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1 [bookmark: _Toc1634630229]Introduction
[bookmark: _Toc1243852616]General
This Annex describes the general technical specifications relating to the Measurement Vehicle and the technical requirements. These specifications apply to all measurements unless stated otherwise.
[bookmark: _Toc1431036197]Structure of the Annex
The structure of this Annex is as follows:

Chapter 1 provides an introduction to this Annex.
Chapter 2 lists the references and definitions referred to in this Annex.
Chapter 3 lists the general requirements. These apply to all Measurement Vehicles and measurements unless stated otherwise.
Chapter 4 describes the specifications for each Parameter or image that must be generated.. 


2 [bookmark: _Toc465992976]References and Definitions
[bookmark: _Toc211588968]The definitions listed below and their explanations apply to all annexes and associated appendices to the annexes, and to this document.

Definitions start with a capital letter.


	Dataset
	A collection of measurement data and other data (also referred to as Parameters) related to the measurement data. In the Annexes, these are also referred to as ‘files’.

	False negative
	A measurement outcome that is incorrectly negative, meaning the result indicates that the situation is acceptable, while in reality it is not.

	False positive
	An incorrect alert or outcome where a measurement indicates that something is present (such as a thin spot), while this is not actually the case. Essentially a ‘false alarm’.

	Field test
	A field test of a measurement system is a practical test carried out in a realistic environment (outside the laboratory) to verify whether the measurement system functions properly under real conditions. Such tests are crucial to determine whether the system is reliable, accurate, and robust enough for practical use.

	Measurement distance
	The distance within the measurement system (internal) over which measurements are taken. This is a distance along the longitudinal direction of the track.

	Measurement run
	The execution of measurements while driving with a measurement train from the planned start point where measurements begin to the end point where measurements stop.

	Measurement run number
	A unique number identifying a Measurement Run. A number may not be reused for a subsequent Measurement Run.

	Measurement uncertainty
	Measurement uncertainty relates to the measurement error of an individual measurement. It means that the measurement error falls within a certain interval with a given probability. Both accuracy and precision are part of measurement uncertainty and are specified separately where necessary.

	Measurement vehicle
	A vehicle, or a series of coupled vehicles, equipped with measurement systems, that moves over railway tracks and complies with the requirements of the network statement.

	Parameter
	A parameter is a measurable (or derivable) property describing the condition of a system. Parameters are used to define measurement specifications and compare them with desired values to assess whether a measurement is correct and reliable.

	Reliability level
	The degree to which a measurement result corresponds to the actual situation. A higher reliability level indicates a greater likelihood that the results apply to the entire population.

	Sampling distance
	The distance between the measurement points as delivered to ProRail.

	Thin spot
	Plekken in de rijdraad met een dikte van < 7.5 mm of < 8.5 mm onder een lasklem.





3 [bookmark: _Toc726877417]General requirements
[bookmark: _Toc1303056082]Localization of measurment data
3.1.1 GNSS-coordinates may deviate by a maximum of 1.0 m.
3.1.2 The track name must have a reliability of  ≥ 99.9%.

[bookmark: _Toc330406045]Requirements for the Measurement vehicle
3.1.3 No requirements are imposed on the Measurement vehicle other than the usual admission requirements.
3.1.4 The measurement speed shall be between 20 and 40 km/h.
[bookmark: _Toc321213934]Requirements for the Measurement system
3.1.5 The accuracy of the measurement result shall not be affected by carbon deposits.
3.1.6 The accuracy of the measurement result shall not be affected by a clamp or other artefact on or near the contact wire.
[bookmark: _Toc221269224]General Requirements of the Measurements
3.1.7 The data retention period is at least 5 years.
3.1.8 Measurement data must be available to ProRail within 14 days after the measurement.
3.1.9 The contact wire must be inspected for Thin spots, defined as locations with a thickness of < 7.5 mm or < 8.5 mm underneath a catenary clamp.
3.1.10 An image must be delivered for each Thin spot. The image provides further substantiation of the Thin spot.

[bookmark: _Toc221006355][bookmark: _Toc221032881][bookmark: _Toc221006356][bookmark: _Toc221032882][bookmark: _Toc221006357][bookmark: _Toc221032883][bookmark: _Toc221006358][bookmark: _Toc221032884][bookmark: _Toc221006359][bookmark: _Toc221032885][bookmark: _Toc221006360][bookmark: _Toc221032886][bookmark: _Toc221006361][bookmark: _Toc221032887][bookmark: _Toc221006362][bookmark: _Toc221032888][bookmark: _Toc221006363][bookmark: _Toc221032889][bookmark: _Toc221006364][bookmark: _Toc221032890][bookmark: _Toc1109448699]Technical Requirements for the Measurements
1. The maximum Measurement uncertainty of the contact wire measurement is ±0.1 mm.
1. The Measurement system must be able to measure up to 6 contact wires (3 contact wire pairs) simultaneously. The measurement signals of a specific contact wire within the measured section shall not change measurement channel or column name in the Dataset.
1. The measurement method must be capable of detecting local contact wire wear with the following Reliability Levels:
· Maximum 1% False positives
· Maximum 5% False negatives
1. The maximum 5% of measurement data that falls outside the Reliability level is randomly distributed over the infrastructure. In other words, an artefact on or near the contact wire shall not result in such an increase in Measurement Uncertainty at that location that the specified requirements are no longer met.


4 [bookmark: _Toc2069878338]General parameters
[bookmark: _Toc218001581]Introduction
This chapter describes the Parameters that must be delivered in all Datasets. Section 4.2 provides an overview of the general Parameters to be delivered. Section 4.3 provides an overview of the technical Parameters to be delivered.
[bookmark: _Toc1554758835]General parameters to be delivered
The following general Parameters must be delivered in accordance with the specified requirements.

4.1.1 Measurement location
	Column names in Dataset
	GPS_N
GPS_E

	Description
	The ‘raw’ measured GNSS location. This signal shall not be corrected based on theoretical track alignment or previous data, but interpolation is permitted.

North Coordinate: WGS84 DD format

East Coordinate: WGS84 DD format

Where GNSS signals are unavailable due to buildings or tunnels, NaN may be delivered.

	Applicability
	No exceptions

	Measurment range
	North: ≥ 50.7 en ≤ 53.5 
Oost: ≥ 3.3 en ≤ 7.3

	Resolution
	≤ 0.000001 degrees

	Measurement uncertainty
	Absolute Measurement uncertainty: 1.0 meter with a reliability interval of 99%.



4.1.2 Measurement day
	Column names in Dataset
	Datum

	Description
	Date of the Measurement run, delivered in format [YYYYMMDD].

	Applicability
	Always

	Measurment range
	N/A

	Resolution
	N/A

	Measurement uncertainty
	N/A



4.1.3 Measurement run number
	Column names in Dataset
	Meetritnr

	Description
	Identification of the Measurement run chosen by the Contractor, consisting of a maximum of 12 characters.
The identification consists exclusively of letters and/or numbers and serves as a link between different files.
The number is unique per supplier’s Measurement run.

	Applicability
	Always

	Measurment range
	N/A

	Resolution
	N/A

	Measurement uncertainty
	N/A



4.1.4 Omschrijving indicent
	Column names in Dataset
	Incident_omschrijving

	Description
	Description of the incident provided by the contractor, using a predefined format agreed in advance.

	Applicability
	Always

	Measurment range
	N/A

	Resolution
	N/A

	Measurement uncertainty
	N/A



[bookmark: _Toc221032903][bookmark: _Toc221032922][bookmark: _Toc356423831]Technical Parameters to be delivered
The following technical Parameters must be delivered in accordance with the specified requirements.
1. Number of measured contact wires
	Column names in Dataset
	Aantal rijdraden

	Description
	Number of measured contact wires. Up to 6 contact wires (3 pairs) can be measured.

	Applicability
	Always

	Measurment range
	2 to 6

	Resolution
	1

	Measurement uncertainty
	None


1. Thin spot
	Column names in Dataset
	Dunne plek

	Description
	Locations in the contact wire with a thickness in accordance with requirement 3.5.3.

	Applicability
	Always

	Measurment range
	0 – 8.5 mm

	Resolution
	0.1 mm

	Measurement uncertainty
	TBD


1. Contact wire thickness wire 1
	Column names in Dataset
	Rijdraaddikte draad 1

	Description
	Thickness of the contact wire

	Applicability
	Always

	Measurment range
	0 – 13.5 mm

	Resolution
	0.1 mm

	Measurement uncertainty
	0.1 mm


1. Contact wire thickness wire 2
	Column names in Dataset
	Rijdraaddikte draad 2

	Description
	Thickness of the contact wire

	Applicability
	Always

	Measurment range
	0 – 13.5 mm

	Resolution
	0.1 mm

	Measurement uncertainty
	0.1 mm


1. Contact wire thickness wire 3
	Column names in Dataset
	Rijdraaddikte draad 3

	Description
	Thickness of the contact wire

	Applicability
	Always

	Measurment range
	0 – 13.5 mm

	Resolution
	0.1 mm

	Measurement uncertainty
	0.1 mm


1. Contact wire thickness wire 4
	Column names in Dataset
	Rijdraaddikte draad 4

	Description
	Thickness of the contact wire

	Applicability
	Always

	Measurment range
	0 – 13.5 mm

	Resolution
	0.1 mm

	Measurement uncertainty
	0.1 mm


1. Contact wire thickness wire 5
	Column names in Dataset
	Rijdraaddikte draad 5

	Description
	Thickness of the contact wire

	Applicability
	Always

	Measurment range
	0 – 13.5 mm

	Resolution
	0.1 mm

	Measurement uncertainty
	0.1 mm


1. Contact wire thickness wire 6
	Column names in Dataset
	Rijdraaddikte draad 6

	Description
	Thickness of the contact wire

	Applicability
	Always

	Measurment range
	0 – 13.5 mm

	Resolution
	0.1 mm

	Measurement uncertainty
	0.1 mm


[bookmark: _Toc221006396][bookmark: _Toc221032942][bookmark: _Toc221006415][bookmark: _Toc221032961][bookmark: _Toc221006434][bookmark: _Toc221032980][bookmark: _Toc221006453][bookmark: _Toc221032999][bookmark: _Toc37823930]Measurement distance

4.1.13 The Measurement distance shall be a maximum of 5 mm.
[bookmark: _Toc550446676]Sampling distance

4.1.14 The Sampling distance shall be a maximum of 5 mm (minimum of 200 measurement points per meter).

5 [bookmark: _Toc1423686756]Demonstration
The Contractor shall prepare a demonstration file showing compliance with the specified requirements. The demonstration file shall include at least:
1. The requirements applicable to the Parameter(s).
2. A description of the measurement system, including:
a. Description of the systems and measurement method.
b. Description of the calibration method.
3. The method of demonstrating compliance through measurements, including:
a. Description of the Field Tests.
b. Frequency of the Field Tests.
c. Acceptance/rejection criteria for the Field tests.
4. The Contractor’s substantiation that the Parameter complies with the specified requirements.

Part of the demonstration file is an evaluation of a Field test in which at least 15 km of contact wire is measured. The contact wire to be measured is determined in mutual agreement between the contractor and ProRail. During this Field test, the contractor demonstrates through manual measurements that the measurements performed with the Measurement vehicle are valid and reliable. After execution of the Field tests, the demonstration file is supplemented with:
5. Results of the most recently executed Field tests.
6. Evaluation of the most recent measurements and the requirements imposed on the Field tests.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]
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