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I. INTRODUCTION 

There are widely used instruments in applied surveying 

and geodesy that allow precise measurements such as digital 

levels, digital theodolites, total stations, laser scanners … etc. 

These instruments must be tested and calibrated regularly to 

investigate its technical characteristics, which in turn will 

improve the accuracy of its observations. Digital levels are 

modern digital multifunctional geodetic instruments 

combining the functions of a high-precision optical level with 

electronic storage device and built-in software for measuring 

reduced levels of any point using fully automated tools and 

methods [2], [4]. Digital level was designed to work at any 

conditions where fast and accurate height measurements are 

necessary such as setting the required slopes and longitudinal 

profiles, structural deformation monitoring and creating a 

high-altitude justification of reference geodetic networks [3].  

The principle of digital level work is achieved by using of 

a pattern recognition imaging system built into the instrument 

and level staff (level rod) graduated with a specified bar code. 

The observer directs the level at one of the special bar code 

rods, and presses a button to take the observations. An image 

of the barcode rod is received at the level and is correlated to 

an internal digital image of the rod [4], [7]. The internal 

software inside level determines actually the position where 

the level line of sight is intercepting the bar code rod [7].  

The digital leveling contains many sources of errors which 

affect the accuracy of the resulting observations. Therefore, 

the technical properties of digital levels must be investigated, 

and new calibration methods are required also to improve the 

accuracy of its observations to achieve the requirements of 

any engineering project especially for the projects which 

require high accuracy such as structure deformation 

monitoring [6]. Level Collimation error test is experimental 

work to determine and identify the error value present in 

level. Several methods are known for determining and 

correcting the angle (θ) for levels in the field [7], [14]. The 

collimation error or angle (θ) of the level is determined in 

field or laboratory conditions by using simplified test named 
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two pegs test in its simple form, in which the excess between 

two points fixed on the ground is measured with a calibrated 

instrument twice, from two stations.  

This paper presents two suggested and modified 

techniques (field work and derived equations) for 

determining the collimation error (angle (θ)) for precise 

digital levels using least square theory. Experimental work 

are presented also to validate the applied techniques.  

Vibrations and oscillations sometimes appear when 

carrying out engineering projects such as pile driving, 

dynamic compaction and operating heavy metal equipment ... 

etc [8], [9]. Vibrations also appear during the work of turbines 

which are used to generate electrical energy. These vibrations 

affect the surrounding buildings, people, and sensitive 

instruments. Vibrations have a great effect also on the 

accuracy of geodetic observations, especially the modern 

geodetic electronic instruments which are very sensitive to 

the surrounding environment and atmosphere [3], [9], [11]. 

So, it is important to study the effect of these vibrations on 

the geodetic observations accuracy and find a practical 

technique to reduce the influence of these vibrations, and this 

is one of the purposes of this research. 

Monitoring and control of vibrations were studied by a 

number of researchers [10], [12], [13]. This paper presents 

experimentally the results of investigating the effect of 

(level–tripod) vibrations on the accuracy of precise digital 

level observations and suggest a technical method to reduce 

its effect on the observations accuracy. 

 

 

 

 

 

 

II. THE ACCURACY OF PRECISE DIGITAL LEVEL 

OBSERVATIONS 

Two tests were carried out to investigate the accuracy of 

precise digital level observations. The first test was done in 

laboratory and the other was done in field (outdoors – open 

area). The used digital level was Trimble DiNi and its 

associated bar-code rod (bar code staff). In the two tests, base 

line was chosen between two fixed points. The line was 

divided into 6 sections with unequal lengths. The used digital 

level was fixed at the first station of base line and bar code 

rod (staff) will be fixed at different distances from the 

instrument 5.3 m, 11.4 m, 15.4 m, 20.5 m, 25.2 m and 31.1 

m. At each bard code position, the bar code reading and 

horizontal distance from the level to the staff was measured 

20 times. The same procedure of practical work was repeated 

several different times of the day to get the mean values of all 

observations. The test was carried out in laboratory (indoor 

observations) and then in outside (field observations) during 

the daytime under natural light. For each position, the 

standard deviation of bar code rod (staff) readings was 

calculated by using formula [5]: 

 

𝑚ℎ = √
∑ 𝑣𝑖

2𝑛
𝑖=1

𝑛−1
= √

∑ (ℎ𝑖−ℎ̅)2𝑛
𝑖=1

𝑛−1
       (1) 

 

where:  

mh – Standard deviation of measured height differences;  

n – Number of observations; 

vi – The residual of measurements,  

hi = Observations,  

ℎ̅ = Mean value of observations 

The values of standard deviation of bar code rod (staff) 

readings resulted from precise digital level observations in 

laboratory and field (open area) are illustrated in Table (1). 

 
TABLE 1: THE STANDARD DEVIATION OF DIGITAL LEVEL OBSERVATIONS IN LABORATORY AND IN THE FIELD 

In laboratory 

Mean value of measured 

horizontal distance , m 
5.3129 11.4511 15.3672 20.4969 25.2142 31.1353 

Standard deviations of 
rod readings,  (mh ) mm 

0.016 0.0339 0.075 0.117 0.154 0.198 

Field Observations 

(Open area) 

Mean value of measured 

horizontal distance , m 
5.2713 11.4073 15.2882 20.5584 25.3664 31.1869 

Standard deviations of 

rod readings,  (mh ) mm 
0.0199 0.0416 0.0647 0.13286 0.1654 0.2191 

From Table 1, the following items can be deduced: 

- When the distance between the precise digital levels and 

bar-code rod (staff) increase, the standard deviation of staff 

readings and horizontal distances will increase and 

consequently the accuracy will decrease. 

- The resulting differences between measurement errors 

resulted from observations in laboratory and in site (outdoors) 

differs on average by 8 -12%. The difference appears due to 

the difference in weather conditions between the laboratory 

and outdoors (on site), such as temperature and atmosphere 

humidity and its effect on electronic devices. 

Least square estimation technique was used to establish 

formula connecting the standard deviation of staff readings 

(mh) and the horizontal distances (D) resulted from 

experimental investigation for the two observations 

conditions cases. The derived equations using least square 

techniques and its correlation factor are shown in Table 2. 

TABLE 2: THE EQUATION OF STANDARD DEVIATION OF DISTANCE 

RESULTING FROM PRECISE DIGITAL LEVEL OBSERVATIONS USING LEAST 

SQUARE TECHNIQUES  

 

The resulting equation between 
observations accuracy and 

distance, (where D in m and mh 

in mm) 

Correlation 

Factor (R) 

Observations in 

laboratory 
mh = 0.006 D – 0.012  0.9864 

Observations 

outside (on site)  
mh = 0.007 D - 0.015 0.9871 

 

III. PROPOSED COLLIMATION ERROR TEST 

As known, one of the basic essential requirements leveling 

procedure for any engineering project is that the line of sight 

must completely coincide with the optical axis of the digital 

level, which means that the line of collimation must be 

horizontal and is parallel to the bubble axis when the 
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instrument is completely leveled [3], [4]. But if the optical 

axis of the level is not coinciding with the line of sight and 

tilts up or down, this means that the collimation line is not 

parallel with the bubble axis, then the device has a collimation 

error and can be defined by angle (θ). This error mainly 

depends on the distance between the digital level and bar code 

rod (staff). Therefore, the digital level must be constantly 

calibrated to ensure that there is no such error, which affects 

the resulting observations. 

This test determines the amount of error and if an error 

occurs notify the technician (the level must be serviced). 

When the collimation error is determined and identified, the 

digital level can be adjusted, or the adjustment can be 

mathematically applied directly to each bar code staff 

reading.  

In this paper, two suggested modified observations 

techniques are presented with its derived applied 

mathematical formula for determining angle (θ). Field 

observations using the two suggested modified observations 

techniques with results analysis are presented as following:   

A. The first mathematical model for determining angle (θ) 

In this suggested modified test, two vertical staves are 

fixed at stations A and B, then measurements are taken from 

different level stations (Fig. 1). To obtain the average value 

of the angle (θ), the principle of least squares is used as 

following: 

 

As shown in Fig. 1, the line of sight does not coincide with 

the bubble axis. 

Then, the measured difference between stations A and B  

 

(Δhobs.) = rA- rB 

 

The actual difference (real difference) between stations A 

and B  

(Δhact.) = r1-r2 

 

 
Fig. 1. The first suggested  modified observations method for 

determining angle (θ) for leveling. 

 

Since the value of angle (θ) is small, then tan (θ) = θ 

From the geometry of figure (1), the following formula can 

be deduced: 

{
𝑟1 − 𝑟2 = (𝑟𝐴 − 𝑠𝐴. 𝜃) − (𝑟𝐵 − 𝑠𝐵 . 𝜃)
= (𝑟𝐴 − 𝑟𝐵) − 𝜃. (𝑠𝐴 − 𝑠𝐵

}        (2) 

 

For simplify, assume: 

 

𝑆 =  𝑆𝐴 −  𝑆𝐵 ,     𝛥ℎ𝑎𝑐𝑡. =  𝑟1 − 𝑟2,    𝛥ℎ𝑜𝑏𝑠. =  𝑟𝐴 − 𝑟𝐵    

 

then we have 

 

𝛥ℎ𝑎𝑐𝑡. =  𝛥ℎ𝑜𝑏𝑠.– 𝜃. 𝑆         (3) 

 

Then, the systematic error in observations (V) can be 

written as: 

 

𝑉 = 𝛥ℎ𝑜𝑏𝑠.–  (𝛥ℎ𝑎𝑐𝑡. +  𝑆. 𝜃)         (4) 

 

By using the first principle of least square theory, the term 

∑ 𝑉2 = ∑(∆ℎ𝑜𝑏𝑠 − (∆ℎ𝑎𝑐𝑡 + 𝑆𝜃))2 must be minimum. 

Mathematically, this means that: 

 
𝜕

𝜕𝜃
∑(∆ℎ𝑜𝑏𝑠 − (∆ℎ𝑎𝑐𝑡 + 𝑆𝜃))2 = 0        (5) 

 

By differentiation and simplification, the angle (θ) will 

have the form: 

 

𝜃′′ =
∑ ∆ℎ𝑜𝑏𝑠 𝑆

∑ 𝑆2
𝜌′′ 

 

Formula (2) is the derived formula for calculating the 

collimation error (angle θ) for this suggested modified 

observation technique. This technique can be applied for both 

digital and ordinary optical leveling. 

B. The second mathematical model for determining the 

angle (θ) 

In this suggested modified test for determining angle (θ) as 

shown in figure (2), the digital level was fixed at stations A 

and B, the staff was moved at points 1 … n. The observations 

(height differences and horizontal distances) were recorded at 

each staff position. The derived formula for calculating the 

angle (θ), for this case, can be summarized as following:    

 

 
Fig. 2. The second suggested observations method for determining angle 

(θ) for leveling. 

 

As shown in Fig. (2), the line of sight does not coincide 

with the bubble axis. Since the value of angle (θ) is small, 

then: 

tan (θ) = θ 

 

Then, from geometry of figure (2), it is found that: 

(𝑟𝐴1
− 𝑠𝐴1

. 𝜃) − (𝑟𝐴2
− 𝑠𝐴2

. 𝜃) = (𝑟𝐵1
− 𝑠𝐵1

. 𝜃) − (𝑟𝐵2
−

𝑠𝐵2
. 𝜃)             (6) 

This equation can be rearranged to have the form: 

 

(𝑟𝐴1
− 𝑟𝐴2

) − 𝜃. (𝑠𝐴1
− 𝑠𝐴2

) = (𝑟𝐵1
− 𝑟𝐵2

) − 𝜃. (𝑠𝐵1
− 𝑠𝐵2

)       (7) 

 



    ORIGINAL ARTICLE 

European Journal of Environment and Earth Sciences 
www.ej-geo.org 

 

 

                                                              
DOI: http://dx.doi.org/10.24018/ejgeo.YEAR.VOL.ISSUE.ID                                                                                                                                                      Vol X | Issue Y | Month Year 4 

 

Then, the systematic error in observations (V) can be written 

as: 

 

{

𝑉 = (𝑟𝐴1
− 𝑟𝐴2

) − 𝜃. (𝑠𝐴1
− 𝑠𝐴2

) − (𝑟𝐵1
− 𝑟𝐵2

) + 𝜃. (𝑠𝐵1
− 𝑠𝐵2

)

𝑉 = [(𝑟𝐴1
− 𝑟𝐴2

) − (𝑟𝐵1
− 𝑟𝐵2

)] − 𝜃. [(𝑠𝐴1
− 𝑠𝐴2

) − (𝑠𝐵1
− 𝑠𝐵2

)]
}(8) 

 

By using the first principle of least square theory; the term 

∑ 𝑉2 must be minimum. 

So: 

 

∑ 𝑉2 = ∑([(𝑟𝐴1
− 𝑟𝐴2

) − (𝑟𝐵1
− 𝑟𝐵2

)] − 𝜃. [(𝑠𝐴1
− 𝑠𝐴2

) −

(𝑠𝐵1
− 𝑠𝐵2

)])2
            (9) 

 

For simplify, assume: 

 

𝑆 =  𝑆𝐴 −  𝑆𝐵 

 

𝛥ℎ𝑎𝑐𝑡. =  𝑟1 − 𝑟2 

 

𝛥ℎ𝑜𝑏𝑠. =  𝑟𝐴 − 𝑟𝐵 

 

Then, 

 

∑ 𝑉2 = ∑(∆ℎ𝑜𝑏𝑠 − (∆ℎ𝑎𝑐𝑡 + 𝑆𝜃))2   (10) 

 

Mathematically, this means that: 

 

𝜕 ∑ 𝑉2

𝜕𝜃
= 0 

 

By differentiation and simplification, the angle (θ) will 

have the form: 

 

𝜃 =
∑([(𝑟𝐴𝑖

−𝑟𝐴𝑗
)−(𝑟𝐵𝑖

−𝑟𝐵𝑗
)].[(𝑠𝐴𝑖

−𝑠𝐴𝑗
)−(𝑠𝐵𝑖

−𝑠𝐵𝑗
)])

∑[(𝑠𝐴𝑖
−𝑠𝐴𝑗

)−(𝑠𝐵𝑖
−𝑠𝐵𝑗

)]2 . 𝜌//    (11) 

 

Formula (3) is the second derived formula for calculating 

the collimation error (angle θ) for leveling by using the 

second suggested modified observations technique. This 

technique can be applied for both digital and ordinary optical 

leveling. 

 

IV. FIELD WORK FOR DETERMINING ANGLE (θ) FOR 

DIGITAL LEVEL 

For validating the suggested method of determining 

collimation error for digital leveling and the derived formula 

to calculate the angle (θ), field work must be carried out. The 

used precise digital level was Trimble DiNi and two bar code 

staves were used. The results can be drawn as following: 

A. Measurements with a digital level using first technique 

The test site was carried out in the laboratory using a 

specified digital level. Measurements were taken from six 

stations according to Fig. 1. Each level position, the 

horizontal distances and staff readings were obtained. The 

maximum distance between the two staves was 28.975 m. 

The results and analysis of observations are shown in Tables 

3 and 4.  

 

TABLE 3: RESULTS OF OBSERVATIONS FOR DETERMINING ANGLE (θ) USING 

THE FIRST METHOD 

Digital 

Level 

Position 

Distance, 

 SA (mm) 

Distance, 

 SB  (mm) 

Reading, 

 rA  (mm) 

Reading,  

rB  (mm) 

Δhobs 

(mm) 

1 25349 3626 1413.05 1431.38 -18.33 

2 21304 7509 1378.69 1396.58 -17.89 

3 15753 13164 1403.55 1420.90 -17.35 
4 12416 16488 1432.89 1450.29 -17.40 

5 7943 20959 1397.54 1414.47 -16.93 

6 3256 25667 1386.01 1402.34 -16.33 

 
TABLE 4: CALCULATIONS FOR DETERMINING ANGLE (θ) USING THE FIRST 

PROPOSED OBSERVATIONS METHOD  

Digital 

Level 

Position 

Δhobs 

(mm) 

SB  

(mm) 

SA   

(mm) 
S=SA-SB S.Δhobs S2 

1 -18.33 3626 25349 21723 -398182.59 471888729 

2 -17.89 7509 21304 13795 -24679.55 190302025 

3 -17.35 13164 15753 2589 -44919.15 6702921 

4 -17.40 16488 12416 -4072 70852.8 16581184 

5 -16.93 20959 7943 -13016 220360.88 169416256 

6 -16.33 25667 3256 -22411 365971.63 502252921 

 

Then, angle (θ) can be calculated using the derived formula 

(eq. 5) as following:  

 

𝜃′′ =
−0.0262 × 206265

1357.144
= −3.97′′ 

 

By using this model, the value of angle (θ) equals - 3.97´´, 

this means that the line of sight doesn’t coincide with the 

optical axis of the digital level and is directed downward, 

which means that the line of collimation is not horizontal. 

B. Measurements with a digital level using second method 

The second test was measured in the laboratory using the 

same digital level and its bar code staff. Measurements taken 

from eight staff positions. Each staff position, the horizontal 

distances and staff readings were recorded. The distance 

between the two stations of level positions A and B was 

27.334 m. The results of the observations are shown in Table 

5. 

Then, angle (θ) can be calculated using the derived formula 

(eq. (11)) as following: 

 

𝜃′′ =
−0.04362 × 206265

293.01592
= −3.91′′ 

 

By using this model, the value of angle (θ) equals - 3.91//, 

this means that the line of sight doesn’t coincide with the 

optical axis of the digital level and is directed downward, 

which means that the line of collimation is not horizontal. The 

resulting value of angle (θ) from the two methods is almost 

identical. 

As shown in Table 7, when the amplitude of the 

oscillations is 40-55 microns, some readings on bar code staff 

often fail especially for long distances, but when the 

amplitude of the vibrations exceeds 60-80 microns, 

measurements are generally impossible.  

To reduce the influence of the tripod-level vibration system 

on the digital level observations, vibration insulation linings 

3-5 mm thick of felt or hard rubber were used, which were 

placed under the legs of the tripod. Their use can reduce the 

effects of vibration by approximately 30-40%. 
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TABLE 5: RESULTS OF OBSERVATIONS FOR DETERMINING ANGLE (θ) USING THE SECOND SUGGESTED MODIFIED METHOD 

Bar code staff Position  Reading (mm) 

Δhi,j =(rA1-rA2) – (rB1-rB2) 

Distances ΔSi,j = (SA1-SA2) –(SA1-SA2) 

rA rB SA SB 

1 1450.24 1440.05 1943 25391 

1-2 -0.32 5156 

2 1461.86 1451.99 4523 22815 

2-3 2.46 7512 

3 1465.45 1453.12 8274 19054 

3-4 -2.93 7208 

4 1455.95 1446.55 11898 15470 

4-5 0.40 7532 

5 1434.12 1424.32 15659 11699 

5-6 0.40 6045 

6 1247.06 1237.66 18670 8665 

6-7 0.09 6990 

7 1500.02 1490.71 22166 5171 

7-8 -0.42 6519 

8 1475.69 1466.80 25427 1913 
   

 

V. THE EFFECT OF VIBRATIONS ON DIGITAL LEVEL 

OBSERVATIONS 

According to the standard specifications and certification 

for many geodetic instruments, the observations should be 

carried out in laboratory and field conditions under certain 

conditions: temperature, humidity and air pressure, wind 

speed and light exposure [3], [6].  

The operation of these instruments should also be carried 

out in appropriate conditions, for example, at temperatures 

from -35°C to +40°C, air humidity up to 90%, wind speed up 

to 2 m/s [3]. However, when performing measurements for 

an industrial or construction site, due to the operation of 

various mechanisms and equipment, vibration occurs on the 

surface of the earth or on the concrete base (floor in the 

workshops), on which a tripod with a digital level is mounted. 

Under these conditions, the frequency and amplitude of the 

oscillations are in the range, respectively, 1:50 Hz and 10:40 

microns. Sometimes the amplitude of the oscillations reaches 

80-120 microns, and when driving piles at a construction site 

or during the operation of an overhead crane in the factory’s 

workshop, it jumps to 1.0:1.5 mm. Since there are almost 

several sources of vibrations and oscillations of an industrial 

site, resonant phenomena also occur [9]. 

The influence of vibration on the system "tripod - digital 

level" leads to the fact that the compensator begins to make 

continuous angular oscillations relative to the plumb line. As 

a result of this, the line of sight also begins to make angular 

oscillations in the range of 20 - 180// at least [3].  

Obviously, the effect of vibration will affect the accuracy 

of bar-code staff readings. So, for example, for high-precision 

levels with visual reading using an optical micrometer on an 

invariant rail, the error in measuring elevations due to 

fluctuations in strokes increases from 0.05 - 0.12 mm to 0.35 

- 0.80 mm. Sometimes, with a large amplitude of oscillations, 

leveling is generally difficult to perform [3,9, 11]. 

The influence of vibration on the system "tripod - level" 

also leads to a continuous violation of the equilibrium 

position of the compensator in a vertical circle. As a result, 

aiming the grid of threads on the target as well as during 

leveling becomes difficult and the angular transducers of the 

horizontal and vertical circles of code or cumulative types are 

disrupted. 

Studies of the vibration effect on digital level observations 

were carried out in this paper for two observations cases; first 

in laboratory conditions and second during the performance 

of construction  work in real conditions at District Power 

Station thorough determining the deformation of the turbine 

units foundations. The used digital level was Trimble DiNi 

and two bar code staves.  

The first test was carried out in laboratory. To simulate 

vibration on tripod, an electric fan was fixed on the tripod leg. 

To create different vibration frequencies of the tripod, an 

eccentric with an additional mass was placed on the fan 

blades. The experiment was carried out in the daytime under 

natural light and a temperature of 240 C. The measurements 

were made at four staff stations at distances from level to bar 

code staff: 5.51 m, 9.93 m, 16.17 m, 20.67 m. First, 

measurements were taken with the fan turned off at various 

distances to the staff. Then the fan was turned on, thereby 

transmitting the tripod, the vibration effect with a frequency 

of ≈ 10 Hz, and measurements were made with the fan turned 

on. At the end of these measurements, an eccentric mass was 

attached to the fan blade (at various distances from the axis 

of rotation of the device) and the measurements were 

repeated. 

In each series of measurements, 25 readings were made for 

the staff. For each distance, the vibration parameter was 

changed 5 times. To analyze the results, the standard 

deviation of measuring height elevations was calculated 

based on the measurements obtained. The results of the 

studies are shown in table (6). 

From table (6), it is deduced that under the action of 

vibration there is a continuous measurement of the position 

of the sighting axis (its tilt up and down), then with an 

increase in the distance from the digital level to the bar code 

rod (staff), the change in reading will increase.  

Research at District Power Station-2 was carried out in the 

immediate vicinity of the existing turbine units. The vibration 

amplitude specified in table (7) was selected by fixing the 

level in the bearing area with vibration parameters shown in 

the table. It should be noted that when performing research 

on the system “tripod level”, the level was affected by the 

horizontal component of vibration. Since there is always a 

significant temperature difference when operating turbine 

units in the engine room, air turbulence significantly affects 

the position of the sight axis. 
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TABLE 6: INVESTIGATION OF THE INFLUENCE OF VIBRATION OF THE "TRIPOD-LEVEL" SYSTEM ON THE ACCURACY OF MEASUREMENTS WITH A DIGITAL 

LEVEL 

 Distance from digital level to staff 

At distance 5.51 m At distance 9.93 m 

1 2 3 4 5 1 2 3 4 5 

Mean value of bar 

code rod 

readings, mm 

1503.75 1503.74 1503.73 1503.70 1503.70 1437.29 1437.30 1437.28 1437.29 1437.30 

Horizontal 

distance, mm 
5512.9 5512.4 5512.8 5512.4 5511.9 99252 9920.7 9922.8 9929.2 9929.4 

Standard 

deviations of rod 

readings, (mh ) 

mm 

0.018 0.024 0.038 0.062 0.081 0.031 0.045 0.072 0.092 0.091 

 At distance 16.17 m At distance 20.67 m 

1 2 3 4 5 1 2 3 4 5 

Mean value of bar 

code rod 

readings, mm 

1508.19 1508.19 1508.18 1508.17 1508.21 1483.98 1483.99 1484.13 1483.94 1483.92 

Horizontal 

distance, mm 
16168.2 16167.2 16168.0 16167.9 1616.3 20666.1 20671.0 20673.8 20661.6 20659.5 

Standard 

deviations of rod 

readings, (mh ) 

mm 

0.061 0.076 0.094 0.113 0.164 0.123 0.185 0.251 0.324 0.551 

Where 1: without tripod vibration, 2: tripod vibration without an eccentric, 3: tripod vibration with an eccentric (position 1), 4: tripod vibration with an 

eccentric (position 2), 5: tripod vibration with an eccentric (position 3). 

 
TABLE 7: THE STANDARD DEVIATIONS OF DIGITAL LEVEL OBSERVATIONS ACCORDING TO VIBRATION OF DISTRICT POWER STATION 

Horizontal distance, (m) 3.803 5.702 10.814 17.442 21.804 25.611 31.221 41.503 

Frequency = 50 Hz, А= 10- 20 microns 

Standard deviations of rod 
readings, (mh ) mm 

0.05 0.12 0.24 0.35 0.65 0.76 0.84 1.05 

Frequency = 50 Hz, А= 25- 40 microns 

Standard deviations of rod 
readings, (mh ) mm 

0.08 0.22 0.37 0.58 0.83 0.95 1.23 1.45 

Frequency = 50 Hz, А= 40- 55 microns 

Standard deviations of rod 
readings, (mh ) mm 

0.14 0.35 0.45 0.7 Observations failed 

 

VI. CONCLUSION 

Depending on the results achieved, the following 

conclusion can be drawn:  

1) Increasing the distance between the digital levels and 

bar-code staff will increase the errors of staff readings and 

horizontal distances, so when using digital level for 

engineering projects which require high accuracy, the 

distance between the level and the bar code staff should be 

small and not more than 30 meters. 

2) The proposed methods for finding the collimation error 

are effective and vital and can be used as an alternative 

technique to the two pegs test because it is more accurate, 

especially when using least square estimation in calculating 

the value of the angle (θ). These techniques can be applied for 

digital and optical levels. 

3) The quality and accuracy of measurements of modern 

electronic geodetic instruments may be affected by vibration 

and oscillations of engineering structures. When the 

amplitude of the vibration is great, the instrument will not 

work and failed. The effect of vibration on the measured 

distances depends on the magnitude of the distance itself. In 

this paper, with an oscillation amplitude of 10 −20 μm and a 

distance of 112 m, the measurement error turned out to be 15–

20 mm. With an oscillation amplitude of 40–45 μm, the 

values of this distance changed by 40–60 mm. In addition, 

measurements often fail. The use of cushioning pads reduces 

the effect of vibration by 80 - 90%. 

4)  To reduce the influence of the vibration and oscillations 

on the observations results of digital level, vibration 

insulation linings of felt or hard rubber can be used, which 

must be placed under the legs of the tripod. Their use can 

reduce the effects of vibration by 30- 40%. 

IMPORTANT NOTES 

The data are with the author and are available to anyone 

who needs it. This work has no funding. 
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