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repeatability

precision
... the capability of repeating measurements
under defined conditions s = 1,2mm

resolution

… 123,456 m
123,457 m
123,458 m  .....

The smallest increment an instrument 

can detect and display

trueness

accuracy
... the difference between
measured and nominal values 

vocabulary- quality of measurements 

virtual magnifying glass



calibration
the documented comparison of the 

measurement device to be calibrated 

against a traceable reference device.

vocabulary-validation and calibration
nominal 123,456m

measured 123,451m
=nominal-measured 0,005m

validation

investigation whether the results of a measurement 

system are within a predefined range compared to the 
nominal value(s)

What is the difference between calibration and validation ? 

in both cases we need nominal values

improve the measurement accuracy 

calibration

isolated components
like additional constant, scale factor, …

… does the measurement
system fulfil the specifications?

validation

holistic approach

The aims are different 



How does it work?

1. Create nominal values  

- several measurement systems with higher accuracy
- use only checked instruments
- overdetermined determination with accuracy proofed 

(Least Squares Adjustment  

2. Define the specifications for 
the system to be checked

- depending on
…  the purpose 

- … the specifications of the manufacturer

3. Do the validation

∆𝑖= Nominal𝑖 −Measured𝑖

For i = 1 to n

IF ABS(∆𝑖) > Specs𝑖
YES

NO



North Rhine-Westphalia 
17,6 Millions inhabitants
350 publicly appointed surveyors 

There is no general law or regulation for surveying instruments in Germany

North Rhine-Westphalia

Germany

Bavaria

BerlinLower Saxony

Saxony

Example for the validation of tacheometers for legal survey

For legal surveying work each Office had to proof on a yearly base
the functionality of the electronic distance measurement 
equipment. since 1985

Disadvantages

- only EDM-part is checked  → angles are not included
- the check was on a base line with pillars
- components like the reflector rod, software, centering, or the operator himself 

are not part of the proof 



Test field Bochum – geometrical lay out

2D- Test Field consisting of 9 ground control points

- local coordinate system
- each coordinate s < 1 mm

Nominal coordinates



Test field Bochum Phase 1 – Free Station 

1st step: Free station 



Test field Bochum Phase 2 – Measure Polar Points 

2nd step: Polar points 



Test field Bochum Phase 3 – Comparison  

Nominal- coordinates – measured coordinates classification [m]

Comparison

result of the validation [m]



simulation – geometry free station



simulation of the geometrical layout with MATLAB 

with and without systematic errors here additional constant of 5mm



results- 65 different measurements (validations)



analysis – potential error sources?

2. environmental conditions
air temperature 

air pressure air moisture

3. Observer (User) 

a. Measurements 

measurement reflector height / instruments height

Centering horizontalisation

b. Software Total Station  Mis-Usage of the software 

for example: wrong additional constant

1. Measurement system additional constant

scale factor 
cyclic errors centering

phase inhomogeneities 

1 manufacturer
9 different prism types
5 different additional constants from 0 - 35 mm



analysis
- real errors

The requirement was to “stay” within
± 1cm = ±10mm for all 5 polar points 

The main reasons for failure were

- a bended or distorted reflector pole 
- wrong additional constant in the software 

Modification of the procedure

1. check the additional constant
between 2 points of the test field 

2a) Free Station

2b) Measure the Polar points

2c) Compare the measurements
with the nominal values

IF successful continue with the full procedure



Summary - 1

Today there are 14 different test fields (spread over the state) 
for Tacheometers and GNSS-rover systems available!   

In addition there is a web based software - free of charge- available 
for the automatic processing including the generation of a certificate!     

Since 5 years this procedure of “validation” is binding
- for all legally appointed surveyors  + 
- for all state surveying offices in North Rhine-Westphalia (Germany) 

the pillar based calibration of EDM is no longer mandatory! 

Philosophy of the test procedure

- the nominal values are published (no secrets!)
- it is a self test (trust)



Summary - 2

Advantages of „Validation“

- Holistic approach

- complex systems can be checked



Thank you very much
for your attention!

contact: rudolf.staiger@dvw.de


