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SUMMARY 

The development of modern software and computing technology allows a range of benefits for data acquisition and processing. Today we can therefore handle a large amount of statistical data obtained through extensive measurements, and make right decisions based on the results of those tests. This is especially important for deformation analysis, because it is often very small movements, not easily visible through data analysis, that make a difference. This paper will present the results of deformation analysis of network points in the southern part of the tunnel St. Ilija. Measurements were carried out in several epochs. Deformation analysis was performed using the software package Panda, and an independent review of the results was made.
1. INTRODUCTION
Tunnel St. Ilija is located in Croatia, on the connecting road Zagvozd-Baška Voda and passes through the mountain range Biokovo. It consists of main and service pipes whose axes are spaced 25 m. Due to the inaccessible terrain, the tunnel represented a real challenge for all who worked on its breakthrough. Overburden height of over 1300 m ranks it among the largest road tunnels in limestone overburden in the world. Considering this is a fairly long tunnel - over 4000 m, surveying professionals have been set with very high demands related to measurement accuracy associated with breakthrough. For the purpose of drilling the tunnel, surveying micro-networks were established in front of the northern and southern portals. That micro-networks represent the geodetic basis from which the projected geometric elements were transfered in the natural environment of the tunnel when breakthrough was completed. Underground geodetic basis on the northern side of the tunnel was consisted of pillars, which were stabilized at the edge of the tunnel, while the southern part of the underground geodetic control points were stabilized in the tunnel rock. Control measurements were performed approximately every 500 m in the tunnel, the network of triangles was observed, and all measurements were carried out with Trimble S6 total station and processed in the PANDA software package v. 4.08. [1] [2]
2. QUALITY ANALYSIS OF GEODETIC MEASUREMENTS
Due to the presence of unavoidable errors in the measurement process, repeated measurements of the same measured size mainly differ. When there is little disagreement between repeated observations, it is considered that they are accurate. Precise values ​​are not necessarily the correct values​​. Accuracy and precision are statistical terms. Today, the error of measurement is defined as the difference between the measurement results and the true value of the measurand. Since a true value can not be determined, in practice there can be used the so-called conventional true value - the value of the measured size which was obtained with a sufficiently accurate measurement procedure or it can be the default maximum tolerance. 

In the measurement theory, there is a term to express the quality of measurements and test results – uncertainty of measurement. It is based on measuring results rather than the unknowable sizes such as the true value and deviation. The measurements are not wrong, but uncertain, and uncertainty of measurement results is a numerical evidence of its quality by applying the basic parameters, namely the standard deviation (positive square root of the variance of measurement).
In the deformation analysis, based on geodetic measurements made over different time periods, the incurred spatial displacements and deformations of the constructed buildings or the earth's surface are revealed and determined, using the methods of statistical analysis. [3]
3. DEFORMATION ANALYSIS

If a control or a surveillance net has been observed and evaluated in at least two Epochs, a deformation analysis can be made, to detect significant individual point movements. 

Within the Software Package PANDA, the program DEFANA is responsible for performing the deformation analysis computations. It performs a deformation analysis from two sets of observed networks - two Epochs. Depending on the scope of the available cofactor matrix, either a rigorous or an approximated analysis is run. To determine movements, either a one-step or a two-step analysis can be selected. Heart of the analysis is a global congruency test, which tests the net - or parts of the net - against significant discrepancies. Firstly, starting with the reference points, the program DEFANA follows a backwards strategy during which any significant movement of individual reference points is found. Subsequently, a forward strategy is followed, during which the group of stable points is gradually extended by further points.

The relative discrepancy of a point is a criterion for its selection of being either a moved point or a stable point. In a two-step analysis, a single point test is applied to all object points and to all reference points that have been recognized as significantly moved. [4]
3.1 Possibilities of the Program DEFANA
Depending on the scope of the available stochastic information, either a rigorous or an approximate analysis is run. A rigorous analysis will only be made when complete cofactor matrices are available for both Epochs and the adjustment fulfils certain conditions. An approximate analysis will be made when the cofactor matrices are either incomplete

(sub-matrices on the diagonals) or are missing altogether. In the program DEFANA, it can be selected between either a one-step or a two-step analysis to determine any movement.
3.1.1 The two-step analysis (absolute model)
With a two-step analysis, the movement of an object relative to previously defined reference points will be determined. Firstly, an analysis to find any movement within the reference points is performed:
1. backward strategy for all reference points 

2. forward strategy for the reference points recognized as displaced. 
Subsequently, an F-Test (single point test) for each object point and for each displaced reference point is run, to find significant discrepancies. It is not possible for object points to become reference points by this process. [4]
3.1.2 The one-step analysis (relative model)
During a one-step analysis, the movement of a point is determined in relation to the other points. This analysis does not differentiate between object and reference points within a group of points, and all points can either be, or become, reference points. Starting with a backwards strategy at the reference points, any significantly displaced reference points are discovered. In the following forward strategy, points are added - one by one - to the reference points and the so extended net of reference points is tested to see if the addition has caused any significant discrepancies (global congruency test). If significant discrepancies are apparent, then the last point added is again removed from the list of reference points and the forward strategy ended. If no significant discrepancies can be found, then a further point is added and tested. [4]
3.2 Deformation analysis of the St. Ilija’s southern portal
The observations from a total of 3 Epochs, named 1, 2, 3 are simulated in this model. The Epochs 1 - 2 and 2 - 3 are put in comparison. The points of the tunnel’s southern micro network were set as datum points, and two step analysis was carried out. 
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Figure 1 Adjusted version in PANDA 
In comparison of Epoch 1 and 2, there were 23 identical and reference points for 2D analysis, and 24 identical points for 1D analysis. The graphic results are shown below (Figure 2 and 3), and the numeric results of the analysis are shown in Tables 1 and 2.
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Figure 2 2D deformation analysis - Epoch 1 and 2
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Figure 3 1D deformation analysis - Epoch 1 and 2
On the other hand, when Epoch 2 and 3 were compared, there were 35 identical and reference points for both 2D and 1D analysis. The graphic results are shown below (Figure 4 and 5), and the numeric results of the analysis are shown in Tables 3 and 4.
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Figure 4 2D deformation analysis - Epoch 2 and 3
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Figure 5 1D deformation analysis - Epoch 2 and 3
Table 1 Results of the two step analysis – Epoch 1 and 2

	Discrepancies of the reference points
	Precision

	Seq.No.
	Point
	dx [mm]
	dy [mm]
	Dis [mm]
	A [mm]
	B [mm]
	Th [deg]
	Sx [mm]
	Sy [mm]

	1
	40
	-0.73
	-2.17
	2.29
	5.54
	4.26
	356.09
	2.25
	1.73

	2
	41
	-2.09
	-0.12
	2.09
	7.92
	3.28
	348.96
	3.17
	1.45

	3
	42
	-2.52
	4.59
	2.98
	12.73
	3.59
	336.47
	4.78
	2.46

	4
	43
	-0.60
	1.75
	1.85
	19.72
	4.20
	330.39
	7.01
	4.23

	5
	44
	1.47
	1.41
	2.04
	27.04
	4.15
	327.33
	9.29
	6.09

	6
	45
	4.42
	0.33
	4.43
	27.64
	4.31
	326.66
	9.43
	6.34

	7
	61
	-1.80
	-0.36
	1.83
	7.69
	3.35
	344.41
	3.03
	1.56

	8
	62
	-1.97
	1.05
	2.24
	12.56
	3.73
	332.81
	4.59
	2.69

	9
	64
	0.83
	0.67
	1.07
	26.98
	4.33
	325.67
	9.10
	6.35

	22
	P110
	0.47
	-0.55
	0.72
	3.58
	3.12
	299.09
	1.31
	1.41

	23
	P111
	2.53
	-3.61
	4.41
	9.84
	1.72
	341.82
	3.80
	1.41



  
Table 2 Results of the two step analysis – Epoch 1 and 2

	Discrepancies of the reference points
	Precision

	Seq.No.
	Point
	dz [mm]
	Dis [mm]
	A [mm]
	Sz [mm]

	1
	40
	0.63
	0.63
	2.59
	1.31

	2
	41
	-0.61
	-0.61
	2.54
	1.28

	3
	42
	-0.32
	-0.32
	2.61
	1.32

	4
	43
	0.01
	0.01
	3.01
	1.52

	5
	44
	-0.68
	-0.68
	2.96
	1.50

	6
	45
	-1.12
	-1.12
	3.16
	1.60

	7
	61
	0.49
	0.49
	2.56
	1.29

	8
	62
	0.45
	0.45
	2.63
	1.33

	9
	64
	-0.65
	-0.65
	2.99
	1.51

	10
	201
	1.59
	1.59
	1.83
	0.92

	23
	P111
	1.49
	1.49
	1.99
	1.00

	24
	P112
	-1.28
	-1.28
	2.31
	1.17




Table 3 Results of the two step analysis – Epoch 2 and 3

	Discrepancies of the reference points
	Precision

	Seq.No.
	Point
	dx [mm]
	dy [mm]
	Dis [mm]
	A [mm]
	B [mm]
	Th [deg]
	Sx [mm]
	Sy [mm]

	1
	41
	0.10
	1.08
	1.08
	5.71
	3.73
	332.16
	2.17
	1.72

	2
	42
	1.51
	-1.56
	2.17
	7.57
	3.77
	332.45
	2.82
	1.97

	3
	43
	2.36
	-1.40
	2.75
	11.43
	4.08
	328.88
	4.07
	2.79

	4
	44
	1.04
	-2.16
	2.39
	17.55
	4.20
	326.17
	6.00
	4.22

	5
	45
	0.84
	-1.88
	2.06
	25.48
	4.38
	324.70
	8.51
	6.16

	Discrepancies of the reference points
	Precision

	Seq.No.
	Point
	dx [mm]
	dy [mm]
	Dis [mm]
	A [mm]
	B [mm]
	Th [deg]
	Sx [mm]
	Sy [mm]

	6
	46
	0.10
	-1.50
	1.50
	33.69
	4.57
	323.90
	11.12
	8.20

	7
	47
	-0.34
	-0.43
	0.55
	44.20
	4.85
	323.31
	14.45
	10.84

	8
	48
	-2.15
	0.44
	2.20
	49.71
	4.99
	323.01
	16.18
	12.26

	9
	61
	0.16
	0.89
	0.90
	5.71
	3.62
	330.89
	2.15
	1.71

	10
	62
	1.37
	-1.53
	2.05
	7.54
	3.78
	329.84
	2.76
	2.03

	11
	64
	1.69
	-1.47
	2.24
	17.51
	4.32
	324.22
	5.86
	4.40

	12
	66
	0.10
	-1.48
	1.49
	33.69
	4.68
	322.79
	10.96
	8.42

	13
	67
	-1.59
	0.65
	1.72
	44.08
	4.86
	322.50
	14.26
	11.02

	14
	68
	-1.89
	0.93
	2.10
	49.69
	5.00
	322.37
	16.04
	12.43

	15
	201
	-1.81
	4.31
	4.67
	6.26
	2.41
	333.98
	2.33
	1.42

	33
	P110
	1.12
	1.05
	1.54
	4.99
	2.16
	310.00
	1.47
	1.65

	34
	P111
	-2.61
	4.06
	4.83
	8.78
	1.85
	334.72
	3.24
	1.67



 
Table 4 Results of the two step analysis – Epoch 2 and 3

	Discrepancies of the reference points
	Precision

	Seq.No.
	Point
	dz [mm]
	Dis [mm]
	A [mm]
	Sz [mm]

	1
	41
	-0.97
	-0.97
	3.21
	1.62

	2
	42
	-0.69
	-0.69
	3.31
	1.68

	3
	43
	-0.93
	-0.93
	3.61
	1.83

	4
	44
	-0.33
	-0.33
	3.87
	1.96

	5
	45
	0.56
	0.56
	4.14
	2.10

	6
	46
	2.59
	2.59
	4.36
	2.21

	7
	47
	1.37
	1.37
	4.92
	2.49

	8
	48
	1.06
	1.06
	4.83
	2.45

	9
	61
	-0.89
	-0.89
	3.22
	1.63

	10
	62
	-0.77
	-0.77
	3.33
	1.69

	11
	64
	-0.79
	-0.79
	3.89
	1.97

	12
	66
	1.03
	1.03
	4.38
	2.22

	13
	67
	1.34
	1.34
	4.88
	2.47

	14
	68
	1.69
	1.69
	4.83
	2.45

	18
	503
	-5.83
	-5.83
	3.21
	1.63

	33
	P110
	-0.72
	-0.72
	2.02
	1.02

	34
	P111
	-0.08
	-0.08
	2.48
	1.26

	35
	P112
	2.36
	2.36
	2.89
	1.46



 
4. CONCLUSION
Panda Software package has a great potential for application in engineering surveying jobs. Among other things, it facilitates the work and decision making by allowing implementation of analysis and statistical tests for a large number of data in a short period of time. 

In tunneling, except for control of the tunnel breakthrough, deformation analysis is also used to control any point displacement, so that the rock movement can be realized on time, and to prevent eventual rock collapsing. 
In our case, deformation analysis of the tunnel was used to control any point movement in the breakthrough of the tunnel. The use of software package Panda was also extremely helpful for control measurements in the breakthrough of the tunnel St. Ilija, and eventually we obtained excellent results: the positional deviation of the last points before the breakthrough of the tunnel was less than 2 cm, and height deviation was less than 0.5 cm.
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