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ABSTRACT. With the emergence of precision total station instrument, it becomes
possible to apply total station instrument for high-precision elevation surveying
(height measurement). Different from traditional trigonometric leveling method, “to-
tal station instrument intermediate ranging mode elevation surveying method” only
measures distance without consideration on measuring angle or height of instrument,
all of which can greatly improve observation precision. At present, there are two
problems in the existing relevant theoretical and practical researches as follows: first,
in the discussion on the measurement accuracy achieved by this method, most litera-
tures only present part of analytical data and rarely include more concrete and com-
prehensive data. Second, there are many discussions about the feasibility analysis on
realization of high grade (precision) measurement, but few about how to carry out
specific surveying and what should be paid attention to in practice. In view of the
above-mentioned problems, this paper conducts analysis and research on the influ-
ence of various factors like the precision, side length and vertical angle of instrument
on height difference precision in “total station instrument intermediate ranging mode
elevation surveying” method and obtains the applicable conditions for using total
station instruments with different precisions to accomplish elevation surveying at
different grades. This brings tremendous popularization and application value to
high-efficient precision elevation surveying in the circumstance of big height differ-
ence and long distance.

Keywords: total station instrument, intermediate ranging mode, precision elevation
surveying, applicability.

1. Introduction

In elevation control survey, the commonly-used methods mainly include leveling,
trigonometric leveling and GPS observation and each of three methods has advan-
tages and disadvantages. High-grade leveling can achieve high precision, but it is
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greatly affected by topographic fluctuation and constrained by low efficiency. GPS
observation has been widely used and studied in engineering survey in recent
years, but it is difficult to control the precision due to the inconsistency of height
system. With the increase of demand for high-grade complex elevation surveying
in recent years, more attention has been paid to the total station instrument ele-
vation surveying. Especially with the emergence of high-precision total station
instrument, the research on the application of total station instrument for
high-precision elevation surveying becomes a hot spot, such as total station “in-
termediate trigonometric leveling” method (Yuan 2016, Zhang et al. 2006, An
2009, Zhang et al. 2008, Huang 2008). Meanwhile, further studies show that the
improved mode of “intermediate method” namely “total station instrument inter-
mediate ranging mode elevation surveying method” has a good value in in-depth
research. This method only measures distance without consideration on measur-
ing angle or height of instrument, which obviously differs from traditional trigo-
nometric leveling. So it should belong to a kind of new pattern. There still exist
problems worthy of further in-depth studies in the theoretical and practical re-
search achievements of traditional “intermediate method”: first, in terms of appli-
cable conditions and influencing factors, more literatures present partial data and
put forward the feasibility of this method to achieve a certain grade of leveling
precision, but there are scarce data available for further research. Second, there
are many feasibility discussions and analysis under the condition of high precision
requirement, but few on how to concretely implement it and what should be paid
attention to (Cheng et al. 2011, Du and Man 2012, Li et al. 2016, Li 2015, Lu and
Huang 2008, Ning and Cui 2008, Zhang and Lan 1992, Wei 2012, Wang et al. 2014,
Wang and Fang 2014, Yu 2006). In view of the above-mentioned problems, this
paper conducts exhaustive analysis and research on “total station instrument in-
termediate ranging mode elevation surveying” method and precision so as to ob-
tain more concrete observation and adaptive conditions that can achieve the pre-
cisions of leveling at different grades.

2. Total Station Instrument Intermediate Ranging Mode Elevation
Surveying Method

Total station instrument intermediate ranging mode elevation surveying method
is to place a total station instrument between the known elevation point and the
point to be calculated. Through total station “distance measurement” mode, ob-
serve the value of “vertical interval” between the front and rear viewing points
and then obtain the height difference between the two points. This method can
avoid the height measurement of instrument and the repeated height measure-
ment of prism, thus greatly improving measurement precision.

2.1. Measurement Principle

As shown in Figure 1, place the total station instrument into the middle of two
observation points, where point A is the known elevation point while point B is
the elevation point to be solved.
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Fig. 1. The schematic diagram of elevation surveying of total station instrument interme-
diate method.

H, is the elevation value of point A, H is the elevation value of point B and
H, is the horizontal axis central elevation value of instrument. And h,; is the
height difference value between point A and point B. v, is the prism height at

point A while v, is the prism height at point B. S, , D, , and C, are respective-
ly the oblique distance, horizontal distance and vertical distance observed at point
A. S;, D, and C; are respectively the oblique distance, horizontal distance and
vertical distance observed at point B; R is radius of the Earth:

D} Dy
Hi=HA+UA_CA+0'43?=HB+UB_CB+O‘43E (1)
D D
hy=Hy—H, =(v, —v,)-(C, _CB)J’(OAS?A_O'%EBJ 2)

2

D D?
Assuming Ef = 0.4371*—0.437B . Thus, when D, =D,, Ef - 0. That is to

say, put the instrument in the middle position of the two points as far as possible
(this problem will be specially discussed later). In this case, the calculation formu-
la for the height difference between two points can be simplified as follows:

hAB:HB_HA:(UA_vB)_(CA_CB) 3)
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Here v, , v,, C, and Cj are all observation items. Therefore, on the basis of the

above four data observed at each station, we can get the height difference A,
between the known point and the point to be calculated and then the elevation

value of the point to be calculated can be obtained according to H, =H, +h,, .

2.2. Implementation

There is a function in the basic measurement functions of total station instru-
ment, namely “distance measurement” as shown in Figure 2.

Basic Measurement-Distance Measurement

Vertieal Angle )| 95934'14™  |ppm 0

Horizontal Angle [ 7 7 apmrimmn |- oM: -30
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Fig. 2. Basic measurement functions.

So the “total station instrument intermedi-
ate ranging mode elevation surveying” meth-
od mentioned in this paper is realized by this
function, which is different from traditional
“triangulated height” measurement mode.
The following is an example of Southern
NTS-370 Total Station Instrument to illus-
trate the whole surveying process.

(1) Place total station instrument between
the two measuring points. Point A is the
rear view point while point B is the front
view point. Erect center alignment bar of
prism vertically at both points, as shown in

Figure 3. And set up prism heights v, and
v, . If possible, make v, =v, as far as pos-
sible;

(2) Get the instrument leveled after the to-
tal station instrument is turned on;

(3) Click the icon “Basic Measurement” on
the screen and then Figure 2 appears;

Fig. 3. Center alignment bar.
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(4) Aim (sight) the center of prism at the rear viewing point A and click “Distance
Measurement” button to read HD. Then aim (sight) the center of prism at the
front viewing point B and click “Distance Measurement” button to read HD. En-
able these two HDs to be equal to each other as far as possible. If unequal, move
the total station instrument back and forth and relocate the instrument.

(5) Face left, aim (sight) the center of prism at the rear viewing point A, click “Distan-
ce Measurement” button to read VD and make records. That is just C,; in Formula
(3). Aim (sight) the center of prism at the front viewing point B, click “Distance
Measurement” button to read VD and make records. That is just C;; in Formula (3).

The height difference between the two points h,, = H,—H, = (U '~ Up ) - (C’ '~ CaL )
can be obtained from Formula (3).

(6) Face right, aim (sight) the center of prism at the rear viewing point A,
click “Distance Measurement” button to read VD and make records. That is

just C,; in Formula (3). Aim (sight) the center of prism at the front viewing
point B, click “Distance Measurement” button to read VD and make records.

That is just C,; in Formula (3). The height difference between the two points
hyyw=H,—H, = (UA —vB)—(CAR —CBR) can be obtained from Formula (3).

(7) Make the average value of height differences by facing left and facing right be the
+h

1
observed height difference value at survey station 1, namely A, = —(h ABR) .

AB 2 ABL

2.3. Surveying Requirements

2.3.1. Requirements on the horizontal distance between the instrument and these
two points

According to Formula (2), the closer the horizontal distance between the instru-
ment to the two points, the closer the two corrections of the effect of Earth cur-

D? D?
vature and refraction at these two points will be. Thus Z f= 0'4?)?_0'43?]3 .

The greater the difference between two horizontal distances respectively from the
instrument to the two points, the greater Z f value, and the greater the effect of
Earth curvature and refraction will be. Then, what range to be controlled for the
difference between horizontal distances of the two points can be considered to
have less error influence on observation results and be acceptable? If we take 10%
of leveling tolerance at different grades as the maximum value to control the effect
of Earth curvature and refraction, thus the dotted line, solid line and dashed line
in Table 1 are respectively Zf value of the difference between different horizontal
distances at front viewing point and rear viewing point under the condition of
different distances. Here, the dotted line is the boundary for 10% of the first grade
leveling tolerance, the solid line is the boundary for 10% of the second grade leve-
ling tolerance, and the dashed line is the boundary for 10% of the third grade
leveling tolerance.
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Table 1. The influence of difference between horizontal distances of instrument at front
viewing point and at rear viewing point on correction of effect of Earth curva-
ture and refraction Xf (mm).

The difference The horizontal distance between instrument and measuring point (m)
between
horizontal
distances of
instrument at | |, | 55 | 30 | 40 [ 50 [ 100|200 300 [ 400500 [1000[15 4000[5000
. . Q0120
front viewing 10t
point and at
rear viewing
point (m)
1 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.010.01}0.03|0.04|0.05]0.07}0.13 ] 0.20 | 0.27 | 0.40 | 0.54 | 0.67
2 0.00 | 0.00 | 0.01 | 0.01 | 0.01]0.01]0.03]0.05]0.08|0.11}0.13 | 0.27 | 0.40 | 0.54 | 0.81 | 1.08 | 1.35
3 0.00 | 0.00 | 0.01 | 0.01]0.02]0.02]0.04 |0.08|0.12 0.16 | 0.20 | 0.40 | 0.61 | 0.81 | 1.21 | 1.62 | 2.02
4 0.00 | 0.01|0.01]0.02]0.02]0.03]0.05|0.11|0.16 | 0.22 | 0.27 | 0.54| 0.81 | 1.08 | 1.62 | 2.16 | 2.70
5 0.00 | 0.01]0.01}0.02 | 0.03]0.03]0.07] 0.13 | 0.20 | 0.27 | 0.34 | 0.67 | 1.01 | 1.35 | 2.02 | 2.70 | 3.37
6 0.00 | 0.01 | 0.02|0.02]0.03]0.04]0.08]0.16 | 0.24 | 0.32| 0.40 | 0.81 | 1.21 | 1.62 | 2.43 | 3.24 | 4.05
7 0.00 | 0.01 | 0.02 | 0.03]0.040.05]0.09]0.19 |0.28] 0.38 | 0.47 | 0.94 | 1.42 | 1.89 | 2.83| 3.78 | 4.72
8 0.01]0.01]0.02 |0.03|0.04]0.05] 0.11 | 0.22 | 0.32 | 0.43 | 0.54 | 1.08 | 1.62 | 2.16 | 3.24 | 4.32 | 5.40
9 0.01]0.01}0.02|0.04]0.05]0.060.12 |0.24 | 0.36 | 0.49 | 0.61 | 1.21 | 1.82 | 2.43 | 3.64 | 4.86 | 6.07
10 0.01]0.010.03]|0.04]0.05]0.070.13 | 0.27 | 0.40 | 0.54 | 0.67 | 1.35 | 2.02 | 2.70 | 4.05 | 5.40 | 6.75
15 0.01]0.02|0.04|0.06 | 0.08 | 0.10 | 0.20 | 0.40 | 0.61 | 0.81 | 1.01 | 2.02 | 3.04 | 4.05 | 6.07 | 8.10 |10.12
20 0.01]0.03 |0.05}0.08| 0.11 | 0.13 ] 0.27 | 0.54 | 0.81 | 1.08 | 1.35 | 2.70 | 4.05 | 5.40 | 8.10 |10.80|13.50
25 0.02]0.03]0.07|0.10]0.13 ] 0.17 0.34 | 0.67 | 1.01 | 1.35| 1.69 | 3.37 | 5.06 | 6.75 |10.12]13.50|16.87
30 0.020.040.08]|0.12]0.16 | 0.20 | 0.40 | 0.81 | 1.21 | 1.62 | 2.02 | 4.05 | 6.07 | 8.10 |12.15/16.20}20.25

Table 2. 10% value of second grade leveling tolerance and third grade leveling toler-
ance under the condition of different horizontal distances (mm).

The Horizontal Distance between Instrument and Measuring
Category Point (m)

10 | 20 | 30 | 40 | 50 | 100 | 200 | 300 | 400 | 500 | 1000|1500]|2000{3000]|4000|5000
10% of First Grade |, {04 10,04 0.05]0.06| 0.08 [0.11 | 0.14 [ 0.16 | 0.18 | 0.25 [ 0.31 | 0.36 | 0.44 | 0.51 | 0.57
Leveling Tolerance
10% of Second Grade | ; {05 |0.10[ 0.11 ] 0.13 | 0.15 [ 0.25 | 0.31 [ 0.36 | 0.40 | 0.57 [ 0.69 | 0.80 [ 0.98 | 1.13 | 1.26
Leveling Tolerance
10% of Third Grade /1541029034 [038 05| 076|093 107|120 | 1.70 | 2.08 | 2.40 | 2.94 | 539 | 5.79
Leveling Tolerance

Take second grade leveling precision requirements as an example, when the hori-
zontal distance of side length at front viewing point and at rear viewing point is
500 m, if the total effect of Earth curvature and refraction at Control & Survey
Station 1 is less than 10% of second grade leveling tolerance 4 mm (i.e. 0.4 mm,
Table 2), the difference between horizontal distances of side length at front
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viewing point and at rear viewing point shall be less than or equal to 5 m. When
the horizontal distance of side length at front viewing point and at rear viewing
point is 1,000 m, the difference between horizontal distances of side length at
front viewing point and rear viewing point shall be less than 4 m.

2.3.2. Requirements on Difference between Elevation Differences Observed
by Plunging Telescope at Survey Station 1

The discrepancy of this elevation difference can be mastered according to the
observation requirements on leveling at different grades, as shown in Table 3.

Table 3. The tolerance of difference between elevation differences observed by plunging
telescope at survey station 1 (mm).

First Grade Second Grade Third Grade Fourth Grade
1.8VK 4K 127K 20VK

Note: The unit of K is kilometers.

Here K value is the sum of the horizontal distance at front viewing point and the
horizontal distance at rear viewing point. Since horizontal distances at front view-
ing point and at rear viewing point at the time of surveying are basically equal to
each other, it can be calculated by 2 times the horizontal distance at front (or rear)
viewing point, that is:

K=S, -cosa, +S;-cosa, =28, -cosa, =25, -cosa,
Table 4. The tolerance of difference between elevation differences observed by plunging

telescope at survey station 1 under the condition of different grade require-
ments (mm).

S,or S, First Grade Second Grade Third Grade Fourth Grade

(m) 1.8VK 4K 12K 20VK
10 0.25 0.57 1.70 2.83

50 0.57 1.26 3.79 6.32

100 0.80 1.79 5.37 8.94
500 1.80 4.00 12.00 20.00
1000 2.55 5.66 16.97 28.28
2000 3.60 8.00 24.00 40.00
3000 441 9.80 29.39 48.99
4000 5.09 11.31 33.94 56.57

Note: The unit of K is kilometers.
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Under the condition of meeting the requirements on precision at different grades,
the allowable value of the difference between elevation difference observed
by plunging telescope (face left and face right) at Survey Station 1 of total sta-
tion instrument can be calculated and it is controlled by the value of tolerance in
Table 4.

3. Precision Evaluation

From Formula (3), it can be known that intermediate ranging elevation surveying
mode is composed of two semiobservations by plunging the telescope during the
surveying process. And the root mean square error (RMSE) of elevation difference
in semiobservations is as follows:

2

m,

=m? +m? +m? +m? (4)
Ua Vg Ca Cy

‘ABsemi

According to the principle of distance measurement of total station instrument,
the vertical distance VD (some instruments mark it as elevation difference, which

shall be inappropriate) is calculated as VD= S-sina . So there are C, =S, -sina,
and C, =S, sina,:

mZ

2 _ a2 L2 «. Q2. 2
me =sin”a, mSA+ =8 -cos” a,
p
2
m
2 a2, 02 «. Q2. 2
mg =sin”agmg +—- Sy cos” ay

mg (k1 "'kz'SA)2

Sy

(k,+,S,)°

méB
In the above formulas, k£, and k, are additive constant and multiplication con-

stant respectively.

S, and S, are respectively the slope distances between the instrument and the
two measuring points, with the unit of m. So we can conclude:

2 2
. m . m
m; =m! +m’ +sin’a, m; +—=-8S%-cos’a, +sin’a,-m; +—=-8%-cos’a,
'ABsemi Ua Up A p2 B pz

Taking into account that the horizontal distances between the instrument and the
two measuring points shall be the same as far as possible during observation,

make D, =D, , then S, -cosa, =S, cosa,, namely

cosa
S, = 4.8,
cosay,
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Therefore
2
2 (.2 2 . 2 a2 Jcosa, -2
m, = (muA +mUB)+<k1 +k, SA) sin” o, +(k1 +k, P S, | sin®a, +
B

2

m
a , Q2 , 2
+2—-S, cos”a,

The prism heights at two measuring points v, and v, can be directly read through
the scale on center alignment bar, with the same precision. Therefore, make

m =m_=m_,then
v, vg v

2
cosa, S,

cosa, 1000

2
S
mzmsem; = 2m3 +(k1 +k,- 1080) .sin? a, +(k1 +k, -sin? a, +

(6]

mZ

+27<.(S, -1000)" -cos’ a,
p

2

Formula (5) is the calculation formula for the root mean square error (RMSE) of
elevation difference in semiobservations by using intermediate ranging mode ele-
vation surveying of total station instrument.

3.1. Calculation of Root Mean Square Error (RMSE) of Elevation Difference
in One-circle Measurement

Suppose the elevation difference in one-circle measurement is 4,,, then there is:

hy = (h

AB 2 ( ABparicrSemiobservation

hAB )
LaterSemiobservation

Therefore, the root mean square error (RMSE) of height difference in one-circle

measurement is: m, = -——cpiemton
P \/5

Parameters that can bring errors to the observed elevation difference are mainly
as follows: error caused by measuring prism height, ranging error (distance-meas-
uring error), vertical angle observation error, the effect of Earth curvature and
refraction and so on. Because the horizontal distances observed at the front view-
ing point and at the rear viewing point shall be equal to each other as far as
possible during observation, the effect of Earth curvature and refraction can be
ignored.

In calculation, since prism height is generally read from the center alignment bar
and tries to keep the same in the observation process, we take m =1 mm . The

ranging error can be calculated by % +k,-ppm (Barkovié¢ et al. 2016) while angle
measuring error can be obtained according to nominal precision of instrument.
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3.1.1. Influence of the Vertical Angle Value

Under the condition that the side length remains unchanged and the observed
vertical angle values at front viewing point and at rear viewing point change
within the whole range of =80°, the root mean square error (RMSE) of elevation
difference in one-circle measurement will increase with the increase of vertical
angle. At the same time, the larger the difference between vertical angles at front
viewing point and at rear viewing point is, the greater the error will be. The error
distribution is saddle-shaped as a whole, as shown in Figure 4.

———
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Fig. 4. Variation of root mean square errors (RMSEs) of elevation difference through total
station instrument observation as vertical angle changes.

3.1.2. Influence of Side Length Values

In the case that the vertical angle is relatively unchanged and the side length
changes, to illustrate the problem, we can construct a function to calculate the
difference between the root mean square error (RMSE) and allowable error in the
elevation difference in one-circle measurement (taking third grade leveling toler-
ance 12V K as an example), namely:

(D)=l |12

If f(D)>0, it means that it will exceed tolerance requirements. If f(D)<0,
it means that tolerance requirement is satisfied. The variation curve of this
function with the change of side length is just as shown in Figure 5. This curve
shows that root mean square error (RMSE) in the observed elevation difference
does not simply increase with the increase of side length. There will be a larger
error in the case of relatively short side length and after reaching a certain side
length. And the area in the middle can meet the elevation difference require-
ments.
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Fig. 5. Variation of root mean square errors (RMSEs) of elevation difference through total
station instrument observation as side length changes.

3.1.3. Apply 2” Precision Total Station Instrument to Observe Performance of Root
Mean Square Errors (RMSEs) in Elevation Difference

Take m, =1 mm, m_=2" and calculate ranging error by 2 mm+2 ppm. With the
minimum 5 m as interval, respectively carry out precision analysis and demon-
stration on the horizontal distance of side length at front viewing point and at the
rear viewing point (hereinafter referred to as horizontal distance) such as 5 m,
10 m, 20 m, 30 m, ..., 100 m, 200 m, ..., 1000 m, ..., 2000 m, ..., 2800 m, 2900 m,
3000 m, 3100 m, ... Table 5 presents data which still do not meet the require-
ments of third grade leveling tolerance while Table 6 lists the data which can just
meet the requirements of third grade leveling tolerance. Along with the increase
of horizontal distance, the table does not list the calculation of these increasing
horizontal distances that can meet the requirements of this tolerance. Table 7 lists
the data that can still meet the requirements of third grade leveling tolerance and
Table 8 lists data that start to fail to meet the requirements of third grade leveling
tolerance. The shaded area in Table 5-8 shows the data that can meet the require-
ments of third grade leveling tolerance.

Analysis results show that this precision instrument can meet the requirements
of third grade leveling tolerance under the condition of 20 m < horizontal dis-
tance < 2800 m and the condition of all vertical angles at front viewing point and
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at rear viewing point < *60°. This working condition can satisfy most of large
elevation difference observation conditions.

If vertical angle is controlled to be within the range of < *=20°, the horizontal
distance can be extended to be within the range of 10 m < horizontal dis-
tance < 3000 m.

At the same time, analysis results show that this precision total station instru-
ment cannot meet second grade leveling precision requirements.

Table 5. Elevation difference root mean square errors (RMSEs) at all vertical angles at
10 m horizontal distance of 2” total station instrument.

10 m a, ()

a, )| -60 40 -20 -10 0 10 20 40 60
-60 2.02 1.84 1.66 1.61 1.59 1.61 1.66 1.84 2.02
-40 1.84 1.64 1.44 1.38 1.36 1.38 1.44 1.64 1.84
-20 1.67 1.45 1.22 1.14 1.12 1.14 1.22 1.45 1.67
-10 1.62 1.39 1.14 1.06 1.03 1.06 1.14 1.39 1.62

0 1.60 1.36 1.12 1.03 1.00 1.03 1.12 1.36 1.60
10 1.62 1.39 1.14 1.06 1.03 1.06 1.14 1.39 1.62
20 1.67 1.45 1.22 1.14 1.12 1.14 1.22 1.45 1.67
40 1.84 1.64 1.44 1.38 1.36 1.38 1.44 1.64 1.84

60 2.02 1.84 1.66 1.61 1.59 1.61 1.66 1.84 2.02

Note: 12JK =1.697 mm

Table 6. Elevation difference root mean square errors (RMSEs) at all vertical angles at
20 m horizontal distance of 2” total station instrument.

20 m a, ()

a, )| -60 40 -20 -10 0 10 20 40 60
-60 2.03 1.85 1.68 1.62 1.60 1.62 1.68 1.85 2.03
-40 1.86 1.66 1.46 1.39 1.37 1.39 1.46 1.66 1.86
-20 1.70 1.46 1.23 1.16 1.13 1.16 1.23 1.46 1.70
-10 1.65 1.40 1.16 1.08 1.05 1.08 1.16 1.40 1.65

0 1.63 1.38 1.13 1.05 1.02 1.05 1.13 1.38 1.63
10 1.65 1.40 1.16 1.08 1.05 1.08 1.16 1.40 1.65
20 1.70 1.46 1.23 1.16 1.13 1.16 1.23 1.46 1.70
40 1.86 1.66 1.46 1.39 1.37 1.39 1.46 1.66 1.86

60 2.03 1.85 1.68 1.62 1.60 1.62 1.68 1.85 2.03

Note: 12JK = 2.400 mm




Peng, Z.: Study on Adaptability of Intermediate Ranging Mode..., Geod. list 2019, 1, 1-24 13

Table 7. Elevation difference root mean square errors (RMSEs) at all vertical angles at
2,800 m horizontal distance of 2” total station instrument.

2800 m a, ©)

o ) | -60 -40 -20 -10 0 10 20 40 60
60 | 1512 | 1461 | 1444 | 1440 | 1439 | 1440 | 1444 | 1461 | 15.12
-40 | 2208 | 2139 | 2117 | 2112 | 2111 | 2112 | 2117 | 21.39 | 22.08
20 | 2672 | 2591 | 2566 | 2561 | 2560 | 2561 | 2566 | 2591 | 26.72
-10 | 2794 | 2710 | 2684 | 2679 | 26,77 | 26.79 | 26.84 | 27.10 | 27.94

0 2834 | 2750 | 2724 | 27.18 | 27.17 | 27.18 | 27.24 | 2750 | 28.34
10 2794 | 27.10 | 2684 | 26.79 | 26.77 | 26.79 | 26.84 | 27.10 | 27.94
20 26.72 | 2591 | 2566 | 2561 | 25.60 | 2561 | 2566 | 25.91 | 26.72
40 2208 | 21.39 | 2117 | 2112 | 2111 | 2112 | 21.17 | 21.39 | 22.08
60 1512 | 14.61 | 1444 | 1440 | 1439 | 1440 | 1444 | 1461 | 15.12

Note: 12JK = 28.900 mm

Table 8. Difference root mean square errors (RMSEs) at all vertical angles at 3,000 m
horizontal distance of 2” total station instrument.

3000 m a, ()

a, ) | -60 -40 -20 -10 0 10 20 40 60
60 | 1614 | 1561 | 1543 | 1539 | 1538 | 1539 | 1543 | 1561 | 16.14
—40 | 2362 | 2289 | 2266 | 2261 | 2260 | 2261 | 2266 | 22.89 | 23.62
20 | 2860 | 27.75 | 2749 | 27.44 | 2742 | 27.44 | 2749 | 27.75 | 28.60
-10 | 2990 | 29.02 | 2875 | 28.70 | 2868 | 28.70 | 28.75 | 29.02 | 29.90

0 3034 | 2945 | 2918 | 29.12 | 29.11 | 29.12 | 29.18 | 29.45 | 30.34
10 | 2990 | 29.02 | 2875 | 28.70 | 2868 | 28.70 | 28.75 | 29.02 | 29.90
20 | 2860 | 27.75 | 2749 | 2744 | 2742 | 2744 | 2749 | 27.75 | 28.60
40 | 2362 | 2289 | 2266 | 2261 | 2260 [ 2261 | 2266 | 2289 | 23.62
60 16.14 | 1561 | 1543 | 1539 | 1538 | 1539 | 1543 | 1561 | 16.14

Note: 12JK = 29.394 mm

3.1.4. Apply 1” Precision Total Station Instrument to Observe Performance of Root
Mean Square Errors (RMSEs) in Elevation Difference

Take m =1 mm, m =1" and calculate ranging error by 1 mm+1 ppm. The
calculation results show that this kind of instrument can meet all third grade
leveling precision requirements of observation under the condition of 10 m < hori-
zontal distance < 10000 m and the condition of vertical angle < +60°. Moreover,
this instrument can also meet second grade leveling precision requirements in
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some cases. The shaded area in Table 9-12 shows the data that can meet the re-
quirements of second grade leveling tolerance. And the conditions for it to meet
second grade leveling precision are: 60 m < horizontal distance < 1100 m and
vertical angle < =60°. Along with the increase of horizontal distance, the table
does not list the calculation of these increasing horizontal distances that can meet
the requirements of this tolerance. In addition, if vertical angle < *+20°, horizon-
tal distance can be extended to be within the range of 50 m < horizontal dis-
tance < 1300 m and can meet the requirements of second grade leveling tolerance
too.

Table 9. Elevation difference root mean square errors (RMSEs) at all vertical angles at
50 m horizontal distance of 1” total station instrument.

50 m a, (°)

a, () -60 -40 -20 -10 0 10 20 40 60
-60 1.36 1.28 1.22 1.20 1.20 1.20 1.22 1.28 1.36
-40 1.30 1.22 1.15 1.13 1.12 1.13 1.15 1.22 1.30
-20 1.25 1.16 1.09 1.06 1.06 1.06 1.09 1.16 1.25
-10 1.24 1.14 1.07 1.04 1.04 1.04 1.07 1.14 1.24

0 1.23 1.14 1.06 1.04 1.03 1.04 1.06 1.14 1.23
10 1.24 1.14 1.07 1.04 1.04 1.04 1.07 1.14 1.24
20 1.25 1.16 1.09 1.06 1.06 1.06 1.09 1.16 1.25
40 1.30 1.22 1.15 1.13 1.12 1.13 1.15 1.22 1.30
60 1.36 1.28 1.22 1.20 1.20 1.20 1.22 1.28 1.36

Note: 4JK =1.265 mm

Table 10. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 60 m horizontal distance of 1” total station instrument.

60 m a, ()

a, () -60 -40 -20 -10 0 10 20 40 60
-60 1.37 1.29 1.23 1.21 1.20 1.21 1.23 1.29 1.37
-40 1.31 1.23 1.16 1.14 1.13 1.14 1.16 1.23 1.31
-20 1.27 1.17 1.10 1.08 1.07 1.08 1.10 1.17 1.27
-10 1.25 1.16 1.08 1.06 1.05 1.06 1.08 1.16 1.25

0 1.25 1.15 1.07 1.05 1.04 1.05 1.07 1.15 1.25
10 1.25 1.16 1.08 1.06 1.05 1.06 1.08 1.16 1.25
20 1.27 1.17 1.10 1.08 1.07 1.08 1.10 1.17 1.27
40 1.31 1.23 1.16 1.14 1.13 1.14 1.16 1.23 1.31
60 1.37 1.29 1.23 1.21 1.20 1.21 1.23 1.29 1.37

Note: 4\/E =1.386 mm
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Table 11. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 1,100 m horizontal distance of 1” total station instrument.

1100 m o, ()

a, ) | -60 -40 -20 -10 0 10 20 40 60
-60 338 | 322 | 315 | 313 | 312 | 313 | 315 | 322 | 338
-40 462 | 442 | 434 | 432 | 431 | 432 | 434 | 442 | 462
-20 547 | 525 | 516 | 514 | 514 | 514 | 516 | 525 | 547
-10 569 | 546 | 538 | 536 | 535 | 536 | 538 [ 546 | 569

0 577 | 554 | 545 | 543 | 543 | 543 | 545 | 554 | 577
10 569 | 546 | 538 | 536 | 535 | 536 | 538 [ 546 | 569
20 547 | 525 | 516 | 514 | 514 | 514 | 516 | 525 | 547
40 462 | 442 | 434 | 432 | 431 | 432 | 434 | 442 | 462
60 338 | 322 | 315 | 313 | 312 | 313 | 315 | 322 | 338

Note: 4\/E =5.933 mm

Table 12. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 1,300 m horizontal distance of 1” total station instrument.

1300 m a, )

o ) | -60 -40 -20 -10 0 10 20 40 60
-60 38 | 369 [ 362 | 360 | 359 | 360 [ 362 | 369 | 3.86
-40 536 | 515 | 506 | 505 | 504 | 505 [ 506 | 515 | 536
-20 639 | 615 [ 606 | 604 | 603 | 604 [ 606 | 615 | 6.39
-10 666 | 641 | 632 | 630 | 629 | 630 | 632 | 641 | 6.66

0 6.75 6.50 6.41 6.39 6.38 6.39 6.41 6.50 6.75
10 6.66 6.41 6.32 6.30 6.29 6.30 6.32 6.41 6.66
20 6.39 6.15 6.06 6.04 6.03 6.04 6.06 6.15 6.39
40 5.36 5.15 5.06 5.05 5.04 5.05 5.06 5.15 5.36

60 3.86 3.69 3.62 3.60 3.59 3.60 3.62 3.69 3.86

Note: 4JK =6.450 mm

3.1.5. Apply 0.5” Precision Total Station Instrument to Observe Performance
of Root Mean Square Errors (RMSEs) in Elevation Difference

Take m =1 mm, m_ =0.5" and calculate ranging error by 0.5 mm+1 ppm. The
data in the shaded area in Table 13-16 Just indicate the area meeting the require-
ments of second grade leveling precision. Experimental results show that this
precision instrument can meet the requirements of second grade leveling toler-
ance under the condition of 40 m < horizontal distance < 4200 m and the condi-
tion of all vertical angles at front viewing point and at rear viewing point < *+60°.
This working condition can basically satisfy the requirements of high-grade pre-
cision elevation surveying within the value range of vertical angles under general
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conditions. This condition has a good reference value for high grade elevation
surveying in mountainous areas. The table does not list the calculation of these
horizontal distances that can meet conditions.

The shaded area in Table 17-20 shows the data that can meet the requirements
of first grade leveling precision. The conditions are: 250 m < horizontal dis-
tance < 600 m and all vertical angles at front viewing point and at rear viewing
point < *+50°. This condition has a good reference value for middle & high grade
precision elevation surveying in special engineering construction projects, such as
water conservancy projects, bridge projects and large equipment installation pro-
jects, etc.

Table 13. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 35 m horizontal distance of 0.5” total station instrument.

35m a, ()
a, (°) -60 -40 -20 -10 0 10 20 40 60
-60 1.10 1.08 1.06 1.06 1.05 1.06 1.06 1.08 1.10
-40 1.09 1.06 1.04 1.03 1.03 1.03 1.04 1.06 1.09
-20 1.07 1.04 1.02 1.01 1.01 1.01 1.02 1.04 1.07
-10 1.06 1.04 1.01 1.01 1.01 1.01 1.01 1.04 1.06

0 1.06 1.03 1.01 1.01 1.00 1.01 1.01 1.03 1.06
10 1.06 1.04 1.01 1.01 1.01 1.01 1.01 1.04 1.06
20 1.07 1.04 1.02 1.01 1.01 1.01 1.02 1.04 1.07
40 1.09 1.06 1.04 1.03 1.03 1.03 1.04 1.06 1.09
60 1.10 1.08 1.06 1.06 1.05 1.06 1.06 1.08 1.10

Note: 4JK =1.058 mm

Table 14. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 40 m horizontal distance of 0.5” total station instrument.

40 m a, ()
a, (°) -60 -40 -20 -10 0 10 20 40 60
-60 1.11 1.08 1.06 1.06 1.05 1.06 1.06 1.08 1.11
-40 1.09 1.06 1.04 1.03 1.03 1.03 1.04 1.06 1.09
-20 1.07 1.04 1.02 1.01 1.01 1.01 1.02 1.04 1.07
-10 1.07 1.04 1.02 1.01 1.01 1.01 1.02 1.04 1.07

0 1.07 1.04 1.01 1.01 1.00 1.01 1.01 1.04 1.07
10 1.07 1.04 1.02 1.01 1.01 1.01 1.02 1.04 1.07
20 1.07 1.04 1.02 1.01 1.01 1.01 1.02 1.04 1.07
40 1.09 1.06 1.04 1.03 1.03 1.03 1.04 1.06 1.09
60 1.11 1.08 1.06 1.06 1.05 1.06 1.06 1.08 1.11

Note: 4JK =1.131 mm
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Table 15. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 4,200 m horizontal distance of 0.5” total station instrument.

4200 m a, )

a, () | -60 -40 -20 -10 0 10 20 40 60
-60 659 | 6.11 5.97 594 | 593 | 594 | 597 | 611 | 659
-40 919 | 842 | 820 | 816 | 815 | 816 | 820 | 842 | 919
20 | 1097 | 1002 | 975 | 970 | 969 | 970 | 975 | 10.02 | 10.97
-10 | 1143 | 1044 | 1016 | 10.11 | 1009 | 1011 | 1016 | 1044 | 11.43

(i} 1159 | 1059 | 1030 | 1025 | 1023 | 1025 | 10.30 | 10.59 | 11.59
10 1143 | 1044 | 1016 | 1011 | 1009 | 10.11 | 10.16 | 10.44 | 11.43
20 1097 | 1002 | 975 | 970 | 969 | 970 | 9.75 | 10.02 | 10.97
40 919 | 842 | 820 | 816 | 815 | 816 | 820 | 842 | 9.19
60 659 | 6.11 597 | 594 | 593 | 594 | 597 | 611 [ 659

Note: 4K =11.593 mm

Table 16. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 4,400 m horizontal distance of 0.5” total station instrument.

4400 m a, ()

a ) | -60 -40 -20 -10 (] 10 20 40 60
-60 6.89 6.39 6.24 6.21 6.20 6.21 6.24 6.39 6.89
-40 9.61 8.81 8.58 8.54 8.53 8.54 8.58 8.81 9.61
-20 | 11.48 | 1049 | 1021 | 1016 | 10.14 | 1016 | 1021 | 1049 | 11.48
-10 | 1197 | 1093 | 1064 | 1059 | 1057 | 1059 | 1064 | 1093 | 11.97

(] 12.13 | 11.08 | 1079 | 10.73 | 1071 | 1073 | 10.79 | 11.08 | 12.13
10 11.97 | 1093 | 1064 | 1059 | 1057 | 1059 | 1064 | 1093 | 11.97
20 1148 | 1049 | 1021 | 1016 | 10.14 | 10.16 | 1021 | 10.49 | 11.48
40 9.61 8.81 8.58 8.54 8.53 8.54 8.58 8.81 9.61
60 6.89 6.39 6.24 6.21 6.20 6.21 6.24 6.39 6.89

Note: 4JK =11.730 mm
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Table 17. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 200 m horizontal distance of 0.5” total station instrument.

200 m a, ()

o | 60 [ 50 | 30 [ 20| -10 o 10 | 20 | 30 [ 50 | 60
60 | 119 | 117 [ 114 | 112 | 122 | 111 | 122 | 112 | 114 | 117 | 119
50 | 121 | 118 [ 114 | 112 | 122 | 111 | 122 | 112 | 114 | 118 | 121
30 [ 123|119 | 114 | 112 | 1222 | 111 | 112 | 112 | 114 | 1.19 | 1.23
20 [ 123|119 | 114 | 112 | 122 | 111 | 112 | 112 | 114 | 1.19 | 1.23
10 [ 124 | 119 | 114 | 112 | 121 | 111 | 121 | 112 | 114 | 119 | 1.24

0 124 [ 120 | 114 | 122 | 111 | 121 | 111 | 112 | 114 | 120 | 1.24
10 | 124|119 | 114 | 122 | 111 | 111 | 121 | 112 | 114 | 119 | 124
20 | 123|119 | 114 | 112 | 112 | 111 | 122 [ 112 | 114 [ 119 | 123
30 | 123|119 | 114 | 112 | 112 | 111 | 122 [ 112 | 114 [ 119 | 123
50 | 121 | 118 [ 114 | 112 | 122 | 111 | 122 | 112 | 114 | 118 | 1.21
60 | 119 | 117 | 114 | 112 | 122 | 111 | 112 | 122 | 114 | 117 | 1.19

Note: 1.8JK =1.138 mm

Table 18. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 250 m horizontal distance of 0.5” total station instrument.

250 m a, )
a, (°) -60 -50 -40 -20 -10 0 10 20 40 50 60
-60 1.23 1.20 1.18 1.15 1.14 1.14 1.14 1.15 1.18 1.20 1.23
-50 1.25 1.22 1.19 1.16 1.15 1.15 1.15 1.16 1.19 1.22 1.25
-40 1.27 1.23 1.20 1.17 1.16 1.15 1.16 1.17 1.20 1.23 1.27
-20 1.31 1.26 1.22 1.18 1.17 1.16 1.17 1.18 1.22 1.26 1.31
-10 1.32 1.26 1.23 1.18 1.17 1.17 1.17 1.18 1.23 1.26 1.32
0 1.32 1.26 1.23 1.18 1.17 1.17 1.17 1.18 1.23 1.26 1.32
10 1.32 1.26 1.23 1.18 1.17 1.17 1.17 1.18 1.23 1.26 1.32
20 1.31 1.26 1.22 1.18 1.17 1.16 1.17 1.18 1.22 1.26 1.31
40 1.27 1.23 1.20 1.17 1.16 1.15 1.16 1.17 1.20 1.23 1.27
50 1.25 1.22 1.19 1.16 1.15 1.15 1.15 1.16 1.19 1.22 1.25
60 1.23 1.20 1.18 1.15 1.14 1.14 1.14 1.15 1.18 1.20 1.23

Note: 1.8JK =1.273 mm
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Table 19. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 600 m horizontal distance of 0.5” total station instrument.

600 m a, ()

a, | 60 [ 50 | -40 [ 20 | -10 | o 10 | 20 | 40 | 50 | 60
60 | 156 | 1.50 | 1.47 | 142 | 141 | 141 | 141 | 142 | 147 | 150 | 1.56
50 | 168 | 161 | 1.56 | 1.51 | 1.50 | 1.49 | 150 | 1.51 | 1.56 | 1.61 | 1.68
40 | 180 | 1.71 | 166 | 1.60 | 1.58 | 1.58 | 1.58 | 1.60 | 1.66 | 1.71 | 1.80
20 | 198 | 187 | 180 | 173 | 172 | 171 | 1.72 | 1.73 | 1.80 | 1.87 | 1.98
-10 | 203 | 191 | 1.84 | 177 | 1.76 | 1.75 | 1.76 | 1.77 | 1.84 | 1.91 | 2.03

0 205 | 193 | 1.86 [ 1.79 | 1.77 | 177 | 1.77 | 1.79 | 1.86 | 1.93 | 2.05
10 | 203|191 | 184|177 | 176 | 175 | 176 | 177 | 1.84 | 1.91 | 2.08
20 | 198 | 187 | 180 [ 1.73 | 172 | 1.71 | 1.72 | 1.73 | 1.80 | 1.87 | 1.98
40 | 180 | 1.71 | 1.66 | 160 | 158 | 1.58 | 1.58 | 1.60 | 1.66 | 1.71 | 1.80
50 | 168 | 161 | 1.56 | 151 | 150 | 149 | 150 | 151 | 1.56 | 1.61 | 1.68
60 | 156 | 150 | 1.47 | 142 | 141 | 141 | 141 | 142 | 147 | 150 | 1.56

Note: 1.8VK =1.972 mm

Table 20. Elevation difference root mean square errors (RMSEs) at all vertical angles
at 650 m horizontal distance of 0.5” total station instrument.

650 m a, )

a, )| 60 [ 50 | 30 | 20 | =10 | o 10 | 20 [ 30 [ 50 | 60
60 | 162 | 155 | 149 | 147 | 146 | 145 | 146 | 1.47 | 149 | 155 | 1.62
50 | 176 | 167 | 159 | 157 | 156 | 1.55 | 156 | 157 | 1.59 | 1.67 | 1.76
30 | 200 | 189 | 179 | 176 | 174 | 1.74 | 1.74 | 176 | 179 | 1.89 | 2.00
20 [ 209 | 197 | 186 | 1.83 | 1.81 | 1.81 | 1.81 | 1.83 | 1.86 | 1.97 | 2.09
10 | 215 | 202 | 190 | 1.87 | 1.86 | 1.85 | 1.86 | 1.87 | 1.90 | 2.02 | 2.15

0 217 | 204 | 192 | 1.80 | 1.87 | 1.87 | 1.87 [ 1.89 | 1.92 | 2.04 | 217
10 | 215 [ 202 | 190 | 1.87 | 1.86 | 1.85 | 1.86 | 1.87 [ 1.90 | 2.02 | 2.15
20 | 209 | 197 [ 186 [ 1.83 | 1.81 | 1.81 | 1.81 | 1.83 | 1.86 [ 1.97 | 2.09
30 | 200 |18 | 179 | 176 | 174 | 174 | 174 | 1.76 | 1.79 | 1.89 | 2.00
50 | 176 | 1.67 | 159 | 157 | 156 | 155 | 156 | 1.57 | 1.59 | 1.67 | 1.76
60 | 162 | 155 | 149 | 147 | 146 | 145 | 146 | 1.47 | 149 | 155 | 1.62

Note: 1.8JK =2.052 mm
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3.2. The Applicable Conditions for Elevation Surveying of Total Station
Instrument at Different Grades

In the case of observation by plunging telescope, the total station instruments at
all grades are applicable to the requirements of leveling precision at different
grades, as shown in Table 21.

Table 21. The conditions for total station instruments with different precisions to meet

requirements of leveling precision at different grades.

Angle measuring Angle measuring Angle measuring
precision 0.5” precision 1” precision 2”
. Distance measurement | Distance measurement | Distance measurement
Total station ision 0.5 1 ision 1 1 ision 2 9
instrument [Precision 0.5 mm+1 ppm|precision 1 mm+1 ppm|precision 2 mm+2 ppm
Vertical | Horizontal |Vertical| Horizontal |Vertical| Horizontal
angle | Distance HD | angle | Distance HD | angle | Distance HD
(°) (m) (°) (m) (°) (m)
Meet first
grade leveling| ==50 | 250<HD=600
precision
Meet second
grade leveling| =+60 | 40sHD=<4200 | =<+60 | 60=<HD=<1100
precision
Meet third
grade leveling| ==60 No limit =+*60 No limit =+60 | 20sHD=2800
precision

3.3. The Applicable Conditions for High Precision Elevation Surveying
of Leica TS60 and Nova TS50 Ultra-high Precision Total Station Instruments

For Leica TS60 and Nova TS50 Ultra-high Precision Total Station Instruments,
their angle measuring precision is 0.5”, their ranging precision is 0.6 mm+1 ppm,
standard prism mode distance measurement range is from 1.5 m to 3,500 m. In
the circumstance of applying “intermediate ranging mode” under the observation
by means of plunging telescope, the applicable conditions for it to meet require-
ments of high precision elevation surveying are shown in Table 22.

Table 22. The applicable conditions for Leica TS60 and Nova TS50 total station
instruments to meet high grade elevation surveying.

Vertical angle Conditions for side length Distance measu-
conditions and Horizontal Distance HD rement range
©) (m) (m)
Meet first grade <50 270<HD=630
leveling precision
Meet second grade <60 45<HD=3500 1.5-3500
leveling precision
Meet third grade <+60 No limit
leveling precision
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4. Conclusion

I. It is feasible to carry out high-precision elevation surveying with the interme-
diate ranging mode of total station instrument. The higher the precision of total
station instrument, the higher the elevation surveying precision that can be sat-
isfied will be. However, it is necessary to strictly follow the established observation
procedures and conditions. Especially in the observation in which the precision of
leveling precision can reach the first or second grade, the related conditions should
be strictly controlled. It mainly includes:

(1) Observation by plunging telescope shall be carried out at each survey station;

(2) Under the observation requirements on different grades, the difference
between horizontal distances at front viewing point and at rear viewing point
shall be controlled according to Table 1, which is generally controlled at less than
5 m;

(3) Under the observation requirements on different grades, the discrepancy of
elevation difference observed by plunging telescope at survey station 1 shall be
controlled according to Table 4;

(4) Under the observation requirements on different grades, the selection of total
station instrument shall be controlled according to Table 21.

II. The conventional precision total station instrument with angle measuring pre-
cision of 2” and ranging precision of 2 mm+2 ppm can only be used for the ob-
servation with requirements on leveling precision at third grade or below third
grade.

The high precision total station instrument with angle measuring precision of 1”
and ranging precision of 1 mm+1 ppm can only be used for the observation with
requirements on leveling precision at second grade or below second grade; and at
the time of conducting observation with requirements on leveling precision at
second grade, the vertical angle shall be smaller than 60° and the horizontal dis-
tance between side lengths at front viewing point and rear viewing point shall be
within the range of 60-1100 m.

The ultra-high precision total station instrument with angle measuring precision
of 0.5” and ranging precision of 0.5 mm+1 ppm can be used for the observation
with requirements on first grade leveling precision. Considering that Leica T'S60
and Nova TS50 Ultra-high Precision Total Station Instruments that are current-
ly available for engineering applications have the ranging precision of 0.6 mm+1
ppm and distance measurement range of 1.5-3500 m, the applicable conditions for
elevation surveying with requirements on first grade leveling precision are as
follows: the vertical angle shall be smaller than 50°, the horizontal distance be-
tween side lengths shall be greater than or equal to 270 m and less than or equal
to 630 m.

ITI. The method of intermediate ranging mode elevation surveying of total station
instrument can only read “VD” (Vertical Distance) value and prism height v in
“Distance Measurement”. What is mainly related to the operation skills of
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observer is the aiming (sighting) process, so aiming errors shall be strictly con-
trolled in the surveying process.

IV. The method of intermediate ranging mode elevation surveying of total station
instrument can provide effective high-precision elevation observation schemes for
elevation surveying with long distance and large elevation difference, long-dis-
tance elevation transmission and elevation surveying in mountainous areas and it
has good popularization and application value.
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Studija o prilagodljivosti visokopreciznih
mjerenja visinskih razlika metodom mjerenja

iz sredine primjenom geodetske mjerne stanice

SAZETAK. Pojavom preciznih geodetskih mjernih stanica omoguéena je njihova
primjena u visokopreciznom mjerenju visina. Za razliku od tradicionalne metode
trigonometrijskog nivelmana, “metodom mjerenja visinskih razlika geodetskom
mjernom stanicom iz sredine” mjere se samo udaljenosti bez mjerenja kutova ili
visine instrumenta, §to moze velikim dijelom poveéati preciznost opaZanja. Trenutno
su prisutna dva problema u postojeéim relevaninim teorijskim i praktiénim is-
traZivanjima: prvo, u raspravama o tocnosti mjerenja koja se postiZe ovom metodom,
velik dio literature prikazuje samo dio analiti¢kih podataka, no rijetko ukljucuje
konkretne i sveobuhvatne podatke. Drugo, ima puno rasprava o analizi izvedivosti
myjerenja visoke preciznosti, ali samo nekoliko o tome kako provesti odredena mjeren-
Jja i demu treba posvetiti paznju u praksi. U pogledu gore navedenoga, u ovom radu
provodi se analiza i istraZivanje utjecaja raznih faktora kao sto su preciznost, kosa
duljina i vertikalni kut na preciznost visinske razlike u “metodi mjerenja visinskih
razlika geodetskom mjernom stranicom iz sredine” te daju primjenjivi uvjeti za ko-
ristenje geodetskih mjernih stanica razlidite preciznosti kako bi se provelo mjerenje
visina u razli¢itim redovima nivelmana. To znatno doprinosi popularizaciji i vrijed-
nosti primjene mjerenja visine visoke preciznosti u okolnostima velike visinske raz-
like i velike udaljenosti.

Kljucne rijeci: geodetska mjerna stanica, mjerenje iz sredine, precizno mjerenje visi-
na, primjenjivost.
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