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Three things | don't like in GNSS RTK surveying...

1. Levelling the pole 2. Measuring obstructed points

0.0408 1 o0.asss
451.0346 m = 01764

3. Any kind of on-site calibrations
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Tilt compensation RTK of the Leica GS18 T

= Main advantages over magnetometer-based approaches
= Completely free from on-site calibrations
* |[mmune to magnetic disturbances

= Applicable at large tilt angles (= 30 degrees)

» |nnovative tilt compensation technologies
= Based on precise IMU measurements (instead of magnetometer)

= Sophisticated GNSS/INS integration with quality control mechanisms

IMU: inertial measurement unit
INS: inertial navigation system
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Compensation of pole tilt

= Assumptions
= Surveying pole is a rigid body
= Length of the pole is precisely known
» Pole tip position derived using
= GNSS phase center position
= Length of the pole (l) &
eﬁﬁﬁﬁﬁﬂ‘
= Attitude of the pole
» Interpretation of pole attitude

= Tilt (t) and direction of tilt (lambda)

= Sensor heading (gamma)

Phase center
position

~~

Pole tip
position

©
- when it has to be right ie‘_g

Geosystems




GNSS/INS integration

Accelerations

Accelerometer

Angular .
Gyroscope g — | | Attitude
velocities

Tilt-compensated Heading-aided
pole tip position 3D visualization

Tilt and direction of tilt Heading

Leica
Captivate

Position
and
velocity

= Each IMU is factory calibrated over the whole operating temperature range

= Consistency checks between GNSS and INS for high system robustness

=  Automatic start of tilt compensation through meter-level movements

5
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Accuracy aspects

= Accuracy evaluation using a laser tracker system as reference

» Considering different pole dynamics: static, kinematic, stop-and-go, etc.

Attitude and position RMS errors of the Leica GS18 T (pole length: 1.800 m)

Number of Tilt 3D attitude GNSS 3D Total 3D
positions error error error (PC) | error (PT) | error (PT)

18986 0.150 deg 1.014 deg 0.018 m 0.011 m 0.022 m

= Total error budget behaves according to the error propagation law

_ |2 2
OTotal = J OGnss T Oins

PC: phase center
PT: pole tip
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Performance analysis
Static vs. Instantaneous

RMS error of tilt-compensated RTK positions
M 30-s static M Instantaneous

0.018

0.015 100 measurements with GS18 T (pole length: 1.800 m)

0.012 -

E 0.009 -

0.006 -
0.003 -
0.000 -

3D 2D 1D

* Increasing productivity by measuring points instantaneously

= Similar accuracy between 30-static and instantaneous measurements
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Performance analysis
Static vs. Instantaneous

2D errors of tilt-compensated RTK positions

-+-30-s static -#=Instantaneous

0.040
0.035 30-s static: Instantaneous:
0.030 Mean: 0.012 m Mean: 0.011 m
Std. dev.: 0.006 m Std. dev.: 0.006 m
0.025
E 0.020 1 I
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Performance analysis
Conventional RTK vs. Tilt compensation RTK

-q:

Survey___,
marker

= Survey marker located close to a building (conventional RTK still possible)

» Metal facades causing strong magnetic disturbances and multipath effects
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Performance analysis
Conventional RTK vs. Tilt compensation RTK
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10

Availability of RTK fix

B Rover A mGS18T
: 0.12

200 instantaneous measurements
g 0.10
85.5

0.08
E 0.06
0.04
0.02
0.00

RTK fix

RMS error of RTK fixed positions
W Rover A WGS18T

0.101

Rover A: Conventional survey-grade GNSS smart antenna

Increasing availability of RTK fixed positions by 15% with the GS18 T

Significant improvements in positioning accuracy (by 50% for 3D)
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Performance analysis
Conventional RTK vs. Tilt compensation RTK
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Performance analysis
Magnetometer-based vs. IMU-based

-+-Rover B (2D error) -#-GS18 T (2D error) -+-GS18 T (2D CQ)

0.07
100 static measurements RMS: 0.029 m

e \ RMS: 0.011 m

0.05 ‘ 1 * ‘

— 0.04

E *

= 0.03
0.02 i

0.01 -

0-00 T I 1 T I 1 I 1 1
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96

Measurement

= Rover B: RTK rover with magnetometer-based tilt compensation

» GS18 T: Higher 2D accuracy with realistic coordinate quality (CQ) indicator
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Performance analysis
Magnetometer-based vs. IMU-based

~+~Rover B (2D error) -#-Rover B (2D CQ)
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Measurement

= Rover B: RTK rover with magnetometer-based tilt compensation

= Significantly large 2D CQ when magnetic disturbances are detected

©
13 - when it has to be right @

Geosystems



Performance analysis
Large tilt angles

-+-3D error -®-3D CQ =+Tiltangle
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Measurement

= Measuring an obstructed point with large tilt angles between 36° and 56°

= 3D accuracy below 2 cm with a realistic uncertainty level
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Heading-aided 3D visualization
Augmented stake-out

X ¥ m
<1 Stake Points ® [ s oW
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= E
451,1982 m

= Automatic updates of the 3D viewer depending on the sensor heading

= Easy orientation for enhanced productivity and user experience
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Conclusions

Tilt compensation RTK of the Leica GS18 T
= Based on precise IMU measurements (instead of magnetometer)

= Sophisticated GNSS/INS integration with quality control mechanisms

Main technological advantages

= Completely free from on-site calibrations
* |Immune to magnetic disturbances

= Applicable at large tilt angles

» Heading-aided 3D visualization

User benefits
» Improving RTK applicability and positioning performance

= Enhancing productivity and user experience in the field

©
16 - when it has to be right ie_‘g

Geosystems



Thank you very much for your attention!
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Advanced signal tracking technologies

18

Importance of low-elevation signal tracking
in the tilt compensation use case

Advanced GNSS antenna technologies

Parasitic circular array loading technology

Ultra-wideband antenna feeding technology

High-performance measurement engine

Multi-constellation and multi-frequency GNSS

High sensitivity also at low elevation angles

7’
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Benefits of advanced signal tracking

Number of cycle slips
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Rover A: Survey-grade GNSS smart antenna

= GS18 T: Reduction of total cycle slips by 40%
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Accuracy aspects
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Heading-aided 3D visualization

View towards east

0.0062 0.7049

v/
424.5696 m -

= Automatic updates of the 3D viewer depending on the sensor heading

= Easy orientation for enhanced productivity and user experience
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