Error Propagation

o>

For error propagation we assume that input data is normally distributed.

Scale the relative covariance matrices by the a priori reference variance if

results are consistent with assumptions, or by the a posteriori reference variance

If results are not consistent with assumptions.

eRandom variation in the input observations is transformed by the model into

corresponding random variation in the resulting unknown parameters.

*This dispersion or uncertainty in the computed unknown parameters can be

scaled to a given probability level, and presented in 1D (confidence interval) or

2D (confidence ellipse).

*Higher dimensionality is difficult to visualize.

«Confidence ellipses can be absolute, with reference to a point, or relative, with

reference to the coordinate differences between two points.
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Error Propagation

y=a X +a,X, +azX;
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If X’s are uncorrelated

To allow for correlation between the x’s

Express the function in matrix form

Rigorous error propagation including
correlations and covariances
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Propagate Angular Uncertainty into an Uncertainty = XSk
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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 = X5tk
] ) i BIR'D 11 E
Confidence Region (Error Ellipse) "
550.25 - | 1 Notice that if we
assume an
2O 1 uncertainty this
s A | can be plotted
without making
550.1 - any actual
observations.
550.05 - 7 Thus we have a
ol : % | design mode
T " *+T where we can
549.95 - | predict
confidence
549.9 - 1 ellipses based on
assumed
949.85 - ‘| observation error
ca08l | and network
geometry.
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Same ldea — Let’s Look at Uncertainty in Distance and

Its Effect on the Uncertainty in the Position
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2 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
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Multiple Ray Intersections to Define
Target Location
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Graphic Animation
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o prior (if consistent with results)

52 post (If prior not consistent with results)
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DAS Pre-analysis

UNIVERSITY

Prior to any deployment of equipment or instruments in the field,
you can propose a geometry (network) layout, an observation
scheme, and an uncertainty associated with each observation.
Thus you have all of the information needed on the previous page
to compute the error propagation associated with the proposed
measurement and adjustment task. Thus you can pre-compute
error (confidence) ellipses or circles. This is known as pre-
analysis. Some surveying examples follow.

Important caveat: conventional error propagation only considers
random errors, not biases or systematic errors. If you suspect, or
know that these are present, then you must inflate EP results by
that knowledge (“consider” covariance concept, Tapley or
Montenbruck on orbit estimation)
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Legend

q Unknown Station

P\ Control Point

/) Abs. Error Ellipse
g

Observation LOS

Anthony Syers
CE 306 Dato Adjustment
Traverse Adjustment Project




Another Student Design from Data Adjustment |
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Starnet Adjustment Option Screen

Project Options B

Adjuztment | Generall Instrumentl Lizhing Fi|EI Other Filesl Speciall GPS | Mndelingl

— Adjustment Tppe Uitz
+ 20 (3D |7

Liriear: |FeetL|5 Tl Angular: & DKS © GOMNS

— Coordinate Syztem

f* Local © Grid: |N.-'1‘-.DB?I "I

Prezs tar £one List

— 20 Jobs

Awverage Project Elevation:

|n.000 FeetllS

— Local Jobs

D atum Scheme

% apply an verage Scale Factor

" Reduce to a Common E levation:

10000000000
| 0.00d

— Gnd Jobs

Average Heoid Height

yerage Yertioal Deflection

0.000 (feters]

H= IIJ.DDD [Seconds]
= IEI. aoo [Seconds]

Cancel
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Project Options

Adjustment  General |In3trument| Lizting FiIeI Other Filesl Speciall GFS I Mndelingl

—&diugtment Solution

— Emor Propagation

Convergence Lirmit: | (RSN

v Perform
b axirnurm [terations: IE ill Confidence Level: IEE.UUD 4

— Input / Output Coordinate Order

—d&ngle D ata Station Order
& Morth-East Label Marth in Listing as; &+ AtFrom-To
" East-Marth N Oy X " From-4t-To

= Longitude Sign Canvention

— Diztance / YWertical Data Type

& Slope Dist! Zenith
i Horiz Dist / Eles Diff

€% Fositive West / Negative East
£ hegative West / Positive East

— Earth R adiuzs # Refraction Infarmation

E arth B adius of Curvature for Local Jobs: |53?21 B1.544 Rezet [Meters)

Default Coefficient of Refractian; IEI.EI?EIEIEI

Rezet

k. Cancel Help
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Bj Preanalysis.dat

# Preanalysis

#

HoHEW W OO OO0 000 a0

=

E

HHaHdAaHAdAAA4Aa4

-

E

e EEREE B B B R

1 51160
Z S0935
3 S0630
1001 51160
100z 51145
1003 S0645
1004 S0915
1005 50655
1006 50945
1007 S0S6S
1-2 )
1003 -3 ?

2

1

1001

100z

1004

3

1003

1007

1006

1005

Z

1,

1-2-1005
1-z2-1008
1001-1-1006

1001-1-100%7
100Z2-1001-1007
1002-1001-1003
1004-1002-1003
1003-1007-1002
1003-1007-1004
1007-1006-1001
1007-1006-1002
1005-1005-1
1006-1005-1001
1005-2-1

e

u]

=181 %]

Sgeqn 1!
52530
53660
52950
53z80
53Z65
53570
52770
52820
53160

# Unconwent this line to add another hearing

Starnet input data file format
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Starnet Preanalysis Plot Screen
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Station Coordihate Error Ellipses (FeetlU3)
Confidence Fegion = 95%

Station Sewi-Major Sewi-Hinor Lzimuth of
Lxis Lxis Major Axis

1 0.00ooo0 0.00ooo0 o-00

2 0.01592 0.00000 26-03

3 0.08916 0.03341 Z41-146

1001 0.0Z2462 0.01585 135-15

1002 0.04858 0.02421 160-45

1003 0.05416 0.02938 40-15

1004 0.07220 0.02947 5-03

1005 0.024351 0.01553 GZ-15

1006 0.01875 0.01473 176-24

1007 0.03888 0.0z2354 Z2-32

O

Belatiwve Error Ellipses (FeetlU3)
Confidence Fegion = 95%

Stations SGemi-Hajor SGemi-Hinor Azimuth of
From To Lxis Lxis Major Axis
1 2 0.01892 0.00000 26-03
1 1001 0.02462 0.01585 135-15
1 1005 0.02431 0.01853 GZ2-18
1 1006 0.01675 0.01473 176-24
1001 io00z 0.0298%9 0.01912 lez2-42
1001 1006 0.01961 0.01453 1z6-50
1001 1007 0.02871 0.01646 56-21
100z 1003 0.04565 0.01740 95-09
100z 1004 0.03725 0.0z2171 27-18
100z 1007 0.02871 0.01491 120-31
1003 3 0.04660 0.02131 8-34
1003 1004 0.04288 0.01882 142-56
1003 1007 0.02803 0.0z2039 S0-456
1004 3 0.03493 D.02296 62-45
1005 2 0.02324 0.01898 T4-35
1005 1008 0.0z21z0 0.017&80 14-00
1006 1007 0.02952 0.01913 32-55
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Starnet output
listing for the
preanalysis
project.
Dimensions
of absolute
and relative
error ellipses
are given
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1 0.573 1 0.005 : _ P U: R D UN(E
S 0s S oom Staton. [l s UNIVERSITY
4 0,568 4 0.005 Observation Itnlat_obs.txt _
8 0% & oo © Mode  Consteints |
g ggg; g gggg (¢ Design & Contol Points .
5 oz 3 0o c e c renewor | Adjustment program created by
n 0 1 oom © BlnderDetection - -
B 12 bom 7 Dt Sromi students in Geomatics program.
R T — Planned capabilities include blunder
- I detection by L1, IRLS, Data
oo Snooping, also free network
e HEE adjustment, preanalysis and
I Grephies i
| ———— adjustment_ modes. Matlab_GUI tools
Hp | G | Awn | and numerical and symbolic
“E| Processing capabilites provide a very
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