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Foreword 

IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards bodies (IS0 member bodies). The work of preparing International 
Standards is normally carried out through IS0 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the IS0 Council. They are approved in accordance with IS0 procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard IS0 6419/l was prepared by Technical Committee 
I SO/TC 113, Measurement of liquid flow in open channels. 

0 International Organization for Standardization, 1984 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0 6419/l-1984 (E) 

Hydrometric data transmission systems - 
Part 1 : General 

0 Introduction 

A system of hydrometric stations, data transmission and data 
handling constitutes a hydrometric data acquisition system, the 
density of which should relate to the scale of both existing and 
potential objectives. 

Collection of hydrometric data may be governed by legal, 
present and anticipated scientific and operational needs. 

If the network is sufficiently dense, generating large quantities 
of data, or if the time-interval of the necessary reaction to 
measurement is relatively short, then recourse to modern 
techniques of fast, concentrated data handling is necessary. 

The advances already made and the continuing development in 
the technology of measurement, data transmission and data 
handling result in a wide variety of design and operation of data 
systems. However, with the increasing size and complexity of 
such systems and the special requirements of hydrometric data 
systems, it has become evident that standarization of some 
aspects of hydrometric telemetry would improve the design, 
specification and operation of systems, as well as delaying 
equipment obsolescence. 

1 Scope and field of application 

This part of IS0 6419 specifies the general functional re- 
quirements for hydrometric telemetry. It defines characteristics 
of the system required to transmit field data to a receiving 
station and the minimum processing for subsequent use. 

2 References 

IS0 646, Information processing - /SO 7-bit coded character 
set for information interchange. 

IS0 772, Liquid flow measurement in open channels - 
Vocabulary and symbols. 

IS0 1000, Sl units and recommendations for the use of their 
multiples and of certain other units. 

3.1 bit : A binary digit; a digit (1 or 0) used to represent a 
number in binary notation. 

3.2 baud : A unit for measuring data flow on a communi- 
cation path, equivalent to one bit per second. 

3.3 remote station; outstation : All facilities and equip- 
ment associated with the sensing and transmission of valid data 
from a hydrometric station. 

4 Units of measurement 

The units of measurement used in this part of IS0 6419 are SI 
units in accordance with IS0 1000. 

5 System description 

5.1 General 

The end-product of hydrometry is data, relating to 
measurements of relevant parameters. 

The common objective in hydrometry is to acquire continuous 
data in which the acquisition rate will make it possible to 
understand the phenomena in general and predict its develop- 
ment in time. 

It is convenient to examine the data acquisition system by 
means of each of the distinct stages through which the data 
shall pass before its ultimate use. Figure 1 illustrates this in 
block form. 

5.2 Data system stages 

Six distinct stages may be identified in any data acquisition 
system, however simple the system may be : 

a) primary measurement; 

b) encoding; 

c) transmission; 

d) decoding; 
3 Definitions 

e) validation; 
For the purposes of this part of IS0 6419, and in addition to 
those given in IS0 772, the following definitions shall apply. f) use. 
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The extent of a telemetry system encompasses stages b) to e), 
as indicated in figure 1. 

6 Principles of operation 

6.1 General 
An interface exists between each of these stages and it is at 
these interfaces that the greatest opportunity for standardiz- 
ation exists, thus minimizing the adverse effect on the user of 
technological obsolescence. 

In this clause it is necessary to keep in mind the sequential 
nature of the system, described in clause 5, and especially the 
concept of a definite interface between each stage. 

6.2 Hydrometric tekmetry 5.21 Primary measurement 

A primary measurement is made with the object of describing a 
physical process in a form which can be interpreted by human 
senses, or which enables this objective to be met. 

Hydrometric te lemetry is the 
sensors to an0 ther location. 

transmission of data from primary 

The mode of transmiss 
considerations. 

ion influences many other system design 

In hydrometric instrumentation this is achieved by sensing 
energy changes, as reflected by changes in the natural 
parameter and converting such changes into a form suitable for 
subsequent processes. The device which performs this func- 
tion is called a transducer. 

6.3 Means of transmission 

6.3.1 General 

The most common outputs are either mechanical or electrical. The most readily available, and most widely used, energy form 
is electrical, and further considerations in this part of IS0 6419 
are confined to this form. 

5.2.2 Encoding 

Sufficient power shall be generated by the transmitter to 
guarantee the integrity of the received signal, allowing for 
energy losses along the transmission path. 

The measurements taken at the field site will be required at 
some other place and/or some ot her time. 

This requirement can be met by coding a transducer output, 
thus making it more convenient for transmission and/or 
storage. 

Bn a terrestrial environment these losses can be considerable, 
whereas outside the Earth’s atmosphere they become insignifi- 
cant. 

6.3.2 Transmission by line 5.2.3 Transmission 

Th e movement of the information 
to the place of use. 

from place of measurement 6.3.2.1 Lines may be “dedicated” or shared with general 
purpose communications. In some networks, lines are 
dedicated to data transmission but shared between users. 

5.2.4 Decoding 6.3.2.2 Advantages : 

The reversion of the coded information into physical units. a) low probability of atmospheric interference; 

high value of mean-time-between-failure (MTBF); 
5.2.5 Validation 

Cl systematic energy loss is predictable; 
This is the process of confirming, using some specified means, 
that the data as received (immediately following the decoding 
process) are acceptable within the tolerance limits specified. 

d) system commissioning is simplified. 

6.3.2.3 Disadvantages : The validation of data shall be treated as an integral part of any 
acquisition system and validation is best carried out as soon as 
possible after reception. al installation cost increases with distance; 

b} overhead lines are susceptible to failure due to high 
winds and ice or snow; 

5.2.6 Use 

c) underground lines can be damaged by numerous 
causes, including flooding, earth movement and construc- 
tion activity; 

A large proportion of the use made 
volves the analysis of time-. series data 

of hydrometric data in- 

The method chosen for storage of, and access to, the data shall 
recognize this and the fact that data archives tend to grow at an 
accelerating rate. 

d) failure may occur anywhere along the line; 

el probability of interference increases with line length; 
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Figure 1 - Data acquisition system - Functional block diagram 
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f) natural temperature changes affect line im 
ticu larly wi th overhead lines; 

pedance, par- b) signal loss is less easily predicted; 

c) in abnormal atmospheric conditions there can be 
mutual interference between systems on similar frequen- 
cies; 

d) repeater stations may be required to overcome signal 
loss due to distance or topography. 

9) 
of 

increase in 
signal type; 

line impedance with length the choice 

I.4 installation of temporary outstations is inhibited; 

i) traffic becomes high during critical hydrological events. 

6.3.3.3.2 Satellite radio systems 
6.3.2.4 A dedicated line would have a high level of system 
integrity, but the installation and maintenance costs would also 
be dedicated to the user and could certainly be higher than for a 
shared line. 

6.3.3.3.2.1 Advantages : 

a) repeater sta 
required; 

tions, other than the satellite itself, are not 

6.3.2.5 The use of other than dedicated lines will, almost cer- 
tainly, involve compatibility with signal standards imposed by 
others. 

b) equipment 
fault diagnosis; 

failure is limited to discrete sites, facilita ting 

c) stations are easy to relocate; 6.3.2.6 If a comprehensive public network exists some of the 
disadvantages may be mitigated by the provision of alternative 
transmission paths. d) one receiver site can provide continental coverage; 

e) antennae are less obtrusive than for terrestrial radio; 
6.3.3 Transmission by radio 

f) site selection is less inhibited by topography. 

6.3.3.1 Radio waves are specified by frequency (in hertz) and 
occupy the portion of the electromagnetic spectrum having 
frequencies less than visible light. For convenience, these 
frequencies are identified by band widths which are set out in 
annex D. 

6.3.3.3.2.2 Disadvantages : 

Consequences of the failure of a satellite, or receiver site, 
are critical; alternative spacecraft and/or receiver equip- 
ment may not be readily available. 

6.3.3.2 Allocation of radio frequency (RF) bands, for 
whatever purpose, is agreed internationally under the auspices 
of the International Telecommunication Union (ITU) and in 
some parts of the world some bands are heavily loaded, which 
can influence overall system design. Any use of radio trans- 
mitters shall be licensed by the appropriate national body. 

6.3.4 Conclusion 

It can be seen that the advantages and 
and radio tend to b le complementary. 

disadvantages of line 

6.4 Signals 
6.3.3.3 Both terrestrial and satellite radio systems are in use. 
Their relative merits, and their comparison with line transmis- 
sion, are mainly : 

Signals in this context mean information 
suitable for the operati on of the system. 

represented in a form 

6.3.3.3.1 Terrestrial radio systems 6.4.1 Signal representation (see annex A) 

6.3.3.3.1 .I Advantages : 6.4.1.1 Analogue technique 

a) installation cost is less 
transmission by line; 

dependent on distance than The principal advantage of an analogue signal is, that by a 
relatively simple transformation, a continuous signal can be 
received which reflects the continuity of the original parameter. 

b) equipment 
faul t diagnosis; 

failure is to discrete sites, facilitating 

The analogy 
the following 

may be obtained electrically by means of one of 

c) once frequencies ha ve been allocated there is a h 
degree of exclusiveness, eq uivalent to a dedicated line; 

igh 

a) voltage modulation; 

d) there 
stations. 

is more flexibility in the use of temporary out- 
b) current modulation; 

c) amplitude modulation (AM); 

d) frequency modulation (FM); 
6.3.3.3.1.2 Disadvantages : 

a) susceptible to a tmospheric 
tends to be of sho rt duration; 

interference, although this 
e) phase modulation. 
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The term “modulation” is used here to mean the simple alter- 
ation of the signal to follow the variation of the measured 
parameter with time. 

b) character codes, in which a byte represents a single 
character, for example a numeral or a letter, and full 
representation of a value entails the assembly of several 
bytes. 

6.4.1.2 Digital techniques 
6.4.3 Signal transmission 

Digital representation necessitates a fundamental departure 
from the basic continuity of the original measured parameter by 
the technique of sampling; parameter values between the 
discrete samples are available only by inference. 

Any signal may be transmitted by line but, since radio transmis- 
sion depends upon the emission of alternating polarity signals it 
follows that direct current techniques, such as voltage or cur- 
rent modulation, cannot be transmitted by radio. 

If the sampling rate is high, relative to the variation of the 
measured parameter, the continuity can be restored, if 
necessary, by integration to give an analogue output. The 
sampling rate should enable the hydrological process to be 
reproduced within a specified accuracy, but a compromise is 
usually necessary between time/space/cost. 

6.4.3.1 Base band 

Information is sai d to be in its base band when the transmit 
signal frequen CY equals the origina I information frequency. 

ted 

Except in short length line systems using voltage or current 
modula tion it is unusua I to transmit the base band alone. Four examp 

way are : 
les of digital tech niques which can be used in this 

6.4.3.2 Carrier signals 
a) pulse duration modulation; 

The concept of carrier signals can be seen from annex A (see 
figures 2 and 3) where the measurement signal is superimposed 
on, and so modulates, an independent carrier frequency. 

b) pulse amplitude modulation; 

cl pulse code modulation; 

Carrier signals are required for one or more of the following pur- 
poses : d) pulse position modulation. 

a) transmission is 
measurement signal; 

achieved with less distortion of the 6.4.1.3 Summary of signal representation 

Two basic types of signal have been discussed : 
b) to permit transmission of a 
specified bandwidth; 

measurement signal within a 

a) analogue : which retains the continuity of the measured 
parameter, representing its variation by the modulation of 
some dimension(s) of the signal. But distortion of the 
signal, from whatever source, is difficult to compensate and 
this can result in undetected errors; 

c) greater utilization of a given band width is 
multiplexing (see annex B). 

possible bY 

6.4.3.3 Coding for transmission 
b) digital : which samples the measured parameter 
periodically, presenting the output in the form of pulses 
which can have a high level of distortion rejection and of 
error detection. This is the same technique as that used for 
communication to, and within, computers and other high 
technology electronic devices. 

The objective of a data acquisition system is to provide the 
users with data at the specified sampling rate, and within 
specified limits of uncertainty, with the minimum loss of data. 

The principal constraints on the achievement of this objective 
are the availability of adequate technology and the allocation of 
sufficient resources, the latter usually being the more signifi- 
cant. 

Between these techniques are the hybrids of pulse duration 
modulation and pulse amplitude modulation which, in some 
measure, depending on the overall system configuration, share 
the advantages and disadvantages of both techniques. It is unusual in hydrometric networks, in other than the very 

simplest systems, for data to be transmitted from a sensor con- 
tinuously; even with dedicated lines it is usual for sensor output 
to be sampled in some specified sequence. 6.4.2 Data coding (see annex A) 

Reference is made in 6.4.1.2 c) to pulse code modulation. In 
this technique, identical pulses, unmodulated in amplitude, 
duration or frequency, are grouped in a pattern according to a 
specified code. 

In systems wher *e transmission facili 
da ta are usually received in batches 

ties are shared each user’s 

Similar circumstances exist with satellite transmission systems. 
The batch reception principle shall apply to polar orbiting sat- 
tellites which are only in “view” for limited periods, and in this 
case information may have to be stored between transmis- 
sions, introducing the need for sensor sampling time to be 
known. 

Such codes fall into one of the following categories : 

a) unique codes, in which a single 
byte, represents a val ue uniquely; 

group of pulses, or 
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With geostationary satellites, channels may have to be shared 
between users, but even if this is not the case the data sources 
can be expected to transmit in some sequence. 

At the same time the act of polling 
system, as a whole, to be exa mined. 

allows the state of the 

Thus polling frequencies are both data and system dependent 
and there are three approaches which satisfy these re- 
quirements : 

In all these circumstances it becomes necessary to ensure that 
transmission is in synchronism with reception and that the data 
themselves should be accompanied by source identification 
and other control information. a) Cyclic, or sub-cyclic, polling : 

Techniques have been developed to increase system reliability, 
and user confidence, but these tend to be specified by the 
hardware designer and consequently vary from system to 
system. 

In this case, the whole system may be polled at the fre- 
quency of the most demanding criterion, or the system 
could be sub-divided into frequency demand groups and 
these polled at independent cyclic frequencies; 

While the specification may vary in detail, there are 
elements identifying : 

common b) On-demand polling : 

In this case, each parame ter is polled at its own required fre- 
quency, whether data or system dependent. 

a) start of message; 

b) station identification; 
This is a more complex approach, requiring the commitment 
of more resources to the management of the system than 
the “free running” cyclic case, but represents the minimum 
loading of the transmission system; 

c) time of sensing, where necessary; 

d) sensor reading; 

e) system control information (see 6.6.1 and 6.7); c) Batch reporting : 

f) end of data block and/or message. In this case, a group of data is stored at the outstation and 
transmitted in batches, either as a result of polling or by a 
self-timed reporting action at the outstation. 6.4.3.4 Multiplexing 

This mode of operation may be a design choice but is more 
likely to be imposed by a particular transmission system, for 
example a polar orbiting satellite. 

When two or more signals are tran smitted on the sa me path, 
whether by lin e or radio, the signals are said to be mu ltiplexed. 

There are two multiplexing techniques available (see annex B) : 
In no case need data be recorded 
which each parameter demands. 

at more than the frequency 
a) frequency domain; 

b) time domain. 
6.6 System capacity 

6.4.3.5 Influence of transmission on choice of signals 
In a perfect system the desired rate of transmission would 
the system’s capacity for transmission. 

equal 

Line and 
exclusive 

radio should not be 
n system desig n. 

considered to be mutually 
i 

This situation is not common 
two quantitative criteria. 

but the statement identifies the 
However it has been stated (see 6.4.3) that d.c. signals cannot 
be transmitted by radio : therefore, if a radio link is incor- 
porated, such signals shall be restated before being presented 
to the radio path. 6.6.1 Rate of transmission 

Although the base band of individual hydrometric signals is 
low, with commensurate sampling rate requirements, a com- 
prehensive network, with due allowance for expansibility, can 
result in a concentration in data reception rate at the system 
information centre which requires special consideration. This 
may be the factor which ultimately governs the required 
transmission rate. 

In specifying or assessing the capacity of a network it is impor- 
tant to recog nize the presence of two disti net sub-systems : 

a) the hydrometric system, which generates data as the 
product of the number of outstations, the number of 
parameters per outstation and the polling frequency; 

b) the acquisition system which adds overheads of data in 
the form of base and relay stations (equivalent to out- 
stations), control and system state information (equivalent 
to extra parameters), and additional bits in the data word for 
synchronization, parity and other system purposes. The 
latter are often referred to as “housekeeping bits”. 

6.5 Polling (interrogation) 

The act of polling outstations provides the required time-series 
data at rates suited to the known rate of change of the 
parameter concerned. 
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6.6.2 Potential system capacity (see annex C) 7.1.2 Systematic errors 

The capacity of a transmission system is a function of three 
variables : 

a) the frequency band width available; 

b) the time available, or required, for transmission; 

c) the signal-to-noise ratio. 

These errors cannot be eliminated entirely but can be minimized 
by proper design and maintenance. Generally, the communica- 
tion system will convey information with a precision exceeding 
that of the measurement and encoding elements. For that 
reason the most likely source of significant systematic error will 
be either the primary sensing or in the encoding, and ap- 
propriate initial checks should be made, taking into account 
their specified performances. 

A useful technique, as a basis for estimation and comparison, is 
to idealize the number of states of information into the 
equivalent number of bits, even if the information is not coded 
in this way. 

Operational experience will determine the frequency of subse- 
quent checks. 

7.1.3 Random errors 

6.7 System control 

Other than for installations the simplicity of which places them 
outside the scope of this part of IS0 6419, there is in any 
system the inherent need for some form of automatic control, 
at least for polling and probably for logging. Additional control 
may be included for system monitoring and diagnostics, and 
alarm signalling. 

The theory relating to the probability of random errors is well 
documented and need not be repeated here. 

The likely sources of such errors in a telemetry system are from 
atmospheric disturbances of the transmission path and from 
component malfunction, or failure, and the expression of this in 
terms of mean-time-between-failure (MTBF) is itself a random 
probability statement. 

Even at a basic level this implies some time-based programmed 
logic, preferably having an “interrupt” facility. 

Most modern systems incorporate some degree of program- 
mable logic. In small systems this has sometimes been provided 
by a purpose-built unit, but developments in micro-electronics 
have increased the availability, and reduced the cost, of general 
purpose data processing units which have the advantage of 
executive software (system management programme) supplied 
and supported by the manufacturer. 

The added flexibility which this provides is particularly suitable 
to hydrometric systems where changes in system size, speed 
and even function are to be expected. 

6.8 Validation 

Worth is also a function of accuracy and the validation of data 
is an essential stage of a data acquisition system. 

The incorporation of an electronic central processing unit, for 
system control, makes possible an increasingly rigorous check 
on data as they are received. 

7.1 

System design and performance criteria 

Accuracy considerations 

7.1.4 Resolution 

Resolution is the ability of a device to define the value of a 
parameter; it is qualified by the degree of discrimination poss- 
ible. Resolution may be specified in either absolute or relative 
terms; for example, + 1 cm, + 0,5 % of full scale, 1 part 
in 1 000. 

7.1.5 Range 

The range (of a measuring device) is the interval between the 
lower and upper measurement limits. This has an influence on 
accuracy only when resolution is related to range. 

7.1.6 Environment 

Outstations on hydrometric networks are, by their very nature, 
at remote locations and their working environment can often be 
hostile to the proper continuous functioning of equipment. 

Most equipment has a specified, or obvious, acceptable 
environmental range and component elements commonly have 
different working ranges. 

The effects of environmental extremes can be progressive, as 
with the change of resistance with temperature, or abrupt, as 
occurs when low temperature reduces the output voltage of a 
battery below the operating threshold of the driven equipment. 

Analogue systems and signals are more susceptible to pro- 
gressive degradation in comparison with digital versions which, 
when their threshold is reached, cease to function. 

7.1.1 General 
7.1.7 Reliability 

The overall uncertainty with which information can be received 
will depend upon the existence of systematic and random 
errors, and is affected by the range, resolution and environ- 
ment of the primary sensors and by the reliability of the system 
elements. 

It has been stated that hydrometric data are required basically 
as time-series information. Reliability is specified as the pro- 
portion of time during which information is received, usually as 
a percentage. 
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Thus system reliability affects accuracy since, however intrinsi- 
cally accurate the data may be in other respects, the loss of 
segments of a time-series will degrade its overall accuracy. 

7.3 Zero signal 

Irrespective of other signal considerations, the advantage of 
knowing that a meaningful reading exists is enhanced if zero 
parameter value is different from that of “no signal”. This may 
be achieved by setting the bottom of the parameter range at 
some predetermined value above signal zero. 

7.1.8 Summary 

In planning or determining the accuracy of a data acquisition 
system the influence of all the sources of its degradation shall 
be considered as a whole. (See also 7.5.) 

This technique is called “zero offset”. 

7.4 Negative values 7.2 Energy and power considerations 

In some circumstances it is not 
values in simple algebraic terms. 

possible to transmit negative 

7.2.1 General 

This constraint may be overcome by a constant addition, to the 
transmitted signal, of a value equal to the maximum (probable) 
negative value (a technique similar to “zero offset”), or by 
special coding, for example by inverting a negative value to its 
positive complement. 

Most equipment associated with data transmission systems has 
its energy requirement and output, specified in terms of power. 
In this part of IS0 6419, reference to power is taken to include 
energy. 

Power should be considered 
required and its provision. 

under two h eadings : the power 

7.5 System speed 

7.2.2 Power requirements Some indica tion of the considerations involved in system 
are given in 6.6 and annex C. 

speed 

Successive developments in microelectronics have reduced the 
current demands of logic, control and switching circuits and 
have also reduced the time for equipment to reach its operating 
power. 

A common technique for achieving the reception of an accep- 
table signal is by repetition of interrogation. This will increase 
the occupancy of the transmission sytem and shall be allowed 
for in the design. While error rate increases with operating 
speed, it can be shown that the rate of increase reduces 
significantly above 200 baud. 

These reductions combine to enable outstations to be designed 
with low quiescent electrical power demand, when not 
transmitting, so extending the time between battery exchange 
at remote sites. 

8 System specification 
7.2.3 Power provision 

8.1 General 
Even in areas 
two argumen 

served by power distribution 
ts for battery-driven outstatio 

netwo 
ns : 

rks there are 

There is no single standard inherent in the assembly of 
telemetry systems which carries the weight of international 
agreement. There are, however,. areas of common practice, 
which may be described as “industry standards”. Since it 
would be unrealistic to define a standard unique to hydrometry, 
the alternative is to identify agreed essential requirements for 
the acceptable functioning of hydrometric telemetry systems. 

a) protecti 
cause; 

on interruption, from whatever 

b) commonality with stations which have to be battery 
operated. 

The cost of energy is seldom a limiting consideration, particu- 
larly with regard to remote sites. At these sites battery life can 
be extended by automatic on-site recharging by means of : 

8.2 System configuration 

Figure 1 shows the elemen 
ing standards shall apply= 

ts of a basic system and the follow- 
al transformed high tension supply; 

b) wind generator; 
8.2.1 Power supply 

solar panels; 
a) the outstation shall operate from batteries which, if 
unaugmented (see 7.2.31, provide sufficient energy for at 
least 35 days of full operation; 

water turbine; 

e) internal combustion generator. 
b) if a high voltage supply is available a separate module 
shall provide for transformation to the low voltage input of 
the power control module; 

Attention should be focused 
operation between visits. 

on adeq uate life and u ninterrupted 
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c) 
facil 

a separate 
ities for : 

power control module shall provide the 2) separa te buffered output, at low level logic volta 
for on-site recording and for control- ,of-pi ant data; 

w 

3) the management of the outstatio 
minimu m quiescent power demand; 

n equipment for - voltage regulation; 

voltage rails for all outstation circuits; 
4) output monitoring points, clearly labelled. 

- input from sources of low voltage augmentation; 

8.2.4 General 
overload protection. 

8.2.4.1 Test facilities d) a monitori 
outpu t voltage 

n g point shall be provided for all input 
evels which s hall all be clearly la belled; 

and 

To assist commissioning and maintenance, access to essen 
monitoring points should be provided for each modu e. 

tial 

e) all appropriate International or 
safety practices sha II apply. 

national standards for 

The module a nd its monitors shou 
labels shall be securely attached. 

Id be clearly I abelled. The 

8.2.2 Signal conditioning 
As far as functional and safety consideratio 
sha II not i nterfere with live operation. 

ns allow, testing 
A signal conditioning unit shall accept analogue, digital, pulse 
and state inputs from both hydrometric and outstation equip- 
ment sensors. Where more than three connections have to be made between 

the system and test equipment, this shall be by multi-pin plugs 
and sockets. The conditioning of 

modules of the unit 
inputs may be corn or separate 

System equipment shall be protected, either 
mechan ically, from inadvertent mis-matching. 

electrically or 
It is preferred that analogue signals be 0 to 5 V d.c. and that 
pulse and state inputs should not exceed 10 V d.c. Digital in- 
puts may be serial or B-bit parallel. Analogue to digital conver- 
sion shall have a resolution of 1 part in 1 000, or better. Pro- 
vision should be made for : 

8.2.4.2 Documentation 

Operating and maintenance documents should be provided 
which allow for the identification of the particularities of each 
outstation and for subsequent modifications to be readily in- 
corporated. 

a) pulse counting; 

zero offsetting; 

The format shall follow that of International Standards. 
c) monitoring points for all inputs and outputs, clearly 
labelled; 

8.3 Operational conditions 
d) all outputs to be buffered at low level logic voltage; 

8.3.1 Environment 
e) serial and parallel output sockets. 

Outstations shall maintain full operational performance under 
the most extreme conditions that occur at their place of in- 
stallation. These conditions include : 8.2.3 Coding and control 

These functions organize and manipulate the outstation data 
and, while associated, shall contain a definite interface across 
which coded information will pass. 

a) temperature; 

b) humidity; 

a) Coding unit: 
c) wind velocity; 

The coding unit design of the outstation shall allow for 
codes to be specified to suit the user or the transmission 
system operator. Input may be either serial or parallel, or 
both. 

d) electromagnetic interference. 

8.3.2 Housing 

b) Control unit : Outstation equipment shall be housed such that : 

Provision shall be made for : a) the specified 
is maintained; 

operating environment of all components 

1) an interface to the communications modem element 
which is compatible with any normal means of trans- 
mission; 

b) commissioni ng and normal 
cess to one face only; 

maintenance requires ac- 
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c) cabling 
damage; 

external to housing should be protected against b) maximum outstation system cycle time; 

c) probable error rate; 
d) plug and socket terminations should be waterproof; 

d) probable undetected error rate; 
e) plug and socket 
ven t misconnection; 

connections should be unique, to pre- 

e) reliability of the system at various defined I 
operational degradation; 

evels of 

f) all high voltage shall be isolated by a single switch, 
this switch to be external to, but within easy reach of, the 
housing; f 1 the system capacity. 

The basis of the calculation of these values should be shown. 9) all metal covers, doors and chassis 
con netted to a common ground; 

shall be electrically 

9 Bibliography h) lightning protection should 
security being clearly stated; 

be provided , the degree of 

The following publications have been consulted in the prep- 
aration of this part of IS0 6419: j) where batteries may be a source of toxic, explosive or 

corrosive effluent, they should be accommodated separ- 
ately and adequately ventilated; IS0 31, Quantities and units. 

k) the 
shocks. 

equipment should withstand normal transportation IS0 2382, Data processing - Vocabulary. 

WMO Publication No. 337, Operational Hydrology Report 
No. 2 - Automatic collection and transmission of hydrological 
observations. 

84 . Performance criteria 

The value of each of the following criteria should be stated : 
Vocabulary of legal metrology, International Organization of 
Legal Metrology (OIML). a) weighted average system cycle time per outstation; 
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Annex A 

Signal representation 

Sub-clause 6.4 identifies that signals may be either analogue or 
digital and refers to various techniques of modulation; this 
annex examines these more explicitly. 

A.l.2 Current modulation 

There has been a growing tendency to use current, as opposed 
to voltage, signals with the increasing availability of electronic 
devices capable of detecting small currents. 

A.1 Analogue techniques 

In order to reflect the continuity of a hydrological parameter a 
direct or an alternating current signal may be modulated. In the 
latter case the alternation frequency should be sufficiently high 
relative to that of the base band signal to alleviate its effect. 

This means that the transmitter voltage can be reduced, par- 
ticularly over long distances, and still produce a detectable 
signal at the receiver. 

The analogy may be obtained by one of the following means. 

The disadvantage is the necessity for a closed circuit and hence 
double the number of lines; however, the current is constant 
throughout the circuit and line losses only influence the 
“driving” voltage of the transmitter. 

A.l.l Voltage modulation 

This is a common form of signal which is simple to originate 
and is usually adequate over short distances by line. If the line 
losses are known, or are otherwise predictable, the received 
signal can be compensated by appropriate calibration. 

A, 1.3 Amplitude modulation (AM) 

The signal is generated by the transducer varying the amplitude 
of a constant frequency signal and, in effect, is similar to a 
voltage signal, and shares similar transmission losses. (See 
figure 2.) 

Voltages are usually below 20 V for safety considerations and The integrity of the signal is susceptible to interference, usually 
to avoid the higher costs of more heavily insulated cable. described as “noise”. (See annex C.) 

Amplitude 

Amplitude modulated 
by signal 

-clt Time 

_I Constant frequency 

Figure 2 - Amplitude modulation (AM) 
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This noise is often random and can be generated within the 
system or from external sou rces, ma king calibration difficult. 

A.l.4 Frequency modulation (FM) 

This is the reverse of AM in that the amplitude is constant 
the transducer varies the frequency. (See figure 3.) 

This signal 
current. 

is more tolerant of noise and is more analogous to 

signal and the difference 
tion and demodulation. 

is largely in the technique of modula- 

and 
A.2 Digital techniques 

A.l.5 Phase modulation 

In this technique a modulator at the transmitter moves the 
transmitted signal out of phase with a control signal of the 
same frequency and amplitude. 

The receiver 
trol signal. 

measures the “phase shift” against the same con- 

Phase modulation shares the advantages of FM, but the 
modulation and detection equipment tends to be more complex 
and is therefore less commonly used. 

In practice, a transmitted phase-modulated signal, viewed for 
example on an oscillosco pe, would appear similar to an FM 

Amplitude 

The abbreviatio n of phase modula 
confusion with pulse modulation. 

tion is resisted here to avoid 

Digital signals, by definition, depart from the basic continuity of 
natural hydrological phenomenon and rely on intermittent 
sampling, presenting a signal in the form of energy pulses. 

There are two categories of digital signals, those where the 
pulse is modulated and those where otherwise unmodulated 
pulses are grouped into a pattern according to some specified 
code. 

A.3 Modulation 

A.3.1 Pulse duration modulation (PDM) 

The transducer, directly or indirectly, varies the duration of the 
pulse proportional to the change in the measured value. (See 
figure 4.) 

For control, and other reasons expla 
does not eliminate the pulse en tirely. 

ined in 7.3, a zero value 

Figure 3 - Frequency modulation (FM) 

Repetition frequency 

4 

1 
\ ---.j 1 -m- 

I 1 
I I I I I 

W  Time 

Figure 4 - Pulse duration modulation (PDM) 

12 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 64

19
-1:

19
84

https://standardsiso.com/api/?name=eb3dfdd3c8c2439b3bfe712b6e3fc3c4


IS0 6419/l-1984 (E) 

A.3.2 Pulse amplitude modulation (PAM) 

At a present repetition frequency the original signal is 
sampled and a pulse produced the amplitude of which is pro- 
portional to the measured parameter. (See figure 5.) 

For the same reasons as for PDM a pulse usually exists at value 
zero. 

A.3.3 Pulse code modulation (PCM) 

An alternative technique, and the one most widely used, is to 
represent the sample by a pattern of pulses which are un- 
modulated in either duration or amplitude. (See figure 6.) 

Level 0 

Level 1 

Only two code states are possible; the presence of a pulse 
code, representing a binary “l”, and the absence of a pulse, 
representing a binary “0”. 

There are many PCM codes; for example non-return-to-zero- 
level (NRZ-L) and bi-phase level (BI@L), which have the ad- 
vantage of being highly resistant to noise and are readily com- 
patible with data processing by computer; 

A.3.4 Pulse position modulation (PPM) 

In this technique the pulse amplitude, duration and repetition 
rate are kept constant, and the position of the pulse is varied 
with the amplitude of the modulating signal. 

Time 

a) Original signal 

- Time 

-Repetition frequency 

b) Resultant signal 

Figure 5 - Pulse amplitude modulation (PAM) 

-* db&* 4  L  -Time 

Figure 6 - Pulse code modulation (PCM) 
(Illustrates an 8-bit character) 
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In practice, a timing pulse is used in this system so that the 
variation in the position of the signal can be ascertained. (See 
figure 7.) 

A.4 Telemetry codes 

If, as is the case with PCM systems, only a binary “1” and a 
binary “0” are available, then it become necessary to group 
these binary digits (bits) to form a digital “word”, or “byte”, 
which represents an alphabetic or numeric “character”. 

It follows that the more bits there are in a word, the more 
unique combinations are available and the more characters can 
be represented. 

Many “standard” codes are available, some of which have 
found more favour than others. 

Most communication systems use alphabetic as well as 
numeric characters within a manageable byte, hence other 
codes have been devised which do not attempt to represent 
complete values uniquely by one byte. 

These “character codes” assemble numeric values, and literal 
words character by character. 

A widely used example is the 7-bit IS0 code (see IS0 646) 
which uses the 128 unique combinations to represent both 
alpha-numeric characters and a range of mathematical, gram- 
matical, control, and other symbols. 

Thus the number 1 in IS0 code is : 

0110001 

and the number 11 is expressed to base IO by two bytes. 

These bytes can be presented either in parallel or in series and 
reference to the ISO-code example above will exemplify the dif- 
ference. 

If the byte was presented three dimensionally by, for example, 
coloured blocks, then viewed from the bottom of the page all 
the symbols could be seen simultaneously and the character 
assimilated in one operation. 

However, viewed from the right-hand side only the leading bit 
is visible and it would require seven operations to assimilate the 
byte. 

Minimum 

I 
Position modulated by input signal 

Maximum 

Repetition frequency 

L Time 

Figure 7 - Pulse position modulation (PPM) 
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Annex B 

Multiplexing 

When two or more signals are transmitted on the same “path’“, 
whether line or radio; the signals are said to be multiplexed. 

There are two common multiplexing techniques available : 

a) frequency division multiplexing (FDfWU separates 
the various information sign& by frequency and transmits 
all signals concurrently [see figure 8a)l; 

bj time division multiplexing (TDM) separates the 
various information signals in time, transmitting the signals 
from several sources in sequence [see figure 8b)l. 

In FDM, each information source is assigned a channel 
separated by a guard band. Each source thus has its own 
carrier frequency. 

In the illustration three channels are transmitted simultaneously 
in the “wide band” (f2 - ,j& 

f 2 

Frequency 

- Time 

a) FDM 

In TDM, all frequencies are theoretically available to each 
channel but the information shall be conveyed in a given time, 
channel separation being a guard time. 

Figure 9 illustrates schematically a two-channel information 
system where 1 and 2 are modulators, 3 is the multiplexor. 

The transmission path could be a line or a wide-band radio 
path. 

IA, 2A and 3A de-mu!tiplex and de-modulate appropriately 
leaving the two original signals ready for decoding. 

In the case of FDM telemetry, either AM or FM modulation is 
used to impress the data on the carrier. FM is most widely used 
in telemetry, but some single side band (SSB) AM systems also 
exist. 

For TDM telemetry, digital techniques are used to modulate the 
carrier. PCM is preferred because it is less susceptible to noise. 

Frequency 

Time 

b) TDM 

Figure 8 - Frequency and time division multiplexing 

Carrier 1 

IA 
Signal 1 

Transmission 
path ---- I 3A 

\ 
Signal 2 1, - 2A 

Figure 9 - Tvvo-channel information system 
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