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1. Customer’s pain points in GNSS RTK surveying
2. Tilt compensation solution of the Leica GS18 T
a) Key technologies and advantages
b) World's fastest GNSS RTK rover — Why?
3. Technological innovations
a) Advanced GNSS signal tracking
b) IMU-based tilt compensation
4. User benefits
a) Increased productivity
b) Superior RTK performance
c) Enhanced user experience

5. Conclusions
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You are not solving customer’s
problems until you understand his
pain points”

... Bernhard Richter (GNSS Business

Director at Leica Geosystems)




p

4. Magnetic disturbances

Customer’s pain points in GNSS RTK surveying

1. Levelling the pole 2. Measuring obstructed points

‘im0 ¥
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Tilt compensation solution of the Leica GS18 T

: IMU GS18T
» Key technologies

» Using precise IMU measurements (instead of magnetometer)

» Sophisticated GNSS/INS integration with quality control mechanisms
* Main advantages

* Completely free from on-site calibrations

* Immune to magnetic disturbances

* Applicable at large tilt angles (> 30 degrees)

IMU: inertial measurement unit
INS: inertial navigation system
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Why is the Leica GS18 T world’s fastest GNSS RTK ro  ver?

GNSS RTK Rover

faster slower

With t||t_ Without t[It @ e Pole levelling
compensation compensation

slower PN On-site calibrations
Magnetometer Q/MA u
based 4 Re-measuring points due

to magnetic disturbances

faster

faster slower
Instantaneous Static )
measurement measurement f /\ * Short-term occupation
B = B B
7 Confidential H EXAG 0 N



Technological innovations




Advanced GNSS signal tracking

GS18 T patch antenna with parasitic

circular array loading technology
* Key components

* High-performance patch antenna with multiple design patents

« 555-channel ME7 with faster signal acquisition and higher sensitivity

* Main advantages

Antenna horizon

» Superior low-elevation tracking capabilities
* Sub-millimetre phase centre stability

* Multi-constellation and multi-frequency GNSS

ME7: measurement engine 7
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Advanced GNSS signal tracking »

When compared to Rover A (a survey-
grade GNSS smart antenna), GS18 T
reduces the total number of cycle slips

~0-Rover A -#-GS18T by 40% under heavy canopy.

GPS+GLONASS+Galileo /\

4 hours of 1-Hz data

Nnumber of cycle slips
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Elevation angle [deg]

| i I8 ﬁ F
10 Confidential J{Q‘['{‘ H EXAG 0 N



IMU-based tilt compensation

e Assumptions

* Surveying pole is a rigid body
» Length of the pole is precisely known

» Poletip position derived using GS18 T tilt information panel

2D 0.0099 m

‘T‘Current GS position 6 f; |J:; wocsim @ E,:'

* GNSS phase centre position

Position Baseline Speed Tilt

Phase center

’ Length of the p0|e (I) Odézﬂ‘;\::‘ pOSitiOn Overall tilt quality 0°44'02"
. ST S Tilt 13°19'55"
+ Attitude of the pole <~ o t
Tilt quality 0°07'21"
. . Direction of til 258°25'24"
-+ Interpretation of pole attitude \ Orection ol A
- Tilt (t) and direction of tilt (A) Gohesdng e 14
. | GS heading quality 0°31'12"
. . L | OK ‘ ‘ Page ‘
« GS heading (y) Pole tip o=

position
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GNSS/INS integration }

IMU Position and velocity Heading-aided

I 3D visualization

Accelero- Accelerations

i Position
= and GS heading ()
velocity
Angular _ _
Gyroscope velocities Lel_ca T|It-co_mpens_qted
Captivate (t, A) pole tip position

1Qua|ity

» Each IMU is factory calibrated over the whole operating temperature range
OTotal = J Oénss T Ofvs

» Consistency checks between GNSS and INS for high system robustness
» Automatic start of tilt compensation through metre-level movements

» Total error budget behaves according to the error propagation law

IMU: inertial measurement unit
INS: inertial navigation system
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User benefits




Increased productivity »

With the Leica GS18 T, high-precision RTK becomes more applicable ...
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Increased productivity

80
Without the need to level the pole, points can be measured faster ...

2]
o

Number of points
N B
o o

0.030
0.025
0.020
E 0.015
0.010

0.005

0.000
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Instantaneous points within 10 min

B2

3D RMS error

Total

0.024

Productivity increases
significantly by 33%

M Rover A
WmGSI18T

3D accuracy decreases
slightly by 3 mm
(RMS: root mean square)

M Rover A
mGS18T



Increased productivity

Using tilt compensation, the instantaneous method enables
the fastest RTK measurement with high accuracy

RMS error of tilt-compensated RTK positions

| Static (30 s) H Instantaneous

Similar accuracy between 30-static
and instantaneous measurements

2D errors of tilt-compensated RTK positions

—+—Static (30s) -m-Instantaneous

0.04
0.015 Static (30 s): Instantaneous:
P 100 measurements 003 | Mean:0.012m Mean: 0.011 m
' ’ Std. dev.: 0.006 m Std. dev.: 0.006 m
__0.009 .
£ E 0.02 ,
memwm b i
0.003 0.01 }‘ '.l ‘ ' T‘AL ‘ Finll A A : v I\ :“ 4‘
: 1'" ‘( ‘WWFT \'r"r' YU T\
0.000
0'00 1 | 1 1

1
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Increased productivity

The Leica GS18 T is applicable at large tilt angles

0.06
0.05
0.04
E 0.03
0.02

0.00

CQ: coordinate quality
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100 instantaneous measurements
=+=3D error -#=3D CQ =+<Tiltangle

p

3D accuracy below 2 cm with
a realistic uncertainty level
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Superior RTK performance '
Availability of RTK fix
B Rover A mGS18T

With the Leica GS18 T, RTK-fixed positions are more available 16 Availability increases
and more accurate ... 200 instantaneous points significantly by 15%
90 85.5
_ 80
X
70
60
50
RTK fix
RMS error of RTK fixed positions
@ Rover A WmGS18T .
i 3D accuracy is largely
0'10 0.101 improved by 50%

0.08

E 0.06
Test environment with strong multipath and magnetic disturbances 0.04

0.02 —
0.00 -
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Superior RTK performance >

Rover B with magnetometer-

The IMU-based tilt compensation provides more accurate RTK based tilt compensation

positions than magnetometer-based approaches...
100 static measurements

-+-Rover B (2D error) -#-GS18 T (2D error)
0.07 I ]’
RMS: 0.029 m
0.06 RMS: 0.011 m
0.05 t S | t :
— 0.04 Y ’

0.02 L 79A R4V ' ﬂfl

$ 2
0.01 - : y

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

Measurement

i
E o H A AR /TP
_ \Ah‘f ]

Test environment with magnetic disturbances
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Enhanced user experience

The Leica GS18 T is the easiest-to-use GNSS RTK rover
with tilt compensation...

e Free from on-site calibrations
* No need to level the pole

« Automatic start/stop of tilt compensation Leica GS18 T
Augmented Stake-Out

* No limitation on tilt compensation range

» Heading-aided 3D visualisation

L
- when it has to be right Lu_cg

Geosystems

B = B R
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Enhanced user experience

By storing attitude information with point records, the Leica GS18 T

Attitude shown in the Leica Infinity office software

3] inspector

) FromStaion Y| To Y| Ttr] | MecTit[] | TittDirection] | SensorHeading [
I& rrcu-refoos @ statoor7 | 168504 17.2427 1859133 274.8734
A A RTCM-Ref0014 @ STATOL100 | 10.0402 107563 2950456 3014027
Quality report from the Leica Captivate field software N RICM-Ref0014 @ STATOO33 | 142906 150279 1808732 1845618
’2( A RTCM-Ref0014 @ STAT0035 | 11.0813 115379 279.9958 179.7060
Leica Geosystems AG
o . /R RICM-Ref0014 @ STATO093 | 40189 54650 188.2040 335.0238
Heinrich Wild Strasse ~ -t
CHs ooty - when it has to be right ietca A RTCM-Ref0014 @ STATO050 | 120051 148526 2389310 905609
. Switze
S Geosystems ¥ A RICM-Ref0014 & STATO019 | 119055 123044 261.6544 272.9070
lone: [
B A RTCM-Ref0014 @ STATOO11 | 243436 247415 266.7597 359.5545
A RTCM-Ref0014 @ STATOO94 | 67794 7.8059 269.0739 26027
GNSS Points Report R RICM-Ref0014 @ STATO047 | 255266 259783 813315 172.7648
Y 128714 134524 2446246 179.1467
Job details
© . 11,8109 164238 1124739 319.0290
Antenna Height
283320 286226 74414 2765981
Job name MDBTESTO3 Vertical Moving Offset
Date 200817
Operator AJOS 4 Tilt
Sensortype  CS20
Tilt e e
Measured points Edit Antenna Height
Tilt Direction 185.9133° oL sl e
Height Reading oo | PoOssibility of editing
Point ID Easting Northing Height 3pac Tilt Tilt quality Tiltdirection  Tilt direction quality  Tilt compensation used Sensor Heading 274.8734°
GSO001  546665.884 5250780032 425243 0023 5°47122° 004372 67°3761.9" 0°4513.3" v Carrier Offset 00000 m the pole Iength
GSO0002 546623734 5250783037 422964 0084 X 4 Local Position Antenna Height 1.8000 m
GS0003 546664237 5250781373 425836 0004  2°23221" 002124 132°23612° [RPRTEY ¥y Sorn S45'676.2116 m
GS0004 546623232 6250723038 425125 0068 x ok || cance |
Northing 5'250776.6005 m
Ortho, Height -m
Ellip. Height 4712921 m
Geoid Separation -m
by
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Conclusions '

* Leica GS18 T is designed to solve customer’s pain
points in GNSS RTK surveying

* Innovative technologies

* Advanced GNSS signal tracking

* IMU-based tilt compensation

. Main acvantages LEICAGS18 T

* On-site calibration free

* Immune to magnetic disturbances Fast THE WORLD'’S FASTEST
— Accurate
* Applicable at large tilt angles Easy-to-use GNSS HTK HUVEH

* Heading-aided 3D visualisation _J

e User benefits

* Improved productivity and user experience

* Superior RTK performance
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‘ With the Leica GS18 T, Leica
Geosystems sets new standards
for high-precision RTK through
easy-to-use sensor-fusion
techniques.”




2 IR




