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Information about accuracy doing indirect height measurements
Some Leica DISTO™ devices are offering the possibility of measuring heights or widths using indirect measurement functions with Pythagoras theorem or with inclination sensor. Generally it is recommended to measure any height directly at the object by using simple distance measurement. If this is not possible because the object is not accessible or a high accuracy is not needed measurements can be also taken with the indirect measurement functions.
Measurement of height (vertical measurement) respectivelly width (horizontal measurement) by Pythagoras function 
To achieve highest accuracy with the Pythagoras function you should chose a stable stand. If this is not possible you should use a photo tripod or we recommend using the Leica TRI 100. 
During the Pythagoras measurements the instrument will be tilted on the tripod. Since the axis of the tripod is not in line with the axis of the laser beam you will get a systematic error. This error is quite small and if you are using the minimum tracking for the rectangular measurement it will be negligible. 

For measurements from the tripod you have to change the measurement reference of the Leica DISTO™ to the correspondent position otherwise you will get as a deviation the distance between rear of the housing and the tripod thread. If you are measuring the object from a distance which is about the same as the height of the object you want to measure the deviation is only 40% of the distance between instrument rear and tripod thread. If you chose twice the height of the measurement object as a distance the deviation will be 25% of the distance between instrument rear and tripod thread.
Measurement of height using the inclination sensor
To achieve highest accuracy you should chose a stable stand. If this is not possible you should use a photo tripod or we recommend using the Leica TRI 100. 
The accuracy of the result is depending on the accuracy of the inclination sensor for calculating the partial heights as well as the influence of the distance between tripod tilting axis and the axis of the laser beam.

As a result of these errors following deviations are possible:
Maximum possible deviations in meter
Assumptions:

- Accuracy of the inclination sensor is +/- 0.15° to laser beam

- Instrument is mounted on the tripod Leica TRI 100 Stativ at a working height of 1.5m

	
	
	Distance to measurement object [m]

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Height of measurement object [m]
	1
	0.016
	0.016
	0.019
	0.023
	0.027
	0.032
	0.037
	0.042
	0.048
	0.053
	0.058
	0.063
	0.068
	0.073
	0.079
	0.084
	0.089
	0.094
	0.100
	0.105

	
	2
	0.074
	0.037
	0.029
	0.029
	0.031
	0.035
	0.039
	0.044
	0.049
	0.054
	0.059
	0.064
	0.069
	0.074
	0.079
	0.084
	0.089
	0.095
	0.100
	0.105

	
	3
	0.180
	0.073
	0.047
	0.039
	0.038
	0.040
	0.043
	0.047
	0.051
	0.055
	0.060
	0.065
	0.070
	0.075
	0.080
	0.085
	0.090
	0.095
	0.100
	0.105

	
	4
	0.300
	0.119
	0.070
	0.053
	0.047
	0.046
	0.048
	0.050
	0.054
	0.058
	0.062
	0.067
	0.071
	0.076
	0.081
	0.086
	0.091
	0.096
	0.101
	0.106

	
	5
	0.425
	0.169
	0.097
	0.070
	0.059
	0.054
	0.054
	0.055
	0.058
	0.061
	0.065
	0.069
	0.073
	0.078
	0.082
	0.087
	0.092
	0.097
	0.102
	0.107

	
	6
	0.551
	0.221
	0.126
	0.088
	0.071
	0.064
	0.061
	0.061
	0.062
	0.065
	0.068
	0.071
	0.075
	0.080
	0.084
	0.089
	0.093
	0.098
	0.103
	0.108

	
	7
	0.678
	0.275
	0.157
	0.108
	0.085
	0.074
	0.069
	0.067
	0.067
	0.069
	0.071
	0.074
	0.078
	0.082
	0.086
	0.090
	0.095
	0.099
	0.104
	0.109

	
	8
	0.805
	0.329
	0.188
	0.129
	0.100
	0.085
	0.077
	0.074
	0.073
	0.073
	0.075
	0.078
	0.081
	0.084
	0.088
	0.092
	0.097
	0.101
	0.106
	0.110

	
	9
	0.933
	0.384
	0.220
	0.150
	0.115
	0.097
	0.086
	0.081
	0.079
	0.078
	0.079
	0.081
	0.084
	0.087
	0.091
	0.094
	0.098
	0.103
	0.107
	0.112

	
	10
	1.061
	0.439
	0.252
	0.172
	0.131
	0.109
	0.096
	0.089
	0.085
	0.084
	0.084
	0.085
	0.087
	0.090
	0.093
	0.097
	0.101
	0.105
	0.109
	0.113

	
	11
	1.188
	0.494
	0.285
	0.194
	0.148
	0.121
	0.106
	0.097
	0.092
	0.090
	0.089
	0.089
	0.091
	0.093
	0.096
	0.099
	0.103
	0.107
	0.111
	0.115

	
	12
	1.316
	0.549
	0.317
	0.217
	0.164
	0.134
	0.116
	0.105
	0.099
	0.095
	0.094
	0.094
	0.095
	0.097
	0.099
	0.102
	0.105
	0.109
	0.113
	0.117

	
	13
	1.444
	0.604
	0.350
	0.239
	0.181
	0.147
	0.127
	0.114
	0.106
	0.102
	0.099
	0.099
	0.099
	0.100
	0.102
	0.105
	0.108
	0.111
	0.115
	0.119

	
	14
	1.572
	0.660
	0.383
	0.262
	0.198
	0.161
	0.138
	0.123
	0.114
	0.108
	0.105
	0.103
	0.103
	0.104
	0.106
	0.108
	0.111
	0.114
	0.117
	0.121

	
	15
	1.700
	0.716
	0.417
	0.285
	0.215
	0.174
	0.149
	0.132
	0.121
	0.115
	0.111
	0.108
	0.108
	0.108
	0.109
	0.111
	0.114
	0.116
	0.119
	0.123

	
	16
	1.828
	0.771
	0.450
	0.308
	0.232
	0.188
	0.160
	0.141
	0.129
	0.121
	0.116
	0.114
	0.112
	0.112
	0.113
	0.114
	0.116
	0.119
	0.122
	0.125

	
	17
	1.956
	0.827
	0.483
	0.331
	0.249
	0.201
	0.171
	0.151
	0.137
	0.128
	0.122
	0.119
	0.117
	0.116
	0.117
	0.118
	0.120
	0.122
	0.124
	0.127

	
	18
	2.084
	0.883
	0.517
	0.354
	0.267
	0.215
	0.182
	0.160
	0.145
	0.135
	0.129
	0.124
	0.122
	0.121
	0.121
	0.121
	0.123
	0.125
	0.127
	0.130

	
	19
	2.213
	0.938
	0.550
	0.377
	0.284
	0.229
	0.193
	0.170
	0.153
	0.142
	0.135
	0.130
	0.127
	0.125
	0.125
	0.125
	0.126
	0.128
	0.130
	0.132

	
	20
	2.341
	0.994
	0.583
	0.400
	0.302
	0.243
	0.205
	0.179
	0.162
	0.149
	0.141
	0.135
	0.132
	0.129
	0.129
	0.129
	0.129
	0.131
	0.133
	0.135


These calculations are showing up the maximum possible deviation. To have lowest deviations we recommend to chose a measuring distance of about the height of the measurement object. 
Information about the accuracy measuring the direct horizontal distance with an inclination 
When doing measurements it is very often required to get the horizontal value as it is printed in working-plans. Horizontal measurements can be done by holding the instrument exactly horizontal with the indication by the bubble level but sometimes this procedure is cumbersome or you cannot measure horizontal because something (e.g. cabinet, plants, …) is standing in the measurement line. Here the function for direct horizontal measurements is very useful. This function leads to a less measurement accuracy but many times it is he only way how to solve a measurement problem and the occurring deviation is smaller than the required accuracy for further use of the data. 
The maximum deviation relatively to the measuring angle you can find in the table below.

Assumption:

- Accuracy of inclination sensor to the laser beam is +/- 0.15° (for an accuracy of the inclination sensor of +/- 0.3° you can take the values from the table and multiply by 2)
	
	
	Distance to measurement object [m]

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Inlination of measurement [°]
	0
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	
	5
	0.000
	0.000
	0.001
	0.001
	0.001
	0.001
	0.002
	0.002
	0.002
	0.002
	0.003
	0.003
	0.003
	0.003
	0.003
	0.004
	0.004
	0.004
	0.004
	0.005

	
	10
	0.000
	0.001
	0.001
	0.002
	0.002
	0.003
	0.003
	0.004
	0.004
	0.005
	0.005
	0.006
	0.006
	0.007
	0.007
	0.007
	0.008
	0.008
	0.009
	0.009

	
	15
	0.001
	0.001
	0.002
	0.003
	0.004
	0.004
	0.005
	0.006
	0.006
	0.007
	0.008
	0.008
	0.009
	0.010
	0.011
	0.011
	0.012
	0.013
	0.013
	0.014

	
	20
	0.001
	0.002
	0.003
	0.004
	0.005
	0.006
	0.007
	0.008
	0.009
	0.010
	0.011
	0.011
	0.012
	0.013
	0.014
	0.015
	0.016
	0.017
	0.018
	0.019

	
	25
	0.001
	0.002
	0.004
	0.005
	0.006
	0.007
	0.009
	0.010
	0.011
	0.012
	0.013
	0.015
	0.016
	0.017
	0.018
	0.020
	0.021
	0.022
	0.023
	0.024

	
	30
	0.002
	0.003
	0.005
	0.006
	0.008
	0.009
	0.011
	0.012
	0.014
	0.015
	0.017
	0.018
	0.020
	0.021
	0.023
	0.024
	0.026
	0.027
	0.029
	0.030

	
	35
	0.002
	0.004
	0.006
	0.007
	0.009
	0.011
	0.013
	0.015
	0.017
	0.018
	0.020
	0.022
	0.024
	0.026
	0.028
	0.029
	0.031
	0.033
	0.035
	0.037

	
	40
	0.002
	0.004
	0.007
	0.009
	0.011
	0.013
	0.015
	0.018
	0.020
	0.022
	0.024
	0.026
	0.029
	0.031
	0.033
	0.035
	0.037
	0.040
	0.042
	0.044

	
	45
	0.003
	0.005
	0.008
	0.010
	0.013
	0.016
	0.018
	0.021
	0.024
	0.026
	0.029
	0.031
	0.034
	0.037
	0.039
	0.042
	0.045
	0.047
	0.050
	0.052

	
	50
	0.003
	0.006
	0.009
	0.012
	0.016
	0.019
	0.022
	0.025
	0.028
	0.031
	0.034
	0.037
	0.041
	0.044
	0.047
	0.050
	0.053
	0.056
	0.059
	0.062

	
	55
	0.004
	0.007
	0.011
	0.015
	0.019
	0.022
	0.026
	0.030
	0.034
	0.037
	0.041
	0.045
	0.049
	0.052
	0.056
	0.060
	0.064
	0.067
	0.071
	0.075

	
	60
	0.005
	0.009
	0.014
	0.018
	0.023
	0.027
	0.032
	0.036
	0.041
	0.045
	0.050
	0.054
	0.059
	0.064
	0.068
	0.073
	0.077
	0.082
	0.086
	0.091

	
	65
	0.006
	0.011
	0.017
	0.022
	0.028
	0.034
	0.039
	0.045
	0.051
	0.056
	0.062
	0.067
	0.073
	0.079
	0.084
	0.090
	0.096
	0.101
	0.107
	0.112

	
	70
	0.007
	0.014
	0.022
	0.029
	0.036
	0.043
	0.050
	0.058
	0.065
	0.072
	0.079
	0.086
	0.094
	0.101
	0.108
	0.115
	0.122
	0.130
	0.137
	0.144

	
	75
	0.010
	0.020
	0.029
	0.039
	0.049
	0.059
	0.068
	0.078
	0.088
	0.098
	0.108
	0.117
	0.127
	0.137
	0.147
	0.156
	0.166
	0.176
	0.186
	0.195

	
	80
	0.015
	0.030
	0.045
	0.059
	0.074
	0.089
	0.104
	0.119
	0.134
	0.149
	0.163
	0.178
	0.193
	0.208
	0.223
	0.238
	0.252
	0.267
	0.282
	0.297

	
	85
	0.030
	0.060
	0.090
	0.120
	0.150
	0.180
	0.209
	0.239
	0.269
	0.299
	0.329
	0.359
	0.389
	0.419
	0.449
	0.479
	0.509
	0.539
	0.569
	0.599
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