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Abstract: Slope monitoring using total station involves
continuous monitoring which required the instrument to be
stationed in the field, both day and night. This necessitates the
housing of the total station in a shelter, which is designed to
have wide-window cover with glass materials, and carry out
the monitoring survey through the shelter glass. Any data
gathered through this scenario is exposed to both atmospheric
and glass impacts. This study develops a nomogram to cater
for atmospheric correction and another nomogram for glass
properties correction (i.e. glass thickness and glass colour)
based on Afeni (2011) model equations. The nomograms were
tested using data acquired from a working mine and found to
be effective.

I. INTRODUCTION

The use Automated Total Station (ATS) for monitoring
work is a common practice at most open-pit mines,
construction sites and dams, because it provides continuous
24-hours remote data collection, analysis and warning to
immediately alert the personnel with regard to stability
problems. Conventional total station observations are time
consuming, labour intensive and have the potential for
human error when used for monitoring work. All the
problems that are associated with the conventional total
station are catered for in an ATS. Although conventional
system are very accurate and adequate for ad hoc
monitoring, continuous monitoring requires a more
advanced system to cope with the intensity of the program
(Jooste & Cawood, 2006).

Newcomen et al (2003) mentioned climatic conditions
such as wind, snow, rain, dust and atmospheric refraction as
contributing factors to total station survey errors. Although,
these factors cannot be controlled, their effects on the
accuracy of the survey can be reduced. In distance
measurement or slope monitoring using total station, the
instrument is usually standardized at a temperature that does
not conform to tropical regions which can experience
temperatures of 360C or more. In order to make things to
work, correction must be performed on the readings
recorded at the end of the day.

Thomas (2011) noted that the effect of atmospheric
variations is critical when using total station for measuring
distances. The author recommended that the atmospheric
parameters (ambient temperature and barometric pressure)
should be measured simultaneously during continuous
distance measurements operations because the density of the
atmosphere between the instrument station, the reference
station and the target station can affect the velocity of the
signal emitted by the EDM. If the atmospheric conditions
are not compensated for, then the accuracy of a measured
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distance can be adversely affected as the atmospheric
conditions change.

The effect of the shelter glass on the beam generated by
the total station during monitoring with ATS from transfer
beacon shelter is called refractive effects and it is based on
Snell’s law. This law expresses the relationship between the
angles of incidence and refraction, when a light ray passes
through a boundary between two different isotropic media,
namely air and glass, as regards to this study. Ostdiek and
Bord (2008) simplified the whole process by saying, “a light
ray is bent toward the normal when it enters a transparent
medium (e.g. glass or water) in which light travels more
slowly.

Past researchers such as Barrell and Sears (1939), Edlen
(1966), Birch and Downs (1993), Ciddor (1996) and IAG
(1999) recommended equations for refractive index
corrections (atmospheric variation correction), but none of
them consider the impacts of taking shots through a glass
(window) barrier. Only three movements of light ray were
considered, i.e. from the total station telescope (transmitter)
to the atmosphere and from there to the reflector (or target)
back to the total station telescope (receiver) through the
atmosphere. In this study, five movements of light ray are
considered, i.e. from the total station telescope (transmitter)
to window glass through shelter or inside atmosphere, from
there to outside atmosphere again before getting to the target
(reflector). This can be summarised as shown in Figures 1 a
and b.

II. AFENI (2011) MODEL EQUATIONS FOR
ATMOSPHERIC AND GLASS IMPACT
CORRECTIONS

Afeni (2011) model equations resulted from series of
field data acquired after months of field experiment studies
on effectiveness of manufacturer (Leica) given atmospheric
correction formulaec and impact of glass properties
(thickness and colour) on total station distance and angular
measurements. The experiment was carried out at the
University of the Witwatersrand, Johannesburg South
Africa. The outcome of the field experiment shown that the
manufacturer given equation work perfectly in reducing the
effect of atmospheric variations on the total station
measurements but cannot reduce the impact of the glass on
the measurements made through the glass barrier. Therefore,
the author carried out regression analyses on the complete
data acquired during the field experimental work to generate
the following equations:
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Figure 1 (a): Movement of light ray during survey exercise without barrier, (b): with barrier

A. Atmospheric correction formula for infra-red EDM (IR)
(i.e. Leica given atmospheric correction formula):

C=|2%3.05— 79.7489P N 11.27¢ 106
(273.15+1) (273.15+1) )
where:
C is the correction factor for atmospheric variation
P is air pressure, mb
t is air temperature, °C
10° & 10[(%)4—07858}}!
‘00 T 100
h is relative humidity, %
d’ is the measured distance as it appears on the total

station digital screen

B. Glass thickness correction formula:

. =[0.0007x—0.0004] @)
where:

g. is the glass thickness correction;

x is the glass thickness, mm

C. Combined atmospheric and glass thickness correction
formula for infra-red EDM (IR):

3a
k=| 28305 [2T48OP | 1127¢ |\ 564 [0.0007x-0.0004] (32)
(273.15+1)  (273.15+1)
or
3b
k=| 28305 727489P | 1127e ] o0, (3b)
(273.15+1) (273.15+1) ‘
where:
k is the correction factor for atmospheric variation
and glass thickness effect;
D. Glass colour correction formula:
&.. = 2Exp~x'+0.0020 )
where:
8ee is glass colour correction formula
x’ is the glass % tint

E. Combined atmospheric and glass colour correction
formula for infra-red EDM (IR):

. S5a
ezl ag30s. 797489P  1127e |0 [2Egr0.0020] (5a)
(273.15+1)  (273.15+1)
or
b ags0s 107H89P | 127e 100,
(273.15+1)  (273.15+1) ‘ (5b)
where:

k’ is the correction factor for atmospheric variation and
glass colour effect;

III. DEVELOPMENT OF NOMOGRAM

A nomogram shown in the Figure 2 was developed using
Equation 1 above for atmospheric corrections in parts per
million (ppm). A second nomogram shown in Figure 3 was
developed using the regression formulae generated for glass
thickness and colour corrections (i.e. Equations 2 and 4
above). The nomograms will assist in the absence of
computing facilities where quick corrections are needed in
the field.

Figure 2 shows the atmospheric corrections in ppm with
temperature (°C), air pressure (mb) and height (m) at 60%
humidity as recommended in the Leica TCR 1201 manual.

Figure 3 shows the nomogram for glass correction (m) on
the vertical axis, the glass thickness (mm) and glass
percentage tint (%) on the horizontal axis.

IV.GUILDS TOWARD USING THE NOMOGRAMS

Two steps must be followed when using the nomograms:

L. when observations are made without considering
glass properties; and
II. when observations are made through glass.
A. Step 1

When observations are made without considering glass
properties:

e Set atmospheric correction part of the total station to
zero before embarking on any distance measurement
with the machine.

e The Slope distance display on the total station screen
must be used to multiply atmospheric correction value
that corresponds to the prevailing atmospheric
parameters at the time when the observation is made.
The result is the atmospheric correction.

e Add the result to the slope distance reading display on
the total station screen again to the result of
multiplication above to get true distance reading.
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Figure 3: Glass impact correction nomogram

Example on how to use the atmospheric corrections
nomogram:

The following parameters are recorded during linear
survey exercise using total station:

d’ is the distance reading displayed on the total station
screen = 468.4197 m
t is the ambient temperature when the observation is

made = +16.3°C

p is the atmospheric pressure = 826 mb
h is the humidity = 64%
Solution
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Reading the atmospheric parameters on the nomogram in
figure 2, the closest atmospheric correction for the above
parameters is 55 ppm.



Therefore, the atmospheric correction would be:
d’x (55x10°)
=468.4197 x 0.000055 =+ 0.025763 m
True distance:
d = d’ + atmospheric correction
=468.4197 + 0.0258 = 468.4455 m

B. Step 2

When observations are made through glass:

The slope distance reading displayed on the total station
screen must be used to multiply atmospheric correction
value that corresponds to the prevailing atmospheric
parameters (temperature and atmospheric pressure) at the
time when the observation is made as discussed in step 1 to
get atmospheric correction.

Subtract the glass impact correction from the result of
atmospheric correction.

Add the end result to the distance reading display on total
station screen to get true distance reading.

For example, a 5.0 mm glass was placed immediately
after the observation in step 1 above was made (i.e.
observation was made through 5.0 mm glass). The
prevailing atmospheric situations were the same:

d’ shown on the total station is 468.4228 m (as
measured through the glass)
t is the ambient temperature when the observation is

made =+16.3°C
is the atmospheric pressure = 826 mb
is the humidity = 64%

="

Solution

Reading the atmospheric parameters on the nomogram in
figure 2, the closest atmospheric correction for the above
parameters is 55 ppm.

Therefore, the atmospheric correction would be

d’x (55x10°)

=468.4228 x 0.000055 =+ 0.025763 m

Glass thickness correction for 5.0 mm glass = 0.0031 m
(see nomogram in Figure 3)

Subtract the glass thickness correction from atmospheric
correction i.e.

=0.025763 — 0.0031 = 0.0227

True distance:

d = d’ + (atmospheric correction — glass impact correction)

=468.4228 + 0.0227 = 468.4455 m

Remark

The two observations were made to the same target from
the same instrument station. Only the conditions changed.
After subjecting both observations to the nomograms, the
corrected (or true) distances should be the same or nearly
the same as illustrated above.

V. CONCLUSION

The paper discussed the development of an atmospheric
and glass corrections nomogrms as handy material for use
during distance measurement using total station and steps to
follow when using the nomographs.
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