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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, govern-
mental and non-governmental, in liaison with ISO, also take part in the
work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Inter-
national Standard requires approval by at least 75% of the member
bodies\casting la’vote.

International Standard ISO 6413-2 was prepared by Technical Committee

ISO/TC “113,' ‘Measurement “of liquid flow in open channels, Sub-
Committee SC 5, Flow measuring instruments and equipment.

ISO 6419 consists of the following parts, under the general title Hydro-
metric telemetry 'systems:

— Part 1. General
— Part 2: Specification of system requirements

— Part 3: Criteria for design and implementation
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Introduction

ISO 6419-1 specifies the general functional requirements for hydrometric
telemetry and defines the characteristics of a system required to trans-
mit field data to a receiving station, with minimal reference to data
processing for subsequent use of the data.

The assembly of systems for hydrometry relies heavily on both hard-
ware and software produced for other telemetry purposes which have
larger markets. Therefore the desire to elaborate 1ISO 6419-1 to cover
complete systems unique to hydrometry was resisted.

Nevertheless there are requirements in hydrometric data acquisition
and data management which necessitate special considerations in sys-
tem design and in this part of ISO 6419 these considerations are exam-
ined in the context of a total systemcspecification.

As a matter of principle, the content of this_part of ISO 6419.is indepen-
dent of the state of development of the technology current at the time
of implementation. It is recommended that this principle should also
apply to system specifications except in the recognition cof -the> oppor-
tunities which evolution of the technology will allow.

This part of ISO 6419 is intended to form a bridge 'between the user and
the supplier to cover any limitations in the knowledge of the one of the
requirements of the other. The objective is to give guidelines for the
structure of both the user’s specification and the supplier’s response as
an aid to clarity and to limit ambiguity.

It should be noted that compliance with an International Standard does
not in itself confer immunity from legal obligations.
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Hydrometric telemetry systems —

Part 2:

Specification of system requirements

1 Scope

This part of ISO 6419 outlines a method for specify-
ing hydrometric telemetry systems and identifies
factors which influence the design and operation of
such systems. It covers therspecification ofrsystem
requirements and those for installing, commission-
ing, acceptance testing and documentation. 1Con-
sideration of procurement procedures “is*“not
included.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 6419. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 6419 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid In-
ternational Standards.

ISO 772:1988, Liquid flow measurement in open
channels — Vocabulary and symbols.

ISO 2382-1:1984, Data processing — Vocabulary —
Part 01: Fundamental terms.

ISO 6419-1:1984, Hydrometric data transmission sys-
tems — Part 1: General.

ISO 7498:1984, Information processing systems —
Open Systems Interconnection — Basic Reference
Model.

3 Definitions

For the purposes of this part of ISO 6419, the defi-
nitions given in ISO 772 and ISO 2382-1 and the fol-
lowing definitions apply.

3.1 'system: A'set'of elements organized to perform
a set of designated functions in order to satisfy spe-
cific objectives.

An element is a set of resources organized to per-
form_some highly related subset of the desired sys-
tem functions.

The resources that comprise an eilement can include
people, equipment, materials, facilities, information
and money.

3.2 data; raw data: The output resulting directly
from the measurement of a basic variable.

3.3 information: The result of applying a process to
data.

3.4 default mode: Condition automatically adopted
by a system unless it is otherwise directed or to
which it reverts when either it is unable to sustain
the directed condition or the direction is unclear.

3.5 energy: Quantity characterizing the ability of a
system to do work.

3.6 power: The time-rate of transferring or trans-
forming energy or of doing work.

NOTE 1 In this and associated International Standards
the term energy is used where only capacity is implied but
where either rate or both rate and capacity are implied
the term power is used.

3.7 hardware: Tangible equipment associated with
the system.



I1ISO 6419-2:1992(E)

3.8 software: Intangible element of a system which,
when applied to the hardware, enables the system
to perform in the designed manner.

3.9 real-time: Characteristic which defines the re-
quirement to complete all the necessary procedures
in time to influence a process while it is in progress.

4 Data and information

In ISO 6419-1 and this part of ISO 6419 a deliberate
distinction is made, or implied, between the terms
data (3.2) and information (3.3).

The output resulting from the measurement of a
basic variable, i.e. data, is the “best truth” available.
In the real-time environment of hydrometry and
process control systems, this measurement cannot
be repeated.

Data may be accepted (within the specific limits of
uncertainty imposed by the sensor and the
measurement facility), qualified (as a consequence
of validation procedures) or rejected as unusable,
but it cannot be modified without compromising its
identity as data.

As an example, if a sensor is known to exhibit drift,
for example as a result of temperature or{timé/ any
correction applied to the data converts it into infor-
mation.

A further example is the case'Where'the‘objective‘is
the determination of discharge using the measure:
ment of stage as the input; here, the statements of
stage are data whereas those of discharge are in-
formation.

Unlike data, information may be modified, as would
be the case if a stage/discharge relationship were
revised.

For this reason it is recommended that data be
treated as the principal record in a data acquisition
system and that information be treated as a sec-
ondary record (see also 7.3).

5 Operational context

5.1 General

It is not necessary that the elements considered in
this clause appear in the system specification under
the headings identified. These elements are rather
a set of considerations which will contribute to one
or more of the elements of the structure of the
specification defined in clause 8.

The definitive system specification will be the result
of an iterative process both within the user organ-
ization and between the user and the supplier(s).

5.2 The operational purpose

As stated in the Introduction, one of the purposes of
this part of ISO 6419 is to form a bridge between the
user and the supplier. To achieve this objective it is
prudent to assume that the supplier has no know-
ledge of the user’s field of application.

The specification should therefore include an objec-
tive summary of the purpose for which the user or-
ganization exists, and a statement of why actions
and activities are necessary, together with a defi-
nition of their relative significance since they will
influence the data acquisition and information man-
agement of the proposed system.

5.3 The functional structure

The functional requirements should be defined un-
der two categories as follows:

a) obligatory, for example a statutory requirement;

b) elective, where the user has a choice of whether
or how to fulfil the function.

The-user should"appreciate that merely transferring
existing joperational philosophies into the specifi-
cation ‘of the"proposed system can limit the full ex-
ploitation of the technology and techniques now
available. Existing procedures should be analysed
so.that they may)be restated objectively in order to
take full advantage of the potential for a novel oper-
ating environment.

5.4 The geographical structure

The following elements of the existing system shall
be defined:

a) the points of measurement;

b) the point(s) where data and/or information are
required.

In both these cases, consideration should be given
to probable or possible future requirements. Only
the user can make judgements regarding these
considerations but the system supplier would be
expected to quantify their influence on the proposed
system configuration. A characteristic of hydro-
metric telemetry, is the wide geographical dispersal
of measurement points coupled with the fact that,
generally, a small number of parameters are meas-
ured at each site.

There are opportunities inherent in establishing a
telemetry remote station which may be exploited by
including, or making provision for, additional facili-
ties for relatively little extra cost. These might take
the form of



a) additional equipment to increase reliability, such
as multiple sensors, the duplication of trans-
mission equipment or the provision of local data
storage devices, and

b) the measurement of additional parameters
which, on their own, would not have justified the
resources employed.

When attending a remote station it may be advan-
tageous or necessary, during maintenance, cali-
bration or operation, to have access to data or
information from other sites or stations in the sys-
tem. If this is so, this requirement shall be included
in the specification as it will influence the communi-
cations requirement. It is recommended that all such
procedural requirements be specified separately.

Consideration should also be given to the possible
need for the introduction of data and/or information
into the system from other sources, e.g. the input of
data from field reports or from other systems, or for
the transmission of data and/or information to other
systems.

5.5 The time structure

Hydrometric data transmission systemsoperate, in
a real-time environment which has'two time “do-
mains. The time constants may range from minutes
to days or even weeks and since no control can bé
exercised over these, itifollowsdthatitheionly con=
trollable time variable relates to the time:character:
istics of the data acquisition system. This is one of
the areas where the desirable characteristics of
flexibility and expansibility should be explored.

Examination and explanation of the inherent dy-
namic changes within the natural system will assist
in establishing the appropriate rate of routine polling
(interrogation) and the required system response
time.

In addition to specifying the minimum rate of polling,
which may alternatively be expressed as the maxi-
mum period between transmissions, the required
data recording rate shall be stated. The recording
rate shall be a variable which can be selected by the
user to suit the prevailing needs for data.

If a data recording facility is provided at the remote
station then the rate of recording can be indepen-
dent of the rate of polling, whereas without such a
facility the maximum recording rate is limited to the
rate of polling.

The initial selection of the polling rate should be
based on the maximum acceptable interval between
the requirements for data and/or information,
whether these requirements refer to a complete
data set, an individual measurement or a status in-
dicator (see also 6.1 and clause 7).
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The period for which data and/or information will be
required to be accessible on-line shall also be
stated, with an appropriate allowance for expansion
(see 7.3.6).

5.6 The man-system interface
5.6.1 General

The man-system interface is the focal point of con-
tact between the user and the system, and its pri-
mary purpose is to service the communications
between an equipment environment and the human
environment.

The routine operations of modern data transmission
systems are designed to be largely automatic but,
however well this is accomplished, the efficacy of
the whole system will ultimately be judged on the
effectiveness of this interface.

The initial judgement will be influenced by the range
and capabilities of the facilities provided but the final
judgement will rest on how easy these are to use.

There is normally a hierarchy of skills and re-
sponsibijlitiesjin any organization and these must be
taken “into "account’ when specifying the required
presentation of data and/or information.

The presentation needs to be considered under two
headings at each level, namely

a),what needs to be known, and

b) how it is to be effectively presented.

In general, as information passes up the hierarchy
there will usually be a reduction in the need for de-
tail and an increase in the need for interpretative
skill.

5.6.2 Access

In order to protect the system and the data from in-
advertent or unauthorized corruption it is rec-
ommended that facilities be specified which allow
control of access to the system in operation. These
facilities may be incorporated in the hardware or the
software (or both), where access is restricted, re-
spectively, by a physical or a conceptual “lock and
key”.

It is recommended that at least three levels of ac-
cess to the system be provided as follows.

a) Level 1: Inspection

A restricted facility is available to allow data and
information to be viewed but without the auth-
ority to make any changes.

b) Level 2: Control
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The facilities of level 1 are available together
with the addition of a restricted access to facili-
ties appropriate to the exercise of normal oper-
ation, such as the variation of recording rates
and the modification of and/or validation limits.

c) Level 3: Development

The facilities of level 2 together with access to
facilities to enable modifications to be made to
the fundamental operation of any aspect of the
system are available. This level of access should
be severely restricted.

Authority for access should be matched to re-
sponsibilities. This may result in the need to allow
only limited access at levels 2 and 3.

This concept of graded access can be applied
throughout the system.

5.6.3 The organizational structure

The description of how management and control
are, or are planned to be, exercised will have an
influence on the design of the data and information
management element of the system.

The design shall allow sufficient flexibility so that
any changes in the organizational structure’can'be
accommodated without major configuration changes
(see also 6.3.1.1 to 6.3.1.3).

5.7 Risk analysis and assessment

The consequences of the malfunction of parts of the
system, from whatever cause, should be explored.
The user should make value judgements of these
consequences in order to determine their signifi-
cance and to compare the options for their limitation
or avoidance.

The recommeanded principle to adopt for specifi-
cation and design is that of “controlled
degradation”.

6 System definition

6.1 General

The degree of success in the achievement of the
most appropriate system for the end user is gov-
erned largely by three factors as follows:

a) the achievement of a consensus within the user
organization of the boundaries, objectives and
characteristics of the proposed system;

b) the formulation by the user of well-considered
statements of both tactical and strategic objec-
tives; as a matter of principle these should avoid
considerations of the potential system’s tech-

nology or methodology except where these may
be constrained or pre-empted by the user’s op-
erating environment (see 6.3.1.3);

c) the establishment of a firm mutual understanding
between the user and the supplier(s) of their re-
spective requirements, capabilities and limi-
tations.

Care should be exercised to avoid over-
specification, the principle being to minimize state-
ments of specification.

Similarly, the selection of options should be deferred
until actually required, the reason being that tech-
nology is advancing at such a speed that the basis
of decisions based on viability may change between
the statement of requirements and their implemen-
tation.

The key aspects which need to be explored and ex-
plained in order to translate the objectives into a
specification for a data transmission system and to
achieve the desired mutual understanding are
discussed below.

6.2/ )Systeni objectives
The system objectives are as follows:

a) to transmit data from a network of hydrometric
stations to the point(s) of data use;

b) oto “recover data with sufficient certainty and in
sufficient time that the management objectives
relating to the natural system can be met;

c) to minimize the manual content of data manage-
ment;

d) to maximize the use of equipment common to all
remote stations;

e) to employ technology and good practice appro-
priate to both the natural and the management
environment;

f) to minimize the effect on the initial system of
changes resulting from the enhancement of ob-
jectives or advances in technology.

6.3 System characteristics
6.3.1 Individual characteristics
6.3.1.1 Flexibility

The opportunities for varying established methods
and procedures are often identified, or become
more obvious, only after a system becomes oper-
ational. Provision for flexibility not only avoids po-
tential frustration but also allows for the provision



of varying degrees of continued operation during
malfunction or failure of non-critical system com-
ponents.

6.3.1.2 Expansibility

Hydrometric networks are occasionally completely
designed but rarely completely installed in the first
phase of development. It follows that unnecessary
limitations in the system configuration should be
avoided in the specification and not accepted in the
design proposal.

6.3.1.3 Evolutionary robustness

A characteristic of modern electronic technology is
the relatively short time interval between installation
and obsolescence. This fact shall be taken into ac-
count in the design concept and the specification so
that advantage can be taken of advances in tech-
nology when the need or opportunities arise.

The effects of obsolescence can be reduced by dis-
tributing the various processing tasks and integrat-
ing them by the use of a local area network {(LAN).
This enables the user to change'elements; or to"in-
troduce additions, with minimal disturbance toe the
remainder of the system (see also 6.3.2).

6.3.1.4 Transportability/transferability

The greater proportion of the cost of modern ‘sys-
tems is the intellectual investment in its software.
The protection of this investment requires that
changes in hardware during the lifetime of the sys-
tem be anticipated in the specification.

6.3.2 Interrelationship of characteristics

The boundaries between these four system charac-
teristics overlap such that each should not be con-
sidered in isolation. The integrity of the system will
be enhanced and its useful life extended by their
proper consideration in the design concept and in
the specification.

The concept of modularity assists in the realization
of these characteristics. A module may be con-
sidered as an identifiable, separable, element ar-
rived at by a process of decomposition of the major
elements of the system. This process can be applied
throughout the conceptual design and need not be
confined to equipment, although modularity in this
area can be of particular advantage for system
maintenance.

It should be noted that the ability to take subsequent
advantage of these characteristics can be severely
impeded by inadequate documentation.
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6.4 Existing facilities

Existing facilities which may impinge on the pro-
posed system are those in contact with the bound-
aries of the system, i.e. the measurement stations
and the subsequent data usage and existing com-
munications facilities.

The definition of the boundaries in effect defines the
system (see clause 3) and it follows that the
specification of outputs from the measurement fa-
cilities are a necessary part of the system specifi-
cation.

The transfer of data from the system and the input
of data from other sources into the system forms
another interface. It is recommended that there be
a data buffer between the real-time system and this
external environment: whether the subsequent data
processing facilities exist or are yet to be developed;
in the latter case the buffer stage should form part
of the specification as it is assumed that data which
is transferred will need to be preserved until the
subsequent facilities are provided.

The introduction of a buffer stage protects the sys-
tem from, changes outside its own environment and
control.

7 Operational requirements

7.1"“Remote stations

A description of the parameters to be measured and
their application should be included together with
an indication of the factors influencing the specified
frequency of acquisition.

The recording of data at remote stations may be re-
quired for

a) the concentration of data for subsequent trans-
mission in batch mode,

b) protection against loss of data resulting from
system malfunction, and

c) inspection during visits to the station(s).

A recording facility may be within the boundary of
the data transmission system or outside it (see
6419-1:1984, figure 1).

Each field station should be specified uniquely, with
a list of the parameters to be included and, if rel-
evant, allowed for.

Where existing sensors or transducers are to be
incorporated their specification should be included.
Particular reference should be made to the interface
between the existing and proposed equipment. This
should include a statement of where the interface is
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intended to be and the specification of the output
from the measurement element.

The need to detect anomalies, faults or failures in
any element of the system may eventually govern
the polling rate.

7.2 Communications
7.2.1 General

Communications are fundamental to telemetry sys-
tems and their adequacy has a direct effect on the
performance of the system.

If some existing facilities are available they should
be identified fully, giving their technical specifi-
cation, location, present use and present loading.
As a matter of principle a prescription of their use
in the system being specified should be avoided
unless there are sound reasons for their inclusion.

In general any consideration of their use should fol-
low the principles specified in 5.3.

7.2.2 Need lines

A need line is an abstract concept identifying the
need for a logical connection between a source,of
data, or information, and its destination point.

It should not be assumed that this necessarily im+
plies that a direct transmission.pathwill result; as
long as communication is achieved which is oper;
ationally acceptable, the actual path taken is irrel-
evant to the user.

The source and destination points of all data and
control links should be identified and listed, whether
for hydrometric or system purposes.

7.2.3 Loading

It is necessary to determine the traffic on the need
lines (7.2.2). This determination shall take into con-
sideration both the number of parameters (including
those related to measurements of the natural sys-
tem and those related to the telemetry equipment)
and their frequency of transmission.

In some cases data will flow in one direction only,
in other cases only control signalling is needed in
one direction and more intensive data traffic in the
other. The communication system may be con-
figured such that data flows in one direction only
(simple), in two directions alternately (half-duplex)
or in two directions simultaneously (full-duplex).

The length of that part of the message which rep-
resents the measurement data will depend on the
range and resolution required of the data. The sup-
plier will probably add loadings which result from
the system’s own requirements.

An overall estimation of the expected traffic, the av-
erage message length and the required response
times shall be defined in the specification.

7.2.4 System interactions

Any constraints on the timing sequences of data
acquisition or controls shall be defined. These con-
straints may be caused by the specification of
equipment outside the scope of this part of ISO 6419
or by natural forces.

Other than those constraints which are in some way
unavailable, the user may express preferences but
should be aware that these, if they are too rigid, may
influence the system design out of proportion to
their real value (see also 5.5).

7.2.5 Communication configuration

The eventual configuration will result from the con-
sideration and satisfaction of the statements and
facts in the specification but will also be influenced
by topography and compliance with local telecom-
munication restrictions.

In cases where public domain communications must
be used, or where public data networks provide ef-
fectiveosolutions or may even be compulsory, pre-
defined interconnection protocols shall be used.
Where a choice is available, it is recommended that
the'internationally accepted model for Open System
Interconnection’be'employed (see ISO 7498).

Communication media and methods of data trans-
mission are considered in ISO 6419-1.

7.3 Data and information management

7.3.1 General

For hydrometric telemetry systems, which are es-
sentially constructed in a geographically distributed
fashion, appropriate means for management and
maintenance have to be provided. Systems man-
agement will be an important part of the total system
design.

Examples of systems management requirements
are programs for diagnostic tests, recovery mech-
anisms and system reconfiguration. Other examples
are software and hardware to enable the gathering
of statistics on performance, traffic and errors, and
facilities to enable, disable, or select certain parts
of functions within the system.

In clause 4 a distinction was made between data
and information. Although data should be treated as
the principal record, it is usually information which
is used as the basis of decisions. When considering
the needs for access to data and information,
particularly in a real-time environment, the man-



agement, and thus the usage, of these two types of
record should reflect this distinction.

It is a reasonable assumption that modern telemetry
systems will include software-programmed proc-
essing units. These units are increasingly being
distributed throughout data transmission systems.

The essential design characteristics are that the
operation be in a real-time environment with multi-
tasking facilites and that both the hardware and the
software be modular.

If the user has every reason to believe that what he
specifies is unlikely to change even if the network
expands or if technology improves, the design and
language of the software may, if he so decides, be
left to the supplier. However, with regard to the
characteristics described in 6.3, it is recommended
that the software be specified to be written in a rec-
ognized real-time high-level language which can be
demonstrated to be soundly supported.

7.3.2 Data acquisition

Two modes of data acquisition need to be con-
sidered, i.e.

a) automatic, and

b) on demand.

In the automatic mode, which.can be taken tobe.the
“normal” or “default” mode, the system, would;be
expected to acquire the data at a rate at least equal
to its specified minimum. The optional methods
which  can be used are specified in
1ISO 6419-1:1984, 6.5.

This rate could be one of the user-controlled vari-
ables but an increase in rate requires that sufficient
system capacity be allowed for its accommodation
(see 1SO 6419-1:1984, 6.6).

In practice, other considerations may result in data
being acquired at a rate in excess of the minimum
specified by hydrometric considerations (see 7.1).

The rate at which acquired data is recorded is an-
other user-controlled variable which need not be the
same as the specified acquisition rate (see 5.5).

With some systems of communication it may be
necessary for data to be acquired in batch mode, in
which case there is a requirement for data storage
at the field station and the local recording rate
should at least equal the specified acquisition rate.

In such systems a facility for on-demand polling is
not feasible.

It is recommended that the filtering out of “excess”
data be accomplished under the more controllable
environment of the reception site.
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Where on-demand polling is possible, and required,
it should be expected that an individual parameter
could be addressed and even interrogated if
necessary, although the supplier may choose to
achieve this facility in a manner which is transparent
to the end-user.

A design decision will be needed to establish the
relative priority of on-demand requests, particularly
if they might arise from a number of control termi-
nals.

7.3.3 Data validation

7.3.3.1 System

The data acquisition system would be expected to
check the validity of messages received in response
to polling demands. At the basic level this would
reject messages which failed fundamental checking
procedures. Message acceptance at this level
means only that the transmission criteria have been
satisfied; it does not imply that the data within the
message are acceptable for operational use.

Additionaly checks ycould include those for sensor
range, ‘upper ‘and "lower data limits and rate-of-
change_limits. It is recommended that these limits
be “‘user /variables since initial values may of
necessity be coarsely set and will be capable of re-
finement only after operational experience.

The response to these checks needs to be con-
sidered in the context of the operational abnor-
malities dealt with in 7.5.

7.3.3.2 User

The system validation process should be designed
to accomplish as much automatic checking as
possible, but the limiting factor is usually the lack
of precision available to the user, particularly with
new parameters or sites.

There may be more than one stage of user vali-
dation, depending on both the accumulated know-
ledge of the parameter and the time available before
the data, or information derived from it, must be
used.

7.3.4 Information

Information is a derivative of data and since many
operational decisions are made on the basis of in-
formation rather than the raw data, some of the
derivation process may need to be included in the
real-time environment of the system.

Since the basis of conversion may be subject to
subsequent alteration it is prudent to draw a dis-
tinction between information needed for real-time
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