
IEEE Standard Design Criteria 
of Complex Virtual Instruments 
for Ocean Observation

IEEE Std 2402™-2017

IEEE Instrumentation and Measurement Society

Sponsored by the 
Sensor Technology Committee

IEEE
3 Park Avenue
New York, NY 10016-5997
USA



IEEE Std 2402™-2017

IEEE Standard Design Criteria 
of Complex Virtual Instruments 
for Ocean Observation

Sponsor 
 
Sensor Technology Committee 
of the 
IEEE Instrumentation and Measurement Society

Approved 14 February 2017

IEEE-SA Standards Board



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 defi ned 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 defi ne the relationships between CVIs and 
describe the methods of extending and compositing multiple CVIs.
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Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
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IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCURE-
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The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE should be considered the approved 
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A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or 
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her 
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Comments on standards
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where the matter has previously been addressed. For the same reason, IEEE does not respond to interpretation 
requests. Any person who would like to participate in revisions to an IEEE standard is welcome to join the 
relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854  USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the 
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory require-
ments. Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in compliance 
with applicable laws, and these documents may not be construed as doing so

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
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motion of engineering practices and methods. By making these documents available for use and adoption by 
public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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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 as the 
descriptive information of observed objects. A complex virtual instrument (CVI) is a software element having 
the following functions:

 — It realizes unified management of observed objects and observed data.

 — It connects with different acquisition applications and process measurements from one or multiple 
types of instruments.

 — It provides data access interfaces which are designed based on observed objects.

 — It can be extended and combined into a larger-scale CVI as a reusable software unit.

This standard describes functions of the data management module, lists the requisite functions in a CVI en-
gine, and provides CVI interface design criteria for ocean observing. Following this standard, CVIs are ho-
mogeneous and different types of CVIs can be composited into a larger system without code programming. 
This standard also describes the mapping schemes, which enables easy mapping between CVIs and physical 
instruments. CVIs can be reused in different systems through adjusting 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 software.
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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 CVIs, 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.1

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.

1IEEE Standards Dictionary Online subscription is available at: http:// dictionary .ieee .org.
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