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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

The various computer software systems written for condition monitoring and diagnostics (CM&D) of machines
that are currently in use cannot easily exchange data or operate in a plug-and-play fashion without an
extensive integration effort. This makes it difficult to integrate systems and provide a unified view of the
condrtron of machrnery to users. The intent of Parts 1 to 3 of ISO 13374 is to provrde the basrc requirements
for f ' mmunicated,
an dlsplayed by various software packages without platform- specrflc or hardware specific protoco S.

o
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Condition monitoring and diagnostics of machines — Data
processing, communication and presentation —

Part 2:

Data processing

1 |Scope

Thig part of ISO 13374 details the requirements for a reference information maodet and a referencg processing
model to which an open condition monitoring and diagnostics (CM&D) ‘architecture needs {o conform.
Software design professionals require both an information model and ‘a~processing model to|adequately
desg¢ribe all data processing requirements. This part of ISO 13374 fagilitates the interoperability of CM&D
systems.

2 |Normative references

The| following referenced documents are indispensable for the application of this document] For dated
references, only the edition cited applies. For undated references, the latest edition of the| referenced
docyument (including any amendments) applies.

ISO|13374-1:2003, Condition monitoring and“diagnostics of machines — Data processing, cormmmunication
and|presentation — Part 1: General guidelines

ISOfIEC 14750:1999, Information, technology — Open Distributed Processing — Interfacg Definition
Language

3 |CM&D information architecture requirements

3.1| Overview

An |nformation/architecture describes all the data objects and their properties (or attributes), property data
typgs, data>object relationships, reference data and data documents for a given system or application. An
opeh CM&D information architecture specification shall describe their content for each of the five Igyers shown
in Flgure 1.

© 1SO 2007 — All rights reserved 1
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Data document definitions Layer 5

Reference data library Layer 4

Implementation data model Layer 3

Conceptual information model Layer 2
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Figure 1 — CM&D information architecture layers

antic definition requirements

nderstanding among various parties utilizing the information architecture, an open CN
architecture specification shall provide a set of semantic definitions.for each major data obje
Non-formal description terminology, such as English language definitions of the data objects,
ormal descriptions utilizing ontological schemas, such as the<{proposed Resource Descrif
F) of the World Wide Web Consortium (W3C), may also be utilized.

teptual information model requirements

bl information model is an integrated definition of, all the primary data objects relevant to CM
heir major properties (also called “attributes”)property data types, object interrelationships,
lationship constraints. An open CM&D information architecture specification shall provide a

conceptual information model, sometimes (eferred to as a “schema”, which is independent of

the data ar¢ physically stored or accessed. This conceptual information schema is a blueprint of the loca
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ata elements, which facilitates system-integration and data integrity. Using a conceptual sche
htation data model can be verified!

Modelling Language (UML)-has emerged as the software industry's dominant modelling langy
v an International Standard, ISO/IEC 19501. UML includes a standardized class diag
on for information modelling (see Annex B for additional information about UML).

Implementation datamodel requirements

e conceptuakinformation model, an implementation data model provides the exact representd

of data elements that.shall be transferred or stored. An open CM&D information architecture specification §

provide an

The open (

bpen implementation data model that conforms to its conceptual data model.

LM&D implementation data model shall allow for the integration of many sources of machi
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support peer-to-peer databases, allow user-defined look-up entries, and utilize standard

zed

timestamps and engineering units. The schema should support unique enterprise, site, and database or data
source identifiers to differentiate data taken at different physical locations. The schema should also support
unique, system-wide identifiers for plant segments containing machinery (service segment locations) in a
parent-child hierarchy. Also, the schema should support a unique asset-specific identifier to allow individual
component monitoring and tracking in a parts hierarchy.

The basic framework of storing enterprise, site, site database, process or machine segment information (such
as physical orientation, drive type, mounting type and shaft coupling type), asset nameplate data (including
entries such as rated speed, rated power, make and model, and bearing or other component information),
measurement locations, data measurement sources, transducers, transducer orientation, engineering units,
signal processing post-scaling types, ordered lists, and alarms should be specified in the schema. At a data
level, the schema should support formats for communicating historical single-valued numeric data,
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Fast-Fourier Transform (FFT) spectra data, constant percentage band (CPB) spectra, time waveforms,
sample-based test data, thermographic images and binary large objects. The schema should support a
date/time notation that references back to a specific instance in time, using the Gregorian (common era, or
CE) calendar, with a lexical representation based upon ISO 8601 (see Reference [1]) referenced to universal
coordinated time (UTC) and that also stores the local time zone offset.

This specification can be specified using various schema definitions. The file description schema format has
been used for years in the scientific programming community. It maps the format for ASCII or binary data files,
which can be exported from a computer system or imported into a computer system. A complete record format
description is published which specifies the data fields contained in the file, their exact location in relation to
the other data fields, whether the fields are in ASCII or binary format, and the exact data format — real floating
poirt, integer, character, varying character string — of each field.

The| relational information schema format is the definition language for relational database n
systems. The relational method is analogous to a blue-print drawing which defines the various “rg

anagement
om names”

or (fables) where data will be stored, the data “contents” or (columns) in the rooms, each‘data col
datg format (scientific floating point, integer, varying character string, etc.), whether or not a data
be eémpty or not (not null) and each data row's unique “key” (primary key) which‘uniquely identifig
can|be related to another table by including a “reference” (foreign key) to it.

imn's exact
column can
s it. A table

An [Extensible Markup Language (XML) schema definition (XSD) is a recommended definition lan

uage. XML

is a| project of the World Wide Web Consortium (W3C), and the development of the specificatjon is being

supervised by their XML Working Group. XML is a public format written in the Standard

Markup Language (SGML), using ISO 8879, for defining descriptions of the structures of differ
eledtronic documents. The version 1.0 specification was aceepted by the W3C as a recomm
10 February 1998. On 3 May 2001, the W3C issued an XML schema as a W3C recommeng
scheémas define shared markup vocabularies, the structure of XML documents which use those v
and|provide hooks to associate semantics with them. By bringing datatypes to XML, XML schem

eneralized
nt types of
bndation on
ation. XML
bcabularies,
as increase

b determine

may apply.
horing tools

the ptility of XML to the developers of data interchange systems. XML schemas allow the author t
i¢h parts of a document may be validated, or.identify parts of a document where a schema
er, as XML schemas are XML documents-themselves, they may be managed by XML aut

all define a
minimum set of data elements that sheuld be included in the schema for conformance. In addition, a list of

optipnal elements may be included:

3.5| Reference data library requirements

To
are
datd
mai
use
spe
requ

ffectively utilize an“implementation data model, standard entries for various look-ups need to pe stored in
ference data library. An open CM&D information architecture specification shall provide an opgn reference
library which conforms to its implementation data model. The specification should support populating and
ntaining industry-standard taxonomies and codes for the reference data and allow both suppligrs and end-
s to add.industry-specific and customer-specific entries to the library using database-unique gntries. The
cification shall also support the creation of a standard set of reference codes in various lahguages as
ired:

The reference data library specifies all code tables for segment (machine/component) type codes, asset type
codes, measurement location type codes, engineering unit type codes, sampling test codes,
diagnostic/prognostic event codes, health codes, failure codes and root cause codes. The library also houses
engineering unit codes, measurement location type codes and mounting orientation codes.

3.6 Data document definition requirements
An open CM&D information architecture specification shall also specify the format for the publication of a data

document. The specification allows the reference data library to be read or written in a standardized way and
supports applications which need data import/export capability.
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Specifications which utilize the file description schema format as their implementation data model will prob

ably

utilize the same specification for the publication of an ASCII or binary data document. The complete record
format description shall be published, specifying the data fields contained in the file, their exact location in
relation to the other data fields, whether the fields are in ASCII or binary format, and the exact data format —

real floating point, integer, character, varying character string — of each field.

Specifications which utilize the XML schema format as their implementation data model will probably utilize
the same format for the publication of an XML data document. An XML schema provides the definition of the

XML document and XML parsers and validation tools can verify the syntax of the document's content.

3.7 Com

An open CM&D information architecture specification shall utilize the information architecture as describe
subclauses|3.1 to 3.6. MIMOSA, a non-profit association, publishes an open CM&D information specifica
which is compliant with the above requirements. The specification is known as the MIMOSA Open Syst
Architecturg for Enterprise Application Integration (OSA-EAI™) specification. Annex A describes
specification in more detail.

interactions}] An open CM&D processing architecture specification shall utilize the processing archited
shown in Figure 2. This architecture is defined as blocks of data“processing functionality. After each blog
the system|has been properly configured, the basic data are converted into digital form in Data Acquis
(DA) and dre processed in various ways as they are transformed into actionable information, resultin
Advisory Generation (AG). As the processing progresses‘from DA to AG, data from preceding blocks nee
be transferfed to subsequent blocks and additional*information acquired from or sent to external syste
Similarly, ap the data evolve into information, beoth™ standard technical displays and graphical presenta
formats arg required. In many applications, data archiving is required in order to maintain a history of
output of egch block. The DA, DM and SD blocKs are responsible for assessing data quality. Output shoul
identified ag§ good, bad or undetermined.

This part of ISO 13374 does not address the impact of errors and their propagation within and across
various CM&D processing blocks, Sources of such errors include instrumentation calibration, environme
noise, signgl conditioning and processing, computational rounding, human-induced inputs, and their comb
effects.
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Sensor / Transducer / Manual entry

|

- Data Acquisition (DA)

 J
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A

Y
- Data Manipulation (DM)

 J
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\

Y

< > State Detection (SD) >
External systems, Technical
data archiving displays a
and block Y informatio
configuration presentation
< > Health Assessment (HA) -
A J
< - Prognostic Assessment'(PA) .
A 4

A
A

AdvisoryZGeneration (AG)

 J

Figure-2 — Data processing block diagram

4.2| Data Acquisition (DA) blocks

As detailed in Figure 3,(the DA block has been generalized to represent the software module that provides
system access to digitized data entered automatically or manually. The DA module may fepresent a
spetialized data .acquisition module that has analog feeds from legacy sensors, or it may [collect and
congolidate sensor signals from a data bus. Alternatively, it might represent the software interfac¢ to a smart
sengor. The DA 'module is basically a server of calibrated digitized sensor data records.
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Data Acquisition block

Transforms the output of a transducer or sample test to scaled digital representation.

Analog Digital Manual
data data data
\ Y \
~=—— DA controltrigger$
(for operating state
DA d3ta notification)
buffell -
Archiye .
DA processing DA synchronization
* Collects analog, digital and manual data <= signals
» Converts analog data to digital data (for multi-channel
simultaneous data
acquisition)
~—— DA configuration
(DA measurement
location data, DA
parameters, etc.)
DA data

(digitized data with
timestamp and data
quality indicator)

Block configuration To other blockss

Figure 3 — Data Acquisition block

The output pf all DA blocks shall-contain the following:
— digitized data;
— time-order/time-reference data, normally referenced with UTC and local time zone;

” o« "« "«

— data gyality~indicator (e.g. “bad”, “good”, “unknown”, “under review”, etc.).

Examples of digitized data include:

— floating point values for scalar data;

— magnitude and time series for dynamic data;

— thermal radiation data with digitized image for thermographic data;

— sample test results for lubricating fluid/air/water sample data.

6 © 1SO 2007 — All rights reserved
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4.3 Data Manipulation (DM) blocks

As detailed in Figure 4, the DM block processes the digital data from the DA block to convert it to a desired
form which characterizes specific descriptors (features) of interest in the machine condition monitoring and
diagnostic process. Often the functionality within this layer consists of some signal processing algorithms.

Data Manipulation block

Calculates descriptors (features) from sampled sensor data, other descriptors, or the output
of computations. The computation may be characterized as an input-output mapping.

DA DM (cascaded)

DA data DM processing
buffer/ —— * Performs signal processing (e.g. filtering} i .
Archive windowing, FFT) DM configgration

* Performs synchronous and non-sychronous (bm measyrement

averaging «—— |ocation Qata,
DM data « Performs algorithmic computations DM algorithin
buffer/ < »| * Performs feature extractior parameters| etc.)
Archive

DM data

(descriptor data with
timestamprand data
quality-indicator)

To othér blocks

Block configuration

Figure 4 — Data Manipulation block

Thig block may contain’ speciality processing functions such as Fast Fourier Transforms, wavelefs or simple
average values overa time interval.

Examples of.the descriptor outputs of the DM block include:

— |extracted feature;

— conversion from time domain to frequency domain and vice versa;

— calculated, non-interpretative values;

— virtual sensor (differential pressure from inlet and outlet pressures);
— integrating acceleration to velocity/double integration to displacement;
— filtering;

— normalization;

— time series including sample rate.

© 1SO 2007 — All rights reserved 7
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4.4 State

Detection (SD) blocks

As shown in Figure 5, the primary function of the SD block (sometimes referred to as “state awareness”) is to
compare DM and/or DA outputs against expected baseline profile values or operational limits, in order to
generate enumerated state indicators with respective boundary exceedances. The SD block generates
indicators which may be utilized by the Health Assessment block to generate alerts and alarms. When
appropriate data are available, the SD block should generate assessments based on operational context,
sensitive to the current operational state or operational environment.

State Detection block

hal

hent
ate.

Categarizes data and generates descriptors for a measurement location, component or system as
normpl or abnormal, including the degree of abnormality in the associated operational context,
Also known as "state awareness".

DA DM SD (cascaded)

DM / DA data l«— SD operational datg
buffer, » (load, etc. from exter
Archive SD processing system)

« Calculates current values of condition/statistical
indicators
SD dath » Evaluates state sD . .
-~ configuration
bufferf  <————» (SD location/
Archivp component/
system data,
SD algorithm
SD data parameters, etc.)
(current enumerated.state
indicator, boundary exceedance,
and statistical andlysis data with
timestamp, and data Block configuration
quality)indicator)
To other blocks
Figure 5 — State Detection block

Typically, this block of processing provides data which will contribute to a diagnosis in the health assessr
block. The $D-block may make use of current and historical DA and DM outputs to evaluate the current s
It may provide data manipulation and sensor _module control signals, such as acquisition sched
commands, data triggers and processing instructions.

Examples o

f outputs of the SD block include:

— enumerated state indicator;

— threshold boundary alerts;

— severity of threshold boundary deviation above/below;

— rate of

change alert;

ling
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— degree of abnormality;

— statistical analysis using parametric and non-parametric approaches, e.g. Weibull and Gaussian
distribution.

4.5 Health Assessment (HA) blocks

As shown in Figure 6, the HA block is an information block which utilizes expertise from a human or
automated agent to determine the current health of the equipment and to diagnose existing fault conditions. It
determines the state of health and potential failures by fusing the outputs of the DA, DM, SD and other HA
blogks-

Health Assessment block
Performs agent-specific assessments of a component's or system's current health state
with the associated diagnoses of discovered abnormal states in the associated
operational context. May also include evidence and explanation information.
DA DM SD HA (cascaded)
Sh/DM /DA ~—— HA operatiopal data
dpta bufferl —— HA processing (load, etc. frgm external
Archive « Estimates current health grade system)
+ Diagnoses faults and'failures
* Generates recommendations
HA data » Generates evidence and explanation < HA configurhtion
buffer/ ‘ > (HA agent ddta,
Archive HA component/system
data, HA alggrithm

parameters, ¢tc.)

HA information l
(health grade, diagnosed faults,
recommendations, evidence,
explanation, and confidence level)

To other blpcks
Block configuration

Figure 6 — Health Assessment block

An output of this block includes the component/system's current health grade and diagnosed faults and
failures with associated likelihood probability. A calculation of the current risk priority number (RPN) may also
be performed. Modelling of ambiguity groups and multiple hypotheses may be included in the output data
structures. The HA block may also output an explanation detailing the evidence for a diagnosis or health
grade.

© 1SO 2007 — All rights reserved 9
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4.6 Prognostic Assessment (PA) blocks

As shown in Figure 7, the primary function of the PA block is to project the future state of the monitored
equipment using a combination of prognostic models and their algorithms, including future operational usage
model(s). This block determines the future state of health and failure modes by combining the relevant outputs
of the DA, DM, SD, HA and other PA blocks and applying a prognostic algorithm or model based on supplied
projected operational utilization. To aid the algorithm or model, the HA block may also retrieve account
historical failure data and operational history, along with projected failure rates related to operational utilization.

The prognostics layer may report health grade at a future time or may estimate the remaining life of an asset
given its projected usage profile. Assessments of future health or remaining life may also have an associated
prognosis df the projected fault condition. A calculation of the future risk priority number (RPN) may als¢ be
performed. [An output of this block includes the component/system's future health grade and future\fajlure
events with|associated likelihood probability. Modelling of ambiguity groups and multiple hypotheses’may be
included in fhe output data structures. The PA block may also output an explanation detailing the)evidencé¢ for
a proposed |failure event or health grade.

Prognostic Assessment block

FRerforms agent-specific assessments of a component's or system's future’health state
with the associated predicted abnormal states and remaining life for.a projected
operational context. May also include evidence and explanation information.

DA DM SD HA PA
HA/SD/ ~—— PA operational dath
DM/ DA PA processing (projected future loaf,
data buffer/ : etc. from external
Archive « Estimates future health grade :
* Predicts faults and failures system)
* Estimates.remaining life
ot | Generates ovidence and explanaton <—— PA configuration
bufft_ell B P (PA agent data,
Archiye PA component/systgm
data, PA algorithm
parameters, etc.)
PA information l

(future health grade, future failures,
remaining life, recommendations, evidence,

wvalanation—and nfidan laval)
CAMIAariauult, artu CUTIuUTTIvG 1Cvel)

To other blocks
Block configuration

Figure 7 — Prognostic Assessment block
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4.7 Advisory Generation (AG) blocks

As detailed in Figure 8, the primary function of the AG block is to integrate information from DA, DM, SD, HA,
PA and other AG blocks and external constraints (safety, environmental, budgetary, etc.), and to provide
optimized recommended actions and alternatives to applicable personnel or external systems.
Recommendations may include prioritized operational and maintenance actions and capability forecast
assessments or modifying operational profiles to allow mission completion. The decision support module
needs to take into account the operational history (including usage and maintenance), current and future
mission profiles, high-level unit objectives and resource constraints.

Maintenance advisories from this block should detail future maintenance work required, which may include the
verification of monitoring data or the performance of additional monitoring. The structure of thes¢ advisories
should be put into a “work request” format for external maintenance work management systémsg. Based on
this [request, maintenance work management systems can schedule work in advance and-locate |spare parts
and|tools required for these jobs.

Opdgrational advisories from this block can be immediate in nature, such as the current notification pf operators
of glerts and resulting action steps. Other production-related advisories can ‘be”more strategic, such as
sendling a notice to a production planning system about the high risk of failure on a production line due to a
soon-to-fail critical piece of equipment.

Capability forecast assessments from this block provide the results_for requests about the l|kelihood of
accpmplishing a specific mission or production run. These assessménts are critical to production| forecasting
systems when evaluating whether or not to accept certain missions/orders and where to assign the work,
basgd on asset optimization principles.

Advisory Generation block

Integrates information (including safety;,environmental, operational goals, financial
incentives, etc.) to generate advisories\to operations and maintenance and to respond
to capability forecast assessment requests.

DA DV SD HA PA AG

AG operatignal data
PA/HA/SD/ (projected lopd and
DM / DA operational goals from
data bufferr 2~ | AG processing o external system)
. » Generates O&M advisories
Archive - ;
» Generates capability forecast ~—— External constraints
assessments (safety, envifonmental,
AG data » Generates recommendations bugetary, etg. from
1 ol s Canarates avidance-and evnlanation external sys _’m)
ourrer; - L AR AR A A A B R L praattion Y
Archive \ .
l«—— AG configuration
(AG agent data,

AG component/system
data, AG algorithm

AG information parameters, etc.)
(O&M advisories, capability forecast
assessments, recommendations, Block configuration l
evidence, explanation, and confidence level)

To other blocks

Figure 8 — Advisory Generation block
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4.8 Block configuration

Each data processing block requires configuration information, some of which may be static data, and other
parameters may be changed dynamically by the system during operation.

As an example, the following is a sample of the configuration of the Data Acquisition block:
a) measurement location description (measurement location table)

1) orientation and relative position,

2) logation description;
b) monitofing intervals — dynamic vs. static
1) ontline continuous,
2) ontline polled,
—| default polling rate,
—| default parameters;
c) triggered vs. non-triggered
1) sef points,
2) depdband;
d) asynchronous vs. synchronous;
e) transdycer information

1) regponse curve,

2) megasurement confidence,

3) transducer electronic data'sheet (TEDS) information;
f)  calibrafion;
g) channgls

1) sirgle or multiple channel collection.

4.9 External systems

Retrieval of previous work histories from the maintenance system and previous operational data
(starts/stops/loads) from a process data historian is important in the assessment of machinery health. After a
health assessment is made, the maintenance action to be taken can range from increasing the frequency of
inspection, to repair or replacement of the damaged machinery or component. The effect on operations may
be an adjustment of operating procedures or a request to shutdown the equipment immediately. This need for
rapid communication to maintenance and operational systems requires software interfaces to maintenance
management systems and operational control systems. These interfaces are useful in order to communicate
recommended actions in the form of maintenance work requests and operational change requests.
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4.10 Data archiving

Data archiving is an important feature during all processing of a machine condition monitoring program.
Previous data trends can be analysed for statistical relevance. The data archiving system should provide rules
for the archiving rate and amount of data stored. Previous advisories should be audited for accuracy and root
cause information added upon its discovery.

4.11 Technical displays

Relevant technical dlsplays showing data from each bIock are necessary to faC|I|tate anaIyS|s by qualified

A npodule may implement the functionality of one or more data processing blocks from the

arch
Mog
Ass
mor
Marj
con

gnostic capability within new or existing system designs, allowing maximum flexibility for future

understand

hat the data

ioh decisions.

various data processing blocks from various suppliers to be integrated into a completq,

em. MIMOSA publishes an open CM&D specification-which is compliant with the above requirg
cification is known as the MIMOSA Open Systems Architecture for Condition Based N
IA-CBM™) specification. Annex A describes this“specification in more detail.

re 9 shows how these blocks can interactwith each other to form a complete integrated systg
he wheel structure represents the €ommunications medium between the modules, whi
bmplished using popular communication and middleware technologies (see Annex B for an un
iddleware). Therefore, the modules do not need to reside on the same machine but may resid
h local or worldwide network.\Open systems architecture design enables the integration

Bystem.
itecture. For example, module A from Figure 10 implements the functionality of the State Detg
ule B, on th€)other hand, implements functionality of two blocks: Health Assessment and
e layer ARls. For instance, Module D from Figure 10 implements the functionality of two H

ipulation and State Detection. In this case, the module provides information about manipulat
puted‘conditions.

igplays when

5 described
rogramming
5e. This will
functional
ments. The
laintenance

m. The hub
Cch may be
derstanding
e anywhere
bf improved
Lipgrades to

processing
ction block.
Prognostic

bssment. A'module may implement one or more block APIs. Modules from other layers implement one or

locks: Data
pd data and

An example of a compliant system is shown in Figure 11. The system has the largest number of Data
Acquisition (DA) blocks which feed into more complex blocks until finally one Advisory Generation (AG) block
sends its maintenance and operations decision support to an external user display.
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Prognostic
Assessment

A

Health
Assessment

Advisory
Generation

/ AN / \

Distributed
computing
technology

State
Detection

Data
Manipulation

Figure 9 — Data processing flow within a standard architecture
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Prognostic Assessment API

Health Assessment API

State Detection API

Data Manipulation API

Data Acquisition API

Figure 10 — Example of compliant modules
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User Display

6.1 Op. Decision Support
5.1 Motor/Pump Prognostics

d

.1 Motor Health

3.1 Motor Cond.

<
v}@aﬂ"r

2.1 Vel. Dec.

1.1 Encoder

4.4 Gnd-Bsd Mot./Pump Health

4.3 Int. Motor/Pump Health

4.2 Pump Health

3.3 Pump Cond: 3.4 Oper. Contxt. >

3.2 Winding Cond.

2.3*Accelero 2.4 Accelerometer Dec. >

—/

Figurey11 — Example of a compliant modular system
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Annex A
(informative)

Compliant specifications

A.1 MIMOSA's OSA-EAI™ CM&D information architecture specification

A.1{1 Introduction

MIMOSA is a non-profit trade association, which develops and encourages adoption of open|information
starldards for operations and maintenance. MIMOSA is composed of industrial asset: managenjent system
providers and industrial asset system end-users who develop open information integration specifications for
marjaging physical assets.

MIM
rele
arch
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For
info
morj

For
marj
cust

MIM
sup
star

OSA’s Open Systems Architecture for Enterprise Application Integrationy(OSA-EAI) specificat
bsed version available for free download at http://www.mimosa.org/).is*compliant as a CM&D

agement and CM&D information throughout multi-site enterprises. MIMOSA’'s OSA-H
cifications offer advantages for maintenance and reliability dsefs, as well as technology dev
liers.

users, the adoption of MIMOSA OSA-EAI specifications facilitates the integration of asset n
mation, provides a freedom to choose from a broader selection of software applications,
ey by reducing integration and software maintenance costs.

technology suppliers, the adoption of MIMOSA OSA-EAI specifications stimulates and b
ket, allows concentration of resources, on core high-value activity rather than low-value p
om interface requirements, and provides an overall reduction in development costs.

OSA regularly updates the OSA-EAI standard to add additional capabilities. Users and
pliers are encouraged to refefito MIMOSA's Web site (http://www.mimosa.org/) for the latest v4
dard.

on (publicly
information

itecture specification with ISO 13374-1 and this part of ISO 13374).and facilitates the integratjon of asset

EAl system
blopers and

anagement
and saves

poadens the
atform and

technology
rsion of the
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A.1.2 Architecture

A.1.21 Diagram of

architecture

The OSA-EAI Version 3.1 architecture is shown in Figure A.1.

Tech-Doc-File
For XML File
Imports & Export

Tech-CDE-Services for
Web Service Tech-XML
Clients & Servers

Tech-XML-Services
For Web Service
Tech-XML
Clients & Servers

Tech-XML-Web for
HTTP Tech-XML
Clients & Servers

EAI Application
Interoperability

Tech-Ddc CRIS
Unpackaged
XML Cpntent

Producer/Consumer

Tech-CDE-Aggregate
CRIS XML Transaction
Clients & Server Schema

Tech-XML Atomic
CRIS XML Transaction
Client & Server Schema

CRIS Reference data library

Common Relational Information Schema (CRIS)

OSA-EAI Common Conceptual Object Model (CCOM)

OSA-EAI Terminology dictionary

REG
WORK
DIAG
TREND
DYN
SAMPLE
BLOB
REL
TRACK

Technology types [Tech-]

Object Registry Management)
O&M Agent Work Management)
Diagnostics/Prognostics/Health Assessment)
Operational Scalar Data & Alarms)
Dynamic Vibration/Sound Data & Alarms)
Oil/Fluid/Gas/Solid Test Data & Alarms)

Binary Data/Thermography Data & Alarms)
RCM/FMECA/Model Reliability Information)
Physical Asset GeoSpatial Tracking Infermation)

Figure A.1 — MIMOSA OSA-EAI architecture diagram

A.1.2.2 Degfinition of terms

A1.2.21

OSA-EAIl terminology dictionary

XML content

MetaData taxononly
lmplementation mqdel
Conceptual model

Semantic definitiorls

To ease understanding,.among all parties using MIMOSA's OSA-EAI specification, MIMOSA providgs a
standard s¢t of terminology in the OSA-EAI Terminology Dictionary. This provides the basic semantic

descriptions

A1.2.2.2

used. throughout the OSA-EAI specifications.

Common Conceptual Object Model (CCOM)

The Common Conceptual Object Model (CCOM) provides the basic conceptual model basis for OSA-EAL.
Software designers familiar with class diagrams in Unified Modelling Language can utilize this model to
understand the basic classes, major attributes, and relationships between classes in OSA-EAl. CCOM V3.0 is
available in PDF document form and Visio (VSD) format.

A.1.2.2.3 Common Relational Information Schema (CRIS)

MIMOSA's Common Relational Information Schema (CRIS) provides a common implementation schema
which allows information from many systems to be communicated and integrated. The schema is in a
relational format, commonly used in most database systems. Each table in CRIS is assigned a unique table

18
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reference number. CRIS V3.0 is published in PDF document form, Word document form (DOC), and XML
Schema (XSD) form.

Data sources which house asset information are not required to be physically redesigned to match CRIS, but
must be able to translate their information into CRIS tables and columns. In order to ease this translation and
for MIMOSA implementers who desire to implement a physical CRIS database, MIMOSA provides ORACLE

and

A1

Microsoft SQLServer table creation scripts.

2.24 Common Conceptual Object Model and Common Relational Information Schema

(CCOMICRIS)

CCOM/CRIS contains standard enterprise, site, functional segment, asset and agenti

Hentification

nomjenclature for the corporate level of an organization or the top organizational structure ef.a pon-profit or

mili

assigns Site Unique Integration Codes to new Sites and may control one or more Sites‘(which
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ry body. Each Enterprise is associated with exactly one Enterprise Type. An énterpri

erly been controlled by other enterprises). In order for multiple enterprises te exchang
mation, every Enterprise must request and utilize its unique, unchanging Enterprise Unique
e.

te is what an enterprise defines as an entity that can be decomposed into-segments and whic
assets, agents, databases and measurement locations. A given enterprise can contain many
contain many segments. For facility applications, the Site normally.represents a tangible as-b
industrial and manufacturing applications, this entity normally. represents a physical plar
ications, this entity might represent a maintenance depot which has responsibility for assets.
b assets, such as an aircraft carrier, may be defined as a.Site itself. Each Enterprise unigy
y Site its unique, unchanging Site Unique Integration Code.

5e uniquely
could have
e MIMOSA
Integration

h generates
sites. A site
Lilt building.
t. For fleet
Some very
ely assigns

puse CCOM and CRIS are designed for multi-sité\collaborative asset life cycle managemer
bs in CRIS (except MIMOSA-owned reference tables) include a reference to the enterprise/si

e two 4-byte non-negative integers whieh are converted into their hexadecimal format
aracters per integer) and then concatenated into a fixed-length 16-character string.

5ion 3.1 of CCOM and CRIS have also added the ability to break up functional locations a
iple hierarchies of segments:where serialized assets can be installed over time. In addition, C
ides for a method of standard measurement location identification across various conditior
nologies. Trendable, scalar data such as operational temperatures, pressures and loads are
DM/CRIS. CCOM/CRIS Jsupport dynamic data, such as time waveforms and Fast Fourier
[s), which are used-in vibration analysis and sound monitoring. Binary data, known as B
bcts or (BLOBs),—are supported for communicating drawings, reports, diagrams and p

itoring datal>€COM/CRIS also allows the communication of diagnostic, health and prognostic|

fro

religbility «tables define fields for events (actual, hypothesized, proposed), health, estimateq
assg¢ssment and recommendations. CCOM/CRIS model maintenance and production work reques

t, nearly all
/database.

Keep the number of primary key columns to‘a minimum, CRIS V3 combines the enterprise ID (also
tes) and the site ID into a fixed-length 16-character MIMOSA site code. This site code is cpmposed of

resulting in

a site into
COM/CRIS
monitoring
modelled in
Transforms
nary Large
hotographs.

DM/CRIS alsg manages sampling test data results, such as used-oil analysis test data and air quality

information

smart ‘systems, and eases the generation of advisory recommendations. Special maint¢nance and

asset life
scheduling

and|the’ tracking of the completion (or non-completion) of a maintenance or production job as r¢lated to an
asset. CCOM/CRIS also provides the information framework for storing reliability data for assets.

A.1.2.2.5 CRIS reference database specification

CCOM/CRIS contain many “type” classes/tables, which allow users to associate types of enterprises, sites,
segments, assets, agents, measurement locations, engineering units, etc. with standard numeric codes,
common throughout all their various systems. MIMOSA generates and maintains industry-standard
taxonomies and codes for most of these tables, but CCOM/CRIS allow both suppliers and end-users to add
industry-specific and customer-specific entries to these tables. MIMOSA experts have generated a large
reference database, the CRIS reference database specification in XML and several popular relational
database formats. Version 3.1 of this database specification contains many useful codes which allow
standardization across many disparate systems, even those from various countries. For example, the asset
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type table allows standard querying of common asset types, such as “AC induction motor”, which have
unchanging three-integer unique identifiers. Other standard code tables include service segment,
measurement location, engineering units, sampling test codes, diagnostic/prognostic event codes, health
codes, failure codes and root cause codes. This allows systems to search across various systems for
common failures on certain equipment types.

A.1.2.2.6 Tech-Doc Producer/Consumer interface schemas

For XML document-based systems, MIMOSA provides the Tech-Doc Producer/Consumer interface schemas,
which publish/consume CRIS data from a given technology in an XML document format. Tech-Doc interfaces

specify the

contents of an XML document, but do not specify the physical storage and transport method o

f the

produced/c
document,
Write-only 3

A1.2.2.7

Another co
interface s
definitions f
format on 4
but do not §

A1.2.2.8

A key comg
the Tech-X

client/servef

respond to
contents of

A1.229
All three ]
technology
particular a
listed in Fig

To refer to
vertical app

pare down the entire CRIS specification to only the application-specific tables.

A1.2.210

The OSA-H

pnsumed document. Tech-Doc Consumer Read-only applications will utilize a Tech-Dog
but will not change its permanent data storage based on this information. Tech-Doc Coensy
pplications change their permanent data storage after successful file import.

Tech-CDE Aggregate CRIS XML Transaction Client/Server interface schemas

mponent of OSA-EAI is the Tech-Compound Document Exchange (Tech-CDE) Client/Sq
chemas. These XML schemas provide a common set of XML-baséd) client/server inter]
pr request and transfer of large data sets of CRIS XML data normally ‘physically stored in a G
server system. The Tech-CDE interfaces specify the contents of a client/server data excha
pecify the physical transport method.

Tech-XML Atomic CRIS XML Transaction Client/Server interface schemas

onent of MIMOSA'’s Open System Architecture for Enterprise Application Integration (OSA-EA
ML Client/Server interface schemas. These XML sehemas provide a common set of XML-b4

interface definitions for various communication protocols, enabling proprietary system
a discrete transaction with a CRIS-formatted’response. The Tech-XML interfaces specify
A client/server data exchange, but do not speeify the physical transport method.

Tech-CDE, Tech-XML and Tech-Doc technology types

[ech-interfaces (Tech-CDE, Tech-XML and Tech-Doc) are further sub-divided into ten
types (see Figure A.1). This allows developers to focus on supporting only what is relevant to
pplication area, such as vibtation analysis or maintenance management. The technology typeg
re A1,

the entire set of 1Q7application technology packages, the italicized prefix “Tech-" is used. B
lication technolegy. only has certain CRIS tables which are relevant. This allows implemente

Tech-XML-Services and Tech-CDE-Services specifications

Al_Tech-XML-Services and Tech-CDE-Services specifications are used for building a Set

KML
mer

rver
face
RIS
hge,

1) is
sed

to
the

(10)
heir
are

ach
s to

vice

Oriented Ag

plir‘qfinn (QOA) server or a client which can communicate data and information hetween cond

tion

monitoring systems, diagnostic systems, reliability management systems, registry management systems and
work management systems via the Simple Object Application Protocol (SOAP) using XML messages. The
interfaces are defined using XML schemas and specified in a client/server fashion.

A.2 MIMOSA's OSA-CBM™ CM&D Processing Architecture Specification

MIMOSA'’s Open Systems Architecture for Condition-Based Maintenance (OSA-CBM) specification (available
for download at http://www.mimosa.org/) is compliant as a CM&D processing architecture specification.
Starting with data acquisition and progressing towards decision support, the general functions of the layers
are specified below. Each layer has the capability of requesting data from any functional layer as needed,
however data flow will usually occur between adjacent functional layers.
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Layer 1 — Data Acquisition: The data acquisition module has been generalized to represent t

he software

module that provides system access to digitized sensor or transducer data. The data acquisition module

may represent a specialized data acquisition module that has analog feeds from legacy senso

rs, or it may

collect and consolidate sensor signals from a data bus. Alternatively, it might represent the software
interface to a smart sensor (e.g. IEEE 1451.2 — compliant sensor). The data acquisition module is

basically a server of calibrated digitized sensor data records.

Layer 2 — Data Manipulation: The data manipulation module may perform single and/or multi-channel

signal transformations along with specialized CBM feature extraction algorithms.

Layer 3— State Detection: The primary function of the state detection module is to compare features

Afte
com
prog
the

A3

The
eme
Al-B

against expected values or operational limits and output enumerated condition indicators (e.
level normal, level high, etc.). The state detection module may also generate alerts based
operational limits. When appropriate data are available, the condition monitor may generate a
of operational context (current operational state or operational environment).

Layer 4 — Health Assessment: The primary function of the health assessmentlayer is to dete
health of a monitored system, subsystem or piece of equipment is degraded;-If the health i
this layer may generate a diagnostic record that proposes one or more_possible fault conditi
associated confidence. The health assessment module should take~inte account trends in
history, operational status and loading, and the maintenance history,

Layer 5 — Prognostic Assessment: The primary function of the‘prognostics layer is to project
health state of equipment into the future, taking into accoeunt estimates of future usage p
prognostics layer may report health status at a future timeé, or may estimate the remainin
(RUL) of an asset given its projected usage profile. Assessments of future health or RUL m3
an associated diagnosis of the projected fault condition,

Layer 6 — Advisory Generation: The primary fuhction of the advisory generation module is
recommended actions and alternatives, :.and the implications of each recommeng
Recommendations include maintenance action schedules, modification of the operational con
equipment in order to accomplish mission-objectives, or modification of mission profiles to al

and maintenance), current and future mission profiles, high-level unit objectives, and resourcq

I the specification is defined and developed for each CBM module, the modules can be consti
plete functional CBM system: Open systems architecture design enables the integration
nostic capability within new or existing system designs, allowing maximum flexibility and upgr
ystem.

OSA-CBM:framework

OSA-CBM/framework was developed around input from the functional layer descriptions and
rging\standards for monitoring and maintenance, such as MIMOSA's OSA-EAI Informatig
STATE, and IEEE 1451.2. The OSA-CBM framework currently excludes the decision support
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layer since

it is

application specific. The presentation layer was designed as a client-only layer in order to

tay open to

any user interface technology; no interfaces are therefore defined in this part of ISO 13374. The first step was
defining an object-oriented data model in Unified Modeling Language (UML) for each layer that was then
converted into an abstract interface specification. The abstract specification can then be converted to the
desired middleware language for a specific interface definition.

The UML object model defines interfaces only. For a given layer of the architecture, the data model does not
prescribe the object classes that would be required for a software implementation. The focus is on describing
the structure of the information that might be of interest to clients of that layer. OSA-CBM does not impose any
requirements on the internal structure of compliant software modules. The architectural constraints are applied
to the structure of the public interface and to the behaviour of the modules. This approach allows complete
encapsulation of proprietary algorithms and software design approaches within the software module.
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Annex B
(informative)

References to UML, XML and Middleware

B.1 Purpose

This annex|provides a simple reference of definitions and glossary of terms on Unified Modelling Langu
(UML), eXtensible Markup Language (XML) and middleware services. In addition, a number,‘of us
references have been provided along with pointers for simple tutorials and detailed tutorials on these topic

B.2 Unified Modeling Language (UML)

B.2.1 Definition of UML

The Unified Modeling Language (UML) is a graphical language for visualizing, specifying, constructing
documenting the artifacts of a software system. UML offers a standardway to write a system's bluep|
including cqnceptual entities, such as business processes and system fdnctions, as well as concrete enti
such as programming language statements, database schemas)'and reusable software compon

(see Refergnce [27]).

B.2.2 Glogsary of Terms

Terms and their definitions have come from various sources, in particular from Reference [20].

Activity

Activity Diagram

Actor

Associatio

-

A step or action within an Activity Diagram, which represents an action ta
by the system or by an actor.

age
eful

and
Fints
lies,
ents

ken

A glorified flowchart that shows the steps and decisions and parallel

operations within a process, such as an algorithm or a business process.

A_person or an external computer system that interacts with the softy
dunder design.

A connection between two elements of a Model. This might represe
member variable in code, or the association between a personnel record
the person it represents, or a relation between two categories of worker
any similar relationship. By default, both elements in an Association
equal, and are aware of each other through the Association. An Associa

vare

ht a
and
5, Or
are
tion
the

can also be a Navigable Association, meaning that the source end off

Association Class

Attribute

Base Class

22

association is aware of the target end, but not vice versa.

A Class that represents and adds information to the Association between

two other classes.

A data field or property that represents information about a Classifier.

A Class which defines Attributes and Operations that are inherited by a

Subclass via a Generalization relationship.
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Branch

Class

Class Diagram

Classifier
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A decision point in an Activity Diagram. Multiple Transitions emerge from the
Branch, each with a Guard Condition. When control reaches the Branch,
exactly one Guard Condition must be true, and control follows the
corresponding Transition.

A category of similar Objects, all described by the same Attributes and
Operations and all assignment-compatible.

A diagram that shows relationships between various Classes and Interfaces.

A UML element that has Attributes and Operations, specifically, Actors,

Collaboration

Collaboration Diagram

Component

Component Diagram

Dependence

Deployment Diagram

Element

Event

Final State

Fork

Generalization

Initial State

Int

Join

Lifeline

Member

© 1SO 2007 — All rights reserved

Classes and Interfaces.

A relation between two Objects in a Collaboration Diagram), indlicating that
Messages can pass back and forth between the Objects)

A diagram that shows Collaborations between Qbjects and Mefsages that
pass along those Collaborations to carry out some behaviour.

A deployable unit of code within a software system.

A diagram that shows relationships)between various Comppnents and
Interfaces.

A relationship that indicates “‘one Classifier knows the Attfibutes and
Operations of another Classifier, but is not directly connected to gny instance
of the second Classifier.

A diagram that shows relationships between various Processors.

Any item that-appears in a Model.

In a State ,Diagram, this represents a signal or event or input tha{ causes the
system;,to take an action or switch States.

Inva State Diagram or an Activity Diagram, this indicates a point @t which the
diagram completes.

A point in an Activity Diagram where multiple parallel control threads begin.

An inheritance relationship in which a Subclass inherits and @adds to the
Attributes and Operations of a Base Class.

In a State Diagram or an Activity Diagram, this indicates the pojnt at which
the diagram begins.

contract for
behaviour. A provider Class or Component may elect to Realize an Interface
(i.e. implement its Attributes and Operations). A client Class or Component
may then Depend upon the Interface and thus use the provider without any
details of the true Class of the provider.

A point in an Activity Diagram where multiple parallel control threads
synchronize and rejoin.

A line in a Sequence Diagram that indicates the duration of an Object.

An Attribute or an Operation within a Classifier.
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Merge

Message

Model

Navigability

A point in an Activity Diagram where different control paths come together.

In a Sequence Diagram or a Collaboration Diagram, a communication from
one Object to another, delivering information or requesting a service.

The central UML artifact. Consists of various elements arranged in a
hierarchy by Packages, with relations between elements as well.

Indicates which end of a relationship is aware of the other end. Relationships
can have bidirectional Navigability (each end is aware of the other) or
unidirectional Navigability (one end is aware of the other, but not vice versa).

Navigable Lssociation

Note
Note Attac

Object

Operation
Package

Package D

Parameter

Private

Processor

Protected

Public

Realizatio

hment

agram

An Association with unidirectional Navigability.

A text note added to a diagram to explain the diagram in more detail.
A dashed line connecting a Note to an element that it describes.

In an Activity Diagram, an object that receives information from Activitigs or
provides information to Activities. In a Collaboration-Diagram or a Sequgnce
Diagram, an object that participates in the scenario depicted in the diagram.
In general: one instance or example of a,given Classifier (Actor, Class or
Interface).

A method or function that a Classifiet\can perform.

A Model element that divides the’Model into a hierarchy.

A Class Diagram in whieh all of the elements are Packages |and
Dependencies.

An argument to an Operation.

A Visibility lével applied to an Attribute or an Operation indicating that pnly
code for the Classifier that contains the member can access the memberi

In ,a\_Deployment Diagram, this represents a computer or dther
programmable device where code may be deployed.

A Visibility level applied to an Attribute or an Operation indicating that pnly
code for the Classifier that contains the member or for its Subclasses|can
access the member.

A Visibility level applied to an Attribute or an Operation indicating that|any
code can access the member.

Indicates that a Compaonent or a Class provides a given Interface

Sequence Diagram

State

State Diagram
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A diagram that shows the existence of Objects over time and the Messages
that pass between those Objects over time to carry out some behaviour.

In a State Diagram, this represents one state of a system or subsystem,
i.e. what it is doing at a point in time, as well as the values of its data.

A diagram that shows States of a system or subsystem, Transitions between
States, and the Events that cause the Transitions.
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Static

Stereotype

Subclass

ISO 13374-2:2007(E)

A modifier to an Attribute to indicate that there's only one copy of the

Attribute shared among all instances of the Classifier. A

modifier to

an Operation to indicate that the Operation stands on its own and does not

operate on one specific instance of the Classifier.

A modifier applied to a Model element indicating something about it which
cannot normally be expressed in UML. In essence, Stereotypes allow the

user to define his/her own “dialect” of UML.

A Class which inherits Attributes and Operations that are defined by a

Subclass via a Generalization relationship.

SwiLnIane

Transition

Use Case

Useg Case Diagram

Visibility

An element of an Activity Diagram that indicates what parts of\a
domain perform particular Activities. All Activities within aSwiml
responsibility of the Object, Component or Actor (represen
Swimlane.

In an Activity Diagram, a Transition represents’a flow of contr
Activity, Branch, Merge, Fork or Join to another. In a State
Transition represents a change from one State to another.

In a Use Case Diagram, a Use Case represents an action that
takes in response to a request froman Actor.

A diagram that shows relations between Actors and Use Cases.

A modifier to an Attributezor Operation that indicates what code g
to the member. Visibility levels include Public, Protected and Priv

B.2|3 Simple tutorials on UML

— | Tutorial on how to use the UML to define and build actual systems (see References [29], [30])

— |What is UML tutorial (see Reference [31])

— |UML Tutorial: Complex trapsition (see Reference [32])

— |A UML introduction tuterial (see Reference [33])

— |Borland UML tuterial (see Reference [34])

B.2/4 More detailed tutorials on UML

— |Object\Modeling in UML: Introduction to UML, Behavioral Modeling & Advanced Mo

References [35], [36], [37]).

System or a
ane are the
ed by the

bl from one
Diagram, a

the system

ves access
hte.

Heling (see

B.3 eXtensible Markup Language (XML)

B.3.1 Definition of XML

The eXtensible Markup Language (XML) is a subset of SGML that is completely described in this part of
ISO 13374. lts goal is to enable generic SGML to be served, received and processed on the Web in the way
that is now possible with HTML. XML has been designed for ease of implementation and for interoperability
with both SGML and HTML (see Reference [28]).

© 1SO 2007 — All rights reserved
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B.3.2 Glossary of terms

Terms and their definitions have come from various sources, in particular from Reference [21].

Application

Attribute

A self-contained program that performs a specific function directly for the
user. An example of an application is XMLwriter. It is a stand-alone program
that allows a user to edit XML files as well as other text files.

Attributes are inserted in start or empty element tags in the form
attribute_name="attribute_value”. They are additional information about an
element, intended for interpretation by an application.

Attribute-IiLt (ATTLIST)

declaration

Browser

CDATA

Character

Child elem
Cascading

Document
declaration

Document
(DTD)
Empty tag

End tag

Element ty

W

nt
Style Sheets (CSS)

type (DOCTYPE)

Type Definition

pe

ELEMENT

lype declaration

vhat
bNg,

Attribute-list declarations are placed inside a DTD. They specify
attributes are allowed in an XML document, to which element they’bel
and what the default value of an attribute may be.

A program that allows a user to interact with information stored in a variety of
formats on the World Wide Web, private networks, or locally. Most browgers

support a variety of information types including XML, HTML and Java| An
example of a browser is Microsoft's Internet Explerer-5.
Character data, or text that does not need 10 be parsed. Markup wjthin

CDATA sections will not be interpreted as-markup.
In XML, a character is any legal graphic character of the ISO/IEC 10646 or
Unicode standard (the two standards are identical). Other legal charagters
include a carriage return, tab and’Jine feed.

An element nested inside another (parent) element.

CSS are used to apply style (formatting) to HTML and XML documents.
Contains an intefnal DTD or pointers to an external DTD.

A set ofirules describing the structure of an XML document. The docurpent

must ‘conform to these rules in order to be valid.

Ar’ element that has no content. In XML, an empty tag follows the syhtax
<name></name> or <name/>.

The closing tag of an element. It follows the syntax </name> and must match
the name in the start tag to be a well-formed XML document.

The name that appears in a start, end or empty tag.

Flement type declarations are placed inside a DTD Thpy qppr‘ify what

ENTITY declaration

External DTD

General entity reference
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elements are allowed in an XML document, and what their content may be.
Declaration placed inside a DTD. They contain the abbreviation to be used
for an entity and the text to be substituted for that abbreviation. They may
also contain a URI if the text or data is stored at a remote location.

A DTD that is contained in another file which may reside at a remote
location.

An entity used in the content of an XML document. General entities follow
the syntax '&name;'.
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