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Abstract: Testing and calibration of geodetic
instruments is a major issue in metrological proced
having strong impact in precise geodetic and indist
instrumentation.

accuracy of whole angle measuring system which is
embedded in the instrument.

2. ANGLE ENCODERS

This paper describes and analyses newly developed

angle measurement methods as well as comparesbati
developed and classic angle measuring methods.

Several recently developed and enhanced methods
angle measuring systems are presented in the paper.

Since there are two circular scales embedded iath e
total station, there are two different systems liog
pfformation about both vertical and horizontal alagu
position. Circular scales can be used as the mafere
measure. They are implemented into the rotary esrsods
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1. INTRODUCTION

Angle measurement is a very important field of sce
Many fields of industry rely on precise angle meaments.
Angle measurement is one of the leading factorsirémsg
quality in most fields of industry such as civilgémeering
and survey, machinery and laboratory equipmentthin
field of geodesy total stations are used to measorieontal
and vertical angles as well as lengths.

Accuracy of measurement is the main parameter to be

considered while developing or enhancing angle omaas

methods. Measurement accuracy depends on instrament

devices and methods used to perform a task.

There are many methods developed for angle cabiorat
Classical angle measuring methods originating afdgsy
and astronomy, such as Wild, H. Bruns, Heuvelink,
Yelisejev are frequently used to control angle meag

accuracy of geodetic instruments [1]. Most of thettmds
are used to calibrate flat angles, however experisnshow
that the accuracy of vertical and horizontal angkasuring
systems differ.

There are two circular scales embedded into eatdl to
station to perform vertical and horizontal angle
measurements. When there is no possibility to measu
separate raster scale there are some ways to detethe

S

displacement indication. The calibration of thesales is
the first step of the accuracy improvement in angle
measurement systems.

Rotary encoder is an electromechanical device tsed
encode angular movement of the shaft or axis of the
measuring system to a certain analogue or diggabs The
most common types of angle encoders are: absohde a
incremental. Absolute angle encoder has fixed pesition
and shows the absolute mean of angular positiawtated
shaft (Fig. 1).
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Fig. 1. Absolute encoder



Incremental encoder shows the difference betweenqugv
and present encoder position [1, 2].

Digital encoder generates a unique digital binangec
for each position of the axle. Rotary encoder hagaular
raster scale, mounted on the shaft and divided byym
strokes which define angular position with the chtion
level of up to seconds of arc. The coded scaleistnsf
concentric circles covered with different sized ksarThe
pattern generated by the rotation of encoder reptes
different values. The modulation of the light bearassing
raster scale is the main principle of operatiorthef rotary
encoder (Fig. 2).

Geodetic angle measuring instruments have two angle
measuring systems — horizontal and vertical. Thenma

difference between them is the position of the nséémdard
of angle measurement — the raster or coded scalehvidh
placed horizontally or vertically. The instrumemesates by
pointing its optical system to the object to be suead and
taking the readings form the angle measuring sysi@nout
the angular position of the object in two perpeulic
planes [3]. The vertical and horizontal array bedndve the
same circuitry but different mounting and packaging
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Fig. 2. Principle of operation of incremental angieoder

3. ANGLE MEASUREMENT METHODS

There are several aspects in performing efficieetision
angle calibration:

1. Application of classic angle calibration methods
such as method of angle and method of the
Moiré fringes helps to evaluate angle measurement

errors;

2. Special high precision equipment for

measurement errors;

3. The progress of measuring equipment development ‘
motivates to improve classical methods or create o
\

new methods for angle calibration.

There are many methods used for standard or referen
angle measurements. Most commonly used methods,asuc

method of approximation, method of Heuvelink, meithud

Wild and method oft angle are related by comparison of

angular scale stroke values with values of thereefee scale
or other standard. This is the most reliable tephaiin case
of reducing the errors [1].

angle
calibration is needed to ensure the reduction of 5 |

Comparison of the angular position of scale strokils
the reference angle, created by the strokes ofdahee scale
is also called the calibration with setting the stamt angle
in the full circumference [1,4]. The disadvantadetteese
methods is that the accuracy of error determinadiifiers
depending on the position of the strokes on circstale.
According to classical method of constant angle
placement in the circular scale, the error of dacwscale
stroke position can be defined as shown in the tegpuél):

x:%Z(x' x4+ x") (1)

where: x' = —g X' 460 = Xs60 — Xm, X'+120 = X120 — Xm
are readings of the stroke’s position in the saeakdifferent
angles.

The standard deviation of stroke position detertiona
error can be defined as shown in equation (2):

D AX

M= 6n

where: Ax' = x—x', AX" =x=x", AX"" = x—x

()

One of the key factors that has an influence on
measurement accuracy is the devices used for thgope.
There are several new methods for angle measupiplied
in Vilnius Gediminas Technical University. The math
where special centering — leveling device is usedvall as
microscope can be used to determine the angulatiquos
between the strokes of circular scales. The referanale is
placed on the centering — leveling device and fmost
under the ocular of the microscope [6]. In thiseceeference
scale is used to determine tolerances of centerileyeling
device. When this device is calibrated it can becgdl on
Moore’s Precision Index rotary table to determine érrors
of the circular scale comparing it to referencdesca

The results of experiments have shown that errbtisi®
centering — leveling device are minor (3+&h) as shown in
Fig. 3, therefore, the accuracy improvement of Heirt
angular measurements using this device is significa
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Fig. 3. Errors of centering — leveling device

Other method where rotary table is combined with
autocollimators and multi-angular prism is used ftat
angle determination. Rotary table was created in

collaboration with ETHZ University, Switzerland. ih



rotary table is a unique device for its ultra-higtecision,
developed using mechatronic means for the spircdigion.
The rotary table is controlled by a computer. Pabectric
drive is fed from the generator of high frequentige usage
of the piezoelectric drive facilitates a very higbtation
accuracy of the aerostatic spindle [7, 8]. The cibje be
measured is placed and leveled on this table.

As an example, this table is used to calibrateziontal
angle measurement system of total stations. Tlad stidtion
is placed on the rotating table. The reflector (ot is
placed on the top of total station. The autocoltonais
positioned that the mirror could reflect its lighgam. This is
needed to keep total station in the same positibilews
horizontal scale is being calibrated. The tableatest by
desired angle and the total station is turned backhe
previous position by the same angle the table wotetad
using its own horizontal
Autocollimator helps us to measure the differenebvaen
two mirror positions — before rotation and afteheTerrors
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Fig. 4. Basic scheme of method of vertical angle
measuring system calibration

4. CONCLUSIONS

angle measuring System. Apalysis of newly developed angle measurement
methods has shown that some methods are being vegbro
to measure angles in both vertical and horizortalgs. It is

are determined by comparing the mismatch of ratatio g4 very important to perform a calibration ofcalar scale

angles of total station and rotary table.

Most of angle measuring methods are suited for oveas
flat angles. However, geodetic instruments suchtas stations
have two angle measuring directions — horizontal \eetical.
Therefore, the new method for vertical angle meagusiystem
calibration was developedThis method is based on
determining the trigopnometric angle by using thienence
length scale for vertical readings employing theh&smeter
and another reference length scale for the distéonce the
tacheometer axis to vertical scale determination.

After placing the instrument under control at théial
position, an auxiliary instrument position is ackEd by
moving the instrument along the slide ways of #& bench
for testing geodetic instruments. At distahdeom the axis
of the instrument, the linear scale is fixed in thetical
position to the horizontal axis of the instrument.

The distance from both positions of the instrumisnt
fixed by using the reference measure of lengthei@mple,
end length gauge (length standard) applied forrdeteng
the distance from the axis of the instrument tosingace of
the scale, which is a quite complicated task todoee
initially. At both positions of the instrument, diag h from
the scale is taken at the anglef the axis of the telescope
of the instrument and horizontal line [7]. Readifigsn the
scale are taken and the angle of interest is espde
equation (3):

P= arctg:1 (3)

The principle of vertical
calibration is shown in Fig.4.

angle measuring system

because it is the key component of horizontal aedical
angle measuring systems of geodetic instruments.
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