
Verification:

Innovative track geometry data analysis for turnouts
Michael Fellinger1, Petra Antonia Wilfling1, Stefan Marschnig1

1 Institute of Railway Engineering and Transport Economy, Graz, University of Technology, Austria

half gauge right / left unfiltered 
half gauge right / left filtered 
longitudinal level right / left 
rail surface scan right / left 
acceleration right / left 
alignment right / left 
rail cant right / left
gauge filtered
base gauge
rail profile scan
superelevation
twist 3m / 9m / 16m

Available data:

designed for the open track
3 – 4 times per year 
core network 
since 2001 

Track measurement car EM250 of the Austrian Federal Railways:

Reference signal: half gauge measurement 

 Identification of an unique point in different signals possible, 
   but there is the necessity for repositioning due to variable 
position deviations between different measurements. 

      Data Analysis:

Exact positioning with a limited error 
 of one data break. 
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half gauge unfiltered crossing nose MD002

(reference measurement signal)

sampling rate: 25 cm 
available since 2001

MD002_*LEFT*_GAGE_UF

identification crossing 
nose xHerz,i

reference displacement 
Δ0i = 0 - xHerz,i

half gauge unfiltered crossing nose MD002 

PostPositioned

control
Korr(MFi,MFi-1)

half gauge unfiltered check rail

Proof of 
synchronicity

reference displacement 
Δ0i = 0 - xHerz,i

half gauge filtered crossing nose

sampling rate: 25 cm 
available since 2001

MD002_*LEFT*_GAGE_F

Proof of 
synchronicity

reference displacement 
Δ0i = 0 - xHerz,i

half gauge filtered crossing nose 
PostPositioned

MD002_*LEFT*_GAGE_F_P

control
Korr(MFi,MFi-1)

half gauge filtered check rail

sampling rate: 25 cm 
available since 2001

MD002_*RIGHT*_GAGE_F

Proof of 
synchronicity

reference displacement 
Δ0i = 0 - xHerz,i

half gauge filtered check rail 
PostPositioned

MD002_*RIGHT*_GAGE_F_P

axlebox acceleration crossing nose

sampling rate: 25 cm 
available since 2001

MD002_*LEFT*_RIFFEL
reference displacement 

Δ0i = 0 - xHerz,i

axlebox acceleration crossing nose 
PostPositioned

MD002_*LEFT*_RIFFEL_P

full gauge

sampling rate: 25 cm 
available since 2001

MD002_GAGE

full gauge MD002 
PostPositioned

MD002_GAGE_P

MD002_*LEFT*_GAGE_UF_P

sampling rate: 25 cm 
available since 2001

MD002_*RIGHT*_GAGE_UF

half gauge unfiltered check rail 
PostPositioned

control
Korr(MFi,MFi-1)

MD002_*RIGHT*_GAGE_UF_P

control
Korr(MFi,MFi-1)

Proof of 
synchronicity

reference displacement
Δ0i = 0 - xHerz,i

Proof of 
synchronicity

axlebox acceleration check rail

sampling rate: 25 cm 
available since 2001

MD002_*RIGHT*_RIFFEL
reference displacement  

Δ0i = 0 - xHerz,i

axlebox acceleration check rail 
PostPositioned

MD002_*RIGHT*_RIFFEL_P

Proof of 
synchronicity

full gauge MD133

sampling rate: 1 - 5 m 
available since 2003

MD133_FXGAUGE

Proof of 
synchronicity

ΔMD002|MD133i

additional displacement
Δ0i + ΔMD002|MD133i

full gauge MD133

PostPositioned

MD133_FXGAUGE_P

control
Korr(MFi,MFi-1)

base gauge

sampling rate: 1 m 
available since 2015

MD133_FXBASEGAUGE

Proof of 
synchronicity

additional displacement
Δ0i + ΔMD002|MD133i

base gauge 
PostPositioned

MD133_FXBASEGAUGE_P

control
Korr(MFi,MFi-1)

transformation
° in mm

rail cant crossing nose

sampling rate: 1 - 4 m 
available since 2003

MD133_FXCANT*LEFT*

rail cant check rail

sampling rate: 1 - 4 m 
available since 2003

MD133_FXCANT*RIGHT*

+/-

Proof of 
synchronicity

additional displacement 
Δ0i + ΔMD002|MD133i

rail cant crossing nose
PostPositioned

MD133_FXCANT*LEFT*_P

control
Korr(MFi,MFi-1)

rail cant check rail 
PostPositioned

MD133_FXCANT*RIGHT*_P

Proof of 
synchronicity

Proof of 
synchronicity

alignment crossing nose 3 - 25 m

sampling rate: 25 cm 
available since 2006

MD169_*LEFT*_ALIGNMENT_MEDIUM

alignment check rail 3 - 25 m

sampling rate: 25 cm 
available since 2006

MD169_*RIGHT*_ALIGNMENT_MEDIUM

wavelength filter

wavelength filter

=

additional displacement
Δ0i + ΔMD002|MD169i

alignment crossing nose 3 - 25 m 
PostPositioned

MD169_*LEFT*_ALIGNMENT_MEDIUM_P

control
Korr(MFi,MFi-1)

additional displacement 
Δ0i + ΔMD002|MD169i

alignment check rail 3 - 25 m 
PostPositioned

MD169_*RIGHT*_ALIGNMENT_MEDIUM_P

alignment crossing nose 1 - 70 m

sampling rate: 25 cm 
available since 2006 till 2015

MD169_*LEFT*_ALIGNMENT_LONG

Proof of 
synchronicitywavelength filter

additional displacement
Δ0i + ΔMD002|MD169i

alignment crossing nose 1 - 70 m 
PostPositioned

MD169_*LEFT*_ALIGNMENT_LONG_P

alignment check rail 1 - 70 m

sampling rate: 25 cm 
available since 2006 till 2015

MD169_*RIGHT*_ALIGNMENT_LONG

Proof of 
synchronicitywavelength filter

additional displacement
Δ0i + ΔMD002|MD169i

alignment check rail 1 - 70 m 
PostPositioned

MD169_*RIGHT*_ALIGNMENT_LONG_P

alignment crossing nose 25 - 70 m

sampling rate: 25 cm 
available since 2015 till 2018

MD169_*LEFT*_ALIGNMENT_LONG
additional displacement
Δ0i + ΔMD002|MD169i

alignment crossing nose 25 - 70 m 
PostPositioned

MD169_*LEFT*_ALIGNMENT_LONG_P

Proof of 
synchronicity

alignment check rail 25 - 70 m

sampling rate: 25 cm 
available since 2015 till 2018

MD169_*RIGHT*_ALIGNMENT_LONG
additional displacement
Δ0i + ΔMD002|MD169i

alignment check rail 25 - 70 m 
PostPositioned

MD169_*RIGHT*_ALIGNMENT_LONG_P

Proof of 
synchronicity

longitudinal level crossing nose 3 - 25 m

sampling rate: 25 cm 
available since 2006

MD169_*LEFT*_PROFILE_MEDIUM
additional displacement
Δ0i + ΔMD002|MD169i

longitudinal level crossing nose 3 - 25 m 
PostPositioned

MD169_*LEFT*_PROFILE_MEDIUM_P

Proof of 
synchronicity

longitudinal level check rail 3 - 25 m

sampling rate: 25 cm 
available since 2015 till 2018

MD169_*RIGHT*_PROFILE_MEDIUM
additional displacement
Δ0i + ΔMD002|MD169i

longitudinal level check rail 3 - 25 m 
PostPositioned

MD169_*RIGHT*_PROFILE_MEDIUM_P

Proof of 
synchronicity

compensation of 
measurement car 

orientation

compensation of 
measurement car 

orientation

longitudinal level crossing nose 1 -  70 m

sampling rate: 25 cm 
available sincen 2006 till 2015

MD169_*LEFT*_PROFILE_LONG

Proof of 
synchronicity

additional displacement
Δ0i + ΔMD002|MD169i

longitudinal level crossing nose 1 -  70 m 
PostPositioned

MD169_*LEFT*_PROFILE_LONG_P

Proof of 
synchronicity

additional displacement
Δ0i + ΔMD002|MD169i

longitudinal level check rail 1 -  70 m 
PostPositioned

MD169_*RIGHT*_ALIGNMENT_LONG_P

longitudinal level check rail 1 -  70 m

sampling rate: 25 cm 
available since 2006 till 2015

MD169_*RIGHT*_PROFILE_LONG

wavelength filter

compensation of 
measurement car 

orientation

compensation of 
measurement car 

orientation

Measurement group MD002

Measurement group MD133

control
Korr(MFi,MFi-1)

Measurement group MD169 I

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

wavelength filter

control
Korr(MFi,MFi-1)

difference calculation half 
gauges filtered

longitudinal level crossing nose 25 - 70 m

sampling rate: 25 cm 
available since 2015 till 2018

MD169_*LEFT*_PROFILE_LONG
additional displacement 
Δ0i + ΔMD002|MD169i

longitudinal level crossing nose 25 - 70 m 
PostPositioned

MD169_*LEFT*_PROFILE_LONG_P

Proof of 
synchronicity

longitudinal level check rail 25 - 70 m

sampling rate: 25 cm 
available since 2015 till 2018

MD169_*RIGHT*_PROFILE_LONG
additional displacement 
Δ0i + ΔMD002|MD169i

longitudinal level check rail 25 - 70 m 
PostPositioned

MD169_*RIGHT*_PROFILE_LONG_P

Proof of 
synchronicity

compensation of 
measurement car 

orientation

compensation of 
measurement car 

orientation

superelevation

sampling rate: 25 cm 
available since 2006

MD169_SUPERELEVATION wavelength filter

superelevation 
PostPositioned

MD169_SUPERELEVATION_P

difference calculation 
cross profile

Proof of 
synchronicity

additional displacement
Δ0i + ΔMD002|MD169i

twist 3m

sampling rate: 25 cm 
available since 2006

MD169_VERW_3

twist calculation
VERWi = MP i-6 - MP i+6

Proof of 
synchronicity

twist 3m 
PostPositioned

MD169_VERW_3_P

twist 9m

sampling rate: 25 cm 
available since 2006

MD169_VERW_9

twist 16m

sampling rate: 25 cm 
available since 2006

MD169_VERW_16

twist calculation
 VERWi = MP i-18 - MP i+18

twist calculation
 VERWi = MP i-32 - MP i+32

Proof of 
synchronicity

Proof of 
synchronicity

twist calculation
 VERWi = MP i-18 - MP i+18

twist calculation
 VERWi = MP i-32 - MP i+32

twist 9m 
PostPositioned

MD169_VERW_9_P

twist 16m 
PostPositioned

MD169_VERW_16_P

Measurement group MD169 II

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

control
Korr(MFi,MFi-1)

compensation of 
measurement car 

orientation

compensation of 
measurement car 

orientation

compensation of 
measurement car 

orientation

compensation of 
measurement car 

orientation

twist calculation
 VERWi = MP i-6 - MP i+6

control
Korr(MFi,MFi-1)18,0
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CoMPAcT 
Condition Monitoring and Prediction Analytics for Turnouts 

  Gauge filtered
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  Axle Box Acceleration left
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  Half Gauge unfiltered right   Half Gauge unfiltered left
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  Half Gauge filtered right   Half Gauge filtered left
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tCP

turnoutNo.:

DB776: TUGNo.:
track No.:
station: 

EBWNo.:
track class:

type of turnout:

measurement No.:
measurement date:

installed: EW 54E2  500  1:14 FSch (H)
Vmax (VZG):
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 FoT RJ I RJ II tCP RoT LcS
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immediate intervention level

intervention level

  Longitudinal Level right 325m
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  Alignment right 325m
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  Superelevation
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open track  FoT RoT LcS

open track

RJ IIRJ I

open track

open track

open track

open track

open track

open track

open track

LcSRoTtCPRJ IIRJ I FoT

 FoT RJ I RJ II tCP RoT LcS

 FoT RJ I RJ II tCP RoT LcS

LcSRoTtCPRJ IIRJ I FoT

immediate intervention level

intervention level

immediate intervention level

intervention level
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  Base Gauge
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  Cant right   Cant left
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open track  FoT RoT LcS

open track

RJ IIRJ I

open track

open track

open track

open track
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open track

open track

LcSRoTtCPRJ IIRJ I FoT

 FoT RJ I RJ II tCP RoT LcS

 FoT RJ I RJ II tCP RoT LcS

LcSRoTtCPRJ IIRJ I FoT

intervention level
immediate intervention level
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CoMPAcT 
Condition Monitoring and Prediction Analytics for Turnouts 

turnoutNo.:

DB776: TUGNo.:
track No.:
station: 

EBWNo.:
track class:

type of turnout:

measurement No.:
measurement date:

installed: EW 54E2  500  1:14 FSch (H)
Vmax (VZG):

left

CoMPAcT 
Condition Monitoring and Prediction Analytics for Turnouts 

turnoutNo.:

DB776: TUGNo.:
track No.:
station: 

EBWNo.:
track class:

type of turnout:

measurement No.:
measurement date:

installed: EW 54E2  500  1:14 FSch (H)
Vmax (VZG):

Institute of Railway Engineering and Transport Economy 
Graz University of Technology

Rechbauerstras se 12/II 
8010 Graz, Austria 

office.ebw@TUGraz.at
www.ebw.TUGraz.at
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Condition Monitoring and Prediction Analytics for Turnouts 

Half Gauge unfiltered right Half Gauge unfiltered left
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  Axle Box Acceleration right

  Longitudinal Level left 325m

  Alignment left 325m

  Twist 16m

  Twist 9m

  Twist 3m
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