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5. Lecture

Distance measurement
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Base unit of length

Physical unit = metre (m) = the length of the
path travelled by light in vacuum during a
specific fraction of a second (1/299 792 458 s).

kilo- km 103 hecto- hm 102

milli- mm 103 deci- dm 101

micro- | um 10® | centi- cm 102

nano- nm 10°




Distance measurement methods

1. measurement with a tape

2. optical methods
a) measurement of a parallactic angle
b) stadia range finder

3. electro-optical methods
a) phase distance meter
b) distance meter measuring transit time



1. Distance measurement with a tape

tape length 20 — 50 m, the smallest division 1 mm
material — steel, invar (Ni, Fe), plastic

measured distance is split into sections which are shorter than the

tape length, these sections should be in a straight line
horizontal distance is measured (it is assured by a plummet)

measurement is always performed twice — back and forth in a flat

terrain or down from the top twice in a slope terrain



Slope and flat terrain
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Errors of measurement with a tape

e if the real tape length is not known: the tape should be
calibrated,

e if the temperature during a measurement is not the same as
the temperature during the calibration: the temperature
correction should be introduced

o,=(t—ty). a.d,
d — measured distance,
a —thermal line expansion coefficient,
t — temperature during the measurement,
t,— temperature during the calibration,



e if the sections are not in a straight line,

e if the tape is stretched less than 50 N or more than 100 N,
e if the tape is not horizontal,

e if the tape is sagged: it depends on the tape length

e if a wrong value is read on the tape

Accuracy of the distance measurement with a tape is about 3 cm

for 100 m (1: 3000 of a measured distance).
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KALIBRACNI LABORATOR & 2292

AUTORIZOVANEHO METROLOGICKEHO STREDISKA
VYZKUMNY USTAV GEODETICKY, TOPOGRAFICKY A KARTOGRAFICKY

250 66 ZDIRY 98

KALIBRACNI LIST &.: 18 393/2002

Datum vystaveni: 1, 10, 2002

Zadavatel:
Datum prijeti méfidla:

Méridlo:

Inventirni ¢islo;

PouZity ctalon:

Napinaci sila:

Predpisy:

Podminky pro kalibraci:

CVUT v Praze, Fakulta stavebni, katedra specialni geodézie
26.9 2002

Pracovni mé&fidlo nestanovend, 30 m ocelové pasmo
PAR, Zluté, s mm délenim, v pouzdfe,
s nulou v pribéhu pasma

4780907

Helio — necnovy laser 633 nm, Laser Head, Mode| 55194,
Ser.No. 3627A00792, kalibracni list ¢, 8 18-KL-1190:00

50,0N

Kalibrace byla provedena dle nésledujicich pfedpist:
Pracovnim postupem dle CSN ISO 8322-2/1994 — Geometrickd
presnogt ve vystaybé - Urtovéni presnosti méficich pHstrojit -
Cast 2: M&fické pdsma, dle CSN 251105 ~ Makicka pdsma.
Kalibratnim postupem KP - &, 1; Mé&fickd pasma:

B - ogelovd, umelohmotnd a thaninova pasma.

EA-4/02 Metodika vyjadiovani ncjistot méfen! pHi kalibracich.

laboratomi, teplota 20,0° C £ 0,3°C, tlak 973,3 hPa

List 1 2 2 listi

Kalibracni list mize byt rozSifovdn v celkovém poéin stran beze zmén. Zmény a dopliky mohou

byt provedeny pouze laborator, ktera dokument vystavila,

Kalibracai list & 18 393/2002 list 2 ze 2 listd
Nominalni hodnata Odchylka NominéIni hodnota Odchylka
{m) {mm} {m) (mum)
L 0 0.0 16 0,7
1 +0.3 17 -06
I 2 +H04 18 -0.9
’_, 3 +0,1 19 0.8
4 +04 20 .8
s -0,1 21 039 7]
= 6 -0,1 : 22 0,9
7 -0.1 23 0,9
8 -03 24 -1.0
2 -0,2 23 -1.0
14} 02 26 -09
il -0.4 27 ~0.6
12 -0.3 28 -7
W 13 -0 29 06
14 0,6 30 -0.7
15 0.5 |

Poznamka: znaménko +{-) znamena, 7z péasmo je deldi (krawi) nomindini détky.
Rozsitend nejistota mereni pi K =2je U< + [03 + 0,007 L(m)] mm.

Uldaj plati pro koeficient rozéttens K =2, ti. pravd@podobn ost P = 95%,
Razsilena nejistoia byla stanovens v souladu s dokumentem EA-4/07

Pisma vyhovuje ustanoveni CSN 251165 pro presnost méickych pésem.

Ve Zdibech dne 27. 9, 2002 Kalibraci provedla: D, Laiov

’,)/,/{f i

Ing. J. Lechner, CSc
vedouc: KL




2a) Measurement of a parallactic angle

Parallactic distance measurement is based on a very precise
measurement of the so-called "parallactic angle" 6 and a very
precisely known base length |.




horizontal stadia rod of known length [ is placed perpendicular

to the measured distance D
horizontal angle 6 is measured by a theodolite

horizontal distance is calculated

D=1cot[ 2
2=(2)

accuracy — 1 mm for 100 m (1:100 000)
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The applicable measured distance is approximately 100 m, longer
measurement distance can be divided into several sections or the

so-called parallactic cell procedure can be used.
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2b) Stadia range finder — horizontal line of sight

It is part of practically all theodolites and levelling instruments
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e there are 2 short lines = stadia lines in the field of view of all
theodolites and levelling instruments

e angle 6 is invariable (it is given by the distance between stadia
lines and by the focal distance f), a rod interval / is measured
(it is read on a levelling rod)
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measured distance D is horizontal
usually k =100

if the line of sight is not horizontal, a rod interval / and a zenith
angle z are measured and then

D=k-|-sin*z

accuracy — 0,1 m for 60 m (1:600)
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Stadia range finder — slope line of sight
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3. Electro-optical distance measurement

e thereis a transmitter of electromagnetic radiation on a point
and a reflector on another one

e reflector: 1. trigonal reflector / prism
2. arbitrary diffuse surface

e principles of distance measurement:

1. evaluation of a phase or frequency of modulated
electromagnetic radiation,

2. signal emission and transit time measurement.
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e slope distance is measured with an electronic distance meter
= length of a join between the instrument and the prism
(target)

e additive constant of the instrument and the target set =
systematic difference between measured and true distance
given by the positions of instrument’s and target’s reference
points. The additive constant is given by the producer of the
instrument and it should be introduced to a measurement.

e electronic distance meter can be embedded in so called total
station (electronic theodolite + electronic distance meter)
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Accuracy of electronic distance meters

o=Xmm+Yppm: D

X ...invariable part of the standard deviation,

Y ...variable part of the standard deviation (it depends on the
value of a measured distance)

D ...measured distance in km

E.g. o=3mm+2ppm

the standard deviation of measured distance is 7 mm for the
distance 2 km (= 3 + 2*2)
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3a) Phase distance meter
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e distance meter signals a modulated wave with the phase ¢,
and a wave with the phase ¢, is turned back. The distance is
characterized by the phase difference A.

e the wave has to be longer than measured distance (it is not
possible to determine a number of the whole waves)

e more than one wavelength are usually used for measurement,
e.g. wavelengths 1000 m, 10 m, 1 m and then the values 382 m;
2,43 m; 0,428 m give the result 382,428 m.
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3b) Distance meter measuring transit time

e signal is emitted by the distance meter and transit time t is
measured

V-1
2D=v:t=>D=—
2
e high accuracy of the transit time measurement is needed
therefore these distance meters are less often used
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Corrections of measured distances

physical correction of a distance — for measurements with
electronic distance meters

mathematical reduction of a distance — for coordinate
calculations
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Physical correction

e wavelength depends on atmosphere which the signal comes
through, it depends on atmospheric temperature and
pressure mainly

e value of physical correction is set in a distance meter (it is

calculated using formulas given by the producer of the
distance meter)

e jtis possible to enter the temperature and the pressure to the
most of modern distance meters and the correction is
calculated automatically
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Mathematical reduction

Measured distance d which is shorter than 6 km has to be:

1. reduced to a curvature on the reference sphere (to so called
,sea level horizon®),

2. reduced to the plane of the cartographic projection (e.g.
S-JTSK)
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1. Mathematical reduction to the sea level
horizon
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r ... reference sphere radius (6380 km)
h ... sea level height (elevation)

26



2. Distance projection reduction (S-JTSK)
1
s=d,- = (m,+m;)

for short distances
s=d,-m,

The scale error value m is calculated or found out using the scale
error isolines map.
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Thank you for your attention!
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