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ABSTRACT 

This article examines three different traverses, measured with three different types of reflective surfaces, of a 

calibration baseline at the Recife campus of the Federal University of Pernambuco, Brazil. The baseline, which 

has seven pillars, labeled with P1 to P7, with forced centering devices, has a slight misalignment that made the 

traverse analysis possible. Due to this, it was used a close traverse formed by the pillar sequence P1, P3, P4, P7, 

P6, P5, P2, P1, opening up the possibility for various types of comparisons. Field data were first subjected to 

preliminary statistical analysis, and after that, the traverses calculations were made using the least square 

method. After that, three comparisons were made using one of the targets as reference, referring to angles, 

distances and coordinates. No cases were found in which differences between quantities exceeded significantly 

those predicted by least squares estimates. The next step was to use the adjusted coordinates of the reference 

target to calculate the distances between the pillars, in pairs, so that they could be compared with previous work. 

This comparison was made, and the largest difference between the distances was -2.2 mm, which is not beyond 

the estimated linear precision for any of the distances involved. Furthermore, among future works, it is 

recommended that high-precision geometric leveling of the base be carried out, so that the vertical component 

can be studied. 
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I. INTRODUCTION 

The total station integrates an electronic theodolite, an electronic distance measuring device, and a 

microprocessor with a memory unit. This instrument is designed for measuring horizontal and slope 

distances, horizontal and vertical angles, and elevations in topographic surveys, in geodetic works, as 

well as for other survey applications [1,2]. Total stations advanced into robotic total stations (RTS), 

incorporating various extra features such as motion-controlling actuators, cameras, and tracking 

software. These enhancements allow them to operate independently, either by adhering to a preloaded 

measurement program or by being directed via remote control [3]. 

A common approach for integrating RTS measurements is by using a traverse. A traverse is a method 

for establishing horizontal control by determining the rectangular coordinates of a series of control 

points situated around a site, using a combination of angle and distance measurements [4]. 

Before taking further measurements at the instrument point, it is essential to complete traverse 

observations. This allows future measurements to be linked to the traverse, even if the instrument is 

moved. Traverses can be closed to detect any errors, enabling the calculation of the vector sum. 

Discrepancies can be checked for errors, and adjustments can be made if needed [5]. 

A baseline is a spatial line defined by a set of permanent aligned points with a precise distance. These 

points, known as baseline points, typically consist of elevated pillars above ground. Often, the term 

"length baseline" refers to multiple outdoor baseline points and is primarily used to calibrate the additive 

and other constants of distance-measuring instruments like total stations [6], but other synonymous can 
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be found for length baseline, such as geodetic calibration baseline [7], baseline [8], electronic distance 

measuring instrument (EDMI) calibration baseline [9] or calibration baseline [10].  

However, from the point of view of technical and scientific research, calibration baselines, even after 

they are deployed to perform calibrations, have been used to investigate different variables, beyond 

investigations into the instrumental constants of EDMI’s. Thus, for example, [11] studied variations in 

the length of a calibration baseline in relation to changes in air temperature over time; in [12] there is a 

research that used a calibration baseline to compare observations made with a total station and a Global 

Positioning System (GPS) receiver; and in [13] there is a study on the stability of the pillars of a 

calibration baseline, carried out for different periods. 

Besides these, in [14], a slight misalignment of a calibration baseline in Federal University of 

Pernambuco - Brazil was identified, which can be treated as a closed traverse, composed of pillars P1, 

P3, P4, P7, P6, P5, P2 and P1. From this specific result, several research hypotheses can be raised. In 

this context, the hypothesis tested in this work was that, based on three closed traverses, measurements 

made with a RTS, with three different types of targets (a 360° prism, a circular prism, and a reflective 

sheet) there are no significant differences between the angles, distances and coordinates of the pillars, 

when using as a reference the 360° prism, because it is the original target that accompanies the 

equipment. 

II. MATERIALS AND METHODS 

The calibration baseline at the Federal University of Pernambuco was implemented in 1990 by the 

Spatial Metrology Laboratory of the Department of Cartographic Engineering. The pillars were built to 

allow intervisibility between them, and all of them have a forced centering device [15]. In this study, 

seven pillars of these calibration baseline were designated with the names P1, P2, P3, P4, P5, P6, and 

P7, however, because the misalignment, the close traverse sequence used were P1, P3, P4, P7, P6, P5, 

P2 and P1, as mentioned in item I. Figure 1 depicts the baseline from P7 to P1. 

 
Figure 1. The calibration baseline is composed of seven pillars with forced centering, in June 2024. 

 

The fieldwork was carried out using a Topcon RTS, model GT-605, in fine measurement mode, factory 

calibrated, configured to collect only horizontal directions and horizontal distances. The equipment has 

a linear accuracy of ±2mm + 2ppm (parts per million) and an angular accuracy of 5” [16]. Figure 2 

shows the equipment installed on one of the baseline pillars. 
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Figure 2. The Topcon GT-605 RTS used in the measurements, in June 2024. 

Three accessories were used as targets: a Topcon 360° prism ATP1, a Geodetic 04S Circular Prism, and 

a Xpex reflective sheet. As they have different reflective surfaces, each of them was used independently 

in the baseline, enabling the measurement of three closed traverses that can be compared. Figure 3 

shows the three targets used.   

 
Figure 3. Three different reflective surfaces used as target, in June 2024: a) 360° prism; b) circular prism; and c) 

reflective sheet. 

The first phase of the work consisted of measuring the angles and horizontal distances of the traverse, 

for each of the targets, accounting for three traverses. For each pillar, the angular measurements and 

computations were made using the Direction Measurement in Sets [17], as follows: Initially with the 

telescope in direct position and the circle close to 0°, the targets (backsight and foresight) were observed 

clockwise in sequence. Next, the telescope was flipped, and all targets were observed in the reverse 

telescope position and order. This series of measurements is called a set. Then, the circle was shifted 

by close to 60° and the process was repeated. And then, the circle was shifted again by close to 120° 

and the process was repeated.  

The measurements were carried out starting and ending at pillar 1, traveling along the traverse in a 

clockwise direction, reading external angles. For each angular reading, a horizontal distance was also 

collected.  

After collecting data in the field, the observations were transferred from the equipment to a computer 

using a Python program made specifically for this purpose. At this time, from the raw data, the mean 

angular directions are then adjusted to the starting direction (that is, the zero direction) by subtracting 

the initial value from all others, and the final directions are obtained by averaging the reduced means 

of the individual sets. The calculations of means and reduced means were verified with sum checks. 

These calculations were made using another original Python program, made specifically for this work. 

As the angular observations were made for three different types of targets, in different days, after the 

calculations described above, the results were subjected to the two statistical tests. The first test was the 

Shapiro-Wilk normality test [18], to check whether observations of each point of the traverse, for each 

target, belong to a normal distribution; and the statistical t-test to determine if there is a significant 

difference between the means of the observations sets [18], in pairs, for each pillar. To carry out these 
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statistical tests, the statistical module of a scientific program called AstGeoTop [19] was used. In 

relation to horizontal distances, arithmetic averages were calculated for each target, for each pillar. 

Once the average of horizontal angles and distances were calculated, and statistical tests were carried 

out for angles, the data was submitted again to the scientific program AstGeoTop, however, this time 

to the module planimetric surveying [20], so that the three traverses could be calculated using the least 

squares method, using the specific program module. The least squares method was chosen because this 

is the most rigorous adjustment procedure available [21].  

After adjustment using the least squares method, the results could be compared. Thus, for each traverse, 

the horizontal angles, horizontal distances, and the coordinates (X, Y), with their respective precision 

estimates, were selected and compared, using the traverse with the 360° prism as a reference, as this is 

the accessory that originally accompanies the equipment. 

III. RESULTS AND DISCUSSIONS 

The first results were those referring to the Shapiro-Wilk normality test for horizontal angles. All sets 

of observations, selected for each target and for each pillar were tested, and, after the test, all of them 

were statistically considered to come from a normal distribution at the 1% significance level, which 

means that the set of observations for each target and for each pillar were found to be normally 

distributed with a confidence of 99%. According to [18] results significant at the 1% level are more 

persuasive and offer stronger evidence against the null hypothesis than those significant at the, for 

example, 5% level.  

The second results referred to the t-test, which analyzed the samples in pairs, for the three types of 

targets, for each pillar. The results of the t-test are found in tables 1 to 7, below. To carry it out in all 

cases, a significance level of 1% was used, and a degree of freedom equal to 5, since, for each sample 

of observations, six angular readings were taken, three in the direct position of the telescope, and three 

in the inverted position. From the results of the t-test, it can be concluded with a 99% confidence level 

that in none of the cases do the means have statistically relevant differences, as all t-statistics values are 

below the t-critical values. 

Table 1.  T-test results for Pillar 1. 

Backsight Station Foresight set sample mean variance t statistics t critical conclusion 

P2 P1 P3 

1st 

360° prism 359°58`57,7" 0°00`00,06441" 

0,4342 4,032 do not differ 

circular prism 359°59`01,3" 0°00`00,01007" 

2nd 

360° prism 359°58`57,7" 0°00`00,06441" 

0,6525 4,032 do not differ 

reflective sheet 359°58`59,8" 0°00`00,06027" 

3rd 

circular prism 359°59`01,3" 0°00`00,01007" 

0,1984 4,032 do not differ 

reflective sheet 359°58`59,8" 0°00`00,06027" 

Table 2.  T-test results for Pillar 2. 

Backsight Station Foresight set sample mean variance t statistics t critical conclusion 

P5 P2 P1 

1st 

360° prism 179°59`26,3" 0°00`00,01741" 

2,2203 4,032 do not differ 

circular prism 179°59`35,2" 0°00`00,00305" 

2nd 

360° prism 179°59`26,3" 0°00`00,01741" 

1,3587 4,032 do not differ 

reflective sheet 179°59`33,2" 0°00`00,02638" 
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3rd 

circular prism 179°59`35,2" 0°00`00,00305" 

0,5806 4,032 do not differ 

reflective sheet 179°59`33,2" 0°00`00,02638" 

Table 3.  T-test results for Pillar 3. 

Backsight Station Foresight set sample mean variance t statistics t critical conclusion 

P1 P3 P4 

1st 

360° prism 179°59`36,5" 0°00`00,07997" 

0,024 4,032 do not differ 

circular prism 179°59`36,7" 0°00`00,00019" 

2nd 

360° prism 179°59`36,5" 0°00`00,07997" 

1,0077 4,032 do not differ 

reflective sheet 179°59`31,8" 0°00`00,01082" 

3rd 

circular prism 179°59`36,7" 0°00`00,00019" 

1,8681 4,032 do not differ 

reflective sheet 179°59`31,8" 0°00`00,01082" 

 

Table 4.  T-test results for Pillar 4. 

Backsight Station Foresight set sample mean variance t statistics t critical conclusion 

P3 P4 P7 

1st 

360° prism 180°01`11,3" 0°00`00,00874" 

0,3555 4,032 do not differ 

circular prism 180°01`12,2" 0°00`00,00071" 

2nd 

360° prism 180°01`11,3" 0°00`00,00874" 

1,5492 4,032 do not differ 

reflective sheet 180°01`09,3" 0°00`00,01207" 

3rd 

circular prism 180°01`12,2" 0°00`00,00071" 

1,1415 4,032 do not differ 

reflective sheet 180°01`09,3" 0°00`00,01207" 

Table 5.  T-test results for Pillar 5. 

Backsight Station Foresight set sample mean variance t statistics t critical conclusion 

P6 P5 P2 

1st 

360° prism 180°02`13,0" 0°00`00,01711" 

2,2328 4,032 do not differ 

circular prism 180°02`19,2" 0°00`00,00427" 

2nd 

360° prism 180°02`13,0" 0°00`00,01711" 

0,9682 4,032 do not differ 

reflective sheet 180°02`12,0" 0°00`00,01822" 

3rd 

circular prism 180°02`19,2" 0°00`00,00427" 

2,5507 4,032 do not differ 

reflective sheet 180°02`12,0" 0°00`00,01822" 
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Table 6.  T-test results for Pillar 6. 

Backsight Station Foresight set sample mean variance t statistics t critical conclusion 

P7 P6 P5 

1st 

360° prism 179°59`46,2" 0°00`00,00260" 
3,4616 4,032 do not differ 

circular prism 179°59`56,5" 0°00`00,00775" 

2nd 

360° prism 179°59`46,2" 0°00`00,00260" 
1,0518 4,032 do not differ 

reflective sheet 179°59`47,8" 0°00`00,00494" 

3rd 

circular prism 179°59`56,5" 0°00`00,00775" 
2,9942 4,032 do not differ 

reflective sheet 179°59`47,8" 0°00`00,00494" 

Table 7.  T-test results for Pillar 7. 

Backsight Station Foresight set sample mean variance t statistics t critical conclusion 

P4 P7 P6 

1st 
360° prism 359°58`36,0" 0°00`00,00433" 

1,6308 4,032 do not differ 

circular prism 359°58`32,7" 0°00`00,00152" 

2nd 

360° prism 359°58`36,0" 0°00`00,00433" 
1,5524 4,032 do not differ 

reflective sheet 359°58`32,8" 0°00`00,00582" 

3rd 

circular prism 359°58`32,7" 0°00`00,00152" 
0,0617 4,032 do not differ 

reflective sheet 359°58`32,8" 0°00`00,00582" 

After being accepted in initial statistical tests, the data were subjected to traverse calculations using the 

least squares method, for each type of target, generating three traverses. In this way, results were 

obtained for the adjusted observations (angles and horizontal distances), and for the adjusted parameters 

(plane coordinates), as well as the precision estimate (standard deviation, or s.d) for each of them. For 

all traverses, coordinates X=1000,000 meters and Y=1000,000 meters for pillar 1, and the azimuth from 

pillar 1 to pillar 3 was arbitrated in 0°0`00,0” for all traverses, because in this way the coordinates could 

be compared. The results of the observations adjustment computations are in tables 8 and 9.  

Table 8.  Results for the adjusted horizontal angles. 

Backsight Station Foresight 

360° Prism Circular Prism Reflective Sheet 

Angle s.d angle (") Angle s.d angle (") Angle s.d angle (") 

P2 P1 P3 359°59`02,8" 3,0219 359°58`57,9" 3,6870 359°59`02,9" 3,6797 

P1 P3 P4 179°59`40,7" 3,2431 179°59`33,8" 3,9570 179°59`34,5" 3,9492 

P3 P4 P7 180°01`11,0" 0,5588 180°01`12,1" 0,6819 180°01`09,5" 0,6806 

P4 P7 P6 359°58`36,3" 1,1249 359°58`31,8" 1,3725 359°58`33,9" 1,3697 

P7 P6 P5 179°59`48,6" 1,7525 179°59`51,0" 2,1382 179°59`52,6" 2,134 

P6 P5 P2 180°02`13,9" 1,7926 180°02`18,0" 2,1872 180°02`13,6" 2,1828 

P5 P2 P1 179°59`26,6" 2,3448 179°59`35,3" 2,8610 179°59`33,2" 2,8553 
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Table 9.  Results for the adjusted horizontal distances. 

 

The results for the parameters adjustment (i.e, for the pillars coordinates) were separated in table 10 for 

the 360° prism and in table 11 for the other two targets, because the 360° prism was the reference target, 

as already mentioned. After adjustment, the three polygonals were subjected to a quality control 

analysis, in which the chi-square test was used to test whether the adjusted observations belong to a 

normal distribution, at a significance level of 5%. All three were approved. 

Table 10.  Results for the adjusted coordinates for 360° prism, that was used as reference. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11.  Results for the adjusted coordinates for circular prism and reflective sheet.  

 

The results above allow for several comparisons. For this work, comparisons were made between 

horizontal angles, horizontal distances and coordinates, always using the 360° prism as a reference. In 

Station Foresight 
360° Prism Circular Prism Reflective Sheet 

H. dist (m) s.d H. dist (m) H. dist (m) s.d H. dist (m) H. dist (m) s.d H. dist (m) 

P1 P3 12,739 0,0025 12,739 0,0029 12,740 0,0030 

P3 P4 33,125 0,0025 33,126 0,0029 33,127 0,0030 

P4 P7 121,629 0,0026 121,630 0,0029 121,630 0,0030 

P7 P6 32,258 0,0025 32,259 0,0029 32,261 0,0030 

P6 P5 39,480 0,0025 39,480 0,0029 39,478 0,0030 

P5 P2 87,453 0,0026 87,454 0,0029 87,455 0,0030 

P2 P1 8,301 0,0025 8,301 0,0029 8,303 0,0030 

Station 
360° Prism 

X (m) s.d X (m) Y (m) s.d Y (m) 

P1 1000,0000 0,0000 1000,0000 0,0000 

P3 1000,0000 0,0000 1012,7388 0,0025 

P4 999,9969 0,0005 1045,8636 0,0033 

P7 1000,0274 0,0024 1167,4924 0,0036 

P6 1000,0324 0,0019 1135,2342 0,0036 

P5 1000,0407 0,0014 1095,7540 0,0033 

P2 1000,0023 0,0001 1008,3008 0,0025 

Station 
Circular Prism Reflective Sheet 

X (m) s.d X (m) Y (m) s.d Y (m) X (m) s.d X (m) Y (m) s.d Y (m) 

P1 1000,0000 0,0000 1000,0000 0,0000 1000,0000 0,0000 1000,0000 0,0000 

P3 1000,0000 0,0000 1012,7389 0,0029 1000,0000 0,0000 1012,7395 0,0030 

P4 999,9958 0,0006 1045,8648 0,0038 999,9959 0,0006 1045,8660 0,0039 

P7 1000,0229 0,0030 1167,4947 0,0041 1000,0218 0,0030 1167,4955 0,0043 

P6 1000,0295 0,0024 1135,2356 0,0041 1000,0284 0,0024 1135,2350 0,0043 

P5 1000,0393 0,0017 1095,7555 0,0038 1000,0379 0,0017 1095,7575 0,0039 

P2 1000,0025 0,0001 1008,3014 0,0029 1000,0023 0,0001 1008,3030 0,0030 
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this way, tables 12 to 14 were created, which show the results for the differences obtained for angles, 

distances and coordinates, respectively.  

Table 12.  Results for comparing adjusted horizontal angles. 

 

 

 

 

 

 

 

 

 

Table 13.  Results for comparing adjusted horizontal distances. 

 

 

 

 

 

 

 

 

Table 14.  Results for comparing adjusted coordinates. 

 

 

 

 

 

 

 

 

 

In relation to the information provided by the RTS manufacturer, with regard to angles, no estimative 

of precision was found greater than the value of 5" reported by the manufacturer, as can be seen in table 

8.  

Regarding the distances, for the 360° prism, no significant differences were found in relation to those 

specified by the RTS manufacturer, as the highest precision estimates were ±2,6mm for the P4-P7 and 

P5-P2 alignments, which are those with the longest traverse lengths, with 121,629m and 87,453m 

respectively. For the circular prism, the precision estimates for all distances after adjustment were 

±2,9mm, which does not mean a discrepant value, however, as this prism is not an original accessory 

from the same RTS manufacturer, the difference between the estimates of precision, even if very small, 

may originate from this fact. The same reasoning applies to the reflective sheet, however, we add the 

fact that, in this case, the RTS was used manually, as the reflective sheet was not automatically detected 

Backsight Station Foresight 360° Prism -Circular Prism 360° Prism - Reflective Sheet 

P2 P1 P3 4,9" -0,1" 

P1 P3 P4 6,9" 6,2" 

P3 P4 P7 -1,1" 1,5" 

P4 P7 P6 4,5" 2,4" 

P7 P6 P5 -2,4" -4,0" 

P6 P5 P2 -4,1" 0,3" 

P5 P2 P1 -8,7" -6,6" 

Station Foresight 360° Prism - Circular Prism (mm) 360° Prism - Reflective Sheet (mm) 

P1 P3  0 -1 

P3 P4 -1 -2 

P4 P7 -1 -1 

P7 P6 -1 -3 

P6 P5  0  2 

P5 P2 -1 -2 

P2 P1  0 -2 

Station 
360° Prism and Circular Prism 360° Prism and Reflective Sheet 

delta X (m) delta Y (m) delta X (m) delta Y (m) 

P1 0,0000 0,0000 0,0000 0,0000 

P3 0,0000 -0,0001 0,0000 -0,0007 

P4 0,0011 -0,0012 0,001 -0,0024 

P7 0,0045 -0,0023 0,0056 -0,0031 

P6 0,0029 -0,0014 0,0040 -0,0008 

P5 0,0014 -0,0015 0,0028 -0,0035 

P2 -0,0002 -0,0006 0,0000 -0,0022 
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by the equipment in the same way that the two prisms were. It is probably for these reasons that the 

precision estimates for the reflective sheet for all distances were ±3mm. 

Another result that can be obtained is in relation to the scale of the base, that is, in relation to the 

measurements of the horizontal distances between the pillars, in pairs, according to the order in which 

they are found in the field. Namely, the distances are as follows: P1-P2, P2-P3, P3-P4, P4-P5, P5-P6, 

and P6-P7. Therefore, based on the adjusted coordinates, these distances were calculated and are found 

in Table 15, for the three targets, and the comparisons between the distances for the 360° prism and the 

other two targets are in table 16. 

Table 15.  Results for baseline horizontal distances from the adjusted coordinates. 

 

 

 

 

 

 

 

 
 

Table 16.  Results for comparing baseline horizontal distances. 

 

 

 

 

 

 

 

 

The biggest difference found for the comparison between the distances for the 360° prism and the 

circular prism was -1.1 mm for the alignment between pillars P3 and P4. This difference does not exceed 

the precision estimates for the distances involved, as shown in table 9. The same applies to the 

comparison between the 360° prism and the reflective sheet, as the largest difference found was 2.7 

mm, which also does not exceed the precision estimates of the distances involved, provided in table 9. 

A suitable analysis, based on the calculated distances between the pillars, can be made through a 

comparison with the same measurements that were presented in [22], that is, in Garnés, Seixas e Silva 

(2014). In this way, table 17 was created, which shows the distances found in this work and in [22], 

with the respective differences. 

Table 17.  Comparison of horizontal distances to the 360° prism in relation to Garnés, Seixas e Silva (2014). 

Alignment 

Distances (m) 

360° Prism Circular Prism Reflective Sheet 

P1 P2 8,3008 8,3014 8,3030 

P2 P3 4,4380 4,4375 4,4365 

P3 P4 33,1248 33,1259 33,1265 

P4 P5 49,8904 49,8907 49,8915 

P5 P6 39,4802 39,4801 39,4775 

P6 P7 32,2582 32,2591 32,2605 

Alignment 

Distances differences 

360° Prism - Circular Prism (mm) 360° Prism - Reflective Sheet (mm) 

P1 P2 -0,6 -2,2 

P2 P3 0,5 1,5 

P3 P4 -1,1 -1,7 

P4 P5 -0,3 -1,1 

P5 P6 0,1 2,7 

P6 P7 -0,9 -2,3 

Alignment 

Distances (m) 

Difference (mm) 
360° Prism 

Garnés, Seixas 
e Silva (2014) 

P1 P2 8,3008 8,3000 0,8 

P2 P3 4,4380 4,4390 -1 

P3 P4 33,1248 33,1270 -2,2 
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According to table 17, the biggest difference found was -2.2mm, for the alignment between pillars P3 

and P4. Considering that the work carried out previously used a Topcon total station, model GPT3200, 

which has a linear precision of ±5 mm +5 ppm (parts per million) [22], the results of the comparisons 

are compatible. 

IV. CONCLUSIONS  

A study on closed traverses, measured with a Topcon GT-605 RTS, for three different types of reflective 

surfaces (360° prism, circular prism, and reflective sheet), at the calibration baseline of the Federal 

University of Pernambuco was carried out. After the positive results of the statistical analyzes for 

horizontal angles, referring to the Shapiro-Wilk normality test and the t-test, the field data were 

subjected to traverse calculations using the least squares method. Once, for each of three traverses, with 

the results for the adjusted observations and parameters, with respective precision estimates, it was 

possible to carry out some analyzes and comparisons.  

In this way, the adjusted horizontal angles, the adjusted horizontal distances and the adjusted 

coordinates were compared, always using the 360° prism as a reference, as this accessory originally 

accompanies the RTS used. For horizontal angles, in comparisons, the most significant differences were 

observed at pillars P2 and P3, that was -8,7” and 6,9” respectively, for the 360° prism and circular 

prism; this could be due mainly to the relatively short distances measured from these stations to both 

the backsight and foresight, as can be seen in table 9. 

In terms of distances, in comparisons, only one measurement exceeded the equipment's linear precision. 

This was at station P7 for the reflective sheet, in comparison with the 360° prism, with a value of 3 mm. 

Nonetheless, this difference did not surpass the precision estimation for the reflective sheet, which was 

also 3 mm, as can be seen in table 9.  

With the adjusted coordinates in table 11, it was possible to estimate the distances between the pillars, 

in pairs. Such calculations were made, and the results were compared with the results of a previous 

study, revealing that the differences found are within the precisions of the equipment used in the two 

studies, as can be seen in table 17. 

As future work on the same baseline, a precision geometric leveling can be carried out so that the heights 

of the pillars can be analyzed and/or compared with those arising from a trigonometric leveling with a 

total station, for example.  

Furthermore, another application in which the methodology proposed in this work can be used refers to 

the study of alignments of engineering structures. This statement is justified because these surveys are 

essential across a wide range of engineering applications, from the tooling industry to measuring 

deformations in long engineering structures, and the conventional surveying techniques that use total 

stations in an adequate coordinate system, among the other methods, can be employed [23]. 
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