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Gaussian related distributions
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3. Rician:
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4. Central Chi: (Non-normalized version)
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5. Non—central Chi: (Non-normalized version)
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6. Gamma:
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7. K distribution:
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In ultrasound we consider the following parameters:
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2 Sample Local Variance (Gamma Approximation)
The (biased) SLV of an image M (x) is defined as
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with 7(x) a neighborhood centered in x. If N = |5(x)|, we define the random variable V = Var(M (x)) with
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3. Central Chi
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4. Non—central Chi
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On the four cases, the PDF of the SLV may be approximated using a Gamma distribution. The mode of
the distribution for each case is:
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5. K distribution
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3 Combination of Gaussian Variables
Let X;(A,0),i=1,---,N be a set of Gaussian random variables.
1. Constant added and multiplied:

S =aN(u,0?) + b~ N(ap+b,a’c?)

2. Sum of zero mean Gaussian variables: (IID)
S = N(0,0%) + N(0,02) ~ N(0,0% + 03)

L L

S =Y Ni(0,0%) ~ N (0, 0?)

i=1 i=1
3. Sum of Gaussian variables: (IID)
S = N(p1,0%) + N(p2,03) ~ N1 + pa, 07 + 03)
L L L
OWIEEE] 3 95
i=1 i=1 =1

4. Difference of Gaussian variables: (IID)
S = N(u1,0%) = N(pz,03) ~ N1 — piz, 0% + 03)
5. Product of Gaussian variables: (IID)
S = N(u1,0%) x N(p2,03))

with PDF:

1 T
) = o (21
TO102 0109

6. Sum of square zero mean Gaussian variables: (IID)
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with X;(0?) = N(0,0%) and xn(0?/N) a chi-square with N degrees of freedom.

7. Square root of the sum of square Gaussian variables: (IID)
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with R.(A;0?) a Rician distribution.

with xn(Ar, L, %) a non-central Chi distirbution with parameters o, L and A, = />, A%.

8. Sample variance of Gaussian
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4 Combination of Rayleigh Variables

Let R;(0),i=1,---,N be a set of Rayleigh random variables.

1. Sum of square Gaussian variables:
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2. Sum of square Rayleigh variables:
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3. Sample mean of square Rayleigh variables:
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with PDF (approx):

e~ /(2bN)
pa(@) =27 2N*1NNbNF(N)u(x)
with 2 . 2 -
bzﬁ[@]\ffl)!!] |~o Smoty

. Sample mean of Rayleigh variables:

with PDF (approx):
2N—1 NN

—2?N/(2b
T )

. Square sample mean of Rayleigh variables:

S = (;,ZRKUZO ~ X2~ (b/N) ~ y(N/2,2b)

with PDF (approx):
N1 NV

v —xN/(2b)
9NHNT(N) u(@)

. Square root of sum of square Rayleigh variables:

2
[(N)(202)N

e_‘”Z/(Q”Z)u(x)

. Square root of sample mean of square Rayleigh variables:

1 N
DR (0?) ~ x(N, 0 /N)
i=1

with x(N,0%/N) a central chi with PDF:

2N—1 2NN

F(N)(ng)Ne—w N/ (20 )u(x)

pe(z) =2

. Local sample variance of Rayleigh variables:

V—liB? %) - liR- 0
—Ni:1 i(%) N - i(07)



For z > 0 and an even number of degrees of freedom the PDF is
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5 Combination of Rician Variables
Let R;i(0),i=1,---,N be a set of Rician random variables.
1. Sum of square Rician variables:
N
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3. Sum of square Rician variables: (approx.)
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6 Combination of K Variables

Let K;(o,a),i=1,---, N be a set of K-distributed random variables.

1. Transformation of K-variables:
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with T'= f(R;) and R; Rayleigh variables.
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7 Logarithmic transformation of RV

7.1 The logRayleigh distribution

Let R(o) be a Rayleigh RV with o parameter, the transformation, la transformacin
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is a log-Rayleigh withPDF
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7.2 Operation over log-Rayleigh
1. Sum of logRayleigh
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7.3 The LogRician distribution
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If we define the variable
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() is the polygamma function and 1/}1)(30) is its first derivative.
It is easy to see that
A2
X ——.
202

The same solution for the variance may be obtained using a Series expansion on eq. (10)
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7.4 The Log-Non Central Chi distribution
For parallel acquisitions, if we define the variable
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8 About the Coefficient of variation

8.1 CV of a Rayleigh distribution
The square coeffiecient of variation (CV) of a random variable x is defined to be
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If x is a random variable that follows a Rayleigh distribution, then
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So, the CV of a Rayleigh distribution does not depend on the value of ¢,. In the paper, the value of the
sample CV is used to tune the filter.

8.2 Sample CV of Rayleigh
Let R;(02),i={1,---, N} be a set of random variables with Rayleigh distribution. Then, if
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the sample CV may be defined as

Both X and Y are Chi-Square random variables.
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8.3 CV in a Rician distribution
The square CV is
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IfR= % we can write
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