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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 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.

The procedures—tsed—to—develop—th CHeRt—2 —itendedforitsfurthermatntenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria iepded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documentmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of ISO specific termis and expressions related to| conformity
assegsment, as well as information about ISO’s adherénee to the WTO principles in the Technical
Barrjers to Trade (TBT), see the following URL: Forewdrd — Supplementary information.

The |committee responsible for this documentlis ISO/TC 113, Hydrometry, Subcommnpittee SC 5,
Instruments, equipment and data management.

This|first edition of ISO 24155 cancels and replaces ISO/TS 24155:2007.
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Introduction

Hydrometric data transmission systems provide data for the day-to-day management of water
resources and for warning and forecasting of floods, droughts and conditions affecting water quality
and public health. The systems transmit data measured at remote telemetry stations to a receiving
centre for further processing.

This International Standard defines and standardizes the required specifications of hydrometric data
transmission systems. It does not describe the specifications of the equipment and units constituting
hydrometric data transmission systems, but does describe the functional performance that the

I e-dadadirain cinas ORI 2 Lhaold 23l
hydrometl‘l uata tl AITSTITSSTUTT Sy ot\.,luo STTOTTO pPToOvVIOCT
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Hydrometry — Hydrometric data transmission systems —
Specification of system requirements

1

Scope

This International Standard specifies the technical requirements that should be considered in designing

and

firormaon

thos¢ systems. The scope of HDTS is shown in Annex A.

2
The

Normative references

following documents, in whole or in part, are normatively referenced)in this docunj

indigpensable for its application. For dated references, only the editign)cited applies. I
referfences, the latest edition of the referenced document (including any-amendments) appl

ISO 172, Hydrometry — Vocabulary and symbols

ISO §0000-1, Quantities and units — Part 1: General

ISO/1EC 2382, Information technology — Vocabulary

3

L

[erms and definitions

For the purposes of this document, the terms and definitions given in ISO 772 and ISO/IEC

4

4.1

Basic requirements

General

This|Clause specifies the general requirements for designing an HDTS.

An

HDTS shall be designed to meet the basic requirements, defined hereinafter,

consjderation functiohality, geographical structures, time structures, installation
reliapility, safetyy/maintainability and economy. The final system specifications should be
throngh the prooeess of repetitive discussions among technological specialists in hydr
telecommunications fields.

The

4.2

fonceptual configuration of an HDTS is shown in Annex A.

unctions of

ent and are
For undated
es.

382 apply.

taking into
conditions,
determined
blogical and

Objectives of use

An HDTS shall be designed with a full understanding of the necessity and importance of hydrometric
services for appropriate water management in drainage basins, such as needed for early warning of
high flood levels, or low flows in ecologically sensitive rivers, in which this system is to be used.

4.3
The

Functional requirements

functional requirements for an HDTS are classified into the following:

a) Mandatory requirements: the minimum requirements that an HDTS designer shall comply with
in designing the system. The mandatory requirements include legal requirements, for example, for
the site where the system will be installed, and applicable specifications of various standards.

© ISO 2016 - All rights reserved
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b) Optional requirements: the functions and methods of implementing them that an HDTS designer
can select. The optional requirements include the requirements, such as the data collection
sequence and selection of communication links as specified in 5.3.4.

An HDTS should be designed to fully achieve the mandatory functional requirements, and to meet the
optional requirements in full consideration of the user’s requirements and operational purposes of the
system so as to demonstrate the required system functionality.

4.4 Geographical structures

The following geographical structures shall be determined as a fundamental element of HDTS:

a) location
b) location
c) location

A remote te
telemetry st
telemetry sf

(s) of the remote telemetry station(s);
(s) of the receiving centre(s);
(s) of the relay station(s), if necessary.

lemetry station is located at a selected hydrometric observation point.”Therefore, re
ations are distributed over a geographically wide area, including adrainage basin. Re
ations cannot always be located at optimum hydrological sites, and may be relocat

alternate sitles because of geographical problems and difficulties in data transmission.

A receiving
processing 4
receiving ce
receiving ce

According t(

These geog]

4.5 Time

Usually, an |
time used in

The basic pi
at a gauging

centre consists of equipment that receives data from remote telemetry stations for
nd display. It is located at a site where data and/or information are needed. Therefor¢
htre will usually be located within the facility of a usexerganization. In large drainage b4
htres may be distributed at user organizations neaf’a hydrometric-observation point.

structures

DTS is used on a real-timébasis. An HDTS has two time domains: the first domain i
the natural world; the pther is the time series in system operation.

the necessity of the communication medium,arelay station shall be provided in the sy$

mote
mote
bd to

data
b, the
sins,

tem.

aphical structures should be considered not only at the time of designing but also for the
future plang.

s the

operty of time in system operation is the time when the hydrometric observation is
point; the gauging.intervals and the delay times that are required in data presentatio

Usually, sepsors at remote telemetry stations continuously measure hydrological phenon

but the dat
characterisf
Details are s

h monitored~at the receiving centre are sampled in a time series. Therefore, these
ics andstheir allowable error range should be determined for the purposes of opers
howmin Annex E.

Ilade

hena,
time
tion.

4.6 Insta

1ok Az
1dl1VUIL LUILIUILIVUILIS

The environmental conditions of the remote telemetry stations may be more severe than those of
telecommunication equipment installed indoors. Therefore, the following conditions should be considered:

a) temperature range and rate of change;

b) relative humidity range with no condensation;

c) wind velocity;

d) lightning protection;

e) seismicresistance;
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f) damage due to sea wind, dust, and/or corrosive gases;
g) available power supply conditions;
h) equipment damage and access during flooding.

The environmental conditions of the telecommunications and information processing system
equipment to be installed at a receiving centre should also be considered for items a), b), d), e), and g)
above. Details are shown in Annex C.

4.7 Considerations for designing

4.7.1 Reliability

An HDTS is basically designed for continuous operation for its original purpose ef use, particularly in
the dase of heavy rains and floods. Designers shall consider the reliability of equipment arld the entire
system. For the important functions of the system, alternative means or a.redundancy of the system
should be provided.

For gxample, duplicate communication links can be installed to connect important remote telemetry
statipns in a gauging area to a receiving centre. A hot-standby System can also be ysed for the
equipment having important functions. The hydrological data measured by important remoge telemetry
statipns also can be input to a site recorder, and the storage term(s) and period should megt the user’s
requjrements.

4.7.2 Safety

An HDTS shall be designed as a safe (fail-safe) system that can always secure safe system operation
in thie case of a malfunction of equipment, faulty’ operation by a user, or a system failur¢ due to any
external factor. The fail-safe should prevent such problems from spreading over the entire system.

If the malfunction or failure in part ofcthe system or faulty operation by a user is nonjcritical, the
prin¢ipal functions of the system( should continuously operate because of the importance of
hydrpmetric observation.

4.7.3 Data permanence

The permanence of hydrometric data should be ensured, since these are stored and us¢d for water
resofirces management'over a long period.

The permanencelo6f‘data shall be ensured even if some component(s) of the system is|replaced or
chanfged. In addition, interface specifications shall be defined for the data transmission sygtem, format
and fransfer'timing between the sensors to be installed in the pre-stage of an HDTS and thefinformation
processingssystem to be installed in the post-stage of an HDTS. Data received at the recejiving centre
shou]d-be'saved on reliable storage media.

4.7.4 Maintainability
The HDTS equipment shall be designed to have a composition that is easy to maintain and repair.

The HDTS equipment should be designed so that it is easy to check and replace parts, and so that
inspections and adjustments can be conducted (easily or) conveniently.

Software shall be designed with future maintainability taken into consideration, i.e. for future
modifications and/or future improvements. Documentation shall be provided in order to easily carry
out necessary procedures for the cases when modifications are required.

The HDTS should also include the capability of performing line testing between receiving centre (Rc),
via relay station (Rs), and remote telemetry station (Rts).

© IS0 2016 - All rights reserved 3
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4.7.5 Operability

Each piece of the equipment shall be designed to allow for simple operation and to prevent unauthorized
access, illegal operation, and unintentional shutoff of the power. An HDTS should be designed to enable
the receiving centre to monitor the operational status of the entire system, identify problems and
control necessary operations.

4.7.6 Eco

nomy

An HDTS should be designed to have a good cost performance in terms of required functions and
reliability. The economy of the system should be evaluated considering the entire life cycle cost

including th

e 1nitial cost and operational cost. An HDTS should allow for future updating or expan

5 Functional requirements of system

5.1 Gene

The functio

ral

hal block diagram of an HDTS is shown in Annex B. The hydrometric data measur

sion.

bd at

remote teleietry stations are encoded into a format suitable for transmission.at the remote telemetry

stations. Co
according

telemetry st
data verific{
processing s

5.2 Remg

5.2.1 Gen

The princip:

is a process
that change

5.2.2 Loc

The locatid

communica

using the sif

conditions
roads shoul

should be i1

transmissio|

5.2.3

Data

mmmunications are made between the remote telemetry stations and the receiving c
p a prescribed collection sequence, transmitting the encoded data from the re
ations to the receiving centre. The receiving centre decodesthe received data and perf
ition and processing to disseminate it to users as hydremetric information. An inform
ystem may be provided in the stage following this system.

)te telemetry stations

eral

1| function of a remote telemetry station is to measure hydrometric data using sensors

with time.

htions

ion link(s) to be.ifitroduced as well as hydrological points of view. The possibili
es, the availalility of existing communication links and radio links, the radio propag
if radio links~are chosen), the lead-in conditions from power sources, and the a

Ins are’shown in Annex C.

ns of remote telemetry stations shall be determined in considering featurg

d also be~considered as important factors for determining the locations. The items
vestigated in selecting the sites of remote telemetry stations from the viewpoint of]

entre
mote
Drms
htion

This

for collecting data to be input to the system and for monitoring hydrological phenomena

s of
ty of
ation
Ccess
that
data

measurements

The measuring conditions for data to be acquired shall be specified based on operational purposes.

The items to be specified are:

a)
b)
‘)
d)
e)

resoluti

inputin

4

data type and number of measuring points;

range of measurement, effective digits, data value, and units;

on and accuracy against full scale;

timing of measurement;

terface (typical interfaces are shown in Annex D);
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f) threshold values for detecting alarms; and
g) other necessary items.

Specifications of sensors and converters are outside the scope of this International Standard. However,
the SI Units (International System of Units) specified in ISO 80000-1 shall be used for measurement.

5.2.4 Data processing

In general, the results of data measurements should be transmitted as momentary data without
being processed. However, such input data may be processed for conversion into a form that can be
trangmittedatthe-interfaceswith-thesensors—Forsomedataandundercertaimmeasur g conditions,
it mqy be effective to calculate the moving average or maximum and minimum valués|of the data
meagured at successive time points at remote telemetry stations and transmit the dalculated results.
Abndrmal data should be marked or highlighted for further inspection.

In refording and displaying the data measured at remote telemetry stations, the\following items should
be cdnsidered and decided:

a) gtorage of multiple data for batch transmission;

b) rotection against data loss due to system troubles;
c) I

The $ampling interval of a data logger should be determined by the balance among the purpose of the
logging data, the recordable time depending on the regording capacity and intervals of the logger, the
interjvals of log collecting and associated cost, and ‘the risk of loss of data through naturpl causes or
vandalism, etc.

rovision of displaying raw data, etc. for easy maintenanee'on site.

5.3 | Telemetry system

5.3.1 General

The telemetry system is the cofie of this HDTS, and its principal function is to transrpit the data
meagured by sensors at remotetelemetry stations to the data processing system at the recejving centre.

5.3.2 Amount and intervals of data transmission

The total amount anddntervals of data transmission shall be provided for each data transmission link.
The hecessary capaeity (speed) of a communication link is determined by the total amdunt of data,
interjval of data>transmission, and allowable transmission delay time. The necessary cppacity also
depepnds on the’selected data communication channel.

5.3.3 . Data collection sequence

The data collection sequence that is the fundamental function of the telemetry system shall be
determined. There are various data collection and transmission sequences, such as continuous data
transmission with time, data transmission in certain intervals, and data transmission when the data
reaches certain threshold values.

If the receiving centre polls remote telemetry stations one after another and receives the data
measurement at each polling time, the actual time of measurement for each station may be different
from each other as per polling order. On the other hand, if remote telemetry stations measure data with
their own time schedule, the delay time in measurements can be minimized.

The typical methods are shown in Annex E.

© IS0 2016 - All rights reserved 5
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5.3.4 Communication links

There are various types of communication links and communication methods such as wired lines, radio
links, public telecommunication lines, mobile telephone network, Internet and satellite communication
links. The type of communication link and communication method shall be decided by taking into
consideration the communication environment and conditions of use including the amount of
information to be transmitted, transmission speed, reliability of transmission, operating environment,
feasibility and economy, and allowable delay time.

The communication links available for data transmission and their technical outlines are shown
in Annex F. Communication links should be decided through comprehensive evaluation of the

following it

a) typesa

the ared
b) possibil
lines foi
c) require
transmj
d) require

of disas

Usually, exd
powers are

available ov
and/or rugg
propagation
designing si

5.3.5 Net

Networks fq

115,

hd functions of communication lines that are provided by telecommunication compa
where HDTS is to be installed;

ity (including technical and legal restrictions) of constructing dedicated\communic
the telemetry system other than those provided by telecommunicatiomcompany;

l transmission speed calculated from the amount of data that-the telemetry sy
ts (amount of data transmissions), sampling intervals, and allowable delay time;

d reliability and economy of communication links. Reliabilit§xshould be considered in ¢
Lers such as floods, and economy should be considered forthe initial cost and life cycle

provided by international standards and national faws. Radio communications are us
er distances of several tens of kilometres. Relay stations may be needed for longer distg
ed terrain. Since the quality of radio communig¢ation depends on the peripheral condit

tests should be made after designing th€’ communication links. A general proce
mplex radio links is shown in Annex G.

work architecture

r interconnecting remote telemetry stations and receiving centres may be configur

various architectures depending on the:locations of the remote telemetry stations and the rece

centres, the
architecturd
various arch
telemetry sy

5.4 Recel

5.4.1 Gen

The princip

Ly pes of communicationdinKs to be used, presence of relay stations, etc. Appropriate net

shall be determined-~with a full understanding of the advantages and disadvantag
itectures, such as econtomy, reliability, and adaptability. Some network architectures fq
stem are showndnAnnex H. Data repeating methods at a relay station are shown in An

ving centre

eral

ny in

htion

stem

bvent
cost.

lusive radio communication links are used. In suchycases, the frequencies and ofitput

ually
nces
ions,
ss of

pd as
iving
work
es of
r the
hex I.

| functions of the receiving centre are data collection through telemetry, data verific

tion

and processing, and dissemination of the results to users. Data processing may be conducted by
providing a separate information processing system. In such a case, the details are outside the scope of
this International Standard.

5.4.2 Data verification

Data shall be verified to ensure the quality of collected data.

The data verification can be classified into two processes. Both processes should be performed.

— The first is to detect errors in data transmission. This can be performed using parity bit, Cyclic
Redundancy Check (CRC) error detection codes or other methods. These methods may be included
in the communication control procedure.
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— The other process is to examine the properties of hydrometric data, which can be performed using
measured range of sensors, the upper and lower limits of data values, and the rate of change of
measured data. Since most of the threshold values of these items vary depending on types of systems
and/or application forms, the system should be designed to enable threshold values to be specified
and set for individual parameters.

The system will generate a report that identifies potentially spurious data.

5.4.3

Data processing

Data processing in the HDTS are the procedures that generate meaningful hydrological information for

user

User
data
stagd
not p

Para
Ther]
stord

5.4.4
The ]
The

1

1

Infor
a sep

5.4.5

The

grap
data
samy

5.5

qufering measured data until it is transmitted*to an information processing system aft

b Irom the data measured at remote telemetry stations.

5 generally make their decisions based on operational information instead of basic
Therefore, necessary conversion functions, such as accumulation of rainfall,or eonve
observation to a discharge, should be incorporated in the real-time envirénment if t

rovided with an information processing system in the post-stage of HDTS.,

meters for processing, such as the stage-discharge relation, miay be modified
efore, the real-time information that is necessary for decision-makihg and the inform|
d as hydrometric records for a long time should be separated within the HDTS.

Data storage
ADTS shall have a function to store data and information in a memory media on the sy

ata storage in the HDTS should be intended for

eal-time generation of information by combining data at multiple time points, and
emporary storage of real-time infexnation necessary for decision-making.

mation that will be stored for a Iong time and used as standards should be stored as a
arate information-processing'system from the HDTS.

Data display and-printing

bystem shall have the functions of displaying and printing out data and information i
hs. For these functions, there are methods for displaying and printing data immediate
collection andtransmission cycle, and methods for outputting a batch of data collecte
ling times, (Such as daily) and for outputting information for a specific time as request

System monitoring

hydrometric
rsion from a
he system is

afterwards.
ation that is

stem.

er the HDTS

database in

h tables and
y after each
1 at multiple
ed by a user.

5.5.1 General

An HDTS shall be able to record its operational status, to provide a report of this record in order to
check its operational status and to quickly notify users of problems, so that users can identify and
remove the causes of problems, and quickly and appropriately restore the system.

5.5.2 Monitoring of operational status

The system should always be monitored to promptly detect any problems. Such events are usually
transmitted through the HDTS.

The remote telemetry stations are to be installed geographically distributed and operated unmanned.
Therefore, the operational status of the entire system including the remote telemetry stations should

be m

© ISO

onitored, and any problems should be detected remotely from the receiving centre.

2016 - All rights reserved


https://standardsiso.com/api/?name=549ad713058a304437787a3561097d1d

ISO 24155:2016(E)

The remote telemetry stations should be designed to report the status of telemetry equipment, sensors
and power supplies to the receiving centre. The receiving centre should check the contents of status
reports from remote telemetry stations, inspect for any equipment malfunctions in the receiving centre
and provide notification of potential problems.

5.5.3 Alarming

The contents of status reports and the affected ranges shall be defined to record and report the extent of
malfunctions and related problems. The necessity of troubleshooting should be ranked into two levels.

— “Warning” is used for an alarm that needs a countermeasure.

1" is used for an alarm that signals a warning level and/or a temporary problem thaL can
fically be recovered.

“Cautio]
automa

5.6 Power supply

Power supp
Especially, t
power sup(
concepts of
a) During
the syst
System;
generat
system
b) Instead
batterig
power (
conditid
conditid
one weg

Details are §

The scale off
guaranteed
of a backup
guaranteed
hours and W
estimated f}
and econom

ly shall be designed with thorough consideration for stable operation of the syj
he power supply to remote telemetry stations shall be carefully designed because ext
ly may not be available or stable depending on the installation” environment. Ty
bower supply are given below.

prdinary times, an external power supply such as a comanercial power line is used t
em. In case of external power failure, batteries and other backup power sources are

that need a high power capacity and important systenis may be backed up with approp
brs. The guaranteed backup hours should be determined based on the importance g
(usually, several hours to several days).

of using external power supply, photovoltai¢and/or wind power generation is used. Bd
s should also be used if there is a possibility that there may be periods during W
annot be generated because the photovoltaic or wind power supply is affected by we
ns. The guaranteed backup duration'should be determined based on the prevailing we
ns at the area where the system@will be installed and the importance of the system (us
k to a month).

Fiven in Annex J.

backup power supply is‘determined by the electric power required at the load side an
backup duration. The electric power load should be calculated by investigating the necd
power supplyfop each equipment and screening the equipment that needs backup
duration should’be calculated by considering weather conditions, such as annual sun
ind conditions, the voltage and frequency fluctuation ranges of commercial power soy
requency~of power failures, and other possible external factors as well as the import
y of the.equipment.

tem.
brnal
pical

run
1sed.
riate
f the

ckup
rhich
hther
hther
hally,

d the
ssity

The
thine
rces,
ance

6 Opera

10nal requirement

6.1 General

For stable operation of the HDTS, specialists in hydrology and telecommunication technology and other
staff should be trained. The training should be programmed including both lectures and on-site training.

6.2 Operation and maintenance manual

The data management system should be determined for the whole system, including methods for long-
term data storage and for recovery of data loss as well as ordinary operations. Methods for maintaining
the system, hardware countermeasures against data errors and system failures, and the methods of
keeping and handling consumables and spare parts in stock should also be determined.
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6.3 Maintenance
For stable data acquisition over along period, the system should have a preventive maintenance schedule.

Preventive maintenance consists of daily inspection, periodic inspection, and exchange of parts. Daily
inspection is to check whether the entire system is normally operating by referring to the printouts or
screen displays at the receiving centre. Periodic inspection consists of checking the system through
visual checks and using testing instruments for preventive maintenance; inspection items differ
depending on the inspection periods. If there are parts that have predefined life cycles, these parts are
changed during periodic inspections.

Remepte—teleme ations—are—usuallyoperated—unmanned—tisdiffiey o—inspeet—such remote
etry stations on a daily basis; these stations should be subjected to periodic inspe€ctlon. Periodic
insp¢ction (and replacement of parts) is usually made within an interval of severahmopths and/or
before and after the flood season. Revalidation of measuring data should also be checkedl during the
periddic inspection.
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Annex A

(informative)

Configuration of hydrometric data transmission systems

Figure A.1 shows the concept of HDTS configuration.

The HDTS if
stations are
hydrometri

A remote te
to which po
sensors thaf
with a pre
correspondj
and the mor

The remotd
which arer
deployed as

The receivin
an operating
various opel
the hydromgd
processing,

may be inst3

" data and information.

needed.

[ contigured with Temote telemetry Stations and a receiving centre. I ne remote telemetry
installed at hydrometric points and the receiving centre is installed at a pointaegding

emetry station basically consists of telemetry equipment and communicatiens equipment,
wer is supplied from power supply equipment. The telemetry equipment‘is connectgd to
measure hydrometric data, and it communicates with the receiving ¢entre in accordance
et data acquisition sequence. The communications equipment(is available in types
ng to line types and provides communication functions between\the telemetry equipment
itoring equipment at the receiving centre.

telemetry stations are connected to the receiving station via communication links,
hdio links in many cases, but may be wired lines. If radiollinks are used, relay stationfs are

g station basically consists of communications equipment and monitoring equipment to which

console and a printer are installed as peripheral equipment. The operating console is usg¢d for
ations to the monitoring equipment and maydjsplay data. The monitoring equipment collects
ptric data from remote telemetry stations in a preset collection sequence and performs|data

pnline storage, data display and printing’and recording. An information processing sylstem

lled in the stage after this system, butithis system is out of the scope of the HDTS.

10

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=549ad713058a304437787a3561097d1d

Remote telemetry stations

e mm—m ===t =

ISO 24155:2016(E)

Receiving centre

fropcmicoinn cuctnm
et et e et

Power supply

Mote: Data transmitted through wire.

i

i

! ! I 4 __| Operating console
! ! I =

: ? Communication : : :Cnmmunicatinn L %.

L = | | equipment : ' equipment =

| | Sensor - 3 auie ' Wireless | auip 2 |—| Printer
jotm P ] [ . i [ o

i H =] i communication i . =

! ' @ ! =

! |-----'- ------ 1 E I ff ! S

| ' Recorder [ .12 | i : 5 ________ \

P B i H ! |

} i i | | |

! . ! i

! Power supply ! I | Power supply !

! ! v ! !

I I I . i

| Mote: There are hydrometric sensor(s) I i i i

. - Cow . P et 1
! tha measure precipitation, water level, | . | " Information profcessing !
| water quality, and other parameters. . 4 | | ! system :
i s | Z i - e '
! —%x i o T, S SR
[ 7 | @ I e PO
i I & | : . !
: i =} . ! Informatipn !
! = | ! dissemination $ystems :
! - Communication : ! S R |
[ i T equipment

i lL Sensor |5 quip | |

T R £ I :

i = I |

i |_____I_ ______ 1 -E I :

| | |[Recorder .| | |

N b __ 1 -

| - |

- 2 N . |

| : ¥ired communication :

|

! Power supply : I

|

| Mofe: Data transmitted through a relay ' I

| stafion. '

i | |

i I '

| C icati | I

i — ommunication .

N i 2F 1 equipment -:_ T e e T -

I} [sensor S

[ o |

i | = |

' 1 fie)

| ! =} |

e | |

P = I il i

: S i 5 | ' ! Out of the scope of hydrometric data

i T

i |

i |

i |

i I

i |

i |

Figure A.1 — Configuration of hydrometric data transmission systems
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Annex B
(informative)

Functional block diagram of hydrometric data transmission systems

Figure B.1 shows the functional block diagram of HDTS. The equipment configuration corresponding to
that shown in Annex A is indicated on both sides of the figure.
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Figure B.1 — Functional block diagram of hydrometric data transmission systems
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Annex C
(informative)

Locations of remote telemetry stations

C.1 Conditions for selecting locations of remote telemetry stations

Examples of

The lan
The per]
The wef{
The site

If solar
sufficie
the batt

If wind
The acc

If there
traffic

There s

the conditions for selecting the locations of remote telemetry stations are given below
l area shall be sufficiently large.

mission of the landowner to use the land or to purchase the land shall be,gbtained.
ther conditions shall not be very different from those of the surrounding areas.

s shall be safe against floods, landslides, vandalism, etc.

ht and the conditions of obstacles, such as trees, buildings.and mountains, shall not ¢
eries to fail.

power generation is used, a sufficient wind velocity,shall be available throughout a yeg
bss to the sites shall be adequate for installation dnd maintenance.

are possible noise sources (such as facteties, high-voltage transmission lines, and h
oad sections) near the sites, they shallnot affect data transmissions.

hall be no adverse effects of vibrations, dusts, corrosive gases, etc.

The roultes for transporting equipment shall be available.

The sitg
dimens

The frd
prevent]
and ant

C.2 Loca

Examples ¢
equipment when very high frequency (VHF)/ultra high frequency (UHF) radio communication links
are used are given below.

14

s shall be appropriate for)the layout and installation of the equipment in terms o
ons and weight, and seleeted after investigation of those factors.

quency of lightning should be investigated to take adequate countermeasure
ion of equipmentidamage due to lightning surges appearing on the power line, signal
enna line, et

fions for installing radio communications equipment

f“the conditions for selecting the locations for installing the radio communica

panels are used to charge batteries, the annual average sunshine duration shalll be

ause

=

eavy

f the

5 for
ines,

tions

The degree of interference between neighbouring stations shall be low enough for communications.

If two or more antennas are installed in close proximity at the same site, the degree of mutual
interference should be sufficiently low. If there is mutual interference, the degree of interference
should be minimized by separating the antennas, inserting filters, etc.

Radio communication stations for point-to-point communication should be located at elevations as
low as possible through comprehensive evaluation of the radio paths, communication links, terrain
profiles, and conditions of the locations, and should never be located at high points, such as the tops
of mountains except for relay station.
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— The equipment composition and radio link design should be appropriate in terms of frequency,
transmission method, radio paths and terrain profiles.

— It shall be possible to set up an antenna mast having a height that is estimated from the results of
radio propagation tests.
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Annex D
(informative)

Interfaces of hydrometric sensors at remote telemetry stations

The interfaces between hydrometric sensors and data transmission systems (telemetry equipment)
should be determined through comprehensive consideration of the properties of measured data,
detection methods of sensors, distances between the sensors and the data transmission system; gosts,
affinity with the data transmission system, and market availability.

Usually, senpors are determined first, because of using existing sensors or the limited types of s¢nsor
that are physically restricted by the hydrometric data to be measured and the observatien sites. In[such
cases, interfhces are chosen from the available interfaces for the sensors in consideringithe above faqtors.

General and|typical interfaces are:

— Analogye: 0-1V, 1-5V, 4-20 mA, etc.;

— Digital:| bit parallel input such as Binary Coded Decimal (BCD),&ray code, etc.;
— Pulse: voltage pulse, no-voltage pulse, open collector output pulse, etc.;

— Serial: RS-232, RS-422, RS-485, SDI-12, HART®Y, Ethernet®32), etc.

1) HART is the registered trademark of HART Communication Foundation and is an example of a suitable product
available commercially. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.

2)  Ethernet is the registered trademark of a family of computer networking technologies by Xerox Corporation
and is an example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of this product.
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Data collection sequence

E.1 General

fal data collection and transmission sequences are shown in this Annex. Therdaf]
ence can be divided into three categories: polling, self-reporting, and a combination o
eporting. The polling mode includes E.2, E.3 and E.6. The self-reporting mode includes

Typi
sequ
self-1

E.7. Ip the combination dmode, a system normally operates in the polling mode;'ib operateg
mode¢s when a threshold value is exceeded or upon the demand of the receiving centre.
Gengdrally, the operation mode can be divided broadly into the following/four categorieq
depeinds on selected data collection sequences.
a) INormal observation
In this mode, gauging data are collected automatically.
b) (auging at event start
In this mode, observation is performed automatically when event data are input from
This mode can be performed in E.3, E.5 and E:6collection sequences.
c¢) Manual calling
In this mode, data are collected from'all stations or a selected remote station by manu
3t the time of maintenance, etc. Generally, the data collected by manual calling is not u
processing. Manual calling can be performed in E.3 and E.6 collection sequences.
d) Recalling

hen missing data are detected in normal observation or manual calling, the data
qutomatically. Recalling can be performed in E.3 and E.6 collection sequences.

his mode can‘be applied for compensating the past data using logged data in remote
mp for a specified period when the data missing continued for a long time.

5:2016(E)

a collection
 polling and
E.4,E.5 and
under both

although it

sensors, etc.

al operation
sed for data

are recalled

stations in a

he power’ consumption and the communication cost may increase in proportion to
[ransmission from remote telemetry stations though it depends upon the communicat

supplemental data such as field-measured parameters (for example, dissolved oxyge
conductance).

E.2 Cyclic polling

Cyclic polling is used on the condition that various remote telemetry stations can jointly

the times of
on links.

ors to enter

n or specific

use a single

communication link. Remote telemetry stations are polled one after another, and after polling of the

last remote telemetry station, the first station is polled again, making a cyclic polling.

In general, the entire system should be polled at intervals based on the highest demand standard, but
the system may be divided into several groups by the degree of demand for intervals, each of which is

cyclically polled independently.

© ISO 2016 - All rights reserved
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E.3 On-demand polling

Figure E.1 — Cyclic polling

On-demand (polling is a cycling polling, from the first to the last remote telemetry stations, that is jnade
at a minimym necessary timing interval; such as every hour. This method is appropriate for systems
that use communication links based onr’'communication time-dependent charging. It is also effectiye for
those remote telemetry stations that need to minimize power consumption, such as those that use solar

panels to chprge batteries.

The method

has a disadvantage that the measuring timing differs among remote telemetry stations |f the
measuremeit at each station takes a long time, or if there are many remote telemetry stations to be pplled.

18
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Figure E.2 —0On-demand polling

E.4 | Continuous transmission

Contjnuous transmission is used\on the condition that a remote telemetry station can make gxclusive use
of a fommunication link between the station and the receiving centre. This method allow§ the remote
telemetry station to contimuously and sequentially transmit the measured data to the recelving centre.
The feceiving centre can-arbitrarily sample data at necessary intervals and has a high degreg¢ of freedom.
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Figure E.3 — Continuous transmission

E.5 Batchreport

A batch report is a method by which the data for a cértain period of time (several sampling data[sets)
are stored af a remote telemetry station to transmitd batch of data to the receiving centre as the rjesult
of polling, of by the automatic reporting functiorn'of the remote telemetry station.

This method is effective for the telemetry systems that cannot maintain communications during ceftain
hours, such ps via polar-orbit satellites.

Since the method conducts measurements independently at each remote telemetry station, a hjighly
precise clock is needed at each station to conduct punctual measurements. Each station should also be
equipped with a device to temporarily store the measured data.
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Figure E.4= Batch report

Batch polling and sequential reporting

1 polling and sequential reporting is an improved method that combines E.3 and E.5. T
bwn below.

fach remote telemetr'y station conducts measurement when it is polled, and stores th

cal memory;

ach remotetelemetry station transmits the measured data to the receiving centre afte
aiting €ime (Wn). The Wn should be specified as a different time constant for eag
reventjamming.

he sequence

e data in its

r a specified
h station to
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Figure E.5 — Batch polling-and sequential reporting

On-demand|polling (E.3) has the disadvantage that it has different measuring timing among remote
telemetry stfations. The batch reportingaethod (E.5) needs a highly precise clock at each station. On
the other halnd, this method (E.6) conducts measurements at all stations at the times when the recefving
centre makgs synchronous polling to all the remote telemetry stations. Therefore, the measuring timing
is the same at all stations, and there-is no need of a precise clock at each station.

E.7 Eventreporting

In event repprting, remote telemetry stations automatically transmit data to the receiving centre ip the
event that a[ sensor-detects a precipitation value or a water level value exceeding the preset uppgr (or
lower) limit] This\method is effective for the receiving centre to immediately detect events. The mgthod
can also be yséd to collect periodic data by processing the data at the receiving centre at certain integvals.

When data are not transmitted to the receiving centre for a long time, it is difficult to identify whether
there is no event or whether there is a system problem. Therefore, this method should be combined
with the method of automatically transmitting data at scheduled times in order to configure a reliable
telemetry system.

If a large number of remote telemetry stations jointly use a communication link, transmissions from
various remote telemetry stations may overlap, resulting in data losses depending upon the number of
remote telemetry stations and the frequency of events. Therefore, measures against data convergence
(such as repetitive transmission of a data set and transmission of integrated data) are needed to
improve reliability.
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Figure E:6 — Event reporting
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Annex F
(informative)

Communication links for data transmission

F.1 General

Communicafion media and technologies that are available for telemetry systems are outlined‘if] this

Annex. Telemetry systems should meet the standards of the communication medium.

F.2 Tele[Lhone lines

Telephone lines provide a switched telephone network with dial pulse or multi-ftequency signallin

g.

The cost is i, the

cost is fixed

usually communication time-dependent, though in some areasysuch as within a city

[e

There are
internationd

nalogue and digital lines. Usually, their transmission{performances are conforming to
1 or domestic standards, and the communication quality is guaranteed.

The transm
per second)

jssion speed on an analogue line using communi¢ation modems is over 50 kbps (kilobits
if the line has a good quality.

The transmission speed on a digital line using communi¢ation modems is usually over 100 kbps.

The traffic dn the lines may drastically increase in‘the event of disaster, and it may be impossible tp use
the line due|to convergence.

F.3 Mobile phone links

Mobile phorie links provide a switcied mobile telephone network with multi-frequency signalling.

The cost foif voice traffic is ustially dependent on communication time. For data communicatior), the
cost may nof be dependent aithe communication time, but on the amount of data (number of packets).
There are c3ses of fixed chiarging but with limitation to data communications.

There are pnalogue~and digital systems. Usually, their transmission performances conforfn to
internationdl or demestic standards, and the communication quality is guaranteed.

The analogpe-system is classified as the first generation, and is usually inappropriate for|data

communica

TOTTOT

The digital system of the second generation allows data communications at 9 600 bps (bits per second)
or more. The 2,5th, third, fourth and later generations of mobile communication allow high speed data
communications at several hundreds of kbps and in Mbps (megabits per second).

Besides mobile phone services that use wireless base stations on land, there are mobile phone services
that use satellites.

These mobile phone services use a switching system, including those in the packet cost or fixed
cost system. The traffic on the links may drastically increase in the event of disaster, and it may be
impossible to use the links due to convergence.

The communication also can adopt Short Message Service in mobile phone links. Short Message Service
is a words/characters transmission and receiving business between point to point or Short Message
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Entity to Short Message Entity and message centre covers message information storage and re-
transmission.

F4 Common carrier leased lines
Common carrier leased lines provide dedicated line service to a specific user or group of users
The cost is usually fixed.

There are analogue and digital lines. Usually, their transmission performances conform to international
or domestic standards, and the communication quality is guaranteed.

The transmission speed on an analogue line using communication modems is over 50"kbps if the line
has 4 good quality.

The transmission speed on a digital line is 50 kbps or over depending on the class of servide, and there
are high-speed services at several to several hundreds of Mbps.

Sinc¢ the line is for exclusive use, there is no convergence by increase in traffic.

F.5 | Internet connection

A conpstantly connected high-speed line service is available<for”exclusive use of data communication
throyigh the Internet.

Depgnding on the transmission routes to be used, theréZare optical fibre cables, Digital Subscriber Line
(DSL), and Cable Television (CATV).

The lines are constantly connected and the costis’usually fixed.
The gvailable communication protocol is limited to Internet Protocol (IP).

In the Internet, the quality of service4$.on best-effort basis. There is a possibility of convefgence when
the traffic increases.

F.6 | Privately-owned lines

The lines are installed @nd operated by users themselves. The initial investment is necessary, but there
is no|cost during opefation.

Therg are various transmission media, such as copper twisted pair cables, coaxial cables] and optical
fibre|cables.

Therg are\various types of line terminal equipment available from simple communicationn modems to
multjplex‘terminal equipment.

It is possible to select a wide range of communication speeds from several tens of bps (bits per
second) to several Gbps (gigabits per second) by combining the above communication media and line
terminal equipment.

The communication quality on private links should be checked by the users themselves.

F.7 VHF/UHF radio communication links

The effective use of frequencies is available worldwide under the control of ITU (International
Telecommunication Union).
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Frequency ranges are globally specified as follows:

— VHF (very high frequency): 30 MHz to 300 MHz;

— UHF (ultra high frequency): 300 MHz to 3 000 MHz.

The allotted frequency ranges are different from country to country.

The number of central frequencies (the number of channels) that can be used in a region or country
is usually limited. Usually, one central frequency (one channel) is jointly used by a number of remote
telemetry stations. To avoid interference, neighbouring systems cannot adopt the same frequency
group. The frequency for communication should follow the local regulations and laws. For event

reporting, c
reduce this

There are ajpalogue and digital systems.

Radio comn
connection

The transmni
communicaf
system by nj
F.8 Mult

The effectiy

pllision from the same frequency is not avoidable; reasonable allocation of frequeneije
nterference.

hunication equipment controls transmitting and receiving of radio signals so thaf]
s established.

ission speed is usually 200 bps to 1 200 bps on an analogueZsystem used for

jplex radio communication links

e use of frequencies is available worldwide .utider the control of ITU (Interna]

Telecommu
The availab
The allotted
Theselinks

There are an

F.9 Satellite communication links

Very Smal
(INMARSAT

I

ication Union).

frequency range extends from UHF to SHE®) (300 MHz to 30 GHz).

frequency range is different from country to country.

hre used for multi-channel telephoné communications and high-speed data communicat

alogue and digital links. The links that do not pass through exchanges are always conne

Aperture Tetminal (VSAT) and International Maritime Satellite Organiz
®%) are typical satellite communication links for data transmission. There are

satellite co

Since satelr:rites arenlsed as relay stations, international communications as well as dom

communicat

municationsavailable internationally or locally.

ions ate available.

5 can

link

voice

ion by frequency shift keying (FSK). The transmission speed on d'digital system or analogue
linimum shift keying (MSK) or Gaussian MSK (GMSK) is usually 1 200 bps to 9 600 bpg.

ional

ions.

cted.

htion
ther

estic

rovidaun
ToOvIoat—Vv o

The digital ¢

The transmission speed via VSAT varies depending on the class of service, but it is up to 64 kbps.

The transmission speed on INMARSAT® varies depending on the class of service, but is over 64 kbps.

Transmission signals may attenuate during heavy rains and communications may not be available.

3)
4)

SHF is super-high frequency.

INMARSAT is the registered trademark of Inmarsat (Plc) and is an example of a suitable product available

commercially. This information is given for the convenience of users of this document and does not constitute an

endorsement
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F.10 Optical fibre communication

The optical fibre communication system uses optical fibre cables as transmission lines, and the system
has the following features.

In comparison with metal cables, the optical fibre cables have the following advantages.

Sincethe transmissionrate fromseveral hundred Mbpsto afew Gbps ormoreisavailable,large-capacity
data such as closed-circuit television surveillance footage and radar images can be transmitted.

Long distance communication is possible because of little loss of data.

1

The optical fibre system is not affected by lightning induction and ground loop, ens

eliable communications.

Meanwhile, the optical fibre system has the following disadvantages.

The optical fibre cable is difficult to handle because of its fragility.

The optical fibre is difficult to repair when it is broken and disconnected.

iring highly
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Annex G
(normative)
Design of VHF /UHF radio link
G.1 General
This Annex ppecifies the methods of designing VHF/UHF radio links and the points to be considéers

G.2 Prer

The radio fr
assigned by
and receivi
the VHF bar]

G.3 Radi

G.3.1 Det

The signal-]
whether the
values are |
relay statiof

G.3.2 Rad

G.3.2.1 G¢g

In general, t

G.3.2.2 Py

Prepare the
1:50 000) ot

bquisites

equencies in the VHF/UHF bands are the most widely used. In general, radio frequencig
making an application to the authority controlling the radio frequendies. When the emi
|g points are on a line of sight, the communication distances are generally decreased
d to the UHF band.

p circuit design

ermining quality standards

quality of the radio circuit can satisfy the required quality standards. If the measure(
pwer than the designed S/N value, measures (such as relocating the station or setting
1) should be taken.

io path study

neral

he following procedure is’'used for a desk study of radio path.

eparing terrain‘profiles

terrain profiles by analysing the route topography on scale maps (normally, the sc
using thedigital map database.

G.3.23 C

Iculating propagation losses

d.

s are
5sion
from

0-noise ratio (S/N) values shall be determined ifi advance. These values are used to judge

| S/N
up a

hle is

Calculate the propagation 1055€s Dy considering each of the following l0SSes:

a)
b)

free-space loss, which is determined by the distance and frequency used;

diffraction loss, which is determined by the depth of maximum diffraction along the line between

two points of emission and receiving, and the distances from the diffraction point to the emission
point and the distance to the receiving point;

other lo
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sses, which are plane-earth and spherical-earth losses.
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G.3.2.4 Determining specifications of equipment

Determine the transmission output and the type, direction and necessary height of an anten
the designed S/N value, taking into consideration the characteristics of the receiver (such as

na to satisfy
the receiver

noise power and the S/N improvement factor), the antenna angle loss and the antenna system loss.

The points that should be considered in designing radio circuits are described below.

— When a lot of interference is anticipated, the loss at a rejection filter should be considered.

— When remote telemetry stations are distributed over a wide area, antennas that have
widths should be selected and oriented to the site with the worst designed S/N.

wide beam-

.

— The higher the output power of the transmitter, the better is the quality of transmis§
gmaller are the effects from other systems. However, such a transmitter may cause int]
other systems. The minimum necessary output power should be implemented:

G.3.3 Radio propagation tests

The [actual radio propagation may differ from the radio path study:due to buildings
envifonmental noises that cannot be determined in the radio path studying. Radio prop3d
shoulld be conducted at candidate sites of emission, receiving and relay stations.

The survey should include S/N measurements, field strength (received power) measur
extefnal noise field strength measurements. If necessary, the horizontal and vertical anter
should be investigated. Interferences on the scheduled frequencies should also be monitore

Thesle survey results are fed back to correct the deskidesign values and determine the type
and the output power of the transmitter.

Finally, a test report of radio link should be presented.

ion, and the
erference to

, trees and
gation tests

ements and
na patterns
d.

s of antenna
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