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Statistical Confidence Statements
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Φ is the cumulative distribution function for standard normal distr.
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By Symmetry

Plug this into prior expression, then we 
can relate P and z for symmetric interval. 1)(2 −Φ= zP
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Statistical Confidence Statements 

Derive one dimensional confidence statement, s known with large d.f.
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This says that given some 
boundary points we can determine 
the probability – we want to invert 
that: given a probability, what are 
the boundaries, i.e. the interval?
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1D Confidence Intervals
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Multivariate Normal Random Variables

From Searle (Linear Models, corollary 2.2, p. 58):
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For our problem,

Then, for random vector x with dimension n 
x 1, y, a scalar, is distributed as chi-squared
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Given a value y0 we can get P(y < y0). 
And we can easily invert. Given P, get 
a corresponding interval for y. More 
useful: given P & y-interval, what is 
the corresponding multidimensional 
region associated with x ? i.e what are 
all of the x’s that map into that interval 
of y’s ?
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P
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P = 1 -a

Chi-squared Probability Density Function
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For a given value of P, get y, and get corresponding locus of x. That 
locus of x is what we will call a confidence region
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Now, assume n=2 (*) and let
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2D Confidence Regions

(*) note: n can be anything.
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 of seigenvalue are id
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We recognize this expression as 
describing the interior of an ellipse 
with dimensions as shown on the 
next slide.

Recall

12

2

2

2

=+
b
y

a
x

Equation of ellipse

a
b

x

y

2D Confidence Regions



CE 603 – Photogrammetry II – Spring 2003 – Purdue University

x1

x2
w 1

w 2

w1

w2

( ) 







=−=

2

1

w
w

w  , µxRw x

2
2,11 αχ −d

2
2,12 αχ −d

( )yx µµα ,for region  confidence  1−

2D Confidence Region



CE 603 – Photogrammetry II – Spring 2003 – Purdue University

1T
XX MRRS −=

) of defn.(by  diagonal , RD

























=















=

3

2

1

3

2

1

1
00

0
1

0

00
1

  ,
00

00
00

d

d

d

d
d

d
MD

Now, assume n=3 (*) and let
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3D Confidence Regions

(*) note: n can be anything.
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 of seigenvalue are id
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Error Propagation for a Pass Point
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Useful MATLAB 
function:

x=chi2inv(p,v)
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Error Region Tutorial
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Propagate Angular Uncertainty into an Uncertainty 
Region around the Intersection Point
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Increase the Angular Uncertainty
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Monte Carlo Simulation Yields an Equivalent Picture 
of the Uncertainty Region as a Scatter Diagram
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From the Least Squares Equations We Can Compute a 
Confidence Region (Error Ellipse)

Notice that if we 
assume an 
uncertainty this 
can be plotted 
without making 
any actual 
observations.
Thus we have a 
design mode 
where we can 
predict 
confidence 
ellipses based on 
assumed 
observation error 
and network 
geometry.
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Same Idea – Let’s Look at Uncertainty in Distance and 
Its Effect on the Uncertainty in the Position



CE 603 – Photogrammetry II – Spring 2003 – Purdue University

Increase the Uncertainty in the Distance
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Monte Carlo Simulation on the Same Geometric Model 
yields a Scatter Diagram
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Compute the Corresponding Confidence Ellipse from 
the Mathematical Model


