
DECISION SUPPORT

Analyze data to determine need for track works
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SUPPLIERS OF DECISION SUPPORT PRODUCTS
OVERVIEW
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Knowledge

Infrastructure AM consulting

Infrastructure lifecycle assessment

Implementation of international defect catalogue

KPIs for infrastructure maintenance decisions

Tools

Planning of tamping (preventive line and S&C, spot)

Enhancing tamping track works

Planning of rail maintenance (grinding, cleaning, milling)

Support tasks to track works

Automated inspections (S&C, line, image recognition)

Master data management

Combined

Tamping strategy

Development of KPI and sub-PIs

Tamping effect analysis

Rail/wheel-interface optimization

SOFTWARE DEVELOPMENT AND IMPLEMENTATION PARTNERS



• The products of decision support are grouped in three 
categories:

• Knowledge-based solutions that are largely 
customized to each customer

• Software-based tools for data-driven 
determination of maintenance and renewal needs 
with direct output to work orders

• Combined solutions where software tools assist 
management consultants in developing strategies 
etc. for clients.

• Their benefits are evaluated according to (see details here):

• ISO 55000

• How they contribute to 
”more trains on existing infrastructure” 
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Decision Support Solutions
OVERVIEW



Knowledge-

based 
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Software-

based 
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solutions
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KNOWLEDGE-BASED 
SOLUTIONS

Applying subject matter expertise to 
assist customers with complex issues



o Expert Support: We assist in drafting maintenance plans and 
delivering track work recommendations based on precise, 
aligned data.

o Data Integration: Our consulting service helps you manage and 
utilize your own track measurement data within your systems.

o Tailored Recommendations: We identify and align maintenance 
needs with your traffic and track conditions for optimized 
performance.

o Our service ensures that your infrastructure management 
process is completely within your control, with all data securely 
managed and utilized for maximum operational efficiency.

Reference: Cerrejon, Colombia

Infrastructure AM Consulting
MAKE INFORMED MAINTENANCE DECISIONS WITH PRECISE DATA
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Infrastructure AM Consulting
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Faster decision-making enabled by expert recommendations and 

integrated data insights.

• Reduces response time to infrastructure issues by providing 

immediate, informed guidance.

Q
U

A
L

IT
Y

• Ensures decisions are based on precise, structured data rather 

than fragmented or outdated information.

• Integrates track measurement data directly into existing asset 

management systems, improving data consistency.

C
O

N
F

ID
E

N
C

E

• Provides infrastructure managers with validated, expert-backed 

maintenance strategies, reducing uncertainty.

• Aligns maintenance actions with traffic demands and track 

conditions, ensuring infrastructure is managed proactively rather 

than reactively.

S
A

F
E

T
Y

• Improved maintenance planning reduces the risk of infrastructure 

failures, track defects, and operational hazards.

• Data-driven recommendations help prioritize safety-critical 

interventions, reducing derailments and other incidents.

F
IN

A
N

C
IA

L • Cost-effective maintenance strategies reduce OPEX by avoiding 

unnecessary work while preventing costly emergency repairs.

• Prolongs asset life, optimizing CAPEX investments and improving 

the overall Life Cycle Cost (LCC) of railway infrastructure.

P
U

N
C

T
U

A
L

IT
Y • Optimized maintenance schedules minimize disruptions and 

delays, ensuring more trains arrive on time.

• Preventive maintenance based on accurate data reduces 

unexpected failures that cause traffic interruptions.

S
U

S
T

A
IN

A
B

IL
IT

Y • Extending infrastructure lifespan reduces material waste and the 

need for resource-intensive replacements.

• Preventive maintenance reduces energy-intensive emergency 

repairs, contributing to lower CO₂ emissions and better resource 

utilization.
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Infrastructure Life Cycle Assessment service provides data-driven 
insights to optimize your maintenance decisions based on lifecycle 
cost evaluations.

o Comprehensive Analysis: Evaluate different maintenance 
scenarios to ensure safety and cost-effectiveness throughout 
the infrastructure's lifecycle.

o Data Integration: Combine precise technical measurements 
with sound economic data for reliable life cycle calculations.

o Expert Guidance: Receive tailored recommendations based on 
KPI results and expert analysis.

o By integrating high-precision measurement data with economic 
evaluations, we help you make decisions that balance safety 
and cost-efficiency across the entire lifecycle of your 
infrastructure.

Infrastructure Life Cycle Assessment
COMPARE MAINTENANCE SCENARIOS WITH LCC-BASED INSIGHTS

8 PRODUCT AVAILABILITY: INDIVIDUAL CONSULTANCY



Infrastructure Life Cycle Assessment
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Speeds up strategic planning by providing clear LCC-based 

insights that streamline investment and maintenance decision-

making.

• Reduces time spent on debating different maintenance approaches 

by offering data-backed scenario comparisons.

Q
U

A
L

IT
Y

• Integrates technical measurement data with economic analysis, 

ensuring high-quality, fact-based decision-making.

• Eliminates subjective decision-making by providing quantified, 

comparative evaluations of different maintenance scenarios.

C
O

N
F

ID
E

N
C

E

• Provides railway managers with objective, transparent cost-benefit 

analyses, making decision-making more defensible.

• Ensures that maintenance strategies are aligned with both financial 

and operational priorities, reducing uncertainty.

• Strengthens long-term planning by making infrastructure 

management more predictable and less reactive.

S
A

F
E

T
Y

• Ensures that safety-critical maintenance strategies are financially 

prioritized over the infrastructure's entire lifecycle.

• Helps prevent deferred maintenance risks, which could lead to 

unsafe conditions by making safety investments more predictable 

and justifiable.

F
IN

A
N

C
IA

L

• Optimizes OPEX and CAPEX by identifying the most cost-effective 

maintenance approach over an asset’s full lifecycle.

• Reduces expensive emergency interventions, extending asset 

longevity, improving overall Life Cycle Cost (LCC) management.

• Supports investment decisions with quantifiable ROI, ensuring 

financial resources are allocated efficiently.

P
U

N
C

T
U

A
L

IT
Y • Reduces infrastructure failures that cause train delays by 

proactively addressing maintenance needs based on long-term 

performance projections.

• Helps optimize work scheduling to minimize track possession time, 

ensuring fewer disruptions to train operations.

S
U

S
T

A
IN

A
B

IL
IT

Y

• Enables resource-efficient maintenance planning, reducing 

material waste and unnecessary renewals.

• Supports sustainable asset management strategies by ensuring 

infrastructure components are maintained rather than replaced 

prematurely.

• Contributes to SDGs by reducing energy-intensive emergency 

interventions and supporting long-term railway sustainability.9



The coming EN-standard called “Catalogue of track infrastructure 
defects”, that builds on the same principles as EN 17397 (Rail 
Defects Classification), will create an internationally standardized 
classification and definition of all track related defects.

Implementing this will enable the customer to make use of 
decision support systems that are based on input of the standard 
defect codes. To do this, assistance can be provided to:

o Align new codes with existing practices
o Implement codes in master data management systems and 

measurement data warehouses
o Benchmark towards other IMs using the same system
o Use codes to develop maintenance management strategies
o Improve cross-border railway operations
o Match defect codes to standardized maintenance operations

Implementation of Int. Defect Catalogue
ALIGNING DATA SYSTEMS AND OPERATION WITH INTERNATIONAL STANDARDIZATION

Defect code Ad1111x

Defect 

name

Superstructure – Track bed – Relative track 

geometry – Longitudinal level – D1 – Isolated 

defect

Definition

A localized relative track geometry deviation in 

longitudinal level D1 (λ=3-25m) exceeding 

predefined thresholds, requiring targeted 

maintenance intervention.

References EN13848-5
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Implementation of Int. Defect Catalogue
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Streamlines defect identification and response times by using a 

standardized, structured approach.

• Eliminates delays caused by inconsistent defect reporting, allowing for 

faster maintenance decisions.

Q
U

A
L

IT
Y

• Ensures high-quality, consistent defect data across different infrastructure 

managers and maintenance systems.

• Facilitates the use of advanced decision support tools by providing 

structured and comparable defect information.

C
O

N
F

ID
E

N
C

E

• Reduces ambiguity in defect assessment, enabling more confident 

maintenance planning.

• Strengthens collaboration between infrastructure managers by ensuring 

that defect classifications and responses are aligned.

• Enhances regulatory compliance and reduces legal uncertainties by 

adhering to internationally recognized standards.

S
A

F
E

T
Y

• Establishes a unified approach to identifying and classifying track defects, 

ensuring consistent and accurate defect detection.

• Helps infrastructure managers implement standardized maintenance 

responses, reducing safety risks from undetected or misclassified defects.

• Facilitates better risk assessment by aligning defect severity with 

structured maintenance strategies.

F
IN

A
N

C
IA

L

• Lowers OPEX by reducing inefficiencies in maintenance planning and 

execution due to inconsistent defect interpretation.

• Supports LCC optimization by aligning defect classification with 

standardized maintenance strategies, making cost allocation more 

transparent.

• Improves benchmarking against other infrastructure managers, helping to 

identify cost-saving best practices and efficient defect management 

processes.

P
U

N
C

T
U

A
L

IT
Y

• Reduces the risk of unexpected infrastructure failures by ensuring defects 

are consistently identified and addressed in time.

• Enables data-driven predictive maintenance, helping to prevent disruptions 

and minimize unplanned track downtime.

• Supports cross-border operations by ensuring defect classifications are 

understood and acted upon uniformly across different railway networks.

S
U

S
T

A
IN

A
B

IL
IT

Y

• Encourages efficient defect management, reducing excessive maintenance 

and unnecessary material usage.

• Helps optimize asset utilization by ensuring track components are replaced 

based on condition rather than arbitrary schedules.

• Supports harmonized railway operations across borders, making rail 

transport more efficient and competitive compared to other modes of 

transport.
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SOFTWARE-BASED 
TOOLS

Data-driven inspections and calculation 
of need for maintenance and renewal 
including predictive maintenance



o The need for ballast cleaning or full track bed rehabilitation can 
be assessed using indirect indicators like ballast age, track 
quality indices, deterioration rates, and frequency of spot 
defects

o These insights are significantly improved when Ground 
Penetrating Radar (GPR) data is available, revealing layer 
thickness, fouling levels, and moisture content

o A proper renewal plan must also consider lifting restrictions, 
such as bridges, tunnels, or limits posed by the overhead 
contact system

o Combining structural data with condition monitoring supports 
targeted, data-driven decisions on whether cleaning or full 
renewal is necessary

Track Bed Renewal
IDENTIFICATION OF NEED FOR BALLAST CLEANING AND/OR TRACK BED RENEWAL

13 PRODUCT AVAILABILITY: SPECIFIED, READY FOR SOFTWARE DEVELOPMENT



Track Bed Renewal
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Faster and more accurate identification of weak track zones 

using combined condition indicators and GPR

• Enables quicker planning and prioritization of renewal or 

cleaning activities

• Reduces planning uncertainty by providing data-driven 

insights early in the maintenance process

Q
U

A
L

IT
Y

• More precise identification of problem areas improves repair 

quality and long-term performance

• Supports consistent assessment methodology across 

network sections and projects

• GPR and objective metrics eliminate subjectivity in renewal 

planning decisions

C
O

N
F

ID
E

N
C

E

• Stakeholders gain trust in renewal decisions based on 

measurable, standardized data

• Combines both surface-level and subsurface diagnostics for 

a complete condition picture

• Strengthens justification for investment or postponement of 

track bed interventions

S
A

F
E

T
Y

• Ensures stability of the track by identifying and addressing ballast 

fouling or subsurface degradation

• Reduces risk of geometry defects, derailments, and track buckling 

due to poor substructure conditions

• Helps avoid emergency interventions caused by sudden failures of 

weakened track beds

F
IN

A
N

C
IA

L

• Supports optimized use of resources by distinguishing between 

areas needing cleaning vs. full rehabilitation

• Avoids unnecessary full renewal projects by identifying where 

targeted maintenance is sufficient

• Enables long-term cost planning based on deterioration trends and 

substructure condition

P
U

N
C

T
U

A
L

IT
Y

• Prevents geometry-related faults that can trigger speed restrictions 

or delays

• Reduces unplanned possessions caused by reactive ballast work 

or emergency tamping

• Enhances long-term track stability, contributing to more predictable 

operations

S
U

S
T

A
IN

A
B

IL
IT

Y

• Minimizes waste by cleaning and reusing ballast where possible 

rather than full replacement

• Reduces material use and environmental impact through condition-

based planning

• Promotes more efficient use of maintenance windows, minimizing 

CO₂ from machinery and logistics
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Methodology for data-driven determination of condition-based 
need for tamping of plain line and switches&crossings

o Based on measurement data for relative track geometry and 
master data of speed, load, and alignment

o Includes predictive maintenance by calculating annual track 
quality degradation

o Base data is TQIs (track quality indices) typically as 200-meter 
fixed block standard deviations

o Thresholds according to the TQCs (track quality classes in 
EN13848-6 or similar

o Optimizes operation for
– Start/stop outside of transition curves
– Nearby isolated defects
– Intermediate distances between tamping sections

o Coordinate S&C tamping based on inter-object distances

Need for Tamping
DETERMINING THE NEED FOR PREVENTIVE/MAINTENANCE TAMPING AND COORDINATE WITH SPOT TAMPING

PRODUCT AVAILABILITY: SPECIFIED, READY FOR SOFTWARE DEVELOPMENT15



Need for Tamping
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Accelerates decision-making by using predictive models to determine when 

and where tamping is needed.

• Reduces time spent on manual inspections and reactive planning by 

implementing data-driven maintenance strategies.

Q
U

A
L

IT
Y • Ensures tamping is conducted at the optimal location by analyzing track 

quality indices (TQIs) and degradation rates.

• Improves track smoothness and ride comfort by strategically selecting 

tamping start/stop points and coordinating tamping activities.

C
O

N
F

ID
E

N
C

E

• Provides objective, standardized decision support for tamping needs based 

on EN 13848-6 track quality classes and measured degradation trends.

• Reduces reliance on subjective assessments, increasing trust in data-

driven maintenance decisions.

• Enhances transparency in tamping planning and cost allocation, ensuring 

infrastructure managers can justify tamping strategies.

S
A

F
E

T
Y

• Ensures that track geometry is maintained at optimal levels, reducing track 

instability, derailment risks, and excessive wear.

• Uses data-driven thresholds (TQCs from EN 13848-6) to trigger tamping 

only when needed, preventing unnecessary track interventions that could 

impact stability.

• Reduces risks associated with isolated defects and transition curve 

deformations by integrating these factors into the tamping plan.

F
IN

A
N

C
IA

L

• Reduces OPEX by ensuring tamping is performed only when necessary, 

minimizing redundant track interventions.

• Extends track lifecycle by maintaining optimal geometry, delaying 

expensive renewal investments and optimizing LCC (Life Cycle Cost).

• Minimizes track possession time, lowering costs associated with 

operational disruptions and reducing the need for additional corrective 

tamping.

P
U

N
C

T
U

A
L

IT
Y

• Prevents geometry-related speed restrictions by proactively addressing 

degradation before it impacts train operations.

• Reduces unplanned maintenance by integrating predictive degradation 

models, ensuring tamping is done at the right time, in the right place.

• Coordinates tamping of plain lines and switches & crossings (S&C) to 

avoid repeated disruptions.

S
U

S
T

A
IN

A
B

IL

IT
Y

• Lowers energy consumption and emissions by reducing unnecessary 

tamping operations.Extends the useful life of track materials, reducing 

resource consumption and waste.Supports efficient use of tamping 

machines, optimizing fuel use and limiting wear on equipment.

16



o When the need for tamping is known, either from the tool or 
any other source, it is possible to enhance the work orders with 
information that makes planning easier using a variety of data 
inputs:

– Ballast volume differences: LIDAR-scanner tools can 
provide current ballast profiles in the track which 
can be compared to a reference profile to 
determine the volume differences

– Referenced/absolute track geometry: Made either 
by vehicle- or deviced based measurement 
equipment, it can calculate lift and slew values to 
restore the designed alignment (soll geometry)

– Superstructure image recognition: Can detect loose 
or missing fasteners, poor ballast condition and 
other issues that can affect tamping effect or 
durability

Enhancing Tamping Track Works
USING MASTER- AND MEASUREMENT DATA TO IMPROVE PLANNING OF TAMPING

17 PRODUCT AVAILABILITY: SPECIFIED, READY FOR SOFTWARE DEVELOPMENT



Enhancing Tamping Track Works
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Speeds up tamping planning and execution by providing data-enriched 

work orders, reducing delays in track maintenance.

• Reduces the time required for manual inspections by using automated 

image recognition and track geometry measurements.

Q
U

A
L

IT
Y • Enhances tamping precision by integrating real-time ballast and track 

geometry data.

• Ensures tamping is performed under optimal conditions, leading to better 

long-term results and reduced track settlement rates.

C
O

N
F

ID
E

N
C

E

• Strengthens trust in tamping planning by integrating objective, high-quality 

measurement data into work orders.

• Ensures track conditions are fully understood before tamping, reducing 

uncertainties in execution and expected performance.

• Supports predictive maintenance strategies, helping infrastructure 

managers make informed, data-backed decisions.

S
A

F
E

T
Y

• Reduces safety risks by integrating LIDAR-scanned ballast volume data, 

ensuring sufficient ballast support during tamping.

• Uses superstructure image recognition to detect missing fasteners and 

ballast issues that could compromise track stability post-tamping.

• Improves alignment precision by incorporating referenced/absolute track 

geometry data, ensuring tracks are restored to their design parameters 

(soll geometry).

F
IN

A
N

C
IA

L

• Optimizes OPEX by reducing unnecessary tamping cycles and improving 

first-time-right interventions.

• Reduces CAPEX on corrective maintenance by ensuring tamping work 

restores track to optimal conditions.

• Minimizes waste of resources by providing precise ballast volume needs, 

avoiding unnecessary ballast placement or removal.

P
U

N
C

T
U

A
L

IT
Y

• Enhances tamping effectiveness by incorporating multiple data inputs, 

reducing rework and subsequent track corrections.

• Minimizes unplanned maintenance by addressing potential tamping-

impacting issues (e.g., ballast deficiencies, loose fasteners) before tamping 

takes place.

• Ensures long-term track stability, reducing the frequency of corrective 

tamping that could disrupt train operations.

S
U

S
T

A
IN

A
B

IL
IT

Y • Supports material efficiency by using LIDAR-scanned ballast profiles to 

optimize ballast distribution, reducing excess ballast transport and usage.

• Reduces energy consumption and emissions by eliminating unnecessary 

tamping and extending track durability.

• Improves infrastructure longevity, reducing the need for frequent 

interventions and material replacements.18



o Maintenance strategies are based on rail type, defect severity, 
and operational impact (e.g. safety, noise, performance)

o Rolling Contact Fatigue (RCF) requires deep reprofiling by 
grinding or milling to restore rail integrity

o Corrugation leads to noise and vibration; treated with shallow 
grinding to smooth surface irregularities

o Contaminants and dirt, especially in urban systems, reduce 
traction and must be removed by rail cleaning

o Planning is guided by eddy current, ultrasonic, and corrugation 
measurements for targeted intervention

o For rail grinding, using an odd number of passes can optimize 
metal removal and improve grinding quality

Planning of Rail Cleaning and Reprofiling 
DETERMINING NEED FOR RAIL GRINDING, MILLING AND CLEANING

19 PRODUCT AVAILABILITY: CONCEPTUALIZED – NOT SPECIFIED



Planning of Rail Cleaning and Reprofiling 
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Faster response times by integrating inspection data directly 

into planning tools

• Automation of need-identification shortens the maintenance 

planning cycle

• Real-time diagnostics support quick operational decisions in 

high-traffic areas

Q
U

A
L

IT
Y

• Decisions are based on precise, multi-source data 

(ultrasound, eddy current, corrugation)

• Ensures consistent application of standards across different 

railway types and conditions

• Improved grinding and cleaning strategies ensure more 

uniform rail profiles and better ride quality

C
O

N
F

ID
E

N
C

E

• Standardized workflows increase stakeholder trust in 

decision outcomes

• Objective, condition-based criteria replace subjective visual 

inspections

• Transparent processes aid communication across 

departments and contractors

S
A

F
E

T
Y

• Early detection of RCF, corrugation, and contamination reduces 

risk of derailments and wheel damage

• Improved planning ensures timely removal of hazardous defects 

before they compromise track integrity

• Use of ultrasonic and eddy current data enables preventative 

actions rather than reactive interventions

F
IN

A
N

C
IA

L

• Optimized grinding passes reduce wear on equipment and extend 

rail life, minimizing replacement costs

• Targeted maintenance based on condition data lowers 

unnecessary interventions and labor costs

• Enables smarter CAPEX planning through better understanding of 

wear patterns and degradation trends

P
U

N
C

T
U

A
L

IT
Y

• Timely rail cleaning and grinding prevent disruptions caused by 

noise complaints or traction loss

• Reduces emergency maintenance, helping maintain service 

schedules and reduce unplanned downtime

• Better maintenance timing reduces slow zones and line speed 

restrictions

S
U

S
T

A
IN

A
B

IL
IT

Y

• Less frequent but better-targeted interventions minimize resource 

use and environmental impact

• Reduced grinding passes and longer asset life lower the carbon 

footprint of rail maintenance

• Data-driven planning minimizes over-maintenance and associated 

waste

20



o Large-scale track works using machines (e.g. tampers) can risk 
damaging fixed equipment like interlocking elements, power 
supply units, or Eurobalises

o For example, Eurobalises should be dismounted before tamping 
to avoid damage and ensure optimal quality — this requires 
qualified interlocking support staff

o Failure to plan for such tasks can lead to asset damage, delays, 
and increased costs

o When planning is done in linear asset management systems 
with master data, it's possible to automatically identify 
equipment in the work zone and determine the associated 
support staff needs

Support Staff to Track Works
IDENTIFICATION OF NEED FOR SUPPORT STAFF FOR INTERLOCKING, POWER ETC.

21 PRODUCT AVAILABILITY: CONCEPTUALIZED – NOT SPECIFIED



Support Staff to Track Works
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Automated intersection analysis accelerates identification of 

equipment needing protection

• Reduces time spent manually checking asset locations and 

support requirements

• Streamlines coordination between technical and operational 

teams

Q
U

A
L

IT
Y

• Ensures track works meet both infrastructure and system 

quality standards

• Preserves calibration and alignment of sensitive systems 

during and after works

• Avoids post-maintenance quality issues linked to improperly 

handled assets

C
O

N
F

ID
E

N
C

E

• Builds trust that all required support tasks are systematically 

accounted for

• Demonstrates due diligence to stakeholders and safety 

authorities

• Standardized, data-driven planning reduces reliance on 

individual knowledge or experience

S
A

F
E

T
Y

• Avoids unintended damage to signaling, power, and safety-

critical components like Eurobalises

• Ensures proper dismounting/remounting procedures are 

followed by certified personnel

• Reduces risk of operational failure post-maintenance due to 

mishandled equipment

F
IN

A
N

C
IA

L

• Prevents costly equipment replacements caused by 

accidental damage

• Reduces emergency call-outs and rework expenses

• Enables efficient resource planning and staffing through 

automated identification

P
U

N
C

T
U

A
L

IT
Y

• Minimizes delays caused by last-minute equipment issues or 

support staff shortages

• Prevents unexpected system faults that could disrupt train 

operations after the works

• Smoother coordination shortens total track possession time

S
U

S
T

A
IN

A
B

IL
IT

Y • Reduces unnecessary disposal and replacement of 

damaged components

• Encourages reuse and proper handling of assets through 

planned workflows

• Improves long-term infrastructure lifecycle management22



o Many infrastructure inspections are still done manually, 
requiring staff to perform on-track visual assessments, which 
are time-consuming, subjective, and expose personnel to safety 
risks

o Inspection tasks such as switches & crossings, line geometry, 
and visual superstructure checks can be automated through 
measurement systems and image analytics

o For example, measuring control points in S&Cs takes 2–4 staff 
and 30 minutes manually — but a measurement vehicle can 
perform it in minutes, delivering richer and more objective data

o While initial CAPEX may be high, long-term OPEX savings, 
reduced safety exposure, and increased accuracy often make a 
strong business case — especially in contexts with staff 
shortages or high labor costs

Automate Inspections
MOVE INSPECTION WORK FROM THE TRACK TO THE OFFICE: SWITCHES & CROSSINGS, LINE INSPECTION, SUPERSTRUCTURE IMAGE RECOGNITION

23 PRODUCT AVAILABILITY: CONCEPTUALIZED – NOT SPECIFIED



Automate Inspections
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Faster data collection and processing allows near-real-time 

analysis and defect reporting

• Remote access to inspection results enables quicker 

decision-making across departments

• Eliminates delays linked to staff availability or manual report 

turnaround

Q
U

A
L

IT
Y

• Objective, repeatable data improves consistency and 

accuracy in defect detection

• Richer data sets (e.g. continuous measurements, image 

analysis) enhance understanding of asset condition

• Reduces variability introduced by different inspectors or 

human interpretation

C
O

N
F

ID
E

N
C

E

• Data-driven inspections increase trust in reported findings 

and maintenance decisions

• Standardized methods improve regulatory compliance and 

documentation

• Historical trends and analytics support confident planning 

and investment decisions

S
A

F
E

T
Y

• Reduces need for staff to work in live track environments, lowering 

risk of accidents

• Minimizes exposure to hazards such as train movements, noise, 

and weather conditions

• Enables proactive maintenance through earlier and more 

consistent detection of defects

F
IN

A
N

C
IA

L

• Lowers recurring inspection costs by reducing manual labor and 

travel time

• High initial CAPEX for measurement systems is offset by long-term 

OPEX savings

• Reduces cost of missed or delayed defect detection by improving 

inspection coverage and frequency

P
U

N
C

T
U

A
L

IT
Y • Less need for track possessions or disruptive inspection slots 

between trains

• Quicker inspection turnaround means less downtime waiting for 

manual assessments

S
U

S
T

A
IN

A
B

IL
IT

Y

• Minimizes use of service vehicles and site logistics associated with 

manual inspections

• Supports asset longevity through earlier and more precise 

intervention

• Enables digital documentation and analysis, reducing paper-based 

workflows24



Infralife MDM ensures infrastructure managers to have precise, 
actionable data for better decision-making and resource 
allocation.

o Central Asset Repository: Establish a unified system for all 
technical fields across your network.

o Strategic Asset Management: Align asset data with ISO 55000 
standards for effective decision-making.

o Accurate Asset Registers: Provide subject matter experts with 
reliable, real-time asset data.

o Data Governance: Implement strong data governance to build 
trust in asset information.

o System Integration: Seamlessly integrate master data with 
enterprise platforms like GIS, DMS, and ERP.

Master Data Management
ESTABLISH THE BACKBONE FOR YOUR DECISION-MAKING PROCESS

25 PRODUCT AVAILABILITY: COMMERCIALLY READY



Master Data Management
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Accelerates decision-making by providing a single source of truth for all 

asset-related data.

• Eliminates delays caused by data inconsistencies and reduces time spent 

searching for missing or outdated asset information.

Q
U

A
L

IT
Y • Ensures high-quality, structured data is available for all decision-support 

systems, reducing human error and misinterpretation.

• Provides integrated asset information across GIS, DMS, ERP, and other 

enterprise systems, enhancing cross-functional collaboration.

C
O

N
F

ID
E

N
C

E

• Strengthens trust in decision-making by ensuring infrastructure managers 

work with accurate, standardized asset data.

• Provides a transparent, well-governed master data structure, reducing 

uncertainty in maintenance and investment planning.

• Ensures long-term consistency by aligning asset management with ISO 

55000 principles.

S
A

F
E

T
Y

• Ensures accurate and up-to-date asset information, reducing safety risks 

caused by outdated or inconsistent data.

• Supports risk-based maintenance planning, ensuring critical infrastructure 

components receive attention before failure occurs.

• Facilitates compliance with safety regulations by maintaining structured 

asset records aligned with ISO 55000.

F
IN

A
N

C
IA

L

• Optimizes OPEX and CAPEX by improving asset utilization and resource 

planning.

• Reduces unnecessary maintenance costs by ensuring infrastructure 

managers work with accurate asset registers, avoiding redundant work 

orders.

• Supports LCC (Life Cycle Cost) analysis, making long-term investment 

planning more efficient and data-driven.

P
U

N
C

T
U

A
L

IT
Y

• Reduces maintenance-related delays by providing real-time, reliable asset 

information for faster decision-making.

• Improves coordination between maintenance, operations, and planning, 

reducing disruptions due to incorrect or missing data.

• Enhances predictive maintenance by integrating master data with condition 

monitoring and decision support systems.

S
U

S
T

A
IN

A
B

IL
IT

Y • Improves resource efficiency by reducing maintenance errors and 

unnecessary material usage.

• Enables sustainable asset lifecycle management, ensuring infrastructure is 

maintained rather than prematurely replaced.

• Supports SDGs by optimizing railway infrastructure operations, making rail 

transport more efficient and competitive.
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Our ‘Key Performance Indicator’-based monitoring and decision-making 
solutions allow infrastructure managers to optimize track maintenance 
decisions with high-precision data.

o High-Precision Evaluation: Ensure your infrastructure meets 
international standards using our state-of-the-art measurement 
systems.

o Comprehensive Data Coverage: Receive KPIs for rail, turnouts, and 
trackbed, addressing fundamental aspects of your track 
infrastructure.

o Benchmarking Capabilities: Compare and benchmark your network's 
performance metrics against similar systems.

o Tailored Insights: Get actionable insights to improve decision-making 
and operational efficiency.

By integrating measurement data with KPI analysis, you can optimize 
infrastructure maintenance strategies and align with global best 
practices.

KPIs for Infrastructure Maintenance Decisions
MAXIMIZE VALUE FROM HIGH-PRECISION MEASUREMENT DATA
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KPIs for Infrastructure Maintenance Decisions
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Accelerates decision-making with real-time KPI monitoring, reducing 

response times to infrastructure issues.

• Eliminates guesswork in maintenance planning, ensuring faster, data-

driven interventions.

Q
U

A
L

IT
Y • Provides high-precision measurement data that supports fact-based 

infrastructure assessments.

• Enhances benchmarking capabilities, allowing infrastructure managers to 

compare network performance against similar systems.

C
O

N
F

ID
E

N
C

E

• Strengthens trust in maintenance decisions by offering transparent, 

quantifiable KPIs.

• Ensures infrastructure managers are making informed choices, reducing 

reliance on subjective assessments.

• Helps align maintenance strategies with global best practices, ensuring 

consistency and reliability.

S
A

F
E

T
Y

• Ensures objective, high-precision evaluation of track conditions, reducing 

safety risks from undetected deterioration.

• Aligns infrastructure conditions with international safety standards, 

preventing failures and ensuring compliance.

• Enables early detection of critical defects, ensuring preventive actions 

before they become safety hazards.

F
IN

A
N

C
IA

L

• Optimizes OPEX by prioritizing maintenance activities based on data-

driven KPIs, avoiding unnecessary or inefficient interventions.

• Improves CAPEX planning by providing clear, measurable insights into 

long-term infrastructure needs.

• Supports LCC optimization by enabling targeted investments in the most 

critical infrastructure components.

P
U

N
C

T
U

A
L

IT
Y • Reduces track-related delays by identifying and addressing performance 

deviations before they affect train operations.

• Supports proactive maintenance scheduling, minimizing unplanned 

interventions that cause disruptions.

• Helps optimize work planning to ensure minimal impact on train timetables.

S
U

S
T

A
IN

A
B

IL
IT

Y • Extends track asset lifespan by ensuring interventions are performed at the 

right time based on actual condition.

• Reduces resource waste by eliminating unnecessary maintenance and 

optimizing material usage.

• Supports sustainable railway operations by ensuring infrastructure is 

maintained efficiently and proactively.
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COMBINED 
SOLUTIONS

Adding knowledge to the tools



Investigation into the optimum amount of preventive tamping vs. 
spot tamping. 
o Combines software tool with management consulting for 

interpretation of the results and implementation of chosen 
strategy.

o Creates 5 different scenarios based on the track quality classes 
(TQCs) of EN13848-6 or similar set of thresholds

o Based on long-term lifecycle modelling of relative track 
geometry and effect of maintenance interventions

o Approach includes taking effect-delay into account
o Evaluate effects of each TQC against ISO55000 criteria: 

– Safety
– Punctuality
– Financial impact
– Sustainability effects

o To implement the strategy, it is beneficial to implement the use 
of the tamping planning tool (see slide under tools section)

Tamping Strategy
FINDING AND IMPLEMENTING THE OPTIMUM LONG-TERM TAMPING STRATEGY
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Tamping Strategy
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Accelerates maintenance decision-making by providing data-driven insights 

into optimal tamping intervals.

• Reduces reaction times to track deterioration by forecasting when and 

where tamping will be required.

Q
U

A
L

IT
Y • Uses structured lifecycle modeling to ensure tamping decisions are based 

on quantifiable data and real track behavior.

• Integrates track quality indices (TQIs) and TQCs to maintain consistent, 

high-quality track conditions.

C
O

N
F

ID
E

N
C

E

• Enhances trust in tamping planning by applying ISO 55000-aligned 

evaluation criteria to every decision.

• Uses validated predictive modeling to justify tamping interventions, 

ensuring long-term reliability and track performance.

• Provides clear insights for infrastructure managers, reducing uncertainty in 

budgeting and planning decisions.

S
A

F
E

T
Y

• Ensures track geometry remains within safe limits by using long-term 

lifecycle modeling to predict when tamping is needed.

• Reduces the risk of track-related derailments and infrastructure failures by 

balancing preventive vs. spot tamping.

• Uses EN 13848-6 Track Quality Classes (TQC) or equivalent thresholds to 

objectively assess when maintenance is required, eliminating subjective 

decision-making.

F
IN

A
N

C
IA

L

• Optimizes OPEX and CAPEX by identifying the most cost-effective 

tamping strategy over the track’s lifecycle.

• Reduces unnecessary tamping operations, minimizing labor, machinery, 

and material costs.

• Improves LCC (Life Cycle Cost) efficiency by ensuring tamping is 

performed at the right time, extending the life of track infrastructure.

P
U

N
C

T
U

A
L

IT
Y

• Minimizes track-related speed restrictions by proactively maintaining track 

geometry at optimal levels.

• Reduces train delays by strategically planning tamping interventions to 

ensure minimal disruption to operations.

• Balances tamping schedules with network demand, ensuring that 

maintenance is done without negatively impacting traffic flow.

S
U

S
T

A
IN

A
B

IL
IT

Y • Reduces excessive tamping, extending track component lifespan and 

lowering material consumption.

• Minimizes energy use and emissions from tamping machines by 

eliminating unnecessary interventions.

• Aligns maintenance interventions with sustainability-focused asset 

management strategies, reducing environmental impact over time.
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o The DRS Alliance members with their combined expertise on 
several track infrastructure domains can support you in 
developing customer specific KPI’s for applications within your 
railway network. Useful KPI’s can allow you to efficiently 
monitor the performance of your maintenance campaigns.

o An example for rail maintenance is the Profile Deviation Index 
(PDI). It allows you to monitor the quality of rail treatment 
works by focussing on the necessary parts of the rail surface, 
which is important for wheel/rail interaction rather than 
focussing also on parts of the surface which give no 
contribution to the wheel/rail contact.

o See also example of PI-hierarchy at the next slide

Development of KPI and Sub-PIs
ENHANCE YOUR MEASUREMENT DATA BY LOOKING AT IT IN A NEW WAY
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Development of KPI and Sub-PIs
METRICS TO EVALUATE THE STATE OF YOUR TRACK ASSETS: INFRASTRUCTURE PERFORMANCE INDICATORS

KPIs
Key 
performance 
indicators

• For top management stakeholders
• Performance requirements from 

authorities
• Uppermost aggregated level for 

statistical comparison/benchmark 
over time

• Could be based on ISO55000
• Safety: Incidents per year
• Finance: Annual CAPEX and OPEX
• Punctuality: Delayed trains per year
• Sustainability: Annual CO2e

• RAMS e.g. availability

APIs
Asset 
performance 
indicators

• Direct influence on KPI levels
• For asset management stakeholders 

to prioritize activities and ressources
• Divided per asset category (e.g. track, 

interlocking, power, catenary etc.)

• What causes improved/worsened KPIs?
• Delayed trains caused by:

• Temporary speed restrictions
• Uptime/Emergency Rate/MTBF/MTBR

MPIs
Maintenance 
performance 
indicators

• Direct influence on API levels
• For maintenance management 

stakeholders
• Actionable for MPI owner

• What causes improved/worsened APIs?
• Temporary speed restrictions caused by:

• IAL/IL defects on track geometry 
or rail
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Development of KPI and Sub-PIs
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Provides fast, data-driven insights to support decision-making at all levels –

from maintenance teams (MPIs) to top management (KPIs).

• Eliminates delays in identifying the root cause of infrastructure issues, 

reducing response times.

Q
U

A
L

IT
Y

• Ensures high-quality, structured data analysis by linking maintenance 

performance (MPIs) to asset conditions (APIs) and overall network 

performance (KPIs).

• Enhances benchmarking capabilities, allowing infrastructure managers to 

compare performance over time and across networks.

C
O

N
F

ID
E

N
C

E

• Strengthens trust in maintenance and investment decisions by providing 

quantifiable, structured performance indicators.

• Reduces uncertainty in maintenance planning by correlating defect data 

with real-world operational impacts.

S
A

F
E

T
Y

• Improves safety monitoring by establishing clear KPIs for incidents, track 

conditions, and infrastructure performance.

• Enables early identification of risks, such as deteriorating track geometry or 

increasing defect rates, preventing safety-critical failures.

• Aligns maintenance actions with safety benchmarks, reducing the 

likelihood of derailments and infrastructure failures.

F
IN

A
N

C
IA

L

• Provides real-time insights into how maintenance activities influence 

punctuality (e.g., linking track defects to temporary speed restrictions and 

delays).

• Helps prioritize maintenance interventions that have the highest impact on 

train operations.

• Ensures top-down alignment from operational issues (e.g., geometry 

defects) to strategic KPIs (e.g., delayed trains per year).

P
U

N
C

T
U

A
L

IT
Y

• Optimizes maintenance expenditure by allowing infrastructure managers to 

track the cost-effectiveness of maintenance activities.

• Supports LCC (Life Cycle Cost) optimization by integrating asset 

performance indicators (APIs) into financial planning.

• Reduces OPEX by identifying underperforming assets and targeting 

interventions where they yield the highest return.

S
U

S
T

A
IN

A
B

IL
IT

Y • Reduces unnecessary maintenance activities by focusing only on critical 

defects, lowering material and energy consumption.

• Supports CO₂ tracking as part of the KPI framework, allowing railway 

operators to monitor and minimize their environmental impact.

• Encourages long-term, sustainable asset management strategies, reducing 

waste and unnecessary replacements.
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o Tamping is often treated as a "finished job," but its 
effectiveness and durability depend on many factors, such as 
ballast condition, fastening integrity, and rail damage

o If preconditions are poor (e.g. loose fastenings, degraded 
ballast, defective components), tamping may have minimal or 
short-lived impact

o Post-tamping monitoring — especially after a defined traffic 
load — can reveal “negative improvement”, signaling 
underlying issues

o Analyzing tamping effect and comparing durability over time 
enables benchmarking between contractors, machines, or asset 
areas

o Intersection analysis with other condition data can help identify 
root causes and suggest targeted improvements before the 
next maintenance cycle

Tamping Effect and Durability Analysis
THE JOB IS NOT NECESSARILY FINISHED JUST BECAUSE IT HAS BEEN DONE
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Tamping Effect and Durability Analysis
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Enables fast identification of underperforming tamping 

sections using data trends

• Provides automated or semi-automated insights on potential 

underlying causes

• Supports quicker decision-making about follow-up actions or 

design improvements

Q
U

A
L

IT
Y

• Establishes a measurable standard for tamping 

effectiveness and durability

• Enables benchmarking across contractors, regions, or 

machines to raise overall quality

• Encourages systematic improvement by tying results to 

specific track conditions and practices

C
O

N
F

ID
E

N
C

E

• Increases trust in maintenance outcomes by validating 

results through post-tamping monitoring

• Supports transparent contractor evaluation and internal 

performance reviews

• Builds confidence in planning tools and maintenance 

strategies through data-driven feedback loops

S
A

F
E

T
Y

• Identifies sections where tamping has failed to restore safe 

geometry, enabling early corrective actions

• Detects hidden structural problems that could compromise track 

stability or trigger sudden defects

• Supports better track condition over time, reducing risk of safety-

related incidents

F
IN

A
N

C
IA

L

• Avoids wasted tamping effort by highlighting areas with poor 

durability or ineffective outcomes

• Improves cost-efficiency by focusing maintenance only where it's 

truly needed

• Enables long-term planning and budgeting based on actual 

maintenance effect, not just schedule

P
U

N
C

T
U

A
L

IT
Y

• Reduces repeat tamping needs and emergency geometry 

corrections that disrupt train operations

• Supports more durable track geometry, minimizing slow orders and 

operational downtime

• Allows earlier intervention in areas with recurrent deterioration 

before it affects services

S
U

S
T

A
IN

A
B

IL
IT

Y

• Minimizes unnecessary machine runs and ballast disturbance by 

improving tamping targeting

• Reduces resource waste by linking tamping activity to 

effectiveness, not routine

• Extends lifecycle of track components through better-informed 

maintenance strategies
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o The rail/wheel interface plays a critical role in wear, noise, 
safety, and long-term cost — suboptimal alignment leads to 
premature damage and higher life cycle costs

o Optimization requires a systematic, data-driven approach, 
combining profile measurements, wear assessments, vehicle 
dynamics, and material behavior

o Examples include solving check rail wear in turnouts or 
extending rail and wheel life cycles through tailored grinding, 
wheel profile adaptations, or friction management

o Benchmarking, QA/QC, and KPI-based performance tracking 
enable comparison across contractors, machines, or 
infrastructure sections

o A stepwise consulting model — from assessment to strategy 
and implementation — ensures improvements are targeted, 
cost-effective, and sustainable

Rail/wheel-interface Optimization
OPTIMIZING THE RAIL/WHEEL INTERFACE REDUCES WEAR, NOISE, AND COST WHILE IMPROVING SAFETY, DURABILITY, AND RIDE QUALITY
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Rail/wheel-interface Optimization
BUSINESS CASE & BENEFITS

S
P

E
E

D

• Delivers fast insights through automated profile matching, 

simulation, and KPI dashboards

• Allows real-time adjustment of maintenance planning and 

procurement strategies

• Supports proactive decision-making by integrating wheel/rail 

analytics with asset management systems

Q
U

A
L

IT
Y

• Ensures consistency across maintenance teams with 

standardized analysis and grinding specs

• Validates contractor performance through QA/QC and post-

treatment assessment

• Drives continuous improvement via benchmarking and 

historical performance tracking

C
O

N
F

ID
E

N
C

E

• Provides objective, data-backed evidence for decision-

makers and regulators

• Enhances stakeholder trust by transparently linking 

interventions to measurable improvements

• Demonstrates professional stewardship of track and rolling 

stock interface management

S
A

F
E

T
Y

• Reduces risk of rail breaks and derailments by minimizing 

excessive lateral and vertical forces

• Identifies and corrects critical wear zones (e.g. check rails, switch 

zones) before they become safety hazards

• Improves track stability and vehicle guidance, especially in 

complex geometry

F
IN

A
N

C
IA

L

• Extends rail and wheel life by up to 3–4× through profile and 

maintenance optimization

• Saves up to €12,000/km/year in operating costs by reducing 

premature grinding or wheel truing

• Prevents costly failures and reactive maintenance with predictive, 

profile-based interventions

P
U

N
C

T
U

A
L

IT
Y

• Minimizes delays due to unexpected wear-related issues or 

geometry faults

• Reduces downtime by shifting to condition-based grinding and 

wheel truing schedules

• Improves alignment and vehicle dynamics, contributing to 

smoother operation and fewer disruptions

S
U

S
T

A
IN

A
B

IL
IT

Y

• Reduces material waste from excessive grinding or wheel 

machining

• Supports quieter, more energy-efficient rail operations by 

minimizing vibration and rolling resistance

• Enables a more sustainable maintenance strategy focused on 

long-term asset health

38


	DecSup
	Folie 1: Decision Support
	Folie 2: Suppliers of Decision support products
	Folie 3: Decision Support Solutions
	Folie 4: AGENDA
	Folie 5: Knowledge-based solutions
	Folie 6: Infrastructure AM Consulting
	Folie 7: Infrastructure AM Consulting
	Folie 8: Infrastructure Life Cycle Assessment
	Folie 9: Infrastructure Life Cycle Assessment
	Folie 10: Implementation of Int. Defect Catalogue
	Folie 11: Implementation of Int. Defect Catalogue
	Folie 12: Software-based tools
	Folie 13: Track Bed Renewal
	Folie 14: Track Bed Renewal
	Folie 15: Need for Tamping
	Folie 16: Need for Tamping
	Folie 17: Enhancing Tamping Track Works
	Folie 18: Enhancing Tamping Track Works
	Folie 19: Planning of Rail Cleaning and Reprofiling 
	Folie 20: Planning of Rail Cleaning and Reprofiling 
	Folie 21: Support Staff to Track Works
	Folie 22: Support Staff to Track Works
	Folie 23: Automate Inspections
	Folie 24: Automate Inspections
	Folie 25: Master Data Management
	Folie 26: Master Data Management
	Folie 27: KPIs for Infrastructure Maintenance Decisions
	Folie 28: KPIs for Infrastructure Maintenance Decisions
	Folie 29: Combined solutions
	Folie 30: Tamping Strategy
	Folie 31: Tamping Strategy
	Folie 32: Development of KPI and Sub-PIs
	Folie 33: Development of KPI and Sub-PIs
	Folie 34: Development of KPI and Sub-PIs
	Folie 35: Tamping Effect and Durability Analysis
	Folie 36: Tamping Effect and Durability Analysis
	Folie 37: Rail/wheel-interface Optimization
	Folie 38: Rail/wheel-interface Optimization


