Observation Equations for Triangulation
Computations

Observable quantities are function of unknowns
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For azimuth,
a=F(p, 4,0, 12) — Common form
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Consider one of the above equation
o, =F (o, A4, 9,,42)

o, V.
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Also let, o0 10 02, 22 be the approximate values of the

unknowns andg, di,dg,d1, o€ the corresponding
corrections. Then
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Expanding using Taylor’s series
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- Observation equation for azimuth
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In matrix form,
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By considering the differential movements of the end
points of the azimuth line, it can be shown that

day,, = E[Mlsin a,.dp, +M,sina,,.dp, —N, cose, cosa_(dA, —dﬂi)]
S 21

ds, =—M, cosa,,.dp, —M, cosy,.dgp, — N, cosg, sina (d4, —d4)



Summary

* Observation equation for azimuth AB ) S

A

V:(oc0 —a’)+daABt

1 : :
where, da,g = E[M aSiNa,g.d@, + Mg sinag,.dp; — Ny cosgg cosa (dA4g —d/iA)]

e For distance
v=(s"—s')+ds,

where, ds, =—-M;g cosag,.dgpy —M, Ccosa,5.dp, —Ng cospg sina (d4; —dA4,)




In case that the observed quantities are included angles

0=a; —a

We know that
Vi :(aicf) _ai’f)+daift

_ 0 '
Vi = (aib — & ) +da,

SO, Vie —Vip = (O‘i(13 - O‘i%) —(a; —ay,) + (day, —doyy,)

v, =(6°-0)+da,

- Observation equation for included
angles

where,
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D (4)

Example

1 and 2 are known stations.

N=8 (included angles)

U=4 (coordinates of 2 known

points)

Eq.l: i=1 f=4, b=3

Vv, = E%sin a4ljd(04 —(%sin agljdgos +(%c05¢3 cosozsljd/l3 —(%cosw4 cosozéujd/l4

+(6)-6) ———)



Similarly,
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In matrix form,
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Then correct the included angles and determine the coordinates
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Geodetic Triangulation Task-2014

Npa
Bog
Haw Stn. Latitude Longitude
Hawagala 6°43'8".06866 N |80°44'42.38747 E

Kirioluhena 6°37'16".66488 N | 80°49'58".27704 E

Geodetic azimuth from Hawagala
to Kirioluhena - 138°02'50".2

Ground distance from Hawagala to
Kirioluhena -

Hat

Calculate the geodetic latitudes and longitudes of stations ??7?



Computation Procedure

* Calculate mean angles and standard deviations
* Reduce observed directions and distances to ellipsoid

* Calculate approximate coordinates
* Using the given azimuth and mean included angles, calculate azimuths of all other lines

* Using Gauss Mid Latitude formula, calculate latitudes and longitudes of all unknown
stations

* Using the approximate coordinates, calculate the approximate included
angles (reverse of Mid latitude formula)and distances

* Form the F-matrix

e Using mean latitude and longitude for the entire area, calculate M and N

* Form B-matrix

» Solve the differentials and residuals. If residuals are too large, do iterations

e Calculate the corrected observed angles and coordinates of unknown
stations






