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ABSTRACT 

Photogrammetry is a science which obtains reliable measurements by a means of pho-
tographs, and it can be aerial or terrestrial. This study is done in KTH main Campus 
on L building located at Drottning Kristinas väg 30. It assessed the precision of Trim-
ble total station S8 for photogrammetric point measurement relative to the coordi-
nates measured with a total station. The steps performed in the study were: planning 
the measurements (selection of the study area, selection of the instruments, selection 
of the station points, selection of the software and putting the target points over the 
facade), data acquisition and finally data processing in TBC software. In the work, sys-
tematic error tests were carried out, and the tests results show that there are systematic 
errors in easting and northing of the measurement result, however it was difficult to 
say there is or there is no systematic error in the elevation. The most likely source of 
these errors might be an incorrect orientation of the camera. It was seen that there 
were some factors influenced the precision of photogrammetric point measurements, 
such as image redundancy and parallax angle between images. The precision assess-
ment was done by calculating photogrammetric points; from different parallax angles 
between images and from different numbers of images which were taken from differ-
ent station points. The better results or smaller differences between the total station 
and photogrammetric coordinates were detected from five station points relative to 
four and three station points and from parallax angle in range 60-105 degree relative 
to parallax angles in range 30-60 and 0-30 degrees. In general, precise photogrammet-
ric coordinates were obtained from parallax angle in range 60-105 degree and from 
five station points. 

Keywords: Photogrammetry; precision; station points, checkpoints, Trimble total sta-
tion, Trible Business Center. 

 

 

ABSTRAKT 

Fotogrammetri är en vetenskap som erhåller tillförlitliga mätningar med hjälp av foto-
grafier, och det kan vara flygburen eller terrester. Denna studie gjordes på KTH cam-
pus vid L-hus som ligger på Drottning Kristinas väg 30. Studien analyserade precision 
av Trimble totalstation S8 för fotogrammetrisk mätning relativt till totalstationsmät-
ning. De steg som utfördes i studien var: planering av mätningarna (val av studieom-
råde, val av instrument, val av stationspunkterna, val av programvaran och uppsätt-
ning av mätpunkter över fasaden), datainsamling och slutligen databehandling i TBC- 
programvara. Tester av systematiska fel genomfördes, och testresultaten visar att det 
finns systematiska fel i horisontala koordinater, men det var svårt att säga att det är, el-
ler finns det inget systematiskt fel i höjden. Den mest sannolika källan till dessa fel kan 
vara en felaktig orientering av kameran. Det sågs att det fanns vissa faktorer som på-
verkas precisionen hos fotogrammetriska punktmätningar, till exempel bild redundans 
och parallax vinkeln mellan bilderna. Bedömning av precision gjordes genom att be-
räkna fotogrammetriska punkter från olika parallax vinklar mellan bilderna och från 
olika antal bilder som togs från olika instrumentuppställningar. Bättre resultat och 
mindre skillnader mellan totalstationen och fotogrammetriska koordinater upptäcktes 
från fem uppställningar relativt till fyra eller tre uppställningar och från parallax vinkel 
i intervallet 60-105 graders förhållande till parallax vinklar intervallet 30-60 och 0-30 
grader. Generellt, precisa fotogrammetriska koordinater erhållits från parallax vinkel i 
intervallet 60-105 grader och från fem uppställningar. 

Nyckelord: Fotogrammetri; precision; stationspunkter, kontrollpunkter, Trimble to-
talstationer, Trimble Business Center 
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1. INTRODUCTION 

Nowadays in geodesy and photogrammetry field, there is an increasing demand of 
precise three-dimensional (3D) measurement for dam, bridge, building and road con-
structions, documentation of traffic accidents, documentation of cultural heritage and 
this measurement has become a more interesting task for setting out, GNSS meas-
urement, deformation mottering, detail surveying and etc.  

Photogrammetry is a science which obtains reliable measurement by a means of pho-
tographs, and it can be aerial or terrestrial. Terrestrial photogrammetry is a technique 
applicable in all applications of precise photogrammetry measurements such as docu-
mentation of traffic accident, in different engineering fields, stream mapping and doc-
umentation of cultural heritage. To achieve this goal, it uses different instruments; 
metric camera, stereo metric camera, photo total station, total station with scanner 
function and laser scanner as well as different software like Trimble Business Center 
(TBC). Photogrametrists use images recorded by Trimble Vision instrument to meas-
ure photogrammetric points in TBC. The recorded imges with this instrument are im-
ported to TBC and display them in 3D perspective station views. These images are in-
tegrated with total station data to enable the surveyor to document field data and 
measure photogrammetric points. This technique is more efficient that requires fewer 
labors, reduce time consumption, can measure missed points in the office which were 
not measured in the field, and as a result, the companies focus on producing new ad-
vanced total station. 

Total station is an electronic theodolite integrated with an electronic distance meter 
(EDM) and internal data storage and/or external data collector used for modern sur-
veying and building construction. It is designed to measure slant distances, horizontal 
and vertical angles and elevations in topographic and geodetic works. Trimble total 
station S8 is the advanced total station with Trimble vision technology integrates cali-
brated camera. Previously time-consuming and difficult to collect data using other to-
tal station, but now with Trimble vision technology, it is possible to measure such dif-
ficult data precisely. Integrated camera is designed to maximize quality by optimizing 
field of view, exposure, depth of field, resolution and image file size. These design el-
ements play a critical role when applying the photo technology and the coordinates 
(X, Y, and Z or northing, easting, and elevation) of surveyed points relative to the to-
tal station position are calculated using trigonometry and triangulation (GIS R, 2013).  

This study is assessed the precision of Trimble total station S8 for photogrammetric 
point measurement relative to the coordinates measured with a total station. It ad-
dresses the precision of photogrammetric points, in different parallax angles between 
images, in different distance from the camera station to the target points and calculat-
ing points from more than two images.  

1.1. Objective of the study 
The actual precision of the instrument for a particular measurement is one of the 
overlooked aspects before the measurement is carrying out in order to reduce errors 
and to have reliable data. Therefore, the main purpose of the thesis is to study and 
evaluate the precision of Trimble s8 total station for photogrammetric point meas-
urement.  

The research questions answered in the thesis are: 

• What is the precision of Trimble total station in detail photogrammetric point meas-
urement? 

• What is the precision of photogrammetric points when the photogrammetric points 
are measured from images taken in different parallax angle (intersection angle between 
images)? 

• What is the precision of photogrammetric points when the photogrammetric points 
are measured from more than two (three, four or five) images? 
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1.2.  Literature review 
There are related works done on the evaluation of photogrammetric point measure-
ment precision in the different method with different instrument like laser scanning, 
digital camera, and photogrammetric total station. These related works are re-viewed 
in order to evaluate the precision of Trimble s8 total station for photogrammetric 
point measurement or to evaluate the computed difference between coordinates 
measured by photogrammetric total station and coordinates measured by ordinary to-
tal station.  

Nuttens, et al., (2011) and Stal, et al., (2012) used the same techniques to evaluate the 
accuracy of terrestrial laser scanning and close range photogrammetry. Nuttens, et al., 
(2011) were spread 100 distinguishable points over the wall of abbey and measured 
them with reflector less total station, which are already measured with laser scanning 
and recorded with digital photogrammetry. The coordinates measured with reflector-
less total station are considered as true values of the selected control points. These 
coordinates are used for comparing systematic and random errors of coordinates ob-
tained from terrestrial laser scan point cloud and terrestrial digital photogrammetry 3d 
model. The achieved results of average differrences from; photogrammetry versus to-
tal station -1, -0.3 and -1.7, from laser scanning versus total station 0.9, -0.53 and 0.27 
and from photogrammetry versus laser scanning -1.9, 0.2 and -1.83  in E, N and H di-
rections with centimeter unit respectively. Similarly Stal, et al., (2012) assessed the pre-
cision of laser scanning and digital photogrammetry for documentation of cultural 
heritage, they measured 16 ground control points for quality analysis and these points 
were compared with checkpoints computed from terrestrial laser scanning (TLS), and 
checkpoints derived from terrestrial photogrammetric (TPH) 3d model and then 
comparison was done between TLS and TPH. Their results are shown in Table1. 

Table 1:  checkpoints comparison results  
statistics comparison E(cm) N(cm) H(cm) 

Mean 
absolute 

error 

topography-TLS 1.3 2.3 2.3 

topography-TPH 1 0.9 0.8 

TLS-TPH 1.4 2.2 1.7 

Standard 

devia-
tion 

topography-TLS 1 2.2 1.1 

topography-TPH 0.7 0.8 0.4 

TLS-TPH 1 1.5 1 

 

To compare the coordinates measured with close range photogrammetry and laser 
scanning Tait, et al., (2004) applied link and polygon traverse for laser scanning pro-
cess on 70 meters pipe-rack, using LeicaTc2003 to scan 4 targets in 9 consecutive 
scans precisely measured ground control points with a total station. Their results are 
shown in Table 2. 

     

 

 

 

 

 

 

 

Similarly Samad, et al., (2010) assessed the accuracy of a metric and a non-metric cam-
era for stream mapping. They applied the same method for both model and real 
stream by taking four stereo images at a distance of 1.5 meter from the camera station 
to the object, and these acquired images transferred to Erdas image-processing soft-
ware. Finally, they used root mean square error (RMSE) for assessment of accuracy, 
where RMSE is computed from the difference between coordinates gained from Er-

Table 2: coordinate compilation to precise survey 

statis-
tic 

Laser scanning (cm) Photogrammetry (cm) 

E  N H E N H 

mean 0.7 0.7 -0.1 0.2 0 0.2 

Std.Dev 0.4 0.1 1.2 0.2 0.4 0.2 

RMS 1.1 0.9 1.2 0.3 0.4 0.4 
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das and coordinates measured with a total station. Figure 1 shows the achieved results 
of their work in meter unit. 

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: the RMSE of the different type of digital 
camera for the stream model (Samad, et al., 2010) 
and real stream 
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2. THEORETICAL FRAME WORK 

2.1. Photogrammetry  
As cited by Zakaryah, et al., (2010) photogrammetry is a science, and tools of obtain-
ing useful information about physical objects and surface properties through the pro-
cess of recording, measuring, and interpreting photographic images and patterns of 
electromagnetic radiant energy. It allows measuring and interpreting physical and sur-
face properties without physical contact through which two or more than two-
dimensional (2D) images are converted into three-dimensional (3D) measurements 
(Schenk, 2005). Photogrammetry is largely applied in the Earth’s surface survey and 
representation and in other fields of activity as well (Nicolae, 2000). In order to gener-
ate digital 3D models of topography, buildings, and objects, photogrammetry is the 
best techniques to do so (Neffra, 2008). In several cases, the photogrammetry can be 
used more efficiently that requires fewer labors, and more cost-effectively than other 
kinds of field 3D data acquiring (JSAC, 2014). The general objective of the photo-
grammetry process is to analyze photographs to govern the measurements on an ob-
ject. According to (Tokarczyk, R, 2006) photogrammetric technique can handle two or 
more images that are taken at different station points or at one station point (stereo 
camera) of the desired object at a different angle of view; these images can be analyzed 
and manipulated in the computer-assisted technique. This technique provides possibil-
ities of fast acquisition, processing, automatic measurements and thus obtaining de-
sired results within a short period of time. 

2.2. Photogrammetric Devices 
Nowadays photgrammetrist used different instrument (metric camera, stereometric 
camera, photogrammetric total station, photo total station, total station with scanner 
function, laser scanner) and software like Trimble business center to accomplish a 
precise photogrammetric measurement. 

 Total station  2.2.1.

Total station is an electronic theodolite integrated with an electronic distance meter 
(EDM) and internal data storage and/or external data collector used for modern sur-
veying and building construction. It is designed to measure slant distances, horizontal 
and vertical angles and elevations in topographic and geodetic works, as well as for so-
lution of application geodetic tasks. Angles and distances are measured from the total 
station to points under survey (T B C, 2013).  

Trimble total station S8 is an advanced total station designed with calibrated camera. 
This instrument makes surveyors task easy by identifying targets when the measure-
ments are carrying out in the field, precisely measuring points which were previously 
time-consuming and difficult to collect using other techniques. The surveyor can see 
what the instrument sees, simply tap the controller screen to select the target, control 
the instrument from a distance via remote control. This instrument helps to reduce la-
bors that hold reflector or controls the total station from observed points; observe the 
work site environment with high-quality images. Controller screen shows the status by 
displaying all points to which measurements have been made and supplement the rec-
ord and recall site conditions by recording images. The accuracy of this instrument is 
also better than the previous total stations, angle accuracy up to ½-arc second, dis-
tance accuracy to prism up to ± 0.8 mm 1 ppm, and reflector less: ± 2 mm 2 ppm 
(Ken, et al., 2012). A Trimble total station S8 has a chance to check and ensure com-
pleteness of the measured data before leaving the site and it helps to measure missed 
and additional points by using the images taken by integrated camera in the office. In-
tegrated camera is designed to maximize quality of measurements by optimizing field 
of view, resolution and image file size. This camera plays a critical role when we apply-
ing the photogrammetric point measurements, no need of time-consuming internal 
and external calibration when coordinates (X, Y, and Z or northing, easting, and ele-
vation) are computed from photographs. The coordinates are computed relatively to 
the total station position by using trigonometry and triangulation (GIS R, 2013). Trig-
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onometry is a branch of mathematics which studies the relationship between lengths 
and angles of the triangles (i.e. if three sides of the triangle are known then the meas-
urement of its angles is determined) (Gelfand, I & Mark, S, 2001). Triangulation is 
finding the position of a point in two images taken with cameras with known calibra-
tion (Richard I., 1997). 

 

 

 

 

 

 

 

 

 

 

 

 

 

As seen in Figure 2 Trimble vision instrument is well designed and it used to measure 
difficult or inaccessible points quickly and safely by selecting the desired point using 
the live video display and use Trimble direct reflex measurement to capture 3D posi-
tions without a prism or reflector. In the office, this instrument allows to measure 
points directly from field images and it enables to combine visual information with 
field measurements. It is also used to produce comprehensive detailed data on project 
conditions and features, by integrating survey and design information with real-time 
images (Cansel, 2013). 

 Trimble Business Center (TBC) 2.2.2.

Trimble Business Center is a desktop application that processes and adjusts combined 
surveying data sets of GNSS, Trimble total station, scanning and aerial photogram-
metric observations. Figure 3 shows the Trimble Business Center software.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Trimble Business Center Software is unique surveying office software, which is ap-
propriately designed to manage, analyze, and process field data that is surveyed from 
the field, including optical, GNSS and imaging data. The new version characters pho-
togrammetry enhancements including the ability to process images from the Gatewing 
X100 unmanned aerial system. These enhancements can help users to maximize 

Figure 2: Total station with Trimble Vision 
Camera (Cansel, 2013) 

Figure 3: Trimble Business Center Software (T B C, 2013)  
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productivity and create aerial survey deliverables by increasing visualization and pro-
cessing capabilities and TBC is also enabled the surveyor to make terrestrial photo-
grammetric observations and compute point coordinates using the Trimble vision im-
ages (Sunnyvale, 2013). 

In Trimble Business Center photogrammetry software, surveyors have the opportuni-
ty to import, visualize, process images from Trimble total stationS8. TBC can auto-
matically calculate a 3D point from the intersection of the photogrammetric observa-
tions. Photo station locations are displayed in the 3D views to indicate coverage, and 
can be opened and seen as 3D perspective views. In a photo station view, users are 
able to visualize project data and easily move to other photo stations. It is simple to 
review survey data and detect errors. Fig.3 shows an example of how to measure co-
ordinate points from more than two photos by using Trimble business center soft-
ware.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Photogrammetric techniques  
Photogrammetric techniques are used to find the position of a point from the inter-
section of images taken with a camera and with known calibration. This process re-
quires at least the intersection of two images, and this process is called triangulation. 
(G S, 2014). Triangulation is the basic principle used in photogrammetric measure-
ment, in which the lines of sight can be developed from each camera station to the 
point on the object to compute the position of the point in three dimensions. This tri-
angulation principle is also used by Trimble total station which is integrated with cali-
brated camera (vision technology) for photogrammetric point measurement or for co-
ordinate measurement like theodolite. Triangulation in photogrammetry is the process 
of determining the location of a point by measuring angles between two or more sta-
tion points at either end of a fixed baseline. The point can then be fixed as the third 
point of a triangle with one known side and two known angles. This method is similar 
to the term intersection in surveying (Zakaryah, et al., 2010). Photogrammetry can 
measure many points at a time with virtually no limit on the number of simultaneously 
triangulated points. Figure 5 shows principle of triangulation from a single point and 
triangulation from multiple points; 

 

 

 

 

Figure 4: Points are measured from more than two photos 
by using Trimble business center (T B C, 2013). 
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From Figure 5 the two-dimensional (x, y) position of the target on the image is meas-
ured to create a line. By taking image from at least two different station points and 
measuring the same target in each image a "line of sight" is developed from the station 
of each camera to the target. If the camera station and the aiming direction are known, 
the lines can be mathematically intersected to produce the XYZ coordinates of each 
targeted point. 

Based on technological and methodological innovations, photogrammetry develop-
ment can be categorized into four phases as shown in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graphical photogrammetry   

Photogrammetry restitution was introduced by graphical construction on the drawing 
board following the principle of descriptive geometry (representation of three dimen-
sional objects in two dimensions). This technique was widely used in architectural 
photogrammetry by the Royal Prussian photogrammetric Institution in Berlin, found-
ed in 1885 in order to preserve cultural monuments (Jörg & Albert, 2014). 

Analogue photogrammetry  

This technique was enabling to map structural line of the object and counter line, and 
achieved high accuracy by improving optics and mechanics in analogue photogram-
metry instrument. This method was using optical or mechanical devices to reconstruct 
photogrammetry image geometry (Jörg & Albert, 2014). 

Figure 6: Development of photogrammetric 
techniques (Jörg & Albert, 2014) 
 

Figure 5: Triangulation in photogrammetry (G S, 2014) 
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Analytical photogrammetry  

In this photogrammetric system the computer mange the relationship between object 
point and image point coordinates, the object points and image point’s relation can be 
described through numerical calculation by using collinearity equations. However the 
idea is the same as the analogue instrument, the main difference is analytical plotter 
uses computer to calculate coordinates (Jörg & Albert, 2014). 

Digital photogrammetry 

Nowadays more precise photogrammetric measurement is carrying out with non-
metric cameras, retro-reflective targets, highly convergent network layout, and digital 
computerized analytical tools by improving the early applications in the field that was 
used metric cameras (specially designed for photogrammetry purposes), diffuse targets 
(non-retroreflective), stereoscopic photogrammetry network layout, and analog analyt-
ical tools (Ruinian, et al., 2007). In digital technique the input data are digital images or 
scanned photographs. Digital photogrammetry technique have increased extremely in 
recent years due to the availability of digital cameras, satellite imagery, high quality 
scanners, total station with scanner, total station with camera, increased computing 
power, and image processing tool (G S, 2014). 

There are different techniques that can be applied depending on the materials that we 
used such as metric camera, stereo pairs, shape of recorded object, control infor-
mation and the required results like 2D or 3D and accuracy. As indicated by (JSAC, 
2014) there are three main photometric techniques depending on the number of pho-
tographs that used to measure the photogrammetric points: 

From single photograph  

This technique is useful for planner (2d) objects.  Most common techniques that used 
in single photograph technique are: 

Paper strip method: in these techniques four points must be identified on the map or 
in the picture and a line has to be lined from one point to the others. Then the paper 
strip is placed on the image and the intersection with the line is marked. 

Numerical rectification: in this method image coordinates of desired object points, are 
transformed into the desired coordinate system (which is 2d), in this technique four 
control points are required and the object has to be a plane. 

Monoplotting: this method is similar to numerical rectification except transformed the 
coordinates into 3d coordinate system. 

Digital rectification: this method is also similar to mono plotting technique, but the 
scanned images are transformed into 3d real world coordinate system pixel by pixel 
stereo photogrammetry.  

Stereo photogrammetry 

The basic idea of this technique is stereo pairs, and it can be produced by using a ste-
reometric camera or from single camera. If only a single camera is available, two pho-
tographs can be made from different station points, trying to match the conditions of 
the normal case (the two photographs are parallel to each other and at right angle to 
the base). A stereometric camera in principle has two metric cameras attached at both 
ends of a bar, which has a precisely measured length. This bar is functioning as the 
base (the line between the two projection center) while both cameras have the same 
geometric properties. Since they are adjusted to the normal case, stereo photogramme-
try can be analogue, analysis and digital techniques. (G S, 2014). 

Mapping from several photographs  

In this method, more than two photographs are used to compute the position of the 
object and 3d objects are photographed from several position. This kind of restitution, 
which can be done in 3D, has only become possible by analytical and digital photo-
grammetry. The result of required point or image coordinate can be measured by in-
tersecting at least two photographs. The photograph can be taken with different cam-
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era at different time. By using control points and triangulation points, the geometry of 
all block of photographs is reconstructed with high precision (G S, 2014). 

2.4. Errors in photogrammetric measurement 
The main categories of the errors are systematic errors, random errors, and gross er-
rors. 

Gross errors are due to the gross blunder on the part of the human or observers. 
These errors are caused by mistake in using instruments, recording data, malfunction-
ing instruments or wrong measurement methods and calculating measurement results. 
To avoid gross errors the observer should be concentrated and careful at the time of 
the measurement and computation. 

Systematic errors in experimental observations usually come from the measuring in-
struments and the physical environment where the measurements are made. When a 
measurement is repeated many times there is always a non-zero arithmetic mean of 
the systematic errors. These errors follow certain mathematical or physical rules, affect 
the measurement results systematically, and it is constant under constant measuring 
conditions and change as conditions change. The systematic errors occur when there 
is something wrong with the instrument or its data handling system. 

The methods used to eliminate or minimize the systematic errors are: calibrate the in-
strument, design suitable measurement routines which can minimize or eliminate pos-
sible systematic errors, correct the measurement result after measurement is carried 
out and carry out the measurement in a suitable environment. 

Random errors, after calculating all systematic errors, it is found that there are still 
some errors in measurement are left. These errors are non-systematic and behave ran-
domly. They are coming from human factors, instrument errors, physical environment 
and measurement routines. To reduce them, one can improve the total measurement 
condition.  Random errors mathematically follow certain statistical characteristics; 
therefore it is possible to check whether the measurement errors are random or not 
base on the following characteristics: 

 The arithmetic mean of the measurement errors 
i
 (і=1, 2…n) approach zero 

when the number (n) of observations approach infinity, 

                          
 1

lim
n

ii

n


  =0                                                                               

 The absolut magnitude of positive and negative errors has equal chance to oc-
cur. 

 Smaller magnitude errors have more chance than larger magnitude errors to 
occur. 

 The magnitude of errors should be within a certain limit under specified meas-
urement condition.  

By considering the above characteristics we can perform the test of  maximum abso-
lute value of errors, sum of errors, number of positive versus negative errors, sign of 
errors and sum of positive versus negative errors squared tests, to know whether a set 

of measurement errors (ℰ1, ℰ2… ℰn) are random or not,  and to detect nonrandom er-
rors. The considerable procedures to construct these tests: 

 Start from assumption of the measurement errors are random errors with giv-
en distribution (null hypothesis (H0) and the other alternative hypothesis (H1) 

Type equation here.is the measurement errors are not form the assumed dis-
tribution 

 Construct some quantities by computing from the observed data and which 
have well defined statistical distribution when the above assumption holds. 
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Statistical equation 2, 3 and 4 are used to compute errors and standard devia-
tion from the measurement. 

 

 

 
 

 

 

 Test the computed values of the above statistics against the theoretical critical 

values at certain risk level 𝛼. If the test is passed, H0 can be accepted other-
wise there might be an existence of systematic or gross errors in the measure-
ment results 

 

Testing the maximum absolute value of errors: 

If all errors ℰᵢ are random variables and have normal distribution ℰᵢ ~ N (0, σ²) at risk 

level α with a critical value of 𝑐½α and assume ℰm is the absolute maximum magni-
tude of the errors: 

                        P {
ℰm

σ
˂𝑐½α} = 1 − α                                                             

 If ℰm˂ σ𝑐½α, we accept the assumption ℰᵢ ~ N (0, σ²), otherwise there is systematic 

effect in ℰᵢ. 

 

Testing the sum of errors: 

Let S is the sum of n errors, S= ℰ₁+ ℰ₂+…+ ℰn and if ℰᵢ ~ N (0, σ²) are uncorrelated 

with each other, s will have normal distribution N (0, nσ²) at risk level α: 

                                              P {|
𝑆

√𝑛σ²
|˂𝑐½α} =1- α                                                            

If |S|˂√𝑛σ𝑐½α, we accept ℰᵢ ~ N (0, σ²), otherwise there is systematic effect in ℰᵢ. 

 

Testing the number of positive versus negative errors: 

Let S1 and S2 denotes the number of positive and negative errors respectively, and if ℰᵢ 
is random, S1 should be binomial distribution with the expectation and variance  

μ = 
𝑛

2 
  ,   σ² = 

𝑛

4
 , when n is very large, S1 will approach the normal distribution: 

        𝑆1− 
𝑛

2
𝑛

2

 ~N (0, 1) at risk level α, and then we have: 

                               P {| 
𝑆1− 

𝑛

2
𝑛

2

| ˂𝑐½α} = P {| 
𝑆1−𝑆1

√𝑛
| ˂𝑐½α} =1- α,    where S2 =n-S1       

 | 𝑆1 − 𝑆2| ˂√𝑐½α, and to test whether S1 is equal to S2, we have: 

 Null hypothesis (H0): S1 = S2   and alternative hypothesis (H1) S1 ≠ S2. 

If | 𝑆1 − 𝑆2| ˂√𝑛𝑐½α} we accept H0, otherwise there is systematic effect in ℰᵢ. 

 

Testing the sum of positive versus negative errors squared: 

Let S² is the difference between the sum of positive errors squared and negative errors 
squared.  

S² = λі ℰi²1 + λі ℰi²2+ … + λі ℰi²n                        λі =  {
1     𝑖𝑓  ℰ𝑖˃0

−1    𝑖𝑓  ℰ𝑖˂0
 

If ℰᵢ (і = 1, 2, n) are random errors, S² should be approach to zero. And when ℰᵢ (і = 
1, 2, n) are uncorrelated with normal distribution N (0, σ²), the expectation and vari-
ance of s²:  

Useful Statistical Equations: 

Mean         𝑥 =
∑x

n
                                                                      

Residual     𝑣𝑖 = 𝑥 − 𝑥𝑖       ;        i=1, 2, 3 …n                              

Standard Deviation   𝜎 =√
∑𝑣2

(𝑛−1)
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E (S²) = ∑ [𝑛
і=1 E (λі ℰi²)] =0 

E [(S²)²] = ∑ [𝑛
і=1 E (λіℰᵢ4)] = 3n𝜎4 

When n is very large, S² will have normal distribution N (0, 3n𝜎4) at risk level α: 

                         P {| 
𝑆²

√3𝑛 𝜎2| ˂𝑐½α}                                                                    

If the computed S² is satisfied   𝑆²˂√3𝑛 𝜎2𝑐½α, S² is statically zero, otherwise S² is 

significantly different from zero and there is systematic effect ℰᵢ. (Fan, 2010). 

2.5. Factors that affect Precision of photogrammetry measurement  
There are a number of factors that affect the precision of photogrammetric point 
measurements. According to Photomodelar, (2013) and Galantucci, et al., (2006) the 
main factors are: 

 The resolution  of the digital camera 

 Distance between the camera and the object  

 The number of photographs used  

 The geometric layout of the images relative to each other (angle between im-
ages). 

 Photo orientation quality. 

  Target.  

Distance: precision degraded when the distance increases from the camera station to 
the target, since each pixel has a small space. The best result is achieved by taking im-
ages near or close to the station point. 

Angle between photos: points measured in only two photographs, which are taken 
close each other, have low precision (the intersection angle near to 90 degrees is best 
result or optimal precision with low strength of figure, on the reverse the degree be-
tween the two photographs less than 30 and more than 120 is low precision with large 
strength of figure). To achieve a good result or high precision strong geometry is a key 
factor. Figure 7 shows the strong and weak geometry (Ken, et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resolution of photo 

Higher resolution is related to the capability of the instrument that we used to take the 
photograph. Using high-resolution camera, video recorder, scanner can help to 
achieve high precision result. 

Figure 7: Weak and strong geometry when using 
two station (Ken, et al., 2012) 
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Photo redundancy 

To get high accuracy of photogrammetric point measurement from a good intersect-
ing angle, images should be taken from many different positions, so precise results can 
be obtained by using many photographs rather than two photographs for photo-
grammetric point measurement techniques (Ken, et al., 2012). 

Photo orientation quality 

Orientation is the process of computing the location and angle of camera for each 
point, this is one of the factors influence the accuracy of photogrammetric point 
measurements. The orientation quality improves as the number of well-positioned 
point’s increases and also as the points covers a greater percentage of the photograph 
area. 

Target 

Targets are needed only when the features on the object cannot be identified by other 
means. The high precision measurement of 3-D surfaces using digital photogramme-
try generally implies the high precision location of target images. There are targets 
(retro-targets) which help to carry out more precise measurement. These targets re-
strict the location of the camera since retro-targets cannot be viewed obliquely or be-
come unclear to make measurement (Clarke, 2014). 

Figure 8 shows, how a combination of each factors influence the accuracy of photo-
grammetry measurement  

 

 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Factors influence the accuracy of photogrammetry meas-
urement (Photomodelar, 2013) 

 Photo-
grametry accu-
racy scal  
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3. METHODOLOGY  

The methodology of this study is divided into three main steps, planning the meas-
urement, data acquisition, and data processing. 

3.1. Planning the measurement 
Planning was done before field measurement was carried out and it includes the fol-
lowing steps:  

 Selecting the study area: the selected study area was Drottning kristinas Väg 30 
(L building) since this building was free from obstacles relative to other build-
ings in KTH campus, allowed to put target points on the facade and the in-
strument store was founded in this building, so easy to transport the instru-
ment to the study area. This area is shown in Figure 9. 

 

                 

 

 

 

 

 

 

 

 

 

 

 Selecting instruments: the selected instruments were Trimble GPS for measur-
ing station point 1 and 2, Trimble S3 total station for measuring station points 
and Trimble S8 total station for taking video images and measuring coordi-
nates of checkpoint at the same time. 

 Selecting station points: Station points need to be planned properly and meas-
ured precisely before photogrammetric data acquisition was carried out, to do 
this reconnaissance have undergone and marked the station points so as to en-
sure a full coverage of façade of the selected building and complete inter-
visibility between station points.  

 Selecting software: The selected soft wares were Trimble Business Center and 
Geo 2012. Geo 2012 was used for running network adjustment of the meas-
ured station point’s data by Trimble total station S3 and TBC was used for 
baseline processing or running network adjustment of GPS measured data, 
running network adjustment of Trimble total station S8 measured checkpoint’s 
data and computing photogrammetric coordinates from images. 

 Putting white and black targets: Points ID 11-37 were white and black targets 
put over the façade of the L building as seen in Figure 10.  

 

 

 

 

 

 

Figure 9: the study area 

Figure 10: Target points on the facade 
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3.2. Data acquisition and processing 

 Station point 3.2.1.

To set up photo total station or Trimble s8 total station, the station points shown in 
Figure 12 were established. The selections of the six station points were made based 
on the fact that, they have full coverage of the study area and inter-visible to each oth-
er. These points are located on both side of the road Drottning kristinas Väg 30 
(points 1, 6 and 2 are established on the L building side of the road and points 3, 5 
and 4 are on the opposite side of the L building) to assess the impact of distance and 
angle on the photogrammetry measurement, however the width of the road is small to 
figure out the impact of distance.  From the six station points of which two (1 and 2) 
were determined by Global Positioning System (GPS) in order to determine the da-
tum of the network.  GPS is a 3D positioning system, used to establish new points by 
setting at least one receiver (base receiver) over a known point and the other receiver 
(rover receiver) over unknown point for a sufficient time, and the process can be in 
real time or in post-processing mode, yielding the 3D Cartesian position (X, Y, Z) of 
the rover receiver in a relative mode (Yahia, 2010). 

     
                                                    Figure 11: post-processing mode 

As seen in Figure 11 points 1 and 2 were designed by considering the full coverage of 
L building façade (study area), inter-visibility between each other and other station 
points, since point 2 was used as a known station point and point 1 was used as back-
sight, when the measurements of angles and distances between all station points were 
carried out. These points were measured by using two Trimble GNSS receivers. The 
nearest known point (DUB) was selected as a base receiver and one GPS instrument 
was setting over it. The points were measured simultaneously for approximately 2:20 
hours for all 1, 2 and DUB using Trimble’s FastStatic method. Using Trimble Business 
Center software the GPS determined baseline was computed. In this process DUB 
was set as reference station. The computed coordinates were transformed from 
WGS84 to national coordinate system (SWEREF99) and grid coordinates (easting, 
northing and elevation) by using Trimble Business Center software.  

Station points need to be precise, complete and reliable and then it must be measured 
precisely to achieve the needed qualities. In order to establish six station points (1-6) 
angles and distances between all points were measured. This measurement was done 
by using Trimble S3 total station, with two round measurements method to increase 
the precision. From the station points, the images of L building facade were taken and 
at the same time checkpoint (white and black targets over the façade of L building) 
coordinates measurement were carried out. 
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                                           Figure 12: station and checkpoints 

 Checkpoint 3.2.2.

Checkpoints were used to perform the quantitative assessment of photogrammetric 
point’s error. The measured checkpoint’s data by Trimble total station S8 were im-
ported to Trimble Business Center software and then network adjustment of check-
points were carried out as seen in Figure 13. To perform this, station point 2 and 3 
were settled as a control quality, to determine the coordinates and standard deviation 
of checkpoints. Network adjustment was used to compute the coordinates of check-
points and their standard deviation from the measurement data. The following obser-
vation equations were used to adjust the network. 

Let 𝐿𝑖𝑗 is the observed distance between station and target points and ℰ𝑖𝑗 is its ran-

dom error. 

                                𝐿𝑖𝑗 − ℰ𝑖𝑗  = √(𝐸𝑗 − 𝐸𝑖)² + (𝑁𝑗 − 𝑁𝑖)² + (𝐻𝑗 − 𝐻𝑖)²                              

                             
Where Еj, N𝑗 and Hj are measured coordinates over the façade and Еі, N𝑖 and H𝑖 are 
coordinates of station points in easting, northing and elevation respectively. 

Let 𝐿𝑖𝑗 is observed horizontal direction from station point towards target point and 

ℰ𝑖𝑗 is its random error. 

                                            𝐿𝑖𝑗 − ℰ𝑖𝑗  = 𝑎𝑟𝑐𝑡𝑎𝑛 (
(𝑁𝑗−𝑁𝑖)

(𝐸𝑗−𝐸𝑖)
) − 𝑋𝑖                                               

Where 𝑋𝑖 denotes orientation angle at station points and Ei, Ej and Ni, N𝑗 stand the 2d 
station and target points. 

Let 𝐿𝑖𝑗 is observed vertical angle from station point towards target point and ℰ𝑖𝑗 is its 

random error. 
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                  𝐿𝑖𝑗 − ℰ𝑖𝑗 = 𝑎𝑟𝑐𝑐𝑜𝑠 (
(𝐻𝑗−𝐻𝑖)

√(𝐸𝑗−𝐸𝑖)²+(𝑁𝑗−𝑁𝑖)²+(𝐻𝑗−𝐻𝑖)² 
)  

And after linearized the observation equations of 𝐿𝑖𝑗. 

                                             X̂ = (AᵗPA) ̅ˡ AᵗPL  

Where X̂ is the least square solution of the observations. 

 

 

 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Photogrammetric points 3.2.3.

Photogrammetric points were calculated from the images recorded with Trimble total 
station by imported these images to Trimble Business Center (TBC). The computation 
of  photogrammetric coordinates were performed in TBC by importing the station 
points to the working window and selecting on the intended checkpoint by magnifica-
tion selected at least from two station points as seen in Figure 14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Network adjustiment of checkpoints in Trim-
ble Business Center software 

Imported images from 
all stations 

Image from a chosen station,                                                     
on the working window 

coordinate computing 

Figure 14 imported images from all station points, image from a chosen sation 
pont in the working window and computing of photogrammetric coordinates  

Figure 13 network adjustments of check points 
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4. RESULTS AND DISCUSSION  

The overall results or findings which are obtained from the experiment are presented 
in Appendix 3, after the correction of systematic errors.   

Assuming the standard deviations of photogrammetric point measurements are two 
times the maximum standard deviations of total station point measurements. The as-
sumed standard deviations were used to check the existences of systematic errors in 
the measurements by performing the following statistical tests. The values of σ in the 
total station point measurements are 5mm, 4mm and 3mm as seen Appendix 2, and 
then the values of σ in photogrammetric point measurements are 10mm, 8mm and 
6mm in easting, northing and elevation respectively. The chosen risk level α is 5%, for 

which the critical value of the normal distribution is 𝑐½α= 1.96 ≈ 2 and the number 
of measurements (n) is 337.  

Maximum absolute value of errors test: 

Let ℰm is the maximum absolute magnitude of error and ℰᵢ are random variables and 

have normal distribution ℰᵢ ~ N (0, σ²) at risk level α.                            

P {
ℰm

σ
˂𝑐½α} = 1 − α 

If ℰm˂  σ𝑐½α, we accept the assumption ℰᵢ ~ N (0, σ²), otherwise there is systematic 

error. The values of ℰm are 79mm, 129 mm and 26 mm, and the values of σ𝑐½α are 
20mm, 16mm  and  12mm  in easting, northing and elevation respectively. Therefore 

79 ˃ 20, 129 ˃ 16 and 26 ˃ 12, and the results show that there is systematic error in all 
directions. 

The sum of errors test 

Let s is the sum of n errors, ℰᵢ ~ N (0, σ²) is uncorrelated with each other and s will 

have normal distribution N (0, nσ²) at risk level α. 

                                      P {|
𝑠

√𝑛σ²
|˂𝑐½α} =1- α 

If |s|˂√nσ𝑐½α, we accept ℰᵢ ~ N (0, σ²), otherwise there is systematic error. The 

values of |s| are 4603mm, 2719mm and 331mm and √nσ𝑐½α are 367mm, 294mm 

and 220 mm in easting, northing and elevation respectively, therefore; 4603 > 367, 
2719 > 294 and 331 > 220 and the results show that there is systematic error in all di-
rections. 

Number of positive versus negative errors test: 

Where s1 and s2 are the positive and negative numbers of errors respectively,  

H0: s1 = s2 and H1:  s1 ≠ s2. 

                               P {| 
𝑆1−𝑆1

√𝑛
| ˂ 𝑐½α} =1- α,        

If | s1-s2| ˂√n𝑐½α, H0 will be accepted, otherwise there is systematic error.  

The values of s1 are 7 for easting, 257 for northing and 102 for elevation, and s2 are 

326 for easting, 65 for northing and 198 for elevation, therefore; |7-326 | < 367, 
|257-65| < 294 and |102-198| <220. From this test, we accept H0 in all directions, 
i.e. there is no systematic error in all directions. 

 

The sum of positive and negative errors squared test:  

Let s² is the difference between the sums of positive errors squared and negative er-

rors squared.                                               

                             P {|
𝑠²

√3𝑛 𝜎2
| ˂𝑐½α} = 1- α 
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If the computed s² is satisfied   s²˂√3n σ² c½α, s² is statistically zero, otherwise s² is 
significantly different from zero and there is systematic error. The values of s² are 

99943mm², 54971mm², 241mm² and √3nσ²𝑐½α are 6359mm², 4070mm² and 
2289mm² in easting, northing and elevation respectively, therefore 99943 > 6359, 
54971 > 4070 and 241 < 2289. This test shows that, there is a systematic error in east-
ing and northing directions but not in the elevation direction. 

In conclusion, there is a systematic error in easting and northing since the above four 
tests results show that there is a systematic error in the three cases. In the elevation di-
rection two tests show there is a systematic error and the other two tests show that 
there is not, so it is not possible to conclude that there is or there is no systematic er-
ror in elevation. The most probable source of these errors might be an incorrect ori-
entation of the camera. 

After the existences of systematic errors were checked, statistical equation was used to 
calculate the systematic errors in all direction as seen in Table 3. The calculation of 
these errors was done by averaging the coordinate difference between photogramme-
try and total station measurements. 

Table 3: Calculated systematic errors 
formula Calculated systematic errors  (mm) 

 
337

i         easting northing elevation 

14 -8 1 

   

Table 3 shows the calculated systematic errors of the experiment in all directions. 

4.1. Station points 
The coordinates of station points were accurately measured and then used as a refer-
ence for total station measurements (checkpoints) and photogrammetric measure-
ments. Network adjustment was used to estimate the coordinates of the station points 
with their correspondence standard deviation. As seen in Appendix 2, the points ID 
1- 6 represent coordinates of station points, and the maximum standard deviations (1 
mm in the easting, 1 mm in the northing and 44mm in the elevation directions) from 
network adjustment. 

4.2. Total station measurements (check points) 
The points ID from 11 to 39 in the appendix 3 represent the coordinates measured 
with Trimble total station s8 on the white and black target points of L building façade. 
Each checkpoint was measured from the six station points. Network adjustment was 
run in TBC to estimate the coordinates and standard deviation of check points. The 
results of the table are shown in Appendix 2. The maximum errors are found to be 5 
mm in the easting, 4 mm in the northing and 3 mm in the elevation direction, then 
these coordinates (total station measured coordinates) are used as true value, in order 
to find out the precision of Trimble total station s8 for photogrammetric point meas-
urement. The precision was found by computing the differences between the total sta-
tion coordinates and photogrammetric coordinates. 

4.3. Precision of photogrammetric point measurement 

 Precision from different angles 4.3.1.

Images were recorded from different station points with different angles. To find out 
the impacts of the angle on the accuracy and precision of the Trimble total station S8 
for photogrammetric point measurement; photogrammetric coordinates were com-
puted from two images (that taken from two station points with different angles). The 
minimum and maximum angles from the measurement are found 3 degrees and 105 
degrees respectively. The rest angle measurements are found in between these angles 
(between 3 and 105 degree). Table 4 shows the impact of angles in the measurement 
of photogrammetric points. 
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Table 4: Parallax angle and Random errors 

Angles 
group 

Numbers of 
observation 

Statistic 

Coordinates Average 
errors (mm) 

Standard 
deviation (mm) 

0-30 
degrees 

 
47 

Easting 17 17 

Northing 19 23 

Elevation 9 6 

30-60 
degrees 

48 

Easting 5 4 

Northing 11 7 

Elevation 4 3 

60-105 
degrees 

42 

Easting 5 3 

Northing 7 4 

Elevation 2 1 

 

As seen in the Table 4, the better results of photogram-metric points or smaller differ-
ence between total station and photogrammetric coordinates are observed from angle 
in range 60-105 degree, 30-60 degree and 0-30 degree respectively. The observed aver-
age error for easting in the angle range of 60-105 degree is 5 mm which is three times 
less than the average error of easting (17 mm) in angle range of 0-30 degree, error of 
northing in the angle range of 60-105 degree is found to be 7mm which is twice less 
than the average error (19 mm) for northing in angle range of 0-30 degree and the av-
erage error 2 mm for the elevation when the angle in range of 60-105 degree is almost 
five times less than the average error (9 mm) of elevation in angle range of 0-30 de-
gree. The standard deviation is also related to the angle between images too; when the 
angle is increased the precision is improved accordingly. The observed standard devia-
tion 3 mm of easting when the angle in a range of 60-105 degree is almost six times 
less than the standard deviation 17 mm of easting angle in range 0-30 degree. The ob-
served standard deviation 4 mm of northing when the angle in range of 60-105 degree 
is almost six times less than the standard deviation 23 mm of northing angle in range 
0-30 degree and finally the observed standard deviation 1 mm of elevation when the 
angle in range of 60-105 degree is six times less than the standard deviation 6 mm of 
elevation angle in range 0-30 degree. The average errors  and standard deviation for 
the easting, northing and elevation when the angles in a range of 30-60 degrees are 
found in between the measurements of angle  in a range 0-30 degrees and 60-105 de-
grees. Moreover the average precision and the standard deviation are related to the 
angle between images, which means that when the angle is increased the precision is 
improved accordingly, and the result seems logical because, it confirm with the theory 
that indicates that: the intersection angle near to 90 degree is best result or optimal 
precision with low strength of figure, on the reverse the degree between the two im-
ages is less than 30 degree and more than 120 degree has low precision with large 
strength of figure. However, no measurements were taken when the angles are more 
than 120 degree due to the difficulty to take such measurements. 

From appendix 3 the individual measured coordinate with its angle and error can be 
seen. The smaller angle (3 degree) has the worst measurement which is 49 mm error in 
easting, 121 mm error in northing and 8 mm error in elevation and the best measure-
ment is observed from angle 85 degree with 4 mm error in easting, 5 mm error in 
northing and 1 mm error in elevation. 
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Figure 12 shows the trends for northing, easting and elevation errors are declined 
when the angle increased and vice versa. However the graph is not straight line, in-
stead it oscillates and fluctuates, since there are other factors affecting the precision of 
the measurements as mentioned in the theoretical part (section 2.5). 

 Precision from more than two station points 4.3.2.

 Photogrammetric coordinates were computed from more than two station points in 
order to check the impact of image redundancy on precision of photogrammetric 
point measurement. The average and standard errors of the measurement were calcu-
lated from the difference between coordinates measured from photogrammetry meas-
urement and coordinates of checkpoints.    

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 shows, five station points compared to 3 station points reduced the average 
errors of easting from 5 mm to 4 mm, northing from 7 mm to 4 mm and elevation 
from 2 mm to 1mm, and the standard errors from 6 to 3 mm, from 5 to 3 mm and 
from 2 to 1 mm in easting, northing and elevation accordingly.  

 

 

Table 5: Precision from more than two station points 
No of 
station 
points 

Numbers of 
observation 

Statistic 

Coordinates Average 
errors (mm) 

Standard 
deviations 

(mm) 

 3 station 
points 103 

Easting  5 6 

Northing  7 5 

Elevation  2 2 

 4 station 
points 75 

Easting  4 3 

Northing  7 5 

Elevation  2 1 

 5 station 
points 22 

Easting  4 3 

Northing  4 3 

Elevation  1 1 

Figure 12: Error Vs parallax angle before and after correction of 
systematic errors 
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Figure 15 shows the average errors from 5 station points are better than errors from 4 
station points and 3 station points respectively. So, increasing the number of the sta-
tion points has a positive impact on the measurement of photogrammetric points.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 also confirms that the standard deviation of 5 station points are better than 
the standard deviation of  4 station points and 3 station points respectively. 

As seen in the literature review (section 1.2), this research shows reliable and accepta-
ble results relative to the works done by Timothy et al., (2011), Stal, et al., (2012) and 
Samad, et al., (2010). However it has less precise results relative to the research done 
by Tait, et al., (2004).   

 

 

 

 

 

 

Figure 16: Graph of standard deviation over control points. 

Figure 15: Graph of average errors over control points. 
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5. CONCLOSION  AND  RECOMENDATIONS 

5.1. Conclusion  
The main purpose of the work was evaluating the precision of Trimble s8 total station 
for photogrammetric point measurement, and the methodology of the study was di-
vided into three main steps, planning the measurement, data acquisition, data pro-
cessing and data analysis.  

Stastical test of maximum absolute value of errors, sum of errors, number of positive 
versus negative errors and sum of positive and negative errors squared tests were used 
to test the existence of systematic errors in the measurement. The tests results show 
that there is systematic in easting and northing direction but it was difficult to con-
clude there is or there is not systematic error in elevation. After the existences of sys-
tematic errors were checked, the calculations of these errors were carried out by aver-
aging the sum difference of photogrammetric and total station coordinates and the 
obtained results are 14, -8 and 1 in easting, northing and elevation respectively in mil-
limeter unit.  

Total station measured coordinates were considered as a true value, in order to assess 
the precision of photogrammetric coordinates, which are calculated in TBC from the 
images taken with Trimble total station S8. There were factors influenced the preci-
sion of photogrammetric point measurements, such as distances from the station 
point to the object, image redundancy  and angle between images.  

The better results or smaller differences between the total station and photogrammet-
ric coordinates were observed from angle in the range 60-105 degree in easting 4 mm, 
northing 4 mm and elevation 1 mm, and from five station points in easting 3, northing 
3 and elevation 1 standard deviation in millimeter unit. 

5.2. Recommendation 
During this research I have been encountered with two minor problems: The first one 
was the difficult to manage and put the reflector on the facade, therefore it will be 
recommended in future and similar studies to find a way to place the reflector on the 
wall to improve the measurements.  

The second problem was the difficulty to take the measurements very far from the 
target points in order to check the impact of the distance on photogrammetry meas-
urements. 

 The company did not describe how to use and do orientation of this instrument’s 
camera in the user manual, so it is recommended to include how to use and do orien-
tation of the camera in the user manual to avoided the systematic errors and achieve a 
precise result.  

Users of this instrument for photogrammetry measurement can use it for precise de-
tail survey, in angle range 60- 105 degree or from 5 station points, even so they have 
to be sure that there is no systematic error. 
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7. APPENDIXCES:   

APPENDIX 1:  

                         

Where: Z Coord, X Coord, Y Coord, sZ, sX and sY denote Elevation, Easting, Northing, Elevation σ, East σ 
and North σ respectively in meter unit 

 

 

APPENDIX 2:  

Point 
ID 

Type 
East σ 
(Meter) 

North σ 
(Meter) 

Height σ 
(Meter) 

Elevation σ 
(Meter) 

2 Grid Fixed   Fixed     Fixed   

3 Grid Fixed   Fixed     Fixed   

Fixed = 0.000001(Meter) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coordinats from total station measurements and coordinats of station points 

Point 
ID 

Easting 
(Meter) 

Easting Error 
(Meter) 

Northing 
(Meter) 

Northing  
Error 
(Meter) 

Elevation 
(Meter) 

Elevation  
Error 
(Meter) 

Con-
straint 

10 6581649.002   0.004   153909.363   0.004   42.498   0.002     

11 6581651.873   0.004   153907.550   0.003   42.532   0.002     

12 6581654.777   0.004   153905.712   0.003   42.526   0.002     

13 6581657.655   0.004   153903.888   0.004   42.509   0.003     

14 6581660.542   0.003   153902.065   0.003   42.510   0.002     

15 6581663.422   0.003   153900.242   0.003   42.501   0.002     

16 6581666.289   0.003   153898.428   0.003   42.502   0.002     

17 6581669.170   0.003   153896.609   0.003   42.527   0.002     

18 6581672.075   0.002   153894.773   0.004   42.518   0.003     

19 6581674.935   0.002   153892.966   0.007   42.496   0.003     

2 6581675.733   ?   153903.653   ?   35.312   ?   ENe   

20 6581649.004   0.005   153909.363   0.004   37.556   0.002     

21 6581651.906   0.004   153907.537   0.003   37.554   0.002     

22 6581654.788   0.004   153905.714   0.003   37.549   0.002     

23 6581657.667   0.004   153903.897   0.003   37.551   0.001     

24 6581660.556   0.003   153902.070   0.003   37.572   0.001     

25 6581663.430   0.003   153900.253   0.003   37.549   0.001     

26 6581666.314   0.003   153898.431   0.003   37.581   0.001     

27 6581669.192   0.003   153896.607   0.003   37.566   0.001     

28 6581672.092   0.002   153894.768   0.005   37.552   0.001     

29 6581674.933   0.002   153892.966   0.008   37.557   0.002     

3 6581660.179   ?   153928.886   ?   35.318   ?   ENe   

32 6581651.894   0.004   153907.532   0.003   39.610   0.002     

33 6581654.782   0.004   153905.706   0.003   39.600   0.002     

34 6581660.549   0.003   153902.057   0.003   39.601   0.001     

35 6581663.419   0.003   153900.240   0.003   39.598   0.001     

36 6581666.306   0.003   153898.414   0.003   39.606   0.001     

37 6581669.189   0.003   153896.594   0.003   39.619   0.002     

38 6581672.083   0.002   153894.765   0.005   39.598   0.002     

6 6581665.411   0.002   153910.392   0.002   35.330   0.001     

http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1580
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1570
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1599
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1600
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1601
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1602
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1603
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1604
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1605
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1606
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1607
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1608
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1580
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1582
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1583
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1584
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1585
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1586
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1587
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1588
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1589
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1590
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1591
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1570
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1592
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1593
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1594
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1595
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1596
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1597
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1598
http://localhost:50654/?Project=42728359-7918-47c3-8a8f-19801063e131&SerialNumber=1576
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APPENDIX 3: 

Coordinates from photogrammetry measurements  

Coordinate difference 
between total station and 
photogrammetry meas-

urements 

Point ID 
Easting 
(Meter) 

Northing 
(Meter) 

Elevation 
(Meter) 

Parallax 
angle(degree) 

E 
(mm) 

N (mm) 
EL 

(mm) 

11 from 1 & 2 6581651,869 153907,555 42,531 81 10 -3 0 

11 from 1 & 4 6581651,873 153907,573 42,527 57 14 15 -4 

11 from 1, 2 & 3 6581651,867 153907,556 42,530  8 -2 -1 

11 from 1, 2 & 4 6581651,868 153907,562 42,533  9 4 2 

11 from 1, 3 & 4 6581651,872 153907,572 42,525  13 14 -6 

11 from 2 & 3 6581651,862 153907,556 42,532 78 3 -2 1 

11 from 2 & 4 6581651,811 153907,565 42,551 23 -48 7 20 

11 from 2, 3 & 4 6581651,863 153907,564 42,535  4 6 4 

11 from 3 & 4 6581651,871 153907,577 42,530 89 12 19 -1 

11 from 1, 2, 3 & 4 6581651,867 153907,563 42,531  8 5 0 

12 from 1 & 2 6581654,772 153905,716 42,524 95 9 -4 -1 

12 from 1 & 3 6581654,771 153905,737 42,513 23 8 17 -12 

12 from 1 & 4 6581654,772 153905,734 42,520 70 9 14 -5 

12 from 1, 2  & 4 6581654,770 153905,724 42,525  7 4 0 

12 from 1, 2, 3 & 4 6581654,769 153905,726 42,523  6 6 -2 

12 from 1, 3 & 4 6581654,771 153905,734 42,519  8 14 -6 

12 from 2 & 3 6581654,765 153905,717 42,524 82 2 -3 -1 

12 from 2 & 4 6581654,721 153905,722 42,541 25 -42 2 16 

12 from 2, 3 & 4 6581654,764 153905,726 42,526  1 6 1 

12 from 3 & 4 6581654,771 153905,739 42,523 58 8 19 -2 

14 from 1 & 2 6581660,536 153902,067 42,510 104 8 -6 1 

14 from 1 & 3 6581660,528 153902,084 42,500 20 0 11 -9 

14 from 1 & 4 6581660,530 153902,084 42,509  2 11 0 

14 from 1, 2 & 3 6581660,534 153902,068 42,508  6 -5 -1 

14 from 1, 2 & 4 6581660,531 153902,073 42,513  3 0 4 

14 from 2 & 3 6581660,530 153902,069 42,510  2 -4 1 

14 from 2 & 4 6581660,491 153902,064 42,530 26 -37 -9 21 

14 from 2, 3 & 4 6581660,527 153902,072 42,515  -1 -1 6 

14 from 3 & 4 6581660,531 153902,087 42,510 59 3 14 1 

15 from 1 & 2 6581663,419 153900,243 42,499 101 11 -7 -1 

15 from 1 & 3 6581663,404 153900,266 42,489  -4 16 -11 

15 from 1 & 4 6581663,411 153900,261 42,499 78 3 11 -1 

15 from 1, 2 & 3 6581663,415 153900,243 42,498  7 -7 -2 

15 from 1, 2 & 4 6581663,412 153900,249 42,502  4 -1 2 

15 from 1, 2, 3 & 4 6581663,411 153900,249 42,501  3 -1 1 

15 from 1, 3 & 4 6581663,409 153900,261 42,498  1 11 -2 

15 from 2 & 3 6581663,410 153900,242 42,501 81 2 -8 1 

15 from 2 & 4 6581663,372 153900,232 42,521 24 -36 -18 21 

15 from 2, 3 & 4 6581663,404 153900,246 42,506  -4 -4 6 

15 from 3 & 4 6581663,407 153900,261 42,502 57 -1 11 2 

16 from 1 & 2 6581666,284 153898,428 42,500 91 9 -8 -1 

16 from 1 & 3 6581666,264 153898,456 42,488 20 -11 20 -13 

16 from 1, 2 & 3 6581666,279 153898,427 42,501  4 -9 0 

16 from 1, 2 & 4 6581666,276 153898,432 42,505  1 -4 4 

16 from 1, 2, 3 & 4 6581666,275 153898,432 42,503  0 -4 2 

16 from 1, 3 & 4 6581666,270 153898,445 42,499  -5 9 -2 

16 from 2 & 3 6581666,274 153898,423 42,504 72 -1 -13 3 
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16 from 2 & 4 6581666,237 153898,405 42,528  -38 -31 27 

16 from 2, 3 & 4 6581666,268 153898,426 42,509  -7 -10 8 

16 from 3 & 4 6581666,268 153898,441 42,505 74 -7 5 4 

17 from 1 & 2 6581669,161 153896,605 42,527 78 5 -12 1 

17 from 1 & 3 6581669,145 153896,625 42,517 19 -11 8 -9 

17 from 1 & 4 6581669,151 153896,618 42,528 19 -5 1 2 

17 from 1, 2 & 3 6581669,159 153896,604 42,526  3 -13 0 

17 from 1, 2 & 4 6581669,156 153896,607 42,530  0 -10 4 

17 from 1, 2, 3 & 4 6581669,156 153896,607 42,528  0 -10 2 

17 from 1, 3 & 4 6581669,150 153896,619 42,524  -6 2 -2 

17 from 2 & 3 6581669,157 153896,601 42,530  1 -16 4 

17 from 2 & 4 6581669,132 153896,579 42,550 9 -24 -38 24 

17 from 2, 3 & 4 6581669,153 153896,603 42,533  -3 -14 7 

17 from 3 & 4 6581669,149 153896,618 42,528 49 -7 1 2 

18 from 1 & 2 6581672,068 153894,767 42,520 72 7 -14 3 

18 from 1 & 3 6581672,042 153894,797 42,509 18 -19 16 -8 

18 from 1 & 4 6581672,055 153894,781 42,521 63 -6 0 4 

18 from 1, 2 & 3 6581672,065 153894,764 42,520  4 -17 3 

18 from 1, 2 & 4 6581672,063 153894,770 42,522  2 -11 5 

18 from 1, 3 & 4 6581672,053 153894,780 42,519  -8 -1 2 

18 from 2 & 3 6581672,063 153894,756 42,525  2 -25 8 

18 from 2 & 4 6581672,055 153894,752 42,534 39 -6 -29 17 

18 from 2, 3 & 4 6581672,059 153894,764 42,525  -2 -17 8 

18 from 3 & 4 6581672,052 153894,779 42,522 44 -9 -2 5 

18 from 1, 2, 3 & 4 6581672,062 153894,769 42,521  1 -12 4 

20 from 1&6 6581648,999 153909,370 37,543 48 9 -1 -12 

20 from 1,2,3&4 6581649,001 153909,376 37,555  11 5 0 

20 from 1,2,3,4,5&6 6581648,999 153909,374 37,558  9 3 3 

20 from 2&1 6581649,002 153909,373 37,556 64 12 2 1 

20 from 2&6 6581649,002 153909,370 37,535 16 12 -1 -20 

20 from 3&4 6581649,005 153909,388 37,557 59 15 17 2 

20 from 3&5 6581648,997 153909,378 37,550 28 7 7 -5 

20 from 3,4&5 6581649,003 153909,384 37,554  13 13 -1 

20 from 4&5 6581649,021 153909,391 37,558 26 31 20 3 

21 from 1&2 6581651,902 153907,545 37,552 90 10 0 -1 

21 from 1&3 6581651,941 153907,666 37,545 3 49 121 -8 

21 from 1&6 6581651,902 153907,544 37,539 43 10 -1 -14 

21 from 1,2,3&4 6581651,901 153907,553 37,553  9 8 0 

21 from 1,2,3,4&5 6581651,900 153907,552 37,553  8 7 0 

21 from 2&3 6581651,896 153907,546 37,551 78 4 1 -2 

21 from 2,4,3&5 6581651,895 153907,551 37,552  3 6 -1 

21 from 3&4 6581651,900 153907,562 37,556 37 8 17 3 

21 from 3&5 6581651,895 153907,547 37,548 37 3 2 -5 

21 from 4&5 6581651,922 153907,570 37,554  30 25 1 

21 from 4,3&5 6581651,904 153907,562 37,552  12 17 -1 

22 from 1,2,4 &5 6581654,781 153905,731 37,547  7 9 -1 

22 from 1,3,4 &5 6581654,782 153905,737 37,547  8 15 -1 

22 from1, 2,3 &5 6581654,779 153905,723 37,545  5 1 -3 

22 from1, 2,3,4 &5 6581654,780 153905,730 37,546  6 8 -2 

22 from2, 3,4 &5 6581654,774 153905,726 37,548  0 4 0 

22 from4 &3 6581654,781 153905,735 37,550 58 7 13 2 

22 from4 &5 6581654,793 153905,745 37,549 29 19 23 1 

23 from 1,2&3 6581657,658 153903,904 37,548  5 -1 -2 

23 from 1,2&4 6581657,657 153903,910 37,552  4 5 2 

23 from 1,2&6 6581657,661 153903,901 37,536  8 -4 -14 

23 from 1,2,3 &4 6581657,657 153903,910 37,551  4 5 1 

23 from 1,2,3 &5 6581657,657 153903,906 37,547  4 1 -3 

23 from 1,2,4 &5 6581657,657 153903,909 37,550  4 4 0 

23 from 1,3,4 &5 6581657,658 153903,918 37,549  5 13 -1 
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23 from 1,5&4 6581657,657 153903,918 37,550  4 13 0 

23 from 2,5&4 6581657,647 153903,907 37,552  -6 2 2 

23 from 3,4 &5 6581657,658 153903,918 37,550  5 13 0 

23 from1, 2,3, 4 &5 6581657,655 153903,909 37,550  2 4 0 

23 from2, 3, 4 &5 6581657,652 153903,908 37,550  -1 3 0 

24 from 1 & 2 6581660,550 153902,074 37,570 104 8 -4 -1 

24 from 1 & 3 6581660,543 153902,092 37,568 20 1 14 -3 

24 from 1 & 4 6581660,544 153902,090 37,574 79 2 12 3 

24 from 1 & 5 6581660,547 153902,081 37,566 34 5 3 -5 

24 from 1, 2, 3 & 4 6581660,545 153902,080 37,573  3 2 2 

24 from 1, 2, 3 & 5 6581660,547 153902,076 37,569  5 -2 -2 

24 from 1, 2, 3, 4 & 5 6581660,544 153902,080 37,572  2 2 1 

24 from 1, 2, 4 & 5 6581660,545 153902,079 37,572  3 1 1 

24 from 1, 3 & 4 6581660,545 153902,080 37,573  3 2 2 

24 from 1, 3 & 5 6581660,546 153902,083 37,567  4 5 -4 

24 from 1, 3, 4 & 5 6581660,545 153902,088 37,571  3 10 0 

24 from 1, 4 & 5 6581660,546 153902,088 37,571  4 10 0 

24 from 2 & 3 6581660,543 153902,073 37,571 71 1 -5 0 

24 from 2 & 4 6581660,509 153902,070 37,578 8 -33 -8 7 

24 from 2 & 5 6581660,543 153902,073 37,568 59 1 -5 -3 

24 from 2, 3 & 4 6581660,539 153902,078 37,574  -3 0 3 

24 from 2, 3 & 5 6581660,543 153902,074 37,569  1 -4 -2 

24 from 2, 3, 4 & 5 6581660,542 153902,078 37,572  0 0 1 

24 from 2, 4 & 5 6581660,539 153902,077 37,573  -3 -1 2 

24 from 3 & 4 6581660,543 153902,089 37,576 59 1 11 5 

24 from 3 & 5 6581660,543 153902,076 37,567 25 1 -2 -4 

24 from 3, 4 & 5 6581660,546 153902,090 37,571  4 12 0 

24 from 4 & 5 6581660,552 153902,095 37,573 32 10 17 2 

25 from 1, 2, 3 & 4 6581663,417 153900,258 37,549  1 -3 1 

25 from 1, 2, 3 & 5 6581663,418 153900,255 37,545  2 -6 -3 

25 from 1, 2, 4 & 5 6581663,417 153900,258 37,548  1 -3 0 

25 from 1, 3, 4 & 5 6581663,417 153900,267 37,546  1 6 -2 

25 from 2, 3, 4 & 5 6581663,415 153900,256 37,548  -1 -5 0 

25 from 3, 4 & 5 6581663,417 153900,267 37,547  1 6 -1 

25 from 1 & 2 6581663,423 153900,255 37,547 101 7 -6 -1 

25 from 1 & 3 6581663,413 153900,273 37,542 20 -3 12 -6 

25 from 1 & 4 6581663,416 153900,268 37,551 79 0 7 3 

25 from 1 & 5 6581663,418 153900,264 37,542 36 2 3 -6 

25 from 1, 2 & 3 6581663,420 153900,254 37,546  4 -7 -2 

25 from 1, 2 & 4 6581663,417 153900,257 37,550  1 -4 2 

25 from 1, 2 & 5 6581663,419 153900,255 37,546  3 -6 -2 

25 from 1, 2, 3, 4 & 5 6581663,417 153900,258 37,547  1 -3 -1 

25 from 1, 3 & 5 6581663,417 153900,264 37,542  1 3 -6 

25 from 1, 4 & 5 6581663,419 153900,268 37,547  3 7 -1 

25 from 2 & 3 6581663,416 153900,253 37,547 81 0 -8 -1 

25 from 2 & 4 6581663,386 153900,245 37,555 24 -30 -16 7 

25 from 2 & 5 6581663,415 153900,253 37,546 58 -1 -8 -2 

25 from 2, 3 & 4 6581663,412 153900,255 37,551  -4 -6 3 

25 from 2, 3 & 5 6581663,415 153900,253 37,545  -1 -8 -3 

25 from 2, 4 & 5 6581663,411 153900,255 37,550  -5 -6 2 

25 from 3 & 4 6581663,415 153900,266 37,550 57 -1 5 2 

25 from 3 & 5 6581663,416 153900,255 37,540 23 0 -6 -8 

25 from 4 & 5 6581663,420 153900,271 37,549 24 4 10 1 

26 from 1 & 2 6581666,303 153898,429 37,580 70 3 -10 0 

26 from 1 & 3 6581666,299 153898,434 37,578 20 -1 -5 -2 

26 from 1 & 4 6581666,295 153898,441 37,584 20 -5 2 4 

26 from 1 & 5 6581666,298 153898,435 37,575 40 -2 -4 -5 

26 from 1,2&3 6581666,302 153898,428 37,580  2 -11 0 

26 from 1,2&4 6581666,298 153898,431 37,582  -2 -8 2 

26 from 1,2&5 6581666,301 153898,429 37,578  1 -10 -2 

26 from 1,2,3 &4 6581666,298 153898,431 37,582  -2 -8 2 

26 from 1,2,3 &5 6581666,300 153898,428 37,579  0 -11 -1 

26 from 1,2,3,4 & 5 6581666,297 153898,431 37,580  -3 -8 0 

26 from 1,2,4 &5 6581666,298 153898,431 37,581  -2 -8 1 

26 from 1,3 & 4 6581666,298 153898,436 37,574  -2 -3 -6 

26 from 1,3 &5 6581666,299 153898,437 37,574  -1 -2 -6 

26 from 1,3,4 &5 6581666,297 153898,441 37,578  -3 2 -2 

26 from 1,4 &5 6581666,297 153898,441 37,579  -3 2 -1 

26 from 2 & 3 6581666,299 153898,426 37,581 83 -1 -13 1 

26 from 2 & 4 6581666,261 153898,405 37,587 19 -39 -34 7 

26 from 2 & 5 6581666,297 153898,426 37,580 54 -3 -13 0 

26 from 2,3,4 &5 6581666,297 153898,430 37,581  -3 -9 1 

26 from 2,4 &5 6581666,294 153898,427 37,583  -6 -12 3 

26 from 3 & 4 6581666,296 153898,443 37,583 54 -4 4 3 

26 from 3 & 5 6581666,298 153898,434 37,573 20 -2 -5 -7 

26 from 3,4 &5 6581666,297 153898,444 37,580  -3 5 0 

26 from 4 & 5 6581666,300 153898,448 37,581 34 0 9 1 

27 from 1 & 2 6581669,185 153896,605 37,565 78 7 -10 0 

27 from 1 & 3 6581669,163 153896,637 37,560 19 -15 22 -5 

27 from 1 & 4 6581669,175 153896,619 37,569 35 -3 4 4 

27 from 1 & 5 6581669,178 153896,615 37,559 37 0 0 -6 

27 from 1,2 & 3 6581669,180 153896,601 37,564  2 -14 -1 
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27 from 1,2 & 4 6581669,180 153896,606 37,568  2 -9 3 

27 from 1,2 & 5 6581669,181 153896,604 37,564  3 -11 -1 

27 from 1,2,3 & 4 6581669,177 153896,604 37,567  -1 -11 2 

27 from 1,2,3 & 5 6581669,179 153896,601 37,564  1 -14 -1 

27 from 1,2,3 4 & 5 6581669,176 153896,604 37,566  -2 -11 1 

27 from 1,2,4 & 5 6581669,179 153896,607 37,567  1 -8 2 

27 from 1,3,4 & 5 6581669,179 153896,601 37,563  1 -14 -2 

27 from 2 & 3 6581669,175 153896,595 37,566 58 -3 -20 1 

27 from 2 & 4 6581669,113 153896,528 37,577 9 -65 -87 12 

27 from 2 & 5 6581669,178 153896,598 37,565 41 0 -17 0 

27 from 2, 3 & 4 6581669,170 153896,596 37,568  -8 -19 3 

27 from 2, 3 & 5 6581669,176 153896,596 37,565  -2 -19 0 

27 from 2,3,4 & 5 6581669,173 153896,598 37,566  -5 -17 1 

27 from 3 & 4 6581669,169 153896,611 37,570 49 -9 -4 5 

27 from 3 & 5 6581669,176 153896,586 37,558 37 -2 -29 -7 

27 from 3,4 & 5 6581669,173 153896,614 37,565  -5 -1 0 

27 from 4 & 5 6581669,177 153896,622 37,568 32 -1 7 3 

32 from 1 & 2 6581651,888 153907,536 39,609 81 8 -4 0 

32 from 1 & 3 6581651,897 153907,564 39,599 23 17 24 -10 

32 from 1 & 4 6581651,894 153907,553 39,606 58 14 13 -3 

32 from 1 & 5 6581651,895 153907,553 39,602 32 15 13 -7 

32 from 1, 2 & 3 6581651,887 153907,538 39,607  7 -2 -2 

32 from 1, 2 & 4 6581651,890 153907,545 39,608  10 5 -1 

32 from 1, 2 & 5 6581651,888 153907,541 39,606  8 1 -3 

32 from 1, 2,3 & 4 6581651,886 153907,545 39,609  6 5 0 

32 from 1, 2,3 & 5 6581651,886 153907,540 39,607  6 0 -2 

32 from 1, 2,3, 4 & 5 6581651,887 153907,544 39,608  7 4 -1 

32 from 1, 2,4 & 5 6581651,889 153907,545 39,607  9 5 -2 

32 from 1, 3,4 & 5 6581651,891 153907,554 39,605  11 14 -4 

32 from 2 & 3 6581651,884 153907,539 39,608 78 4 -1 -1 

32 from 2 & 4 6581651,842 153907,546 39,619 23 -38 6 10 

32 from 2 & 5 6581651,878 153907,538 39,608 49 -2 -2 -1 

32 from 2, 3,4 & 5 6581651,879 153907,544 39,609  -1 4 0 

32 from 2,3 & 4 6581651,884 153907,545 39,610  4 5 1 

32 from 2,3 & 5 6581651,883 153907,540 39,605  3 0 -4 

32 from 3 & 4 6581651,891 153907,557 39,609  11 17 0 

32 from 3 & 5 6581651,887 153907,546 39,603 29 7 6 -6 

32 from 3,4 & 5 6581651,891 153907,553 39,606  11 13 -3 

32 from 4 & 5 6581651,906 153907,562 39,606 25 26 22 -3 

33 from 1 & 2 6581654,776 153905,714 39,598 95 8 4 -1 

33 from 1 & 3 6581654,776 153905,739 39,589 12 8 29 -10 

33 from 1 & 4 6581654,776 153905,727 39,597 70 8 17 -2 

33 from 1 & 5 6581654,776 153905,720 39,593 41 8 10 -6 

33 from 1,2,3 & 4 6581654,774 153905,721 39,598  6 11 -1 

33 from 1,2,3 & 5 6581654,774 153905,715 39,596  6 5 -3 

33 from 1,2,3, 4 & 5 6581654,774 153905,720 39,597  6 10 -2 

33 from 1,2,4 & 5 6581654,775 153905,720 39,598  7 10 -1 

33 from 1,3,4 & 5 6581654,776 153905,726 39,595  8 16 -4 

33 from 2 & 3 6581654,772 153905,715 39,595 82 4 5 -4 

33 from 2 & 4 6581654,737 153905,718 39,607 25 -31 8 8 

33 from 2 & 5 6581654,772 153905,713 39,595 53 4 3 -4 

33 from 2,3,4 & 5 6581654,772 153905,718 39,599  4 8 0 

33 from 2,4 & 5 6581654,769 153905,718 39,600  1 8 1 

33 from 3 & 4 6581654,775 153905,728 39,597 58 7 18 -2 

33 from 3 & 5 6581654,772 153905,715 39,590 29 4 5 -9 

33 from 3,4 & 5 6581654,777 153905,727 39,595  9 17 -4 

33 from 4 & 5 6581654,789 153905,733 39,595 29 21 23 -4 

34 from 1 & 2 6581660,542 153902,060 39,600 105 7 -5 0 

34 from 1 & 3 6581660,535 153902,081 39,592 20 0 16 -8 

34 from 1 & 4 6581660,538 153902,071 39,601 79 3 6 1 

34 from 1, 2,3 & 4 6581660,537 153902,066 39,601  2 1 1 

34 from 1, 2,3 & 5 6581660,540 153902,061 39,597  5 -4 -3 

34 from 1, 2,3, 4 & 5 6581660,537 153902,066 39,600  2 1 0 

34 from 1, 2,4 & 5 6581660,538 153902,066 39,601  3 1 1 

34 from 1, 3,4 & 5 6581660,537 153902,074 39,597  2 9 -3 

34 from 1,3 & 4 6581660,536 153902,076 39,599  1 11 -1 

34 from 1,3 & 5 6581660,537 153902,068 39,593  2 3 -7 

34 from 1,4 & 5 6581660,539 153902,074 39,600  4 9 0 

34 from 2, 3,4 & 5 6581660,535 153902,065 39,601  0 0 1 

34 from 2,3 & 5 6581660,536 153902,061 39,598  1 -4 -2 

34 from 2,4 & 5 6581660,531 153902,062 39,603  -4 -3 3 

34 from 3,4 & 5 6581660,538 153902,075 39,599  3 10 -1 

34 from 1 & 5 6581660,539 153902,068 39,595 45 4 3 -5 

34 from 2 & 3 6581660,539 153902,060 39,599 85 4 -5 -1 

34 from 2 & 4 6581660,512 153902,059 39,610 24 -23 -6 10 

34 from 2 & 5 6581660,536 153902,062 39,594 59 1 -3 -6 

34 from 3 & 4 6581660,537 153902,073 39,601 59 2 8 1 

34 from 3 & 5 6581660,536 153902,064 39,593 25 1 -1 -7 

34 from 4 & 5 6581660,543 153902,076 39,601 34 8 11 1 

35 from 1 & 2 6581663,411 153900,242 39,599 101 6 -6 2 
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35 from 1 & 3 6581663,401 153900,261 39,590 20 -4 13 -7 

35 from 1 & 4 6581663,403 153900,259 39,599 78 -2 11 2 

35 from 1 & 5 6581663,405 153900,254 39,594 43 0 6 -3 

35 from 1, 2, 3  & 4 6581663,404 153900,247 39,598  -1 -1 1 

35 from 1, 2, 3  & 5 6581663,407 153900,242 39,595  2 -6 -2 

35 from 1, 2, 3, 4 & 5 6581663,403 153900,247 39,596  -2 -1 -1 

35 from 1, 2, 4  & 5 6581663,404 153900,248 39,599  -1 0 2 

35 from 1, 3, 4  & 5 6581663,403 153900,260 39,595  -2 12 -2 

35 from 1, 4  & 5 6581663,404 153900,259 39,596  -1 11 -1 

35 from 1,2 & 3 6581663,410 153900,241 39,596  5 -7 -1 

35 from 1,2 & 4 6581663,405 153900,247 39,600  0 -1 3 

35 from 1,2 & 5 6581663,406 153900,243 39,596  1 -5 -1 

35 from 2 & 3 6581663,406 153900,240 39,597 81 1 -8 0 

35 from 2 & 4 6581663,364 153900,229 39,612 24 -41 -19 15 

35 from 2 & 5 6581663,398 153900,239 39,601 72 -7 -9 4 

35 from 2, 3 & 4 6581663,399 153900,245 39,601  -6 -3 4 

35 from 2, 3 & 5 6581663,402 153900,241 39,596  -3 -7 -1 

35 from 2, 3, 4  & 5 6581663,399 153900,245 39,599  -6 -3 2 

35 from 2, 4  & 5 6581663,393 153900,241 39,603  -12 -7 6 

35 from 3 & 4 6581663,402 153900,260 39,598 57 -3 12 1 

35 from 3 & 5 6581663,403 153900,253 39,591 23 -2 5 -6 

35 from 3, 4  & 5 6581663,403 153900,263 39,596  -2 15 -1 

35 from 4 & 5 6581663,405 153900,263 39,600 34 0 15 3 

36 from 1 & 2 6581666,300 153898,415 39,605 92 8 -7 0 

36 from 1 & 3 6581666,289 153898,429 39,598 20 -3 7 -7 

36 from 1 & 4 6581666,290 153898,430 39,607 74 -2 8 2 

36 from 1 & 5 6581666,292 153898,425 39,599 40 0 3 -6 

36 from 1, 2 & 3 6581666,296 153898,412 39,604  4 -10 -1 

36 from 1, 2 & 4 6581666,293 153898,417 39,608  1 -5 3 

36 from 1, 2 & 5 6581666,296 153898,415 39,603  4 -7 -2 

36 from 1, 2, 3 & 4 6581666,293 153898,416 39,608  1 -6 3 

36 from 1, 2, 3 & 5 6581666,295 153898,414 39,604  3 -8 -1 

36 from 1, 2, 3, 4 & 5 6581666,293 153898,417 39,605  1 -5 0 

36 from 1, 2, 4 & 5 6581666,293 153898,416 39,606  1 -6 1 

36 from 1, 3 & 4 6581666,289 153898,429 39,605  -3 7 0 

36 from 1, 3 & 5 6581666,291 153898,427 39,598  -1 5 -7 

36 from 1, 3, 4 & 5 6581666,290 153898,426 39,603  -2 4 -2 

36 from 1, 4 & 5 6581666,291 153898,429 39,604  -1 7 -1 

36 from 2 & 3 6581666,293 153898,412 39,606 72 1 -10 1 

36 from 2 & 4 6581666,251 153898,388 39,621 19 -41 -34 16 

36 from 2 & 5 6581666,293 153898,412 39,605 71 1 -10 0 

36 from 2, 3, 4 & 5 6581666,290 153898,414 39,607  -2 -8 2 

36 from 2, 4 & 5 6581666,288 153898,413 39,608  -4 -9 3 

36 from 3 & 4 6581666,289 153898,430 39,608 54 -3 8 3 

36 from 3 & 5 6581666,292 153898,417 39,598 52 0 -5 -7 

36 from 3, 4 & 5 6581666,291 153898,427 39,604  -1 5 -1 

37 from 1 & 2 6581669,182 153896,592 39,618 77 7 -10 0 

37 from 1 & 3 6581669,158 153896,624 39,609 19 -17 22 -9 

37 from 1 & 4 6581669,172 153896,606 39,621 69 -3 4 3 

37 from 1 & 5 6581669,174 153896,603 39,611 37 -1 1 -7 

37 from 1, 2 & 3 6581669,178 153896,589 39,617  3 -13 -1 

37 from 1, 2 & 5 6581669,180 153896,592 39,617  5 -10 -1 

37 from 1, 2, 3 & 4 6581669,176 153896,591 39,621  1 -11 3 

37 from 1, 2, 3 & 5 6581669,178 153896,589 39,617  3 -13 -1 

37 from 1, 2, 3, 4 & 5 6581669,176 153896,592 39,620  1 -10 2 

37 from 1, 2, 4 & 5 6581669,178 153896,594 39,620  3 -8 2 

37 from 1, 3 & 4 6581669,168 153896,606 39,618  -7 4 0 

37 from 1, 3 & 5 6581669,172 153896,601 39,609  -3 -1 -9 

37 from 1, 4 & 5 6581669,174 153896,606 39,618  -1 4 0 

37 from 2 & 3 6581669,172 153896,581 39,621 58 -3 -21 3 

37 from 2 & 4 6581669,124 153896,531 39,644 9 -51 -71 26 

37 from 2 & 5 6581669,176 153896,585 39,621 41 1 -17 3 

37 from 2, 3 & 4 6581669,170 153896,585 39,624  -5 -17 6 

37 from 2, 3, 4 & 5 6581669,172 153896,588 39,621  -3 -14 3 

37 from 2, 4 & 5 6581669,173 153896,588 39,623  -2 -14 5 

37 from 3 & 4 6581669,165 153896,598 39,622 49 -10 -4 4 

37 from 3 & 5 6581669,173 153896,570 39,613 17 -2 -32 -5 

37 from 3, 4 & 5 6581669,169 153896,601 39,619  -6 -1 1 

37 from 4 & 5 6581669,175 153896,614 39,620 32 0 12 2 
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