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Abstract 

A digital surveying instrument has a crucial and effective role in civil engineering. These digital surveying instruments 

have contributed to providing quick and simplified solutions to solve many surveying problems: particularly accuracy, 

saving time, and effort .Therefore, the main objective of this research is the study of the vibrations effect on digital devices 

efficiency during the observation process, which occur frequently especially when the devices occupy the bridges during 

observation or when the occupation of the device is set nearby the railways, as well as in construction sites with heavy 

equipment movement. Although most digital surveying instruments contain a compensator device, this research find out 

through the experimental test that the effect of vibration on the accuracy of observation results and the noticed errors may 

extend to many centimeters. In case of using the digital level devices (SOKKIA SDL-30) under exposure to vibration (up 

to 20 KHZ/Sec), the average error of elevation was 36.9 mm in 80 m distance and the maximum standard deviation 

elevation error was 18.26 mm. But in the case of using the reflector-less total station (SOKKIA SET330RK) under exposure 

to vibration (from 7.5 to 15 KHZ/Sec), the average error of positioning was 79.95 mm in 85 m distance and the maximum 

standard deviation positioning error was 43.41 mm. 

Keywords: Accuracy; Digital Instruments; Vibration; Collimation Error; Arduino. 

 

1. Introduction 

The advancement of surveying instruments and the contrivance of digital electronic instruments lead to exceptional 

progress in the surveying field and avert many errors in optical instruments such as inaccuracy due to the manual method 

that takes a long time to write down the observation process results which, in turn leads to more fallible outputs of the 

surveying process.  However, these digital devices are not efficient in reducing errors significantly because they are 

affected by the conditions surrounding the observation process. As a general rule, a civil structure is exposed to shifting 

ecological and operational conditions, for example, traffic, moisture, wind, sun oriented radiation and temperature  [1]  

The last decade witnesses a lot of researches conducted to the Digital Level, and Total station's accuracy. The effect 

of Sun, and battery capacity have been measured and estimated by Ashraf A.A. Beshr, and Islam M. Abo Elnaga [2]. 

The authors concluded that the leveling process has been enhanced by (10-15) %. Moreover, Reda el al [3] studied the 

effects of angle incidence and targets with different colors on distance measurement about the total station refrectorless, 

and The accuracy of reflectorless distance measurement is also investigated, In addition to that, comparison was made 

for manual and automatic target recognition measurement. The results showed that the error in the distance increased as 

the incident angle in the target increases. 
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Regarding to previous mentioned studies, there is no research investigates the effect of the vibration on the 

performance of the Digital level and Total station which caused by observing nearby railway, observing on bridges or 

in construction sites having heavy equipment causing high vibrations. In this research, the vibration was measured by 

SW-420 vibration sensor. The experiment carried out by examining some digital level devices (SOKKIA SDL- 30) and 

total station (SOKKIA SET330RK) which contain an automatic compensators device that can maintain the device's 

horizontal plane. This compensator works to correct the optical path depending on the gravitational property and the 

optical pathway to its horizontal plane but this compensator works within a very small field (a few minutes of the arc). 

Therefore, some errors remain even after correction. Although it helps reduce the impact of vibration effect but it does 

not completely eliminate it.   

A simulation test was carried out to measure these vibrations, using connecting 3 DC motors (24 volt) on leg of the 

tripod which acted as a generator of vibrations for three stages (0.0 to 7500 Hz/Sec., 7500 to 15000 Hz/Sec. and 15000 

to 20000 Hz/Sec.). This research investigates the accuracy of observation from digital level and total station devices 

under exposed to vibration. It investigates also the ability and distance limitation to using these digital devices under 

exposed to vibration. Precision comparison for the observation before and after exposed to vibration is also presented. 

The results of the practical measurements, calculations and analysis of results are presented.  

However, it is important to begin by presenting the technical specifications of the digital level devices (SOKKIA 

SDL- 30), the total station (SOKKIA SET330RK) and defining vibration and how to measure it before explaining the 

experimental as follows: 

2. The Technical Specifications of the Digital Level Devices (SOKKIA SDL-30) and the Total 
Station (SOKKIA SET330RK) 

Digital automatic levels are a precise instruments used for precise leveling. Operation of digital levels is based on the 

digital processing of video indications of a coded staff [4]. Operation of digital levels is based on the digital processing 

of video indications of a coded staff [5]. To determine the height difference, it is necessary to bring the line of sight to 

the horizontal position. Horizontality of the line of sight is achieved by the compensator [6]. This device virtually 

eliminates reading errors and automates the collection of data. Also, fieldwork is conducted more quickly with digital 

reading than with conventional methods [7]. The geometric leveling was conducted with a SOKKIA power level SDL 

30, which provides data acquisition (by estimation) up to 2 decimals when measuring mode is tracking. The Sokkia 

power level SDL 30 was used as shown in Figure 1. The “Power Level SDL 30” makes measurement quick, easy, and 

accurate. Moreover, it makes the function of measuring the height and distance in all types of environments. This device 

also gives satisfying measurements in tunnels and high levels of temperature [8]. 

General specification of the SDL30: 

 Accurate under contrary illumination and environmental changes. 

 4 main measuring types: single-fine, repeat-fine, average, and tracking. 

 Water proof and resist to shock. 

The technical specifications of the digital level devices (electronic SOKKIA SDL-30) are mentioned in Table 1 [8, 9].  

Table 1. Technical Specifications of the Digital Level Devices [8] 

1 mm Accuracy of Height 

[<10m = +/-10mm] [10m to 50m = +/-.1%xD] [>50m = .2%xD] Accuracy of Distance 

.0001 / .001m Resolution of Display 

1.6 to 100m observing Range 

32 time Zoom in 

Pendulum compensator with magnetic damping system Compensator 

no less than 8.5 h. Operation limit 

The total Station is an electronic surveying instrument that combines Electronic Distance Measuring Equipment 

(EDM) with an electronic theodelite and a computer. The EDM measures the distance (slope distance) to a directed 

prism to which it is pointed, while set on-board [10]. The electronic theodelite simply measures obliquity episodes within 

two planes, the X-Y plane (horizontal plane) the X-Z plane (vertical plane). The computer stores and manipulates a large 

number of values resulting from these three measurements [11]. The used total station device is SOKKIA SET330RK 

as illustrated in Figure 2. The technical specifications of the SOKKIA SET330RK total station are given in Table 2 [12]. 
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Table 2. Technical Specifications of the SOKKIA SET330RK Total Station [12] 

Minimal Display 1 sec 

Accuracy 3 sec 

with Prism Up to 5 km 

Sheet prism 1.3 up to 300 m 

Reflector-less White colour 0.3 up to 200m 

With Prism Fine-Measurement 2 mm ± 2 mm/km 

Sheet prism Fine-Measurement 3 mm ± 2 mm/km 

Reflector-less White colour Fine-Measurement 
3 mm ± 2 mm/km (0.3 to 100m) 

5 mm ± 10 mm/km (over 100 to 200m) 

 

 

 
 

Figure 1. The SOKKIA Power Level SDL30  Figure 2. SOKKIA SET330RK Total Station 

3. Vibration 

As for vibration, it is defined as a direct physical effect that appears frequently in our daily lives. These vibrations 

result from different sources such as noise, wind, and mechanical vibrations, which are formed nearby bridges and trains, 

as regular movements around a certain place for several times. It is known as frequency in Hz unit [13]. Evaluating and 

measuring the vibration has a lot of variations and possible technologies. Piezoelectric, resonance, and magnetic can be 

used to measure the vibration values [14]. It is now easy to measure these vibrations through a remarkable development 

in technology that produces, digital devices, including vibration sensors. For instance, SW-420 is a vibration sensor as 

shown in Figure 3 [15].  

 

Figure 3. SW-420 Sensor 

The SW-420 vibration sensor uses Arduino program-software to measure Vibration. It is a cheap device that does not 

require great effort or a large number of electronics. It can also detect slight vibrations and re-record them on a digital 

image with the help of the specified software. Arduino is an electronics company that develops software and electronic 

devices which are easy to handle. We adopt Arduino as the base of the Middle-Device since the difficulty of operating 

the hardware is abstracted, programming is easy for a beginner, and the Arduino has more extensibility[16, 17]. All 

researchers and students use Arduino programs because its cost is reasonable and one can apply tests using this program 

easily. In this research, Arduino products have been used to carry out the suggested experiment. Arduino Uno is a 

microcontroller board which can be connected to a computer a Universal Serial Bus (USB) as indicated in Figure 4. Uno 

dimensions are (68.61 x 53.40) mm, weighs (25) gram. It has (ATmega328 8-bit) microcontroller [16]. The Arduino 

Uno ("Uno" means one in Italian) is a microcontroller board based on the ATmega328. It has 14 digital input/output pins 



Civil Engineering Journal         Vol. 5, No. 3, March, 2019 

518 

 

 

(of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power 

jack, an ICSP (In circuit serial programming) header, and a reset button. It contains everything needed to support the 

microcontroller; simply connect it to a computer with a USB cable or power it with AC-to-DC adapter or battery to get 

started. Also an advantage of using the Uno is that the chip used in it can be replaced for relatively cheap cost. UNO 

board is the very first of the Arduino boards and even though there are some advanced boards available; for this project, 

the UNO board will be enough  [18, 19]. 

  

Figure 4. Arduino Uno Board Figure 5. Arduino Uno Board Connected to SW-420 

Vibration Sensor 

Then, the Uno board is connected to a USB to a computer USB to display the results on the Arduino program using 

the vibration sensor and wires to measure vibration using the code shown in Figure 6. Then, the result of vibration in 

Hertz unit is shown in Figure 7. 

 

 

Figure 6. Vibration Code in Arduino Program 

 

Figure 7. Result in Arduino Program by Hertz Per Second 
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4. Experimental Test Field   

It was so difficult for the researchers to carry out the observation nearby a railway or a bridge because of 

overcrowding, passing vehicles and surrounding circumstances. In general, the magnitude of a vibration acceleration 

signal in a structure can be represented by its peak value [20]. We found that the vibration was up to 12000 Hz per 

second. Consequently, a simulation test was conducted to measure these vibrations, using connecting 3 DC motors (24 

volt) on each leg of the tripod of the electronic instruments which acted as a generator of vibrations for three stages until 

we reached a certain value of vibrations 20000 Hz. These values were measured by the SW-420 vibration sensor that 

was connected to an Arduino program. Therefore, the research project passed through three levels of vibration values: 

(1) generating vibration in a domain of 0.0 to 7500 Hz per second; (2) vibration from 7500 to 15000 Hz per second; and 

(3) Vibration from 15000 to 20000 Hz per second. Figure 8 shows the research methodology. 

Figure 8. the research methodology 

The first test was run using Sokkia power level SDL30. The test was carried out with fully charged battery during 

daytime under natural light and temperature of 20º C. It was adjusted horizontally and recorded the average of 25 staff 

reading without vibration at equal divided distances every 5 meters up to 100 meters, then the level device was exposed 

to three stages of vibrations as was mentioned before. In each interval, the 25 staff readings were recorded. The absolute 

maximum error, absolute minimum error, absolute average error and standard deviation error of elevation observations 

were calculated using the following equations [21, 22]: 

𝑉𝑖 (𝑖=1,2,…..,𝑛) = |𝑋𝑖 − 𝑋\| 

𝑚𝑎𝑥. (𝑒𝑙𝑒𝑣.)𝑒𝑟𝑟𝑜𝑟 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚(𝑉𝑖),  𝑚𝑖𝑛. (𝑒𝑙𝑒𝑣.)𝑒𝑟𝑟𝑜𝑟 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚(𝑉𝑖) 

𝑎𝑣𝑔.(𝑒𝑙𝑒𝑣.)𝑒𝑟𝑟𝑜𝑟 =
∑ 𝑉𝑖

𝑛
𝑖=1

𝑛
,  𝜎𝑥 = ± √

∑ 𝑣𝑖
2𝑛

𝑖=1

𝑛−1
 

(1) 

Where: 

𝑉𝑖 (𝑖=1,2,…..,𝑛)= the absolute error of elevation on staff reading after exposure to vibrations 

n = the number of staff readings (25 times). 

𝑋𝑖= the staff reading after exposure to vibrations 

𝑋\= the average staff reading (before exposure to vibrations) 

𝑚𝑎𝑥. (𝑒𝑙𝑒𝑣.)𝑒𝑟𝑟𝑜𝑟 = The absolute maximum error of elevation. 

𝑚𝑖𝑛. (𝑒𝑙𝑒𝑣.)𝑒𝑟𝑟𝑜𝑟 = The absolute minimum error of elevation. 
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𝑎𝑣𝑔.(𝑒𝑙𝑒𝑣.)𝑒𝑟𝑟𝑜𝑟  = The absolute average error of elevation. 

𝜎𝑥 = the standard deviation error of elevation observations. 

The second test was run using SOKKIA SET330RK total station. The test was carried out with fully charged battery 

during daytime under natural light and temperature of 20º C. It was adjusted horizontally and recorded the positioning 

(positioning without vibration). The total station was used in several tests:  

a. Observing the coordinates of an ordinary prism with vertical angle equal to zero, with equal distances (50 m) of 

reach to 1000 meters. In each interval, the 25 observations were recorded once without vibration and were 

recorded a second time with three levels of vibrations. 

b. Observing the coordinates of an ordinary sheet prism with vertical angle equal to zero, with equal distances (10 

m) of reach to 200 meters. In each interval, the 25 observations were recorded once without vibration and were 

recorded a second time with three levels of vibrations. 

c. Observing the coordinates with reflector-less prism using white paper as a target with vertical angle equal to zero, 

with equal distances (5 m) of reach to 100 meters. In each interval, the 25 observations were recorded once 

without vibration and were recorded a second time with three levels of vibrations. 

The absolute average positioning error and standard deviation error of positioning were calculated for each case using 

the following equations [21, 22]: 

𝑉𝑖 (𝑖=1,2,…,𝑛) = √(𝑋𝑖 − 𝑋\)2 + (𝑌𝑖 − 𝑌\)2 + (𝑍𝑖 − 𝑍\)2 

𝑎𝑣𝑔. (𝑃𝑜𝑠.)𝑒𝑟𝑟𝑜𝑟 =
∑ 𝑉𝑖

𝑛
𝑖=1

𝑛
,  𝜎𝑃𝑜𝑠. = ± √

∑ 𝑣𝑖
2𝑛

𝑖=1

𝑛−1
 

(2) 

Where: 

𝑉𝑖 (𝑖=1,2,…..,𝑛)= the error of positioning on observation after exposure to vibrations 

n = the number of observation (25 times). 

𝑋𝑖, 𝑌𝑖  & 𝑍𝑖= the Easting, Northing and Elevation of observation after exposure to vibrations 

𝑋\, 𝑌\ & 𝑍\= the average Easting, Northing and Elevation of observation (before exposure to vibrations) 

𝑎𝑣𝑔.(𝑃𝑜𝑠.)𝑒𝑟𝑟𝑜𝑟  = The absolute average error of positioning. 

𝜎𝑃𝑜𝑠.= the standard deviation error of positioning observations. 

5. Results and Discussion 

The absolute maximum error of elevation, the absolute minimum error of elevation, the absolute average error of 

elevation and the standard deviation error of elevation observations were calculated using the Equation 1. It was 

calculated for Digital Level Devices (Electronic Sokkia SDL- 30). The average error in positioning and the standard 

deviation in positioning were calculated using the Equation 2. It was calculated for total station (SOKKIA SET330RK). 

5.1. Digital Level Devices 

The absolute maximum/minimum error, the absolute average error and the standard deviation error of elevation 

observations were calculated as given in Table 3. The average error in elevation was presented for the three domains of 

vibration levels mentioned earlier in Figure 9. The standard deviation in elevation was also displayed for the same three 

domains of vibration shown in Figure 10. In the second domain of vibration (from 7500 to 15000 Hz/sec.), the Digital 

Level Devices (Electronic Sokkia SDL- 30) observation is limited with 90 m and in the third domain of vibration (from 

15000 to 20000 Hz/sec.) 80 m is the limit. 

As shown in Figures 9 and 10, the relationship between both the average and standard deviation elevation error against 

the distance are almost linear. As the levels of vibrations accumulate, the average and standard deviation errors increased 

rabidly, especially at far distances.  
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Figure 9. Average Error in Elevation (mm) Using Digital Level Devices (Electronic Sokkia SDL- 30) 

 

Figure 10. Standard Deviation in Elevation (mm) Using Digital Level Devices (Electronic Sokkia SDL- 30) 

Table 3 illustrates the accurate values of the experimental tests conducted to Digital Level Device, in which the trend 

of the values refers to an obvious increase in errors. The reasons of the errors can be referred to the hesitation of the 

sight line that can read more than one point on the barcode staff. 

Table 3. Average Error in Elevation (mm) and Standard Deviation in Elevation (mm) Using Digital Level Devices 

(Electronic Sokkia SDL- 30) 

Distance 

(m) 

Elevation observation error 

Vibration from 0.0 to 7500 Hz per 

second 

Vibration from 7500 to 15000 Hz per 

second 

Vibration from 15000 to 20000 Hz per 

second 

max min avg Std max min avg Std max min Avg Std 

5 9 3 5.13 1.74 12 4 6.83 2.54 14 5 8.63 3.14 

10 10 4 5.63 2.05 12 5 7.27 2.72 15 6 8.84 3.54 

15 10 4 6.34 2.54 13 5 8.34 3.16 15 6 9.94 3.82 

20 11 4 7.54 2.61 14 5 9.76 3.42 16 7 11.76 4.05 

25 11 5 7.63 2.72 15 6 9.98 3.61 18 7 12.06 4.42 

30 12 5 8.06 2.79 16 7 10.56 3.80 19 8 12.72 4.88 

35 14 6 8.67 3.76 18 8 11.29 4.73 21 9 13.61 5.51 
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40 14 7 9.38 4.88 18 9 12.37 6.46 22 11 14.84 7.68 

45 15 8 10.35 4.92 19 11 13.59 6.82 23 13 17.51 8.34 

50 16 9 12.12 5.36 22 11 15.67 7.03 26 14 18.91 8.60 

55 19 10 13.64 6.23 24 13 17.38 8.19 28 16 22.60 9.72 

60 19 13 15.69 7.26 25 16 20.69 9.42 30 20 23.87 11.24 

65 20 14 17.61 8.62 27 17 22.82 11.36 32 21 27.27 13.46 

70 22 15 18.54 8.96 29 19 24.06 11.87 35 22 28.91 14.15 

75 25 17 21.01 9.89 32 23 27.54 12.93 38 27 32.47 16.34 

80 29 19 24.43 11.69 37 25 30.99 15.06 44 30 36.89 18.26 

85 31 23 26.35 13.54 40 30 34.23 17.38 ----- ----- ----- ----- 

90 34 26 28.13 14.64 43 34 36.38 19.28 ----- ----- ----- ----- 

95 36 27 30.27 15.37 ----- ----- ----- ----- ----- ----- ----- ----- 

100 39 28 31.15 17.13 ----- ----- ----- ----- ----- ----- ----- ----- 

 

5.2. Total Station Devices 

Figure 11 shows the average positioning errors against observed distances using total station with ordinary prism 

when exposed to three domains of vibration levels (from 0.0 to 7500, from 7500 to 15000, and from 15000 to 20000) 

Hz/sec, while Figure 12 illustrates the effect of previous mentioned domains on the standard deviation positioning error. 

As is observed, the increase in vibration levels effect the accuracy of observation besides the observed distances.    

Figure 11. Average Error in Positioning (mm) Using Ordinary Prism Total Station (SOKKIA SET330RK) 

Figure 12. Standard Deviation Error in Positioning (mm) Using Ordinary Prism Total Station (SOKKIA SET330RK) 
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Positioning average error and positioning Standard Deviation for total station with ordinary prism when goes under 

variable domains of vibrations at different distances from (50 to 1000) m with step 50 m is tabulated in Table 4. The 

maximum observed distance in case of (from 0.0 to 7500, from 7500 to 15000, and from 15000 to 20000) HZ/sec. 

signified (1000, 850, and 750) m with standard deviation (3.68, 4.13, and 4.02) mm, respectively. 

Table 4. Average Error in Positioning (mm) and Standard Deviation in Positioning (mm) Using Ordinary Prism Total 

Station (SOKKIA SET330RK) 

Distance from 

Instrument to 

Target (m) 

Positioning Observation Error Using Ordinary Prism (Mm) 

Vibration from 0.0 to 7500 Hz per 

second 

Vibration from 7500 to 15000 Hz per 

second 

Vibration from 15000 to 20000 Hz 

per second 

avg. Std. avg. Std. avg. Std. 

50 0.15 0.07 2.13 1.34 3.12 1.62 

100 0.28 0.14 2.35 1.42 3.36 1.84 

150 0.76 0.43 2.65 1.55 3.51 1.93 

200 0.84 0.49 2.98 1.64 3.87 2.12 

250 0.98 0.54 3.14 1.77 4.24 2.36 

300 1.21 0.71 3.64 1.95 4.39 2.59 

350 1.56 0.83 3.96 2.31 4.59 2.89 

400 1.87 0.94 4.14 2.54 4.89 3.03 

450 2.05 1.09 4.35 2.67 5.04 3.14 

500 2.34 1.35 4.65 2.8 5.34 3.24 

550 2.67 1.47 4.96 3.01 5.62 3.51 

600 3.11 1.59 5.12 3.09 5.96 3.69 

650 3.51 1.83 5.34 3.24 6.12 3.79 

700 3.87 2.24 5.87 3.62 6.37 3.91 

750 4.15 2.38 5.91 3.83 6.45 4.02 

800 4.55 2.57 6.21 4.05 ------ ------ 

850 4.67 2.81 6.34 4.13 ------ ------ 

900 5.05 3.05 ------ ------ ------ ------ 

950 5.64 3.24 ------ ------ ------ ------ 

1000 6.04 3.68 ------ ------ ------ ------ 

 

Table 5 illustrates the average error in Positioning and standard deviation in Positioning in the case of total station 

with sheet prism. In case of applying total station with sheet prism (the average error and standard deviation) in 

positioning increased although the observed distance decreased when compared to the total station with ordinary prism 

at the same domains of vibration levels (from 0.0 to 7500, from 7500 to 15000, and from 15000 to 20000) in which the 

maximum distances were (200, 180, and 140) m with standard deviation (4.87, 5.87, and 5.16) mm, respectively. 

Table 5. Average Error in Positioning (mm) and Standard Deviation in Positioning (mm) Using Sheet Prism Total 

Station (SOKKIA SET330RK) 

Distance from 

Instrument to 

Target (m) 

Positioning Observation Error Using Sheet Prism (mm) 

Vibration from 0.0 to 7500 Hz per 

second 

Vibration from 7500 to 15000 Hz per 

second 

Vibration from 15000 to 20000 Hz per 

second 

avg. Std. avg. Std. avg. Std. 

10 0.48 0.26 1.31 0.75 2.34 1.11 

20 0.69 0.47 1.84 0.98 2.86 1.87 

30 1.23 0.66 2.12 1.14 3.27 1.99 

40 1.51 0.84 2.67 1.65 3.89 2.17 

50 1.67 1.05 2.99 1.84 4.12 2.55 

60 1.97 1.09 3.61 2.01 4.68 2.91 

70 2.35 1.27 3.92 2.27 5.01 3.51 

80 2.87 1.34 4.36 2.57 5.58 3.78 

90 3.46 1.71 4.57 2.85 5.83 3.84 

100 3.78 1.87 5.12 3.14 6.31 4.04 

110 3.91 2.03 5.62 3.64 6.87 4.28 



Civil Engineering Journal         Vol. 5, No. 3, March, 2019 

524 

 

 

120 4.15 2.31 5.89 3.89 7.12 4.61 

130 4.63 2.64 6.13 4.11 7.54 4.92 

140 5.31 2.95 6.87 4.5 7.96 5.16 

150 5.67 3.24 7.32 4.83 ------ ------ 

160 6.02 3.64 7.75 5.08 ------ ------ 

170 6.47 3.79 8.21 5.61 ------ ------ 

180 7.05 4.08 8.73 5.87 ------ ------ 

190 7.76 4.51 ------ ------ ------ ------ 

200 8.35 4.87 ------ ------ ------ ------ 

Figures 13 and 14 show the average positioning error and standard deviation error with respect to observed distances 

in case of applying the mentioned domains of vibration levels on the total station with sheet prism, from which we can 

deduce that the observed distance decreases rapidly when applying the vibrations. 

Figure 13. Average Error in Positioning (mm) Using Sheet Prism Total Station (SOKKIA SET330RK) 

Figure 14. Standard Deviation Error in Positioning (mm) Using Sheet Prism Total Station (SOKKIA SET330RK) 

Table 6 shows the values of (average error standard deviation) in Positioning in cased of Total Station with reflector-

less prism, which record maximum values (79.95, and 43.41) mm at observed distance 85 m at vibration domain 

(from7500 to 15000) Hz/sec. when the maximum observed distances (100, 85, and 60) m at the same domains of 

vibration levels (from 0.0 to 7500, from 7500 to 15000, and from 15000 to 20000), respectively. 
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Table 6. Average Error in Positioning (mm) and Standard Deviation in Positioning (mm) Using Reflector-less Total 

Station (SOKKIA SET330RK) 

Distance from 

Instrument to 

Target (m) 

Positioning Observation Error Using Reflector-less Prism (mm) 

Vibration from 0.0 to 7500 Hz per 

second 

Vibration from 7500 to 15000 Hz per 

second 

Vibration from 15000 to 20000 Hz 

per second 

avg. Std. avg. Std. avg. Std. 

5 2.35 1.16 6.37 3.69 9.36 5.31 

10 7.38 3.12 12.67 7.12 14.89 8.34 

15 12.87 7.36 16.87 9.31 19.67 11.21 

20 18.64 11.39 21.35 12.35 26.34 14.87 

25 22.54 13.61 28.67 16.53 37.64 19.87 

30 27.89 15.64 33.54 18.04 41.27 22.54 

35 28.67 17.35 39.24 21.64 46.71 24.57 

40 33.57 20.31 44.87 23.61 53.87 28.61 

45 38.62 23.61 49.69 28.12 60.46 32.54 

50 40.36 27.34 53.48 30.05 64.97 36.54 

55 44.38 29.38 58.6 32.51 70.05 38.57 

60 48.75 31.08 60.37 34.38 77.98 41.54 

65 51.68 34.02 66.51 36.04 ------ ------ 

70 54.89 36.35 70.01 38.62 ------ ------ 

75 57.89 38.27 74.39 39.25 ------ ------ 

80 60.57 40.05 77.62 41.06 ------ ------ 

85 63.54 43.64 79.95 43.41 ------ ------ 

90 66.87 45.05 ------ ------ ------ ------ 

95 69.34 46.37 ------ ------ ------ ------ 

100 70.87 48.08 ------ ------ ------ ------ 

 

Figures 15 and 16 show the variation of (average error standard deviation) in Positioning in cased of Total Station 

with reflector-less prism in which the changes in both average error and standard deviations in observed distances from 

5 to 35 m are approx. close. while the average error standard deviation recorded their highest levels in case of applying 

vibration domain (from7500 to 15000) Hz/sec. 

Figure 15. Average Error in Positioning (mm) Using Reflector-less Total Station (SOKKIA SET330RK) 

 

0

10

20

30

40

50

60

70

80

90

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

A
v
e
r
a

g
e
 P

o
si

ti
o

n
in

g
 E

r
r
o

r
 (

m
m

)

Distance (m)

Vib. From 0 to 7500 HZ/Sec.

Vib. From 7500 to 15000 HZ/Sec.

Vib. From15000 to 20000 HZ/Sec.



Civil Engineering Journal         Vol. 5, No. 3, March, 2019 

526 

 

 

Figure 16. Standard Deviation Error in Positioning (mm) Using Reflector-less Total Station (SOKKIA SET330RK) 

6. Conclusions 

 The higher the vibration levels the higher average errors and standard deviation of observations of both Digital 

level and Total Station. 

 The maximum distances from Digital level to bar code staff with applying (i.e. from 0.0 to 7500, from 7500 to 

15000, and from 15000 to 20000) Hz/sec levels of vibrations were (100,90, and 80) m, respectively. 

 The maximum, average, and standard deviation error in elevation signified (44, 36.89, and 18.26) mm with 80 m 

between the instrument and bar code staff when applying the Digital level at vibration levels (from 15000 to 

20000) Hz/sec of vibration all at distance 80 m. 

 The influences of vibration on the Total Station in case of reflector-less is more than the ordinary prism or sheet 

prism. 

 The maximum distances measured by the Total station with ordinary reflector prism, sheet prism, and reflector-

less prism were (i.e. 750, 140, and 60) m with standard deviation (i.e. 4.02, 5.16, and 41.51) mm when applying 

vibrations (from 15000 to 20000) Hz/sec, respectively.  

7. Conflicts of Interest 

 The authors declare no conflict of interest.  

8. References  

[1]  Ko, J. M., and Y. Q. Ni. “Structural Health Monitoring and Intelligent Vibration Control of Cable-Supported Bridges: Research 

and Application.” KSCE Journal of Civil Engineering 7, no. 6 (November 2003): 701–716. doi:10.1007/bf02829139. 

[2]  Beshr, Ashraf A.A., and Islam M. Abo Elnaga. “Investigating the Accuracy of Digital Levels and Reflectorless Total Stations for 

Purposes of Geodetic Engineering.” Alexandria Engineering Journal 50, no. 4 (December 2011): 399–405. 

doi:10.1016/j.aej.2011.12.004. 

[3]  Reda Adinew, Amezene, and Bekele Bedada Damtie. "Accuracy analysis and Calibration of Total Station based on the 

Reflectorless Distance Measurement." (2012). 

[4]  A., Mohamed Nasreldin M. “Design and Simulation of a Compensator for Automatic-Optical Leveling Instrument.” 2018 

International Conference on Computer, Control, Electrical, and Electronics Engineering (ICCCEEE) (August 2018). 

doi:10.1109/iccceee.2018.8515894. 

[5]  Rekus, D., V. C. Aksamitauskas, and V. Giniotis. “Application of Digital Automatic Levels and Impact of Their Accuracy on 

Construction Measurements.” The 25th International Symposium on Automation and Robotics in Construction. ISARC-2008 (June 

11, 2008). doi:10.3846/isarc.20080626.625. 

[6]  Gučević, Jelena, Stefan Miljković, Siniša Delčev, and Vukan Ogrizović. “Effects of Low Temperatures in the Line of Sight of 

Digital Levels.” Journal of Surveying Engineering 143, no. 2 (May 2017): 06016006. doi:10.1061/(asce)su.1943-5428.0000210. 

0

10

20

30

40

50

60

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

S
ta

n
d

a
r
d

 D
e
v
ia

ti
n

 P
o

si
ti

o
n

in
g

 E
r
r
o

r
 (

m
m

)

Distance (m)

Vib. From 0 to 7500 HZ/Sec.

Vib. From 7500 to 15000 HZ/Sec.

Vib. From15000 to 20000 HZ/Sec.



Civil Engineering Journal         Vol. 5, No. 3, March, 2019 

527 

 

 

[7]  Łabuz, Tomasz A. “A Review of Field Methods to Survey Coastal Dunes—experience Based on Research from South Baltic 

Coast.” Journal of Coastal Conservation 20, no. 2 (March 2, 2016): 175–190. doi:10.1007/s11852-016-0428-x. 

[8]  SOKKIA. “SOKKIA Digital Level.” SOKKIA SLD30. https://www.topconpositioningmea.com/s-digital-levels. Published 2018. 

[9]  Khalil R. “Enlargement the sighting distance of Sokkia Digital Level SDL30. In: Quality of measurements.” Strategic Integration 

of Surveying Services FIG Working Week, Hong Kong SAR, China (2007): 13-17. 

[10] Michael Christiaan Kamps. “THE EFFECT OF THE RESOLUTION OF TOPOGRAPHY DESCRIPTION ON 2-D 

MODELLING OF RIVER HABITAT.” the Faculty of Engineering and the Built Environment, University of the Witwatersrand, 

Johannesburg, Msc (2018): 300. 

[11] Safrel, Ispen, Eko Nugroho Julianto, and Nur Qudus Usman. “Accuracy Comparison Between GPS Real Time Kinematic (RTK) 

Method and Total Station to Determine The Coordinate of An Area.” Jurnal Teknik Sipil Dan Perencanaan 20, no. 2 (November 30, 

2018): 123–130. doi:10.15294/jtsp.v20i2.16284. 

[12] SOKKIA. “SOKKIA Total Station.” SOKKIA SET330RK. https://www.topconpositioningmea.com/s-brand-totalstations. 

Published 2018. 

[13] Li, Lin, Luyang Tan, Lin Kong, Dong Wang, and Hongbo Yang. “The Influence of Flywheel Micro Vibration on Space Camera 

and Vibration Suppression.” Mechanical Systems and Signal Processing 100 (February 2018): 360–370. 

doi:10.1016/j.ymssp.2017.07.029. 

[14] Kim, Jungyeol, Soonwook Kwon, Seunghee Park, and Youngsuk Kim. “A MEMS-Based Commutation Module with Vibration 

Sensor for Wireless Sensor Network-Based Tunnel-Blasting Monitoring.” KSCE Journal of Civil Engineering 17, no. 7 (October 24, 

2013): 1644–1653. doi:10.1007/s12205-013-0108-4. 

[15] Hjort A. “Department of Physics and Astronomy Measuring mechanical vibrations using an Arduino as a slave I / O to an EPICS 

control system as a slave I / O to an EPICS control system.” Department of Physics and Astronomy Uppsala University 4 (2015). 

[16] Yadesh, V., and K. Venkatachalam. “GSM Based Industrial Appliances Control Using Arduino Processor.” International Journal 

of Science and Research (IJSR) 5, no. 3 (March 5, 2016): 1680–1682. doi:10.21275/v5i3.nov162287. 

[17] Nasution, Tigor Hamonangan, Muhammad Anggia Muchtar, Ikhsan Siregar, Ulfi Andayani, Esra Christian, and Emerson 

Pascawira Sinulingga. “Electrical Appliances Control Prototype by Using GSM Module and Arduino.” 2017 4th International 

Conference on Industrial Engineering and Applications (ICIEA) (April 2017). doi:10.1109/iea.2017.7939237. 

[18] Patel, Viral K., and Maitri N. Patel. "Development of smart sensing unit for vibration measurement by embedding accelerometer 

with the Arduino microcontroller." Int. J. Instrum. Sci 7 (2017): 1-7. 

[19] Zhao, Ningjie, Xuefei Li, and Yi Liu. “Research and Design of Night Electronic Pet Clothing.” Proceedings of the 2018 5th 

International Conference on Education, Management, Arts, Economics and Social Science (ICEMAESS 2018) (2018). 

doi:10.2991/icemaess-18.2018.181. 

[20] Jeon, Bub-Gyu, Nam-Sik Kim, and Sung-Il Kim. “Estimation of the Vibration Serviceability Deflection Limit of a High-Speed 

Railway Bridge Considering the Bridge-Train Interaction and Travel Speed.” KSCE Journal of Civil Engineering 20, no. 2 (January 

12, 2015): 747–761. doi:10.1007/s12205-015-0565-z. 

[21] Glaser D, Friston K. “Variance Components.” Human Brain Function (2004): 781–91. doi:10.1016/b978-012264841-0/50041-x. 

[22] Teunissen, P. J. G., and A. R. Amiri-Simkooei. “Least-Squares Variance Component Estimation.” Journal of Geodesy 82, no. 2 

(May 8, 2007): 65–82. doi:10.1007/s00190-007-0157-x. 


