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Centering Uncertainty

e The Iimprecision involved with aligning an
Instrument or target on/over a survey
reference point.

e For instruments, may be largely avoided by
free stationing and resection techniques.

o Still plays arole in the use of vertical
sighting pipes.
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The traditional approach

e Centering uncertainty has traditionally
been handled by inflating the uncertainties
of the associated observations.

e This approach is described in recent
textbooks. Other approaches not found.

e This approach is applied (universally?) by
commercially-available adjustment
software.
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Example: two distances from station A

Traditional distance observation equations:

DiStA_B 3 \/(XB . XA)2 5 (yB =4 yA)2 g (ZB n ZA)2 +Ca e
Dist, ¢ =+/(% —%,)* + (Yo = ¥a)* +(2c — 2,) +8,

Corresponding part of stochastic model:
GDistA_B = Z GDist—reIated_A_B - GCentering_A T GCentering_B

¥ 2
GDistA_C > Z GDist—reIated A C + GCentering_A a5 GCentering_C

Distances AB and AC treated as if uncorrelated.
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Problem with traditional model

e Mis-centering is NOT independent for each
observation.

e Traditional stochastic model does not
account for non-zero covariances.

e Traditional model makes propagated
uncertainties too pessimistic.
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How to fix this?

e Could try to add covariances to the
traditional centering model. (complicated!)
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How to fix this?

o Alternatively, treat each independent
centering of an instrument / target as a new
point to be estimated in the adjustment
(nuisance parameters).

e Create a new class of observations
(“centerings”) to relate these nuisance
parameters to the coordinates of the actual
monument.
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Example: two distances from station A

New observation equations:

DiStAl_Bl ~ \/(XBl = XAl)2 + (yBl 3 yA1)2 a= (ZBl N ZAl)2 4 eAl_Bl

DiStAl_Cl = \/(X01 B XAl)2 Y& YA1)2 e ZA1)2 +€m c1

Centering _ X, _ X, =0=Xy =X, +€, 4

Centering _ Yy _ Ya =Py s =Yu—Yat€u a
Centering aday ez, 0= 70 —dter,

Eentering SPEn = =" =UeEHe s o

Centering _ Yg, _ Y5 =Ngy 5= Y51~ Y5 + €41 5
Centeringiuzs v s — U= Sz totl

Ciglicllige ¥ eeme o U= o — VAR EC A

C entering, JyEiy == = VIV s-ge it
Centering _z., 2. =0=2., -7, +€,,
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Example: two distances from station A

Corresponding part of stochastic model:

Opista1_B1 — Z O Dist—related AL _B1

Opistar_c1 = Z O Dist—related Al C1

o’ _Centering _x,, X, =k’
o’ _Centering _y,, _Y,=k,’

o’ _Centering _z,, _z, =k?

o’ _Centering _ Xy, Xz =k’
o’ _Centering _y,, Y =k’

oie CeNtening 27> Srze= k-2

o’ _Centering _X., _ X =k’
o’ _Centering _ye, Y. =k,

o’ _Centering _z., 7. =k’
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Conclusion

The traditional treatment of centering
uncertainty does not account for
correlations among the associated
surveying observations.

These correlations may be handled
implicitly by introducing nuisance
parameters to represent each independent
centering of an instrument or target, and
by explicitly recognizing the centering
operation as a set of observations.
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