the quality measures that we need to compare the individual distribution
that was created by combining a uniform distribution with a Rayleigh distribution. These measures of
goodness-of-fit are known as Akanke information cirterion (AIC), and consistent Akanke information
the criterion (CAIC), cirterion (CAIC), Haman-Quinn information cirterion (HQIC), and Bayesian
information cirterion (BIC). They’re commonly used to figure out which distribution fits data the
best, among other things, see [1, 9].

3. Derivations, discussion, and analysis

3.1. The generating of RUOD

In this part, we present the combination of Rayleigh distribution with uniform distribution to
generate the RUOD. By using the formula in equation (2.8), we obtain a random variable that has
the following form.

X =
G(x)

G(x)
=

x− a

b− x′ (3.1)

By substituting such random variable into the distribution function in (2.2), so this yields that

F (x) = p(X ≤ x) = p(X ≤ x− a

b− x
) =

∫ x− a

b− x

−∞
f(x)dx = F (

x− a

b− x
) (3.2)

Which means that we have a df of RUOD, that is:

F (x) = 1− e
[
−1

2σ2
(
x− a

b− x
)2]

, a < x < b, a, b, σ2 > 0 (3.3)

By differentiate F (x) with respect to x, we obtain pdf of RUOD, that is

f(x) =

dF (
G(x)

G(x)
)

dx
=

dF (
x− a

b− x
)

dx
=

f(x)g(x)

[G(x)]2
(3.4)

Then, the pdf has the following form

f(x) =
(x− a)(b− a)

a2(b− x)3
e
[
−1

2σ2
(
x− a

b− x
)2]

, a < x < b, a, b, σ2 > 0 (3.5)

From the df and pdf in equations (3.3), and (3.5) we can obtain other properties like the survival
function S(x), the hazard rate function h(x), reversed hazard rate function r(x), and the cumulative



2226 Tuij, AL-Adilee

hazard rate function H(x) of the random variable X are, respectively given by:
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H(x : a, b, σ2) = −Ln[1− F (x : a, b, σ2) =
−1

2σ2
(
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)2 (3.9)

Moreover, we have derived the formulas of moments about the origin, and the mean of the RUOD,
which have the forms below:
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The plots of (df), (pdf) and survival function of the RUOD for different parameters are given by the
following figures.

Also,The plots of the survival function s(x) are given by the following figures.
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Figure 1: The cdf of RUOD

Figure 2: The pdf of RUOD

Figure 3: The survival function of RUOD
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3.2. Estimation of RUOD parameters

We investigate the estimation of the parameters model of the generated distribution RUOD by
the MLE. This method is preferred comparing to other methods because it almost yields unbiased
estimators. IfX1, X2, . . . , Xn be a random sample from RUOD, then the likelihood function of those
odd distribution is given by:

L =
n∏

i=1

f(x : a, b, σ2) (3.12)

By substituting the pdf in (3.G5) into equation (3.12), we obtain the likelihood function, that is

L =
n∏

i=1

(xi − a)(b− a)

a2(b− xi)3
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(3.13)

Then, the log-likelihood function of L respectively is
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parameter a, b, σ2 and setting the result to zero, we get the following equation:
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3.3. Application and discussion

This section discusses the parameter estimation using the data set, as well as the analysis of
lifespan data using the Rayleigh distribution with estimated value of σ2, and the generated RUOD,
in order to compare and explain the obtained conclusions of the investigated data. Using the goodness
of fit metrics like AIC, BIC, and others, the best eyesight may be obtained by comparing the Rayleigh
distribution and the RUOD. The data taken from SMITH and NAYLOR (1987) studied the strength
of 1.5cm glass fibers measured at the national physical laboratory, England, the data comprises of
63 observations [6].

Table 1: The data from Aarset

The calculated parameters model of the Rayleigh distribution, and RUOD are compared to the
conventional mixed distribution known. Matlab was used to complete this estimate, and Table 3.2
provides the estimated parameter values, which are shown as follows:
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Table 2: MLEs of parameters, Log-likelihood

Model MLE’S of parameters
Rayleigh σ̂2

RUOD â = 1.591, b̂ = 6.139, σ̂2 = 0.545

The predicted values of the parameter σ2 of the Rayleigh distribution and the RUOD are vary
and almost not identical. The influence of exceeding the number of parameters in the RUOD increase
the efficiency of the analysis of data set. This can be shown by using the required data set with the
maximum log-likelihood functions (l), and then compute the AIC, BIC, CACI, and HQIC values.
This allows for the necessary comparison of the two distributions. In fact, Table 3.3 displays the
values of each quality, that are

Table 3: Log-likelihood, AIC, AICC, BIC and HQIC values of models fitted

Model ℓ̂ AIC BIC CAIC HQIC
Rayleigh -321.28 644.56 646.70 644.62 645.40
RUOD -287.17 580.35 586.77 580.75 582.87

It is clear that the values of goodness-of-fit measures (AIC, BIC, CAIC, HQIC) within the RUOD
are better than their values within Rayleigh distribution.

4. Conclusion

Modern properties such as a new pdf, df, moments, and so on are produced by combining the two
selected distributions (Rayleigh distribution and Uniform distribution), which is defined as RUOD.
The RUOD graphs show how the pdf graphs are skewed to the right with varying kurtosis coefficients.
The goodness-of-fit to the Rayleigh distribution and the RUOD for the given data set shows that
the RUOD is somewhat better than its standard distribution, since its maximum likelihood value
is greater than the maximum likelihood of the R-distribution, and the values of the goodness-of-fit
measures are better.
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[12] A.M. Ulhas and M. Elgar, The odd Fréchet-G family of probability distributions, J. Statist. Appl. Prob. 7(1)

(2018) 185–201.
[13] K. Zoografts and N. Balakrishnan, On families of beta-and generalized gamma-generated distributions and asso-

ciated inference, Statist. Method. 6(4) (2009) 344–362.


	Introduction
	Basic notions
	Derivations, discussion, and analysis
	The generating of RUOD 
	 Estimation of RUOD parameters
	Application and discussion

	Conclusion

