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Univariate Gaussian 

!  Gaussian distribution with mean µ, and standard deviation σ: 

!  Densities integrate to one:  

!  Mean: 

!  Variance: 

Properties of Gaussians 
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¡ Gaussian with mean (    ) and standard 
deviation (   )

µ
σ
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p(x) = Ν(µ,Σ)

x =
xa

xb
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(2π )d /2 Σ
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(x−µ )T Σ−1(x−µ )

Picture from  [Bishop: Pattern Recognition and Machine Learning, 2006]
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Multi-variate Gaussians 

(integral of vector = vector 
of integrals of each entry)  

(integral of matrix = matrix 
of integrals of each entry)  

"  µ = [1; 0] 
"  Σ = [1  0; 0  1] 

"  µ = [-.5; 0] 
"  Σ = [1  0; 0  1] 

"  µ = [-1; -1.5] 
"  Σ = [1  0; 0  1] 

Multi-variate Gaussians: examples 

4/8/21 CSE-571: Robotics 8

Slide from Pieter Abbeel

8

4/8/21 CSE-571: Robotics 9

Slide from Pieter Abbeel

Page 5!

Multi-variate Gaussians: examples 

!  µ = [0; 0] 

!  Σ = [1 0 ; 0 1] 

"  µ = [0; 0] 
"  Σ = [.6 0 ; 0 .6] 

"  µ = [0; 0] 
"  Σ = [2 0 ; 0 2] 

"  µ = [0; 0] 
"  Σ = [1  0; 0  1] 

"  µ = [0; 0] 
"  Σ = [1  0.5; 0.5 1] 

"  µ = [0; 0] 
"  Σ = [1  0.8; 0.8  1] 

Multi-variate Gaussians: examples 
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"  µ = [0; 0] 
"  Σ = [1  0; 0  1] 

"  µ = [0; 0] 
"  Σ = [1  0.5; 0.5  1] 

"  µ = [0; 0] 
"  Σ = [1  0.8; 0.8  1] 

Multi-variate Gaussians: examples 

"  µ = [0; 0] 
"  Σ = [1  -0.5 ; -0.5  1] 

"  µ = [0; 0] 
"  Σ = [1  -0.8 ; -0.8  1] 

"  µ = [0; 0] 
"  Σ = [3  0.8 ; 0.8  1] 

Multi-variate Gaussians: examples 
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"  µ = [0; 0] 
"  Σ = [1  0; 0  1] 

"  µ = [0; 0] 
"  Σ = [1  0.5; 0.5  1] 

"  µ = [0; 0] 
"  Σ = [1  0.8; 0.8  1] 

Multi-variate Gaussians: examples 

"  µ = [0; 0] 
"  Σ = [1  -0.5 ; -0.5  1] 

"  µ = [0; 0] 
"  Σ = [1  -0.8 ; -0.8  1] 

"  µ = [0; 0] 
"  Σ = [3  0.8 ; 0.8  1] 

Multi-variate Gaussians: examples 
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p(xa ) = p(∫ xa ,xb )dxb
p(xa ) = Ν µa , Σaa( )

Pictures from  [Bishop: PRML, 2006]
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p(xa | xb ) = Ν µa|b , Σa|b( )
µa|b = µa +ΣabΣbb

−1(xb −µb )

Σa|b = Σaa −ΣabΣbb
−1Σba

¡ Marginalizing joint distribution results 
in a Gaussian

¡ Conditioning also leads to a Gaussian

Prior mean 
(b) Observed 

value
Prior Variance (b)Cross co-variance

Prior Variance (a) Shrink term (>= 0)
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