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OVERVIEW OF PREVIOUS LECTURE

WHAT IS TRANSFORMATION?

DATUM TRANSFORMATION

TRANSFORMATION MODELS

SOLUTION OF EQUATIONS OF TRANSFORMATION MODELS
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DATUM SHIFT

SIGNIFICANCE OF DATUM TRANSFORMATION

TAKE HOME ASSIGNMENT 2
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(GRAVIMETRIC EFFECT

GEODETIC OBSERVATIONS

REDUCTION OF AZIMUTH

REDUCTION OF HORIZONTAL ANGLES

KXo, epoy "Suy "I(J - G ASopoay)

REDUCTION OF VERTICAL ANGLES

REDUCTION OF DISTANCES

EXAMPLE FROM REAL-WORLD SCENARIO
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EXPECTED LEARNING OUTCOMES

o Gain knowledge about the gravitational field and its influence on geodetic measurements.

o Acquire skills in reducing azimuth observations.

o Learn methods for reducing horizontal angles measured in the field.

o Understand techniques for reducing vertical angles.

o Learn the process of reducing measured distances.
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WHAT DO GEODESISTS MEAN BY
REDUCTION?

(GRAVIMETRIC EFFECT
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(GEODETIC OBSERVATIONS

o When we obtain observations in the field, they are taken with respect to gravity. The gravity

helps determine the geoid but not necessarily the ellipsoid. The ellipsoid 1s our mathematical

surface for all horizontal control.

o Observations include horizontal angles (e.g., azimuths), zenith distances, spatial distance,

and vertical angles.
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o GNSS report always include horizontal distances, geodetic distances, and mark-to-mark

distances. In terms of azimuths, 1t also provides geodetic azimuth, grid azimuth, etc.,

What are the differences affect surveying observations?
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o Positions determined w.r.t gravity are known as astronomical positions.

They are determined from the perpendicular to the geoid (vertical

direction), which i1s marked as A in the shown Figure.

o Positions determined w.r.t the ellipsoid are known as geodetic positions.
They are determined w.r.t the normal to the ellipsoid, which is marked as

G in the shown Figure.

o Since we level our total station with respect to gravity, we have aligned
our instrument with respect to the normal to the geoid (A). These are
known as astronomical observations. However, GPS observations and

geodetic positions are determined w.r.t the ellipsoid, and therefore G.
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o As shown in Figure, the zenith (ZA) of an astronomical location is determined

by the direction opposite the direction of gravity at this location. The zenith Zy
G

(ZG) of a geodetic location is determined by the direction of the normal to the Verica— o ~ Normal
Prime e
. . . ertical ~ Meridi ,
defining ellipsoid. The difference between these two zeniths is known as e \ W/,
deflection of the vertical. " Total deviation
of the vertical

o Typically, the deflection of the vertical is given by two angular components.
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They are designated by the Greek letters ¢ (xi) and n (eta). S P

o The component of the deflection of the vertical in the north-south direction 1s &
and 7 1s the component of the deflection of the wvertical in the east-west

direction.
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(GEODETIC OBSERVATIONS

o The ¢ component i1s positive when the astronomical zenith is north of the
geodetic zenith, and the n component is positive when the astronomical zenith
1s east of its geodetic counterpart. This means that if geodetic angles are
desired, we need to correct conventional instrument observations, which are
oriented with respect to the gravity and the geoid, to the normal of the

ellipsoid.

Z,
Vertical —-

Prime Prime

vertical ™ Meridian /_

Total deviation
of the vertical
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GRAVIMETRIC REDUCTION OF OBSERVATIONS
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(1) REDUCTION OF AZIMUTH
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o The astronomic azimuth of the line is affected by the deflection of the vertical at the observing

station. It can be reduced to a geodetic azimuth using “Laplace equation”: -

Ao =A —a= ntang + ({sina — ncosa) cotZ (1)

Where:

@: the geodetic latitude of the observing station.
A: the astronomic azimuth

a: the geodetic azimuth

Z: the observed zenith angle
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o Equation 1 is the well-known “Laplace Equation” in its complete form.

o The first term 1s the same for every target independent of its azimuth and zenith distance. And it results
from the fact that astronomical north rather than from geodetic north as the geodetic azimuth. It thus

represents a shift of the zero point, which is the same for all targets.

o Usually in first-order triangulation the lines of sight are almost horizontal, so that Z = 90, cot Z = 0.
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Therefore, the correction can in general be neglected & we thus get: -

Aa = ntang (2)
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(2) REDUCTION OF HORIZONTAL
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(2) GRAVIMETRIC EFFECT ON HORIZONTAL ANGLES

o Any horizontal angle may be considered as the differences between two azimuths.
Accordingly, the corresponding horizontal angle W, which refers to the direction of the
normal, can be computed as the difference between the two corresponding geodetic azimuths:

W= a; — o

Such that:

Ay — Ay

a, = A, — Aa,

Wo1 = (A2 — A1) — (Ba; — Aaq)

Wy, = (A, — Ay) — ({sina, — ncosa,) cot Z, + (Esina; — ncosay) cot Z; (3)
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o For nearly horizontal lines of sight the difference both zenith angles are very small and can be

neglected.
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(3) REDUCTION OF VERTICAL ANGLES
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(3) GRAVIMETRIC EFFECT ON VERTICAL ANGLES

o The deflection of the vertical components in any direction «, € and & are

related to & and n by plane coordinate transformation as follows: -

e= écosa + nsina (4)
.
§d = ésina — ncosa (5) \ ///k
] - d 4 B \\ //B ;B//%’\ T’/ -
o The relation between geodetic zenith distance Z and the “measured” 0 i
- L%\ ///// o t, cos
. . . - g c — L
astronomic zenith distance Z is simply given by: - \
\

Z=7+¢ (6)
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(4) REDUCTION OF OBSERVED DISTANCES

To BE A LEADING ENGINEERING FACULTY IN EDUCATION AND SCIENTIFIC RESEARCH

Axs[o Bpoy ‘Sufy “I(J - G ASopoay)

GED

Cieomatics
Engincering
Department



Facwivy oF - = — e I —

(3) GRAVIMETRIC EFFECT ON OBSERVED DISTANCES

o The reduction process i1s performed in several steps using simple |
S/B‘

. . . . . A v
geometric and trigonometric relationships. / D -

W\ A— " g

o The first reduction takes the observed slope distance and reduces it to \h B Gedid | Ry %

, /’_'—‘_\ .

. . \ \ N‘ D. Nsl.' / E

a chord length (Dc) at the ellipsoid. \ 41)' =/ g

Ellipsoid +~ -

o The second reduction determines the equivalent geodetic distance for / g

[ & >

the observation. Because the slope distance is observed at some 5 b
location above the ground and the reflector is similarly off the ground, \ /

we need to add their heights to the overall reduction process. 5
Center of Earth
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(3) GRAVIMETRIC EFFECT ON OBSERVED DISTANCES
h 41s the geodetic height of the instrument at A, and
hgthe geodetic height at B;
hi is the height of the instrument at A, and
hr the height of the reflector at B;

N, the geoidal separation at A, and N the geoidal separation at B;

Axs[o Bpoy ‘Sufy “I(J - G ASopoay)

H, and Hgzare the orthometric heights (commonly referred to as

elevations) at A and B, respectively.




(3) GRAVIMETRIC EFFECT ON OBSERVED DISTANCES

o The mark-to-mark distance (D,,) and the geodetic distance (D,) are
often reported in GNSS adjustment reports, although not all

software manufacturers clearly label these lengths as such.

o Because we need the radius of the Earth R and the geoid
separation in this reduction, the example will be worked entirely in

metric units.
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(3) REDUCTION OF OBSERVED DISTANCES
o Chord Distance

$2—(hp — ha)’

D, = (7)

n’ n’
(1+-H(a+-2)

o (Geodetic Distance

. _1,Dc
D, = 2R sin 1(5) (8)
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Facualty OF Ennnagineaering at Shouuabra
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Plan View [My Filter] X [ inverse > & X
a n
Inverse
From:
|_'|;-\Dns |
To:
L= |
(@) sequential () Radial I ] )
. Details b @
 l Reported Points o
% AQD1 0o %
-~ Grid azimuth: 1922342 3" %
DO
> A Grid distance: 2393.1763m .
-
[ Elevation: 156866 m =
=
Geodetic azimuth: 192°5412 2" U%
- Forward: 5254175 °
Details A Backward: 125407 0" 9
Grid azimuth: 192°2342.3" R - o
o R008, oo Grid distance: 53531763 m Hllipsoid distance: 2393.8733m 2
T A Blevation: 15.6866m ) =
° AOT0 Geodetic azimuth: 192°5412.2" Ground distance 3
Forward: 192°5417 5" Geodetic: 2393 8881 m
Backward: 12°5407.0"
Bllipsoid distance: 23538733 m
o AOOS Ground distance .
Geodetic: 2393.8881m i HE-'IEIHTZ 15.6866 m
A Height: 156866 m
200 m
[I—
Apply Close
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Facualty OF Ennnagineasersring at Shouabra
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EXAMPLE FROM REAL-WORLD SCENARIO
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Plan View [My Filter]
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From:
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To:
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Q
Reported Points Details & g
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(Grid azimuth: ZTTH 261 <
DO
Grid digtance: 4136473 m U
—
0 L Elevation: -3.7815m m
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Geodetic azimuth: 279 2r06.9" 0
Details A Forward: 27 2r08.9" g
Grid azimuth: 2T8°5626.1" Eackward: 55 ’2?'}1 .5" o,
Grid distance: 4136473 m ®
5 Bevton a7wisn Elipsoid distance: 4137674 m =
Geadetic azimuth: 279°2705.9" E‘
Fe rd: 279°2T09.9" -
Boa:\l:vard: 59°2701.9" Gn:“."-ld dIStanCE <
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Geodetic: 4137703 m
A Height: 37815m A Height: -3.7815m
Apply Close
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END OF PRESENTATION

THANK YOU FOR ATTENTION!
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