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Abstract: The framework of building a distributed ocean observing software system based on
complex virtual instruments (CVIs), which are used for processing and displaying the collected
data from ocean instruments and the related metadata, is defined in this standard. This framework
provides the guidelines for the CVI-based development process, in which CVI structure design
covers management of observed data and metadata, virtual instrument engine based on geospatial
information, and service interfaces for CVI interactions. CVI mapping schemes describe the corre-
spondence from observed objects to CVIs. CVI relations define the relationships between CVls and
describe the methods of extending and compositing multiple CVils.
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Documents
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the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, C= el vironmental protection, or ensure
against interference with or from other devices or networks. Implemente. anu users of IEEE Standards doc-
uments are responsible for determining and complying with all ap ropriate safety, security, environmental,
health, and interference protection practices and all applicabl> lav.s ai.!<egulations.

IEEE does not warrant or represent the accuracy or conf:nt of tiie material contained in its standards, and
expressly disclaims all warranties (express, implied and sta.**<ry) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accura<y, >ffeciiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditiens i=lat.ng to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITr1 ..LL FAULTS.”

Use of an IEEE standard is wholly olu tary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test; me 'sure, purchase, market, or provide other goods and services related to
the scope of the IEEE standar:.. t urthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change ro. oht about through developments in the state of the art and comments received
from users of the standard.

In publishing and mak »eo/its standards available, IEEE is not suggesting or rendering professional or other
services for, or'vn behalt of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person ¢ - enti 'y to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own ina nendent judgment in the exercise of reasonable care in any given circumstances or, as appropri-
ate, se"k the auvice of a competent professional in determining the appropriateness of a given IEEE standard.

I17.NO L VENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
SXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH
DAMAGE WAS FORESEEABLE.
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Official statements
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Comments on standards should be submitted to the following address:
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445 Hoes Lane
Piscataway, NJ 08854 IS4

Laws and regulations

Users of IEEE Standards dscu. ~er.s should consult all applicable laws and regulations. Compliance with the
provisions of any IEEF Sta. dards document does not imply compliance to any applicable regulatory require-
ments. Implementer: of ti = standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE doc - 1iot, by the publication of its standards, intend to urge action that is not in compliance
with applicabl< . ws, and wese documents may not be construed as doing so

Copyrighws

I EE aic ft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are 1..ade available by IEEE and are adopted for a wide variety of both public and private uses. These include
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Introduction

This introduction is not part of IEEE Std 2402™-2017, IEEE Standard Design Criteria of Complex Virtual Instruments
for Ocean Observations.

An ocean observing system (OOS) plays an important role in improving the knowledge of oceans. An OOS
involves software and hardware. The hardware part consists of various observing instruments; the software
part consists of a series of applications that are responsible for data collection, data management, and data
visualization. Traditional developments are time-consuming due to code programming and testing while com-
ponents usually need to be modified and assembled, which results in low development efficiency.

Traditional virtual instruments display the observed data without considering the related metadata, such «= the
descriptive information of observed objects. A complex virtual instrument (CVI) is a software element >avi. o
the following functions:

— Itrealizes unified management of observed objects and observed data.

— It connects with different acquisition applications and process measurements.frou: < 1e or multiple
types of instruments.

— It provides data access interfaces which are designed based on observe ! Gbje ts.

— Itcan be extended and combined into a larger-scale CVI as a reusable softw ire unit.

This standard describes functions of the data management module, iists ti.» requisite functions in a CVI en-
gine, and provides CVI interface design criteria for ocean observin . Fc llowing this standard, CVIs are ho-
mogeneous and different types of CVIs can be composited 1.0 a 'arger system without code programming.
This standard also describes the mapping schemes, which <i.ablc- easy mapping between CVIs and physical
instruments. CVIs can be reused in different systems throu ~h ai justing the mapping schemes, contributing to
higher-level software re-use. This standard plays an important role in improving development efficiency and
standardizing development procedures for OOS so.*ware.
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IEEE Standard Design Criteria
of Complex Virtual Instruments
for Ocean Observation

1. Overview
1.1 Scope

This standard defines the framework of building distributed ocean observing software systems based on com-
plex virtual instruments (CVIs), which are used for processing and displaying the collected data from ocean
instruments and the related metadata (Guo, et al. [B1]). This framework provides the guidelines for a CVI-
based development process, in which CVI structure design covers management of observed data and meta-
data, virtual instrument engine based on geospatial information, and service interfaces for CVI interactions.
CVI mapping schemes describe the correspondence from observed objects to CVIs. CVI relations define the
relationships between CVlIs, and describe the methods of extending and compositing multiple CVIs.

1.2 Purpose

The purpose of this standard is to advise and assist developers in adopting a CVI-based development method
in building ocean observing software systems. Implementation of this standard simplifies the software de-
velopment process greatly, which is turned into compositing CVIs that are customized according to specific
requirements by means of CVI interfaces. Implementation of this standard also forms a set of reusable CVIs
that can be shared among ocean communities. The development efficiency is improved because customization
tools are provided to avoid code programming.

2. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online shall be consulted for terms not defined in this clause.'

2.1 Definitions

acquisition main program: An independent program module that communicates with the acquisition module
by standard function. It also needs to communicate with the application layer by TCP/IP protocol.

'IEEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org.
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