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ABSTRACT

One of the requirements for a future reliability and availability information system is to
ensure adequate quality of the gathered data. This document presents the state-of-the art in
reliability data quality estimation. The document describes what qualifiers and control
processes should be used to assess and ensure the data quality in the Accelerator Reliability
Information System (ARIS).
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1 Introduction

This work is part of ARIES EU project task to study feasibility of reliability information sharing
within the accelerator community. In practice, this means establishing an Accelerator Reliability
Information System (ARIS) where users could upload and access the reliability data. This approach
has been successfully used in industry and this experience is detailed by our earlier literature review
[1]. We have also published a report describing the use cases of the ARIS [2]. This report presents a
literature review on maintenance data quality estimators.

Data quality is a context dependent term and the correct measure depends on the use case. Two main
use cases can be identified: 1) Data is uploaded to the ARIS and the quality measurement shows if
the data are technically correct to be uploaded. 2) An end user tries to understand how credible a data
sample is for a reliability analysis. The current plan is that the ARIS would present anonymized
information and a user would not know the source of the data. In this situation, a data quality
measurement is an important indicator that describes how credible an individual data sample is.

This document presents the state-of-the art in reliability data quality estimation. The document
describes what qualifiers and processes should be used to assess and ensure the data quality in the
ARIS.

2 Definitions and State of the Art

In this section, some definitions related to the Data Quality and Data Quality Metrics and State of the
Art will be described.

2.1 DATA QUALITY DEFINITION
Data quality is a perception or an assessment of data's fitness to serve its purpose in a given context.

The standard 1SO-14224-2016 [3] claims, that the high-quality data are characterized by the
following:

a) completeness of data in relation to specification;

b) compliance with definitions of reliability parameters, data types and formats;

c) accurate input, transfer, handling and storage of data (manually or electronic);

d) sufficient population and adequate surveillance period to give statistical confidence;

e) relevance of the data to the need of the users.

Data quality is a critical issue that should be considered — starting with initial application design, all
the way through implementation, maintenance and use.

2.2 DATA QUALITY MEASURES
The naming of different measures of data quality varies in the literature [4]-[8], here are the most
common dimensions of data quality:
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2.2.1 Completeness
Completeness is defined as expected comprehensiveness. Data can be complete even if optional data
is missing. As long as the data meets the expectations then the data is considered complete.

(Is all the requisite information available? Do any data values have missing elements? Or are they in
an unusable state?)

2.2.2 Consistency
Consistency means data across all systems reflects the same information and are in synch with each
other across the enterprise.

(Are data values the same across the data sets? Are there any distinct occurrences of the same data
instances that provide conflicting information?)

2.2.3 Conformity
Conformity means the data is following the set of standard data definitions like data type, size, range
and format.

(Do data values comply with the specified formats? If so, do all the data values comply with those
formats?

2.2.4 Accuracy
Accuracy is the degree to which data correctly reflects the real world object OR an event being
described.

(Do data objects accurately represent the “real world” values they are expected to model? Are there
incorrect spellings of product or person names, addresses, and even untimely or not current data?)

2.2.5 Integrity
Integrity means validity of data across the relationships and ensures that all data in a database can be
traced and connected to other data.

The inability to link related records together may actually introduce duplication across your systems.

(Is there are any data missing important relationship linkages?)

2.2.6 Timeliness
Timeliness references whether information is available when it is expected and needed. Timeliness
of data is very important.

The timeliness depends on user expectation. Online availability of data could be required for room
allocation system in hospitality, but nightly data could be perfectly acceptable for a billing system.

2.2.7 Uniqueness
Uniqueness means nothing will be recorded more than once based upon how that thing is identified.
It is the inverse of an assessment of the level of duplication
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2.3 DATA QUALITY METRICS
The Figure 1 shows an example of Data Quality Metrics.
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1
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Figure 1: Example Data Quality Metrics

Data Quality

2.4 DATA QUALITY LEVEL

Ways to assess the quality of maintenance data have been studied in literature. Reference [5] presents
a concrete schema to derive a data quality level by grading the detail and machine readability of
different data fields. Alternatively, references [6] and [7] present a quality estimation approach that
is based on analytical hierarchy process (AHP). This approach measures the quality of a reliability
data sample in relation to other reliability data samples.

A concrete data quality level based on defined metrics would be more ideal than a relative metric. A
quality estimate given by a relative metric depends on the quality of the data that is in the database.
This dependency is a shortcoming of the AHP approach. If a data quality measurement approach is
implemented, the approach presented in [5] could act as a basis.

However, all of the references assume access to the full miniatous data. A plan is that ARIS will use
similar approach to the Fusion reliability database [9] and 1ISO 6527 [10] where only the failure rate
and availability are stored in to the reliability information system. In this case, data quality level
assessment cannot be implemented in the ARIS and the quality level should be assessed by data
providers.
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2.5 DATA QUALITY QUALIFIERS
In this section, some qualifiers which contain information on data quality will be described

2.5.1 Sample size
Number of units for which data are collected

2.5.2 Number of installations
Total number of installations (platforms) covered by the data surveillance for the item in question
[11]

2.5.3 Length of the observation period
Total time of the observation period

2.5.4 Type of failure rate
Failure rate is
a) observed during operations
b) taken from literature
C) expert opinion

2.6 DATA QUALITY CONTROL PROCEDURE
The database should have some quality control procedure for the inputet data, so, that the errors in
the data would be noted.

A few basic automatic checks could be carried out on all data. These include i.e. date and time (year
4 digits, month between 1 and 12, day in range expected for month, hour between 0 and 23, minute
between 0 and 59), and range checks (tests that observed parameter values are within the expected
extremes).

In addition, there should also be a manual verification procedure and the data should at least have
qualifiers not reviewed / reviewed. Or, a detailed quality flag can be assigned to each data value, as
shown in the Table 1:
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Key | Data Quality Flag

Description

0 No quality control

No quality control procedures have been applied to the data value.
This is the initial status for all data values.

1 Good value

Good quality data value that is not part of any identified malfunction
and has been verified as consistent with real phenomena during the
quality control process.

2 Probably good value

Data value that is probably consistent with real phenomena, but this
is unconfirmed or data value forming part of a malfunction that is
considered too small to affect the overall quality of the data object of
which it is a part.

3 Probably bad value

Data value recognised as unusual during quality control that forms
part of a feature that is probably inconsistent with real phenomena.

4 Bad value

An obviously erroneous data value.

5 Missing value

The data value is missing.

Table 1: Data Quality Flags

3 Conclusion

Chapter 2 provided an overview on reliability data quality concepts described in the literature. The
methods for assessing data quality require access to the full dataset. The plan is that the ARIS would
use a ISO 6527 type approach [10] where only the reliability metrics are stored in the database. If a
data quality metric is implemented, a data provider need to be able to assess data quality
independently. Here the method defined in [5] could act as a basis.

OREDA handbooks [11] and ISO 6527 [10] do not present data quality. Instead, they use data
qualifiers that can be used to assess the credibility of data. These are presented in the section 2.5 and
they should be available in the data stored in the ARIS.
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