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SiTrack:One
Application areas N &iE

Position Independent TR
Underground or above ok, ERELERINA]

Fast As-built Rail 3D Capture PR IR B T #iiE
Deliverables 100% in/from point cloud BR100%EF S~
Safety zE
- . Designed to reduce foot traffic on rail, no ~ EF R SITRILIT
SiTrack:One stop/go TEEEFE

High Accuracy =faE

onsite calibration, inertial systems at 1000 IlizBE#,

Hz, rail profiling by HD scanner 1000Hz 1R S &%,

B P ERE TN
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SiTrack:One
Scanner-Option Leica P40

Customers in Europe, Asia and Latin America
Leica P40 field of view : 330°

Rotation frequency: 50Hz — 100Hz
Recommended measurement speed: 1m/s

_ ﬂé-l%mozzﬁi%'éﬂ

ERESZIMN, RGM, ME
P40#liA/: 330°
?3¢E$ﬁ$: 50-100Hz

EWCREIRE: 1m/s

Measurement in UK
%./JHIJEDL%““):IL

Scan-Data from tunnel-measurement
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SiTrack:One

Scanner-Option Profiler (ZF 9012)

Customer intermetric GmbH in Germany

Recommended measurement speed: 1m/s
Profiler 9012 field of view: 360°;
Rotation frequency: 50Hz — 200Hz

Eef TR {3 B B Bl

EERRF

BRCRERE: 1m/s
HrE N AA A 360°
F$ESNE . 50-200Hz

Example Munich-underground
- Station “Olympia shopping
centre”

Rz A S f5)—%% Fe B BR AR L 52 1947
Frul b gkuh

Example Munich-underground
— Scan-Data
=Rk S = E

Platform gauging

Tunnel measurement




SiTrack:One
Workflow - Preparation On-site measuring of Control Points CP6

{EdbiEE — b RS

Achieved adjacent to track,
not on the track

i aEHEmNl, IsrHuERe

Measuring the Control Points (CP)
SR N E ] =
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SiTrack:One
Workflow - On-site Calibration el HRTE - IZ B RR

Self Calibrating Spheres System
KBRS

R .4 HEXAGON | Jfica
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SiTrack:One
Types of measurement and processing MERIE
= 4 different options of processing measurement data: o AFAREIELRTE
» With GCP for underground, tunnels and open sky - AT, HEREIE/E R
- Constrained — 360° start/stop scan > Leica P40 . i’g* - 1k REFS360° FHIE - tRPAOT
. C(.)n.strained — sitart/stop total station - Profiler 9012 . s R IE SR RE — BT
« Minimal constrained - P40 and 9012 . BINATEE — SE-EPAOHRE S BT EL

» Without GCP for open sky only

« GPS based - P40 and 9012 o TITHlm, BXREKEE
o ETGNSSEL — $hFP40Ffm{  lE (X

R .4 HEXAGON | Jfica
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SiTrack:One

Measuring options and their benefits

Constrained — 360° scan:

High accuracy from the very beginning of the movement to the stop
Average accuracy for a GCP distance between 50m - 80m
Average accuracy for a GCP distance between 60m - 150m

Constrained — total station:

High accuracy from the very beginning of the movement to the stop
Average accuracy for a GCP distance between 50m - 80m
Average accuracy for a GCP distance between 60m - 150m

Minimal constrained:

High accuracy from the first GCP to the last GCP
For start/stop position no GCP-box or total station needed
Needs calibration section before 15t GCP/ after last GCP

GPS based:

GPS accuracy from very beginning of the movement to the stop

No total station needed / no GCP needed

Confidential

MEHASNSE

- P40

>A XY < 5mm; A Z <5mm
>A XY < 1cm; AZ<1cm
-> Profiler 9012

>A XY < 5mm; AZ<5mm
->A XY < 1cm; AZ<1cm

->P40 and Profiler 9012
—>Time saving

—>Calibration section: 10m - 30m

->P40 and Profiler 9012

—>Fast and easy

Y3k - 2 1EA360° STk

« BILESZEREES - P40

o T50-80K—MTHISHIEIFEE : AXY < 5mm; AZ < 5mm
s F60-150K—MTHI S K FHREE : AXY < 1cm; AZ < 1cm
X - EUECE:

- BIESZERES - BEY

+  T50-80K—MTHISHIEIFEE : AXY < 5mm; AZ < 5mm
o F60-150K—MTHI SR FHEE : AXY < 1cm; AZ < 1cm
R/MNARE:

© NE—PEIFEFE—MEH R EEES — PAOFIETE{X

o BUEMNERFEHSHEHN - HETE

o EENMEHIEET RE—NMERIRE, FE10-30KIREER
ETGNSSEMLE:

« GNSSHEE — P403} T mE{Y

o TEEWHNEIEHIS - RIERE R

i

Jeica

Geosystems
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SiTrack:One

Workflow - 3D Capture - Using GNSS and/or Control Points
1?1/)“:*5 %% E?GNSSEAM j *£$IJI\\\

A
C’j S
a Control Points (CP) each 30-150 m &30-150K— g%l &
Depending of needed accuracy B PR EUR T EEK
“ Start
9 Confidential (‘ HEXAGON ‘
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SiTrack:One
SiSynchro - Synchronization of Scan-Data - Basic workflow  SiSynchroFstIE ik {4

Calculating
points
TR R

Start/Stop
felb =

Mechanization EXtrachGC R Create trajectory
= A 7 E BT = =
R TRE B L

Linearize

I

Synchronization
TRRERT

s .4 HEXAGON | Jfica
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SiTrack:One
SiSynchro — Option constrained — 360° start/stop scan  SiSynchrof2 it mERSIAHARE

e .4 HEXAGON | Jfica
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SiTrack:One
SiSynchro — Option constrained — total station SiSynchrof21t s 2 ik 45R%

.4 HEXAGON | Jfica
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SiTrack:One
SiSynchro — Option minimal constrained &/MAFRE

.4 HEXAGON | Jfica
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SiTrack:One
SiSynchro — Option GPS based (only open sky): ETFGNSSENRLE

.4 HEXAGON | Jfica
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SiTrack:One

SiSynchro — Accuracy of control-points — GCP every 50m - 80m
EH mERR: 50-80%K, WHE

.

Station:  Ref.Point Name:

1 272.011
61 272.009
123 272.007
166 273.027
202 273.025
232 273.023
262 273.021
293 273.019
311 273.017
333 273.015
363 273.013
393 273.011
446 273.009
492 273.007
531 273.005
553 273.003
592 273.001
626 274.011
693 274.009
767 274.007

Y
32690470.43
32690414.58
32690357.07
32690317.7
32690285.08
32690255.28
32690225.61
32690195.61
32690177.44
32690155.6
32690125.54
32690095.47
32690042.39
32689995.67
32689957.7
32689935.34
32689896.45
32689863.07
32689797.01
32689723.62

GVP TARGET
X

5343055.456
5343078.741
5343102.785
5343120.087
5343134.012
5343142.282
5343148.753
5343153.605
5343155.889
5343157.45

5343158.377
5343157.814
5343155.419
5343153.738
5343154307
5343155.631
5343156.801
5343161.029
5343172.103
5343184.771

StdErr (all used):

Z
484.1362
484.1087
484.1493
483.8043
483.9188
483.8796
483.7764

483.503
483.3448
483.1031
482.7753
482.7618
483.3091
483.7977
483.9451
483.9378

484.094
484.1693
484.1111

484.1368

Bsp. < Smm

Bsp. < icm

Bsp. < 2cm

Bsp. > 2cm

Ref.Points (all used)

ay AX AZ
0.0010 -0.0001 0.0019
-0.0010 -0.0006 0.0002
-0.0008 0.0004 0.0005
0.0002 0.0010 -0.0001
0.0011 -0.0016 0.0002
-0.0010 0.0000 0.0025
0.0019 0.0013 -0.0003
-0.0006 0.0006 0.0007
-0.0015 0.0009 0.0001
0.0017 0.0015 -0.0006
-0.0008 0.0006 -0.0018
0.0012 0.0029 -0.0016
0.0005 0.0014 -0.0010
-0.0024 0.0003 0.0003
-0.0015 0.0004 -0.0011
0.0011 0.0003 0.0006
0.0010 -0.0013 0.0006
0.0003 -0.0009 0.0005
0.0027 0.0012 0.0000
00010 00011 _ -0.0008
0.0013 0.0010 0.0010

Y
32690470.43
32690414.59
32690357.07
32690317.7
32690285.07
32690255.28
32690225.61
32690195.61
32690177.44
32690155.6
32690125.54
32690095.47
32690042.39
32689995.67
32689957.7
32689935.34
32689896.44
32689863.07
32689797.01

32689723.62

GVP ACTUAL
X

5343055.456
5343078.742
5343102.785
5343120.086
5343134.014
5343142.282
5343148.752
5343153.604
5343155.888
5343157.448
5343158.377
5343157.811
5343155.418
5343153.738
5343154.307
5343155.63

5343156.802
5343161.03

5343172.102
5343184.77

Z

484.13432

484.1085
484.14884
483.80442
483.91859
483.87709
483.77667
483.50231

483.3447
483.10365
482.77706
482.76338
483.31009

483.7974
483.94621

483.9372

484.0934
484.16876
484.11107
484.13764
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SiTrack:One
SiSynchro — Accuracy of control-points - GCP every 60m — 150m

4 S EIRE: 60-1503K, 5
Plane northing/easting EmEm&4r

AXY < 1.5cm
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SiTrack:One
SiSynchro - Accuracy of control-points - GCP every 60m - 150m

sl S Elfg: 60-1503K, HBE
Height 7%

.4 HEXAGON | feica
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SiTrack:One
Railway Tasks - Boundary-Conditions
TR MES

To provide high absolute accuracy: Control-Points (CP) RIESHEELT SR FEITHR

needed .« HEBIPEEER: BURT NG A
Boundary-Condition to reach desired absolute accuracy: CP- il
Spacing

STIESEK: =5 =8k
Boundary-Condition to realize desired Railway-Task: CP-

Spacing CP5
CP3 ~
CP1
CP6 Costs Accuracy
,_ % 3 BE
“ 00000 Railway-Tasks
- CPa 20000 Driving-Speed Securit
CP2 90000 o oY
00000
SiTrack:One: control point 00000
accessory box AHB000000
SiTrackOne#B kM4 #8 s
18 Confidential
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SiTrack:One
Railway Tasks - Accuracy Table ERERIMMESS - FBER

= Comparison of Usage-Cases  XfLt 5z Fl Z= 431

Rules DB-AG Rules DB-AG SiTrack:One
railway task [ usage case Absolute accuracy 3D | Relative accuracy/10m Possibility CcP* - Spacing_
clearance typical (SNCF, DB-AG-Limezlll) - maintenance 25mm <10mm X 150-1000m
clearance new DB (new construction, f. ex. platforms) S5mm 3mm X 30m
Distance to nelghbmhoodfad]acem: track 15mm Jmm X 100m
Catenary/Electric wires 15mm mm X 100m
Track geometry - maintenance 20mm Smm X 100m
Track gauge/cant from Pt Cld** (maintenance) 15mm 2mm*** X 100m

clearance measurement CP... Control Point
geodetic measurement

s*=**depending on tunnel-length

*a priori absolute accuracy CP-points: Necessary absolute accuracy CP-points (from network adjustment) depends on railway-task
*=Accuracy reachable by special post-processing algorithms
===SiTrack:One: Track gauge from additional gauge-measurement-system with relative accuracy up to 0.3mm possible

19 Contcenua (‘ HEXAGON ‘ Jeica
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SiTrack:One
Railway Tasks — New Feature - Rail-Wear-Calculation RS ROMIESS - THE 3N ER

SiTrack:One

Confiquration ALE:

« 2 Scanner Heads M3k
« 4 Scanner Heads P43k

= High frequency point cloud of rail - SEPREAR
= Rail profile scanners — high-end technology (1000Hz) o HMEFREAEN: SimfAR (1000Hz)
= Automated export of rail informations - BxISHNNEKREER

20
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SiRail-Suite
Software Packages

EERAE

Essential W BCHR Essential Plus S4%hR Advanced SEEERR

SiRailScan

= Basic configuration

= Batch rail extraction

= Semi-auto Rail extraction

= Batch Catenary detection

= Batch Clearance Static Gauge

= Batch Tunnel Deformation

= Batch Clearance Dynamic
Gauge

ATrack

Basic configuration
Driving dynamics
Trackplan

Railway calculation

e .4 HEXAGON | Jfica

Geosystems
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SiRail-Suite
Standard Software Packages - Current Features  EtEHHE - TIHTHEE

Sirailsuite/52383  SiRailSuite Essential(Plus) ATrack /5 & IBER ¢
% IE o =S

s ems e 1NE INNOVative software solutions The Software solution created for 54131%@1*55’%’%
BUFTHV IR 5 &, : - : : . i, BEHRE
T N contribute for the improvement in track reverse engineering and Byt Rl SLESL
WJ%E@%E"’%’E, g Mmonitoring and control of the railway optimization of algorithms, for railway 1ﬂ%§i+§:ffflbﬁﬁo
BRIt ETy  network conditions, for deformation design and planning, for as-built track
BE o analysis as well as for volume geometry recovery and comparison

calculations. between the designed and as-built

track alignment.

22 Confidential
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SiRail-Suite
SiRailSuite Essential(Plus) - Current Features SiRailSuite/[FHREE SR INBIHEE

» Batch - tunnel deformation analysis

HBATE: BB
AFHE: BItSRTEE
HBAIE: SREBNIEL

= Automated calculation of differences “designed to as-built structure”

= Batch - automated extraction and adjustment of the as-built rails

Y T T

-196911471.983 0nl-1230  0m7-a74E oL
i

Ok Ject ID ' Dbject ID
| Track
4 3D-Coordinater 330743350
777777
Db[lect | Tunmnal
o

Balonce vl
Shope : Deslgred shope

I;Z:,
E'|
=

- Y
Lydmn / i —v—=3




SiRail-Suite
SiRailSuite Essential(Plus) - Current Features — Collision Test/Clearance Analysis

BRI S - IATHEE - RAEM. F=2o0Hh

= Definition of 2D Profile (for example import of *.DXF or *.XML-Safeload)
= Definition of 3D-Body (customized wagon profile) with 3 more parameters

(1) Distance between basepoints of the wheel

(2) Distance between the axis of the wheels

(3) Length of the wagon

o EXZHm. FE (DXFZXMLIEIN)
o EXNZHFER (EFTE=1SHD)

B8 soe
X

1. #UREMESE)E
2. BiREhZE)ER
3. FEEKE

.

Ni: X
-1.3718
-1.5428
-1.8762

he
49033
46230
42811
39217

26200
2.24%
1.9892
19127

11 -1.5450 1.4732
]L 10.00m (f0r Decke) sl |
14 -1.5200 0.4000
L B ] L s :1?120 01150
1 g.85a [Tor Seite) 16 08500 01150
17 -0.8500 0.0000
3.7858 3.7858 wics jooi | |
X h‘f 1 L i L ? 5?. ; r 1 ‘Nemetex Delete Vertex
urvenzuschiag l( : . :
AuBenbogen : . ul TAB)
Glesarise T '
A e H I ———— e~
Tl
— | \‘E:\ Wagenachse T Kurvenzuschlag Innenbogen I
-ﬁﬂ ;
\ 2T e | J
. v (I8 / AB) ut (I8) /
12.13n (fir Seite]
a 12,430 (for Decke)
24 Confidential

[ New I Setas Defaut [ Preview [ Move To Center
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SiRail-Suite

SiRailSuite Essential(Plus) - Current Features — Collision Test/Clearance Analysis
ERERY BR - TATIE - RFRN. FZ0H

= 3D-Collision-Test: Detection of problem-areas, also Collison-Test to designed Track-Geometry

= ZHRFEN: ETRITHE, RURFXIE

Batch | Window About

Resynchronize
Transform Scans (2 Rails)
Station Resynchronize
Rail Adjustment
Collision Test 3D-analysis of point-cloud to detect collision-points
Collision Test 2 3D-analysis of point-cloud to detect collision-points (also to designed alignment, additional PDF-Output)
174
Z Ifd. Mr. JEM-Station [m] Points Man. Einragung [m] Lichtraumpraofil
4 10522132 15 0,003 BVG-J-Bahn Groflichtraum - Bahnsteig
105221.32 230 0,003 BVG-U-Bahn Groflichtraum - Bahnsteig
105233.51 19 0,003 BVG-J-Bahn Groflichtraum - Bahnsteig
105233.51 174 0,002 BVG-U-Bahn Groflichtraum - Bahnsteig
105416,90 1450 0,002 BVG-J-Bahn Groflichtraum - Bahnsteig
105424,90 1823 0,012 BVG-U-Bahn Groflichtraum - Bahnsteig
105430.89 B323 0.014 BVG-J-Bahn Groflichtraum - Bahnsteig }'
Chainage: 105.8+ 4.054 X [m]: 22650.425
Track gauge[m]: 1.460 Y [m]: 18447.607

25 Confidential
Cant[m]: 0.054

Radius[m]: 488.137
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SiRail-Suite

SiRailSuite Essential(Plus) - Current Features — Collision Test/Clearance Analysis
[E5CIRERH SRR — MBINEE - RAKRM. P25

2D Clearance-analysis (static, dynamic): Exact determination of clearance infringements

Based on European rules and individual Formulas (for example for SNCF - National French Railway Company)
Calculation of potential clashes also between neighborhood tracks

R oM GRS I - EREINETE

ETRONMMZE (LLanZEERKEATD

HEAENIRENE L ERTE

Batch Window About Clearance options ||
Ra_ Profie_RI_pew.tp Showr; Absolute Terms
Resynchronize i) "“ =]
: % W (Dons e <=®kmn v
Transform Scans (2 Rails) TSR s
Station Resynchronize Aosote tems oot ) o lHCP Yoo Frame__ = e
Chainage: 14510719 s Tvoe = 0,025 m Suple O m
Ra|| Adjustment Tp= 0015 m 1= 1435 m
h= 325 m, L= 15 m
Collision Test > R = s+ [04 = 00~ 005 -
Collision Test 2 sl o heg= 05 m. 0= 005
= Collsion test i Oose Tsusp» 0.23 grad hp= 0 m.
Scans Segmentation Tcharge = (077 -
Ctrl » Shift + left mouse button to set Station
Electric Wires Detection @ swve Vv ox
Extract Rails
Switch Points
Scans Coloring 2
2D Dynamic Clearance 2D-Dynamic-Clearance (SNCF-developement from SiRailView), Excel-Table and DXF-Output
2D approximate collision analysis 2D-Static-Clearance (ETS-Customer Italy), also calculation to neighbourhood track, Excel- and DXF-Output




Costs Accuracy

SiRail-Suite 7% 3 B
- Current Features

ATrack¥x ¥ IR B IhkE

Rail-Alighment

Driving-Speed Security

EE 2%

= ATrack-Basic-Configuration: Exact and automated determination of Track-Geometry (position, height)
= ATrack-Railway-Calculation: Railway-switches,single-points on the track,Tamping-Machine-Export

= ATrack-Driving-Dynamics: Calculation of possible speed along the track
= ATrack-Track-Plan: Final Product with result Track-Geometry

» ATrackEALELE: ‘. BaNHELMTE, FTELE. S8

» ATrackEkEitHE: MEER . BENESSH

iy
x‘l\

Ly
_‘-Mfr‘“-rrqf-""l’“‘fn-

e,
£y

- N — It | I ETE TR | | Nwe=I4FIn, |, e - — 1 [~ - - .
o ATrackahASaii: wEFIZE(TIEHR N T T T O T i T T T R 2 T W
= ATrack¥UETTX: HLUE/LAIZERKRE | i
i e !
5 s
Trasse : High-Speed !
DRIVING DYMAMICS TRALCE: ANALYZED SPEED 200km/ h E E
Ti4 | — . . - + LS
&8 L i:mm RE =35 E Fll.' fo =ag
Route:5BW-4DM NB Area: Track: Processor: R ; ]
| | i i'
Advice El.Nr. 5tation Form wve max v km/h cf-pos. def Track-elements | |
restriction uflu  Ruck e o. Rl cl length|!
maxiumuam Speed speed Comf./5it. . =540 T oF T
__________________________________________________________________________________ E i i_____-.--"'_-
1 108.1+ 95.00 SLINE 200 130 o 0 14435.9 [ ] , i T —
2 109.6+ 44.85 CLOTH| 200 200.5 130 Q 4] 65 .00 F*7 i _”” 1 o
3 109.7+ 989.85 ARC 200 237.6 130 -3817 40 138.4 : :
4 109.8+ 48.28 CLOTH| 200 200.5 130 -3817 40 65.0 I . 1 |
1 & (e a [ i 1 = 2 = 2
5 109.9+ 13.28 SLINE| 200 130 Q 0 1412.1 T - - . " - : T T I T




SiRalil-Suite
New features FHiLhgE

= Native Support of Pegasus Data (hpc) in SiRailSuite
» Leica Safeload-Integration in SiRailSuite

. B4 H#PegasusFmE = HIE

- ERRFREMERSR

"High-Wide" Laser Measurement and Documentation System

= Specific new clearance-calculations, dependent on
guidelines of railway-operators

» [ndividual templates for specific customers

= Automated platform detection in SiRailSuite

28 Confidential
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SiRail-Suite
New features ¥fThfE

» |Improvement of electric wire detection (precise detection of crossing wires above tracks)
» (Classification of objects - Reduced processing time for calculations
 ESEMMNEBENEENERYE BFRSNZXE %)

" SR EINEE -> B BIEIE S TRV (8]

- -
L o d
L T

e .4 HEXAGON | Jeica
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SiRail-Suite

New features ¥hIThgE

= Significant reducing of processing time in SiRail-Software - BERDCEIELIERA
= Processing speed benchmark*: o WIBEREIFER:

AR B [mlnutes ﬁ’%ﬁh] ﬁ’f‘ﬂh] iR E R F

Rails extraction

REE B

Catenary wires extraction 56 4

TR BNk X BB 12k

Cross-sections 41 6
tE BN

2d Clearance 157 8
BT

DTM (on trackbed) 107 <1

*Time measured on a 3 km tunnel dataset and processed on a quad-core laptop.

SRR SR EREHIRE, ERUAAIERRAEICARER.

30 Confidential

4 tlmes faster
14 times faster
7 times faster

20 times faster
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SiRall-Suite
New Features fIhiE

» |ntegration of ActiveX Plugin from ATrack (curvature-calculations, element-finding) into SiRailSuite Essential
= ATrackiX Y hZ it B REINE(E N ActiveX il £ X B SiRailSuite EssentialfZ bt T
- SR |

=¥ ATREK - Automatic track recognition - [Presentation of original curvature]

X
qﬁ File Edit Status Calculation Track Window Help

& Save event file

w | & S| g @, | B |{Medantiter] Fter - Langs =3 <]

- Interaktive Trassenbildung - [Krimmuni m
ATREK - ktive T bildung - [K g / Km]

# Datei Bearbeiten Zustinde Berechnung  Trasse  Fenster Hilfe
Eh ‘A Ereignizdate speichemn

w® Q ©‘ @ Q Fﬂmgma\krummumg V¥ Angepasstel¥ Separatordarstelung  Kurze Elemente unterdiucken

circle with deformations

straight-line

™
e | o
? ? ? 3 i H & H T
QL O I IR T % O O O O O
g et e et L08R A T D et LY
LT AANE ‘ ‘u,"‘”‘ By
P ¥ v . amm!
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SiRail-Suite
Current developements A&RIR

= Calculation of Maximum Clearance Profile along a planned track e tE

B XNeTE
L]

I
/B
» Clearance-Analysis of every desired 3D-Object — example picture: wind blades . HEEEQNSHEYERESESS, B RIEERGBH A SH

transport north america

. L

= oy

Class | Railroads of North America

3

‘ b
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