Report No 112

L
i

, The Telemetry of Hydro]ogical Data by Satellite

Ian C. Strangéways

March 1990

~ Institute of Hydrology = = o .
- Wallingford | - | )

- Oxon. . \ e

. OX10 8BB S




- Contents O

R Instltute of Hydmg?’l‘EU” | . i
ISBN 0 948540 22Z ' o - . L R
, : | | ; B T Page

N
: ' . o

i

PREFACE s

R l ‘3 7' o : : . - . ;

B A o o e 11  GENERAL PRINCIPLES
o | 111 Transnntungdata

Co e o 112 Why telemeter?
e | g 1.1.3 The mechanisms of telemetry
1.2 TRANSMISSION MEDIA

b 121 Telephone networks
! | "" 1.22 Ground-based radio
1.2.3 Space-based methods

13 THE PLACE OF SATELLITE TELEMETRY IN HYDROLOGY 10

VN v NN N

2. THE METEOSAT SYSTEM

~ IH Report No. 112 21 THE ORGANISATIONS WHICH OPERATE METEOSAT = 13
22 THE METEOSAT SYSTEM - AN OUTLINE 13

Publihed by the Institute «»f Hydrology . I T e OUTSTATIONS | __ u
- S - SR ,_ | 24 THE SATELLITE B o 15
AR - | o o | - . 241 Images |

g ' | " . 242 DCP_daea handling - o 17

hine: 1301 S | 25 ODENWALD AND DARMSTADT ' 8
R TR “ S o I Rt ‘ I o 251 The ground station - 18
R | : o - : " - | | 252 The European Space Operations Centre - 20

2.5.3 ESOC and EUMETSAT policies = S 23

‘25 4 The METEOSAT launch programme - = 23

26 1 DCP data recovery R 4
.262 Image dala recovery. - | : 25

e : U : e - 27 POLAR ORBITING SATELLITES Ce e o 25

!i

it pe T i i il e+ | AN S e . F




PRACTICAL EVALUATION OF A SATELLITE TELEMETR

SYSTEM
31 BACKGROUND
32  FIRST DCP TESTS

33

35
~\

MAIN TEST PROGRAMME

~33.1 Equipment purchascd
332 The receiver/processor
333 DCP installations

PERFORMANCE,
341 Method

342 Analysis
' CONCLUSIONS =

COMMERCIAL EQUIPMENT AND OPERATING COSTS

41

.DCPs FOR GEOSTATIONARY SATELLITES

411 Typical specification

42
43.
44

4.5

4.6

4.1.2 Suppliers

'DCPs FOR POLAR ORBITING SATELLITES

4.2.1 Suppliers

RECEIVERS

WEFAX EQUI}?MENT
METEOR-SCATTER
45.1 Suppliers |
COSTS |

4.6.1 Equipment costs

~4.6.2 Installation costs -

4.6.3  Operational costs
4.6.4 Maintenance costs
465 Cost of using the satellites

. THE INTERNATIONAL SITUATION

5.1

EUROPE

511 ESA meetings

28

30
31

39
39

40
43

47

47

48

48

48
48
51
51
52

53
53

512 EUMETSAT plans
52 WORLD-WIDE

521
5.2.2
5.23
524
5.2.5

EUMETSAT
WMO -
INSAT
Indonesia
Continuity

CONCLUSIONS

ACRONYMS AND ABBREVIATIONS

REFERENCES‘

A

53

54
54

54

55

56
56

57
58

60

I R i




R T

T e S R S GRS M D .

e AR g i 11 R

A\
1}

i. .
5 "

‘
i
A i i
g w
i
- I N [J,
7
A i+
S ' l‘\
.1 A} ) U '
g

Preface ‘

The author of tlus handbook, Dr Ian C. Strangeways. ‘was head of the
Applied Physics section at the Institute of ‘Hydrology . (IH) until 1989,

During the period 1982 to 1989 the section installed a network of ten satellite

telemetering outstations and a base: recelving station. ' The handbook i3 based
on the experience gained at the Institute of Hydrology in - establishing - and
operating the metwork. Mr Max Beran of IH assisted Dr Strangeways with the
prcduction of the report and Dr Gordon Bridge of EUMETSAT and Mr lan

Polley of Space Technology Svstems also: provided -useful input. ~All’ enqumes

concerning the handbook should be’ addressed to ‘the Dnrector of IH

. Jiz

~ While there a:e 'nany comprehemxve pubhcatxons descnbmg meteorologncal,
satellites, * available from the European Space Agency, the European

Organisation  for Meteorological Satellites, the. World Meteorological

. Organisation and others, the type: of bastc information a prospective - user - of\' |
satellite telemetry will want rs spread ‘widely through this large collectxon of o

literature,

11

"Thjs handbook  aims to bnng together the essennals reqmred by those
mvest:gatmg the - usefulness, cost. and techmques of ' environmental dita
collection via satellite. It also includes a review of commercial hardware and"

“of international co-operation in’ satellite operatton
performance of a satellite telemetry network operated in the UK, the rehablht}

By detailing "~ the

of the techmque is demonstrated
/

Although the report assumes a hydrological user commumty. a large part of

“the matetml contained here is appltcable to a much “broader user base
" concerned “with the transmission of environmental data, or indeed other"types

L

of tlme varymg data, from a remote s:te to a oentra! !ocahon )
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1. Telemetr'y |

L1}

‘141 GENERAL PRINCIPLES

St

" Redders familiar 'with -the basic principles of telemetry should go directly to

ré

jncluding ground-based  radio,
Commumcanon can be two-way, with the base calling the outstation, which

L)_{

/ l
Al communrcatron medta can work in etther one-way or two-way modes, CVGI’I:.;‘;"‘_"

" satellite "telemetry. However, pollmg methods are ‘more common whea

L‘ . o oo . ot B _‘“l:-.,;;'_‘ . .”.
v " . L

112 Why telemeter? LR el

‘“w-? seetion 2 and omit the introductory outline given in this first section.

lll'l‘ranmttmg data

e

Telcmctry involves . transmiitting a measurement frorn its souroe. in hydrology

iy

usually from a remote field station, to a base station where it may be’

processed, drsplayed stored and used. The ‘data can be sent continuously or
at mtervals. - In. hydrology it-is usually sufficient to . receive measurements at
set times, on demanc‘ from base, or as an alert -nessag.. when set lxnuts are

exceeded. i

il .
Measurements will usually be made not just at the instant of transmission, but

. as sets of readings taken at intervals between transmissions. An example might

" be three-hourly transmissions of river level data, measurements being "taken at
half hourly intervals and held. ui a local store until transmitted.

'l"ransmlsslon can be via telephone or by a vanety of radio techmques,
 meteor-scatter “and  satellite  techniques.

sponds by sending its data. This is called a pollmg system. Altematrvely,

- commumcatron can be: one-way only, Jw:th the outstation sendmg its data

automatlcally at set times, or randomly in an alert mode. "

0o .
." (f -

- ground-based communication is used, while the alert mode is quite. common in
satelliteapplications. . Although polling methods ,have obvrous‘ + advanteges, they

are: more complex and more ltkely. thereforet to malfunct*on. fl‘ltey are also

_more expensive.

W - LW

There cre two principle reasons for telemetermg hydrologrcal ‘measurements.-

The first, and  obvious, case is where data are needed in real-time, for
example in flood forecasting, in the management and control of rivers or
dams rr for dramage or 1rngatton schemes |

SR S

T - R

Telemetry can, however, sometrmes” have advantages even where the data aré -

_not requu'ed urgently There are many outstattons equrpped with data loggers
“'measuring rainfalll” river *level climate, water qualtty and other vanables, the

data being retrieved through detachable ‘memories, tape rassettes, or by transfer

to a portable PC durmg penodrc visits. to, the 51te by\ an operator. In the
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T completely;- even in the UK .there is /sufficient solar ;power jto operate 2

h

L

UK. where most sites are casily accessible over good roads, a logging approach ¥
is perfectly satisfactory, although labour costs are high. s

In much of the world however, access is not easy and outstations can be very
remote. Even in the UK some upland sites can’ be difficult to reach, and
overseas it can be a days trip to one outstation, or it may only be accessible
by helicopter. In such a situation telemetry can have advantages over logging.

despite there bemg no need for rapid access to the data. L

A further advantage of telemetry over in-situ logging concerns qualrty control '.
and network maintenance, since failure can often be detected as soon .as it - o
occurs, minimising data loss; loggers left unattended for long periods can result .

in the loss of much data.

'Wlu'le it still remains necessary to visit telemetering .stations ‘from time to time .. “. .. ...
for maintenance purposes, much information relevant to station condition can - . .
‘be gleaned from the incoming data. A sudden halt to changes in river level - . ... -
or a permanent wind direction can be used ' to infer the conditionnof the g oo
~ sensors. and of the telemetry equipment. Visits are, therefore, o .longer: &
compulsory at set intervals; they can be made much less often and can .be .
_better targeted. - . i
Telemetry . systems can, . of course. fail, and while thts is detected at_ once, . the et e ‘
remoter ‘sites ‘may not ‘be. immediately accessible. To prevent data ‘loss, ‘a a Vel &
logger can be included as back-up and can often form part of the telemetry.l...f}
system, doublrng-up on many of the functions. A N

With logged systems, field visits were often necessary just as much to change
batteries as to collect data. “With the advent of very low power
miccoelectronics this need is largely removed.- Lithium  batteries. extend the
period. jet further and. solar. power can remove the need to change . batteries . . . w..

satellrte telemetry system throughout the year._ - R ) ﬂ L

iy

E Ten,tyears ago telemetry was consrdered only when it was essential Wrth'.
“.mproved electronics, and- parncularly with the advent of satellites, it may now
be the better option. Cost is no longer a ‘factor always:favouring logging, since
‘telemetry can - now often equal or better“tt espec:ally if the - cost\; of: ﬁeld VlSltS"-

is included ‘in: the compartson. i / , B
. . ”_ ( . Y !l:‘ T T L P )
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1.1.3 - The r;xechanismsfof‘t_elemetry - N

l . : . .\'t:-\ St § AV, e
Whatever the medra of transmtssron. the basic units of a te.* nt,.ty systcm are
the same, and-comprise ‘the followmg rtems (Flgure 1.1). g\__;.:‘j Byl
Sensors | .; :’f o | o ,/[ o i

One or more sensors make “the

,!ctual measurement o

. they requrre some modtﬁcatxon before conversron ]
- | | e .‘ Vi
% ‘ gl
e ‘
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OUTSTATION - BASE —

J
:£N$0R$ INTERFACING MULTIPLEXER ANALOGUE MODEM TELEPHONE MODEM
' T0 OR
DIGITAL RADIO

CONVERTER ‘ © LINK

. Fing.I_Schanaticafatelemeﬁymtem

| Interfacing

Conditioning or interfacing circuits convert the raw sensor signaﬁ “into a form
convenient for analogue to digital conversion (A/D), this usually taking the
form of a voltage with a full scale reading of from 1 to 5 volts.

Some of these circuits can be very simple, such as that for a potentiometric
~sensor, where all that is required is a stable reference -voltage applied across
it, giving a suitable output, directly. Sensors, such as those for solar. radiation,

- will ‘require an- amplifier, while a platinum- resistance temperature ‘sensor must

. u

“form part of a bridge circuit, followed by amplification,

Digital .sensors, such as. those producing pulses (windspeed; raingauges, etc)

generally require no interfacing and their output can be left in digital ‘form, -

byfpassing the analogug to digital conversion stage. ' :

Analogue to digital conversion e | o BRI

If more than one sensor is involved, as”in the case of an automitc. . westher:

station (AWS), their standardised voltage signals must be scanned. se.;uentially,

~by ‘& switching circuit known ‘as -~ multiplexer, before conversion o digital

by

form. With modern electronics,, b sth. switching and A/D conversiors.: can be.
carried out by single integrated circuit chips. o e

o~

A/D_conversion cén be to cight-bit precision o Higher, that chosen being
e depe‘n.dens .OP app"t:athn‘ and 1w Oﬂthe - prccision o Of . thé scnsor.Eight_Bit
-~ preciSion“divides the scale into 256 steps (0.4%), 10-bit gives 0.1%, 12-bit

0025%, etc.. Few “sensors, particularly when combined -with their . analogue

: intészz'_icingi circuits, provide an accuracy which merits better than 10-bit
~precision, and many do not even attain eight-bit, = . "

sl e D ¥ it

N

,x".‘ L, .
A
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The output of an A/D converter is a pulse train, representing the analogue
input in binary form, a positive voitage representing a "1", a zero voltage a
“0" (Figure 12). There are universally accepted speeds at which these pulses
are produced, known as the baud rate. Those used in telemetry range .from
300 bits per sccond (bauds) doubling at each step increase to 9,600 L uds.
Slower speeds are occasionally used, as are 19,200 bauds and even higher for
some applications. The better the transmission link, the faster the data can’
be sent. As a guide, around 37 eight-bit words can be sent each second at

' 300 baud. In practice the rate may be less, since data words usually have

start and stop bits added and possibly parity bits also.

Figure 1.2 Digital voltage signal

Processing

In some applications, in-situ processing of the digitised data may be carried
out prior to transmission. This can include the storing of means and totals
or of maximum and minimum values, or conversion of the raw data to real
units (such as river level in metres). More complex procedures, such as
evaporation estimates from climatic data, can also be done in-situ, although it
is often preferable to do this in a PC at base after transmission.

Madems .. o

The DC voltage levels, in which the digital words have up to this point been
handled (Figure 1.1), cannot .be sent over telephone lines or radio links.
Before this can be done they: must be converted into a form suitable for -

transmission. . Thece; .are, several. methods of modulation available, but .in .

hydrological applications this . usually takes the form of conversion of the
voltage pulses to tones, which are then used to modulate the radio' carrier or "~
telephone line.;: in a system known .as frequency-switch-keying (FSK), one

frequency represents “ones”, another "zeros". The process- of - converting- o
between  frequency and DC levels is achieved by a MODEM, (MOdulate = -

Intelligent modems not only cbhvert to and from . FSK _,but =also petforrﬁ"'e'rror N

‘checking and convert messages to ASCI characters (American Standard.Code . .
for Information Interchange). - The latter is.universally - recognised - as -a ~format - o

B - Xe
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for data transmission, and in many applications must be adhered to (eg in 122 Ground-based radio .
coding WMO SYNOP and CLIMA messages). | P
The radio spectrum extends t!rom'.’il"k'Hr, with a wavelength of 100 km, down

Modems generally accept serial data in RS232 form, another universally !

recognised communications standard which specifies the electrical nature that : to Imm (300 GHz). Not unexpectedly all wavelengths do not behave in the

the! pulses must take. In brief, a "1" is represented by a negative voltage . same way. Table 1.1 shows their subdivisions.

between -5 volts and -15 volts, while pulses between +5 volts and +15 voits | - -

rep resent "0". The message ai the receiver end is demodulated by a further _ The lower, long wave trequemies travel great distances by the ground wave,

modem and converted back to RS232 DC pulse form. Thereafter, these digital ‘ following the curve of the earth The band-width is narrow, however, so not

signals can be input to a PC via its serial port and, if in ASCI form, can | many stations can be accommodated at these frequenetes. The power required o
is also htgh. |

drtve a serial printer.
Short waves extend from" 100 m to 10 m, and their long distance capabilities

The reoewed data will then normally be prooessed - in real time if required :
for forecasting or control purposes. Software in the PC can be written to | are well known. It is at these high trequenc:es that radio first becomee
handle the data in any way required, producing forecasts and displaying the ' useful for telernetry.
data in tabular of graphtcal form. | : S
‘ ) "‘h ,abthty of mgh frequencies to -span constderable distances is due to their -
!
12 TRANSMISSION MEDIA | - ‘deing reflected by the ionosphére, allowing them to- reach ‘well beyond . the .
| horizon. Subsequent reflection from the ground allows such stgnals to be
" ' prepagated completely round the world, by successive reﬂections Ltttle power
FSK stgnals can be transmitted over any suitable media, the most usual being is required, five watts spanmng Iarge dtstanoes. g oy L
telephone and radio. The merits and problems of the alternatives are .
discussed below. kS o o . | HF radio has been used for telemetéring hydrologlcal data in remote areas . .. .~
o : | - " 1 - (Strangeways and Lisoni, 1973), (Carvalho, 1987). With mod;: techniques, -
| | L | | S but not at small cost, even.digital pictures can now be transmitted from Lo
e \ 1.21 Telephone networks | . | I remote places at these frequenctes (O’Nedl 1990) - 1_! o
3 " o R | sl Its shortcommgs are that, tecause the ionosphere changes with the ﬁme of
- It was said in the past that telephone lines failed just when they were needed AT day and time of year, so too does the propagation of the waves, a4 fading
T most - at times of flooding, heavy rain and gales. Telephone lines are now | o C is common. Interference and mp[g-path ‘propagation add to the problems. ’
- » much improved, although- this view still .has some force in remote rura! areas, - | oo ‘Techniques which combab these add considerably to the cost of HF' tolemetry RTEEE
exactly where many hydrological outstations wil! be., required. S : X o y _ »
The cost! of sendmg data by telephone is now low (section 465) making it a ' Lo T , el T R A
good choice for telemetry, provided the initial connection cost is affordable. It ) " . These two frequency bands “ﬁ?ﬁm in a similar way. ' They extend from
_ts often this cost that dictatés against the use of telephone lines for telemetry, . a | . .. .. 30MHz (10 m) to 3 GHz {l0.cm). and arc. the most commonl used
even in the UK with"its dense network of lines. Telephone lines are also ) o o . frequencies for telemetry.. They do. not besd much beyond the horizon - .the .
o - inflexible’ in that they cannot’ be moved once installed, making them unsuited : .~ = . . =« . higher the frequency the iess the bendm,_, ~s-behaving like light. Wlule this
i to temporary or short-term apphcattons. 7 | | 95+ & wm % .. . lessens the possibility of interference," tfommumcatton in--one . span" is possible .
’ e o ' .+« -only-up-to -about 20 km, even - with - ngh masts. Pepeaters- can: be -used, but - -
The use of the new portable ‘phones is an area worth consrdenng. but ,. ' this adds to the cost, increases matntcnanoe and a!so adds to the possxbtlity of
whether, this would, as yet, be practicable at the remoter, hilly sites is- o , f'”"fmture o | , o P
e 0 questionable. . Calis from  such’ ‘phones are also more expensive. It is a B R : ', _ '““".\.‘ "’]",_ S
EL ; possibility ‘for the future in the UK that should be watched, however. B - SR At these 'frequencles the waves can be“directed in a narrow’ beam- “using - Yagi~ - o
‘ | | L . . .~ " antenna. (as for TV. reception). This increases the 'signal strength and ‘minimises . . . .
g7 Inuthe remoter parts of the UK, in the technologically less well developed ERECACERN | o linterference. - Increased dtreetmty it tiseful * since five ‘watts - is i madmum 000
__countnes and .in' all large countries, telephone links are -usually impractical ; . T mdlate power now penmtted m the UK at these - ﬁ-equenclcs. However. a3 '
N because the -communications infrastructure is not in place. Here other o ' with™ all frequencres in the tiow crowded radio spectrum. it i “difficult to " |
N R techmques must-be. used and these all’ mvolve radto in some. form o IR s obtain 2’ trequency adlocatton. ‘i‘his acts as’ a dtsmoermve to their use for
. N 0o . o R M te.emetry | e ".
. ik, € ‘ T TP A it " SRS PP TEE L N T A A J A .&',Z""..‘"'»\' R R
T | B S N0} “:. fﬂ‘-ﬁ“e"cv is' available, /ii) linc-of-sight paths are’ possible,” (iii)’ ™ -




interference is low and (iv) the network is small, VHF/UHF offers a usefu | ~ ' Advantags of the smtem are that It Is secure (private), independent (no
and a cost-effective link (Brunsdon and Sargent, 1982). ‘ | satcllite) and the meteor trails ere free. However, the greatest range which can
_ . bhe spanned is 2000 km and equipment costs are high, (section 4.6.1).

Meteor-scatter __ .' _ .
As meteors enter the atmosphere, the trails they leave .are ionised (Figure L - 123 Spacc-based methods
13). These trails reflect radio waves in the 30 MHz to 200 MHz range, being | | ‘. L
most effective between 30 MH:z and 50 MHz, that is just a little higher than | " L o
the HF frequencies. Below 30 MHz, problems occur through reflection off the | S - < oa
ionosphere, which causes interference. The trails last for only a few seconds, | o GOES-wW (Usa) GUS (JAPAN}
but this is sufficient to send a fast burst of data. The performance of a S 1350k ‘ﬁ s f Mt E
system is defined as the "Waiting Time" between suitable meteors, or as the B y - C ey
average number of words per minute that can be tclemetered. This is g |
influenced by operating frequency, data rate, transmitter power, antenna gain o i g g - NOAA (15A)
. { | N NoAR (USA)

and receiver sensitivity,

!
!
f

Data rates up to 5 K bits per second can be used. A transmitter power of
at least 300 watts is necessary to be effective. While increasing antenna gain
increases signal strength, it also narrows directivity which reduces the number
of meteorites usable. Excessive increase in receiver sensitivity results in the
detection of manmade signals, of receiver noise and of galactic noise. -

A compromise is necessary in all of these, but as a rule of thumb a waiting B : | f
- time of about’ two minutes is typical.  This varies with both time of day and ! [ ; » ‘ . - --

time of year. . On average, about 100 words per minute can be telemetered, - | Lo “ L - o METEUR (USSR) -
' - | _Goms (USSR

The system operates by the base station sending out calls to each outstation. | - | GOES-E (USA)
: _ - | ‘llll’ | ] . 76°E

- If a suitable trail is in place, the outstation receives the call and immediately
sends its data, If these are received. correctly, the next outstation is called, if g - . 15° W
not, cills are repeated untii successful. o | o e L |
| S ' | - METEOSAT (EUMETSAT)
' ' . Longitude

 Figure 14 The Meteorological satellies

)

_ S S L : ; N NP
Figure 14 ilustrates the family of | mctcdro'loé[ical. satellites currently - in
geostationary and polar orbits.” Satellites in both orbits not only have on-board
imaging equipment, but also - transponders which * receive data telemetered to
them from data’ collection platforms (DCPs) at’ outstations. ‘It “is- the latter
which. allows satellites to act ias telemetering relay stations. e

Geostationab' orbits

- I

;,, R e L T s ! . . L Ao - Satellites in geostationary’ orbits circle ' the'earth at " a" distance “of 3600p km*
e —= : o o v et T D o Y . above the equator. - Their orbital time, at this; distance : is exactly 24 hours,-so

| - B .» . they appear to remain stationary over the same point of the earth’s “surface. o
Meteosat, GOES and GMS, thg_ _Eqrqpeaq, /‘}me‘,",canand-'aganese :-sat¢lli¢es, A Lot

o o, MSLDISTANT g = o INTERMEDIATE . © © ' BASE STATION S

. .UU.TS'IMION o ‘QUISTATION o : : Lo e :

'~';f.§11330km) R . A e (Gstkm) - . ’ . | are in this type of orbit. .
R ) " o ".""- . Rt "I'..l-’ ' c ’ ' S ."-\ a \":'L' . : L. . . . e ! :
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palqr orbits |

Sa'tellltes in polar orbits circle the earth in a north to south direction, passing
- dose to both poles. They do s0 at an altitude of around 850 km which
tesults in an orbital time of about 100 minutes. The orbit is sun-synchronous,
that is the plane of the orbit always points towards the sun. The earth rotates

beneath the satellite, causing it to pass over a different part of the surface at

| each orbit.

“Those currently in' use are operated by the USSR and the USA. The former

are in the Meteor class, while the latter are Tiros-N satellites operated by
NOAA. There are two Tiros satellites in operation, one in an asoendtng orbit
the other descending, together giving 28 passes per day at the poles, with a
maximum of six to eight near the equator,

Since -they are not geostationary. this type of satellite. does, not appear

stationary at the same position in the sky, but moves across lt, being visible
lor about 10 minutes at each pass. _ |

13 THE PLACE OF SATELLITE TELEMETRY IN
| HYDROLOGY o

=
!

‘.

/

" The advanteges that 'satellitetelemetry offers to hydrology} are as follows:
1 Repeater station,syf are not required.
2. Installation of outstations and receivers is simple.

“‘3. Outétatlons can 'be rnoved from site to site' with ease,

J.;-,_Outstanons are;/ unobtrusive; their antennae are small and do not required
- high masts.

5. There is little testriction through topography

6, One receiver can receive data from outstations covenng over a quarter of
the! earth’s surface. - -

7. Power rcqmrements are minimal, so solar power is adequate.

8 Equipment rellabthty is high, both on board the spacecraft and in the
' ﬁeld

9. No frequency llcence is requtred by the user, the satelhte operator belng

| hcensed

10 As many recexvers as requlred can be operated, wuhout the need to
increase power, or fac:htles, at the outstations. .

Thesc charactenst:cs malce satelhte techniques attractive for env:ronmental data
collcctlon By mid. 1986, the US Geologlcal Survey was operating 1800 DCPs
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to acquire hydrological data. This is a pointer to the future, elsewhere, -
Europe lags behind the USA partly because Meteosat has only just entered a
fully operational state; around 400 outstations have so far been regntered for
operation. The proportion of these with hydrological applications is not known,
but an authoritative guide as to the future of satellite telemetry in hydrology

is obtainable from ESA.

At a recent ESA workshop (Santiago de Compostella, 1987) and .in an/ ESA
publication concerning METEOSAT second generation (Sowden et al, 1987),
figures were quoted as to their best estimate of the use of satellite telemetry

in the 1990s. These figures are reproduced below.

| No of DCPs
1. Meteorology: |
Synoptic - land, ship, mrcraft, upper air, drifting buoys o | 27§0'-|
Climatological and agrometeorological 2000
Maritime - coastal stations, rigs, anchored buoys : 50
Aeronautical . exchanged between aerodromes ” R 200.
. Pollution ..data B ) , 300
‘2. Hydrology | 5000
| 3 Geophysxcs ) 2200
4. Oceanography | - 50
o | K . o _l_zs_s_o_ o

Of a possible total of 12,550 outstations ESA estimate that 5000 __will 'be used

for hydrolozy. The Japanese satélltte, GMS, is also likely to ‘give risc to a

large number of applications in . the Far East (Cheong,_ 1987). With the
launch of the Russian geostatlona:y satellite in 1991, the region between

~ METEOSAT and GMS will be filled, creating yet further opportumnes mtlun

central USSR and the Arcnc and Indtan Oceans.

In the estimate of numbers. no . account has . been taken -of polar orbiting -
satellites for hydrological data - collection. These are .at their best at high
latitudes, just where ‘those in geostationary orbits are least effective. While

- hydrological apphcatlons using polar satellites will undoubtedly. be fewer, thcre o
- will be s:tuattons where thJS type of satellite _oft‘ers advantages o SR

N . .
y e /1 S

LIt was in anttclpatlon of the future potennal of satellite telcmetry m hydrology,w
- - that IH began its mvestlgatxons into its use 1n 1982, Wlth an expanded
’programme beglnmng in 1985 (Strangeways, 1985) SR ‘



Table 1.1
WAVELENGTH FREQUENCY NAME
100,000 m 3 KHz '
o Very Low Frequency
10,000 m 30 KHz "
Low Frequency
1,000 m 300 KHz
| o Medium Frequency
100 m 3 MH:z .
o : . High Frequency
S ' 10 m 30 MHz : _
. Very High Frequency
Im 300 MHz - | S
Ultra High Frequency
10 cm 3 GHz :
: Super High “Frequency
1 cm 30 GHz '
: Extremely High Frequency
1 mm 300 GHz
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Anyone contemplaung satellme telemetty for hydrology will probably use a

geostationary satellite. In Europe and Africa, parts of South America and
Antarctica, and a2s far east as central India, this will involve using

METEOSAT, aithough India has its own, somewhat different, satellite system.

This chapter describes the METEOSAT system in detail but concludes with a
brief look at polar. orb:tmg satellites. The final chapter looks at the other

'2 The Meteosat System

geostationary satell;tes situated around the globe.

C
1
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21 THE QRGANISATIONS WHICH OPERATE METEOSAT

In 1972 the European Space Research Organisation (ESRO) was grven the

task of developing, faunching and operating a series of “pre-operational’ (that,, v
is experimental, non-guaranteed) meteorological satellites. The responsibility. for
this was then passed to ESRO’s successor, the European Space Agency (BSA).

based in Paris and funded by eight European countries.

In 1981 moves wers started to form a European, inter-government organiéaﬁb‘n
for operating meteorological sateliites, and in 1983 the -concept: "oﬁ ‘f*thc
European Organisation for Meteorologrcal Satellites (EUMETSAT) was’ agreed
The EUMETSAT convention entered into force in June 1986, the ﬁrst* ,staﬂ‘
taking up duties in the August It has offices in Darmstadt-Eberstadt, jWest

Germany, and currently there is a staff of about 25

by the member countries of ESA.

ESA continues to deSign. launch and operate the satellites but their ﬁ.mdmg,
application, use, exploitation and the maintenance of a :continuous. service is
now the responsibility of EUMETSAT, who are also involved in the planmng

of future satellite systems.

The pracncal activity of operating the satellites is- the responsibility - of the
European Space Operation Centre (ESOC), part of the ESA orgamsatlon. snted

‘i'. ey

at Darmstadt and employmg around 150 staff,

with omni-directional antenna).

The - satellite - immediately retransmits these data to ESOC's Ground Station'~ -~
(C), sited in the Odenwald near to Michelstadt, West Germany, along path 2

at a frequency of around 1675 MHz. . -

13

22 THE METEOSAT SYSTEM - AN OUTLINE

It has a one minute time “slot 'in

EUMETSAT i is: sfunded -
- o _

Figure 2.1 illustrates the . METEOSAT DCP telemetry system. The . outstation.

(A) transmits its measurements to METEOSAT (B) along path 1 at set time
intervals - (hourly, ' three-hourly, daily, etc.). T
which to transmit .its data, on a frequency of between 40201 MHz and
40220 MHz' at a power of five watts (25 to 40 watts for ., mobxle outstatlons, ’
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" Figure 21 The METEOSAT telemetry sysiem

' 23 THE OUTSTATIONS
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From here the data are sent by land line to ESOC; some 40 km north west
-of Odenwald in Darmstadt (D). Here they are quality controlled, archived
‘and where - appropriate, distributed on the Global Telecommunications ‘Network.
They are also retained at the Ground Station and returned to METECSAT

(multiplexed with imagery data) from a second dish antenna (E), along path 3,

for retransmission to users via the satellite along path 4.

The signal level is such that it can be‘ reccived by a 2 m diameter dish
-antenna, although 1.5 m is often adequate. The dish houses a "down

convcrﬁer.", the purpose of which is to convert the incoming signal from
1694.5'.N¥Hz to 13'_2 MHz for input to a receiver, which decodes the
transmissions, outputting the data in ASCII characters to a printer or PC.

The unit which forms the heart of an’ 61itstati'on is the .Data Collcctidn-

- Platform (DCP). . This is an electronic unit, similar-in many ways to a-logger, *

which can accept either several -analogue voltage inputs directly from sensors,
or serial data (RS232) from’ a processing unit between the sensors and the

DCP. It also contains,a small memory to store readings taken between
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transmissions, a processor gsection for overall management, a clock circuit, the
radio transmitter and either a directional or omnidirectional antenna.

Up to 600 bytes can be stored in the memory for transmission at 100 bits
per second. This capacity can be doubled, but this requires two one-minute
time slot: for transmission. The capacity is set by the amount of data that
.can be transmitted in a one-minute time slot.

For hydrology, DCPs are mﬁrketgd that accept just rain or level sensors, or a
combination of the two. Where additional sensors are required, such .as those "
making up a weather - station,. the sensors :can be interfaced via-a processing

unit, similar to a logger, outputting means and totals to the DCP in serial
format. | '

At manufacture DCPs are programmed with their address (an eight digit, octal

number) and with their time of transmission, both specified by ESO(. In
future designs, these are likely to be programable by the user, tc provide
greater flexibility, - o .

In operation the DCP's intcrnal clock is set by an operator to GMT (or Z in

‘European terms). This is done either with a "synchroniser unit" or with a

portable PC. Up to 15 seconds drift, is permitted either way, thereafter it -

must be reset.

At ts appointed times the DCP transmits the accumulated contents of its

~memory to METEOSAT, and thereafter clears it, ready.to receive. the next set.
of data for transmission "at the mnext time slot. This operation repeats

.‘mdeﬁmtely.w‘_:\; A L R

The synchroniser (or PC) can also be used to give the station a name (for
. example. its location) and to carry out a range of tests which include checking - |

the following: clock setting, battery voltage,. transmitter state, analogue inputs

and the memory contents. It is also possible to speed up the clock to.test .
overall -performance, including the making of a test .transmission (into a .
., dummy load to prevent interference by transmitting outside of -the -allocated

| ';.'5'., time - slot).

A DCP will fit into a small housing and can be powered by a soiar-charged

battery. ~~ The remainder of the outstatioi comprises the sensors which are.
similar to those at a conventional logging station or at a ground-based radio

telemetry installution.

S

24 THE SATELLITE

o
b

- Figure 2.2 shows the construction of METEOSAT. Figure 2.3 shows its field =
- of view for data collection coverage. Geostationary satellites have three roles, o
firstly to obtain images of earth for meteorological purposes, secondly to | .

disseminate these images and thirdly to relay. data, from DCPs.
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_—& S/UHF ANTENNA | DR Although not the main concern of this report, the imaging function of
) | B B g METEOSAT is relevant. in that transmissions of DCP data are interleaved
o L with transmission. of low resolution images. Also many users of DCPs may
TR i+ . - require the images to complement nthe ground-truth  data provided by the
VHF ANTENNA ' ; = The images are built up, line by line, by a multispectral rad:c;meter. producing
images in the visible (0.5 to 0.9 um), the infrared for water vapour (5.7 to
v 7.1 um) and for temperature (10.5 to 12.5 um).
ELECTRICALLY DESPUN R
S - BAND '/.NTENNA i :METEOSAT spins on its axis at 100 R.P.M, scanning the earth in honzontal,‘ .
i 4 lines from east to west. A mirror makes a small step from south to north
._ 3 o at each _rotation, buudmg up a oomplete scan of earth in 25 minutes
—RADIATING ELEMENTS (including five minutes for resetting the mirror for the next scan).
g : ) -~ The visible image is. formed of 5000 lmes, each’ of 5000 putels. gmng
resolution of 2.5 km immediately beneath the satellite (less resolution at hrghcr
latitudes). The two infrared images each compnse 2500 lines of 2500 prcture
i !°ments. giving a sub-satellite resolutron of 5 km :
1. The images are transmitted digitally, line by line, at 333,000 bits per second,
o “ | j ’ during the time the scanner is looking ‘at space. These/ transmissions are .not,
VRN . 5 . meant for the end user, but-go directly -to the ground tation, where, they. are
. A processed by ESOC and then ,dresemmated to users. ‘back via METBOSAT on
| . L o two separate channels, . 3 oy : |
RADIOMETER S
APERTURL j The first channel is for hrgh qualrty. digital image data for reception by a
; Primary Data User Station (PDUS). . The second channel transmits the images .
| q in the analogue form known as WEFAX (Weather Facsimile), a standard used .
SOLAR PANELS by most meteorological satellites (including polar orbrters) These ~can. be .
/ ggovgg;s, gf | received by Secondary Data User Statrons (SDUS). o SR
' to. 5 - S Lk R TR
M Cd BATTERY ﬁ " The SDUS receive images covenng- drfferent sections of th.e carth’s surface in
o - METEOSAT’s field of view (Figure 2.3). Transmissions follow a daily schedule,
. a4, . as -in .table 2.1, one image being transmitted every four rmnutes. -SDUS. also. -
=y recsive the DCP transnussnons. y 8 AN o
.ﬁ ‘ o ) R S ) : R ::3':{_ et
COOLLCR 4 L "
b 242 pcp data handli_ng_ |
| "* In addition to acqumng and disseminating the images, METEOSAT also ‘has,” T
_ . 3 ~currently, 66 channels for relaying DCP data from outstations to- the ground- - -
| station. Of these, half are reserved for international use, that is ‘for mobile
Tt~ ‘10‘0 R-,P-M‘- 4 DCPs passing from the field of view of one geostationary meteorological
| . _satellrte into that of the next. The remamder are for fixed,. "regxo_ "'”;LDCPS. o
. - g N ‘Each hannel can accommodate as many ‘DCPs as"their’ frequency ‘of reportmgf"f‘” o
ﬁ | and ‘fieir report lengths permit. ~Thus, with three-hourly reporting times and ~ .:' o
| | . | § ) . 1, ONE. ‘minute. messages. from” all DCPs, and with a 30. second. -buffer. penod S
. - | L R R o  between" each (to allow for clock dnft), each channel could accommodate 120
cigun 2'2 - TEOSAT construction - DCPs, makmg a total of 7920 o A
16 17 a o
o LN
] . . 7 o 7 t L N k “ . ”
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25.2 The European Space Opetatnons: Ceantre X User ID: +42USER .. B o | 42
. N , | , A % UTILITIES o - SCHEDULE - o
Figure 25 is a schematic illustrating the computing  system at - ESOC in % 14Update Operational Files -+ 812+%Load DCS Oracle Tables
Darmstadt. It is here that all of the practical activities concerning %  24DCP Da%a Extract ..,.;,§16+Pr1nt_ﬂCh,anne"l Schedule
METEOSAT's operation are carried out. It deals with satellite orbit % 3+RTH Ui?f‘.‘ Extrast . - . | J_ R
maintenance, image data and DCPs. The central unit is the Missions % 20+TLU ' %18+Print 24 Hour Schedule
Operations Control Computer (MO(;). made up of six Si‘emens R 30 mini .: § FILE MAINTENANGE L %21+Isolate _SCh?d"‘e cqnf]:,
cpmputcrs working in real time. This performs several functions. “ ‘ 2 g*gg;a050119<=t1°n Platforme '%QgE glgs - .
| | % + perators -, % 9+Summary Archive
4 7+Channel Detadls o
) o ) '; % E+ElData, (Temporary) RS R S
SR, DICITAL =] COMPUTER | § RESESTS ; %EDIT'-&E.‘-S_I’Q;{'@_J__" ey
IMAGE DATA - eekly Report ¥11+Daf iy satch Job -
STATIoN — %  6+Monthly Tasks X14+DCP Parametsr File
MAINFRAE MAINF RAME vou DISPLAYS DUT-UF ~TIME . % 8+Dally Tasks .
COMPUTER ARCH]VE o COMPUTER }_‘ DCP TRANSMISSIONS }\ % 15+Te]ex Generat"on % J+J0b' Monitor
L 2 % 19+Non-reportfng DCPs ¥ X+Ex{t to ISPF
* : § 22+Channel Analysis PTION S |
. ‘ g 0 ——— o4
Lo g | HEC ' | " c SpROC o
, - | &SEL = TRANS( TRUNC(&ICMD,'. '2 | |
_.oce PROCESSING i 1, 'CMD(DCPMENU)' -
T -: 3 CMDUHRTIER) |
<t WEFAX IMAGE DATA | mIsSIONS - REGIONAL TELECOMMUNICATIONS HUB : R 4: 'CMD(DCPS) " : nee
- OPERATTONS i _=m_ (OFFENBACH). INJECTS DCP DATA g | 3 :
J' CONTROL P~ INTO GIS. == . 5, CMD(USERS)
<A  DCP DATA IN L= J | | i i o g':gag?éﬂggwu)'
o DCP CONTROL OUT - - | ‘j : L AR s 8: ' PANEL&DAIEY)'
oy v R . Loy b T ] |
STATID ot vl e 9 YCMDARCM)
L S Figure 25 METEOSAT ground computer system, Darmstadt : : : 12, 'CMD(UDORAC) !
A, | L iioscmay
O eaedin . - L P ©fwe o 16.'CMD(DSPRTSCH)®
, Sotelite conirol | | | e | 17,4CMD oaAscneof' “
-After the launch of a new satellite, the MOC transfers it from low ear'h. Sh oy T} ' %g’ .g:o 3?25%3 ' |
orbit to its geostationary orbit.  Thereafter it maintains this orbit ) i/ o 20’ 'CMD TLY)'
periodically firing small attitude-adjusting rockets, controlled from Darmstadt.’ f 21: ' CMD( CONFLICT)"
It is not involved in the actual launching operations. , i 0o 22, 'CMD(%DSANALCH) !
- - | A, 'CMD( SQL)" -
- i 3
* - DCPhandliing “ B , : | o B, !CMD Fone),
I £ A | » | _‘ C,'PGMCISRUDL)"
- MOC' receives the incoming DCP data on line "A" (Figures 2.5 and 2.6), | ) - . D, PANEL(DATADICT)
routing them to the two mainframe computers (both Siemens, type 7865) ’ 5' ,ggﬂg %Eg#g PARM(ST)'
where they are written to tape for archiving and “mso for subsequent posting - R | . T L X UEXTITY
to those users who do not require them in the hear-real-time mode provided - \ | | SRl 3
o \ ot o 1 ESQL, ' CMD(¥D5EDTSQL) !
by, retransmission or by GTS. Those required for.-the latter are transferred: to- i 4 ' 0B)"
EJ, ' CMD(%D5EDTU0B) !
the Regional Telecommunications Hub (RTH) and thence-onto GTS. A VDU o I
'invthe Operations Centre*displays any DCPs transmitting ‘out of their allotted o * 124)
~ time slot. Their operators are then contactéd by telex and asked to i / )END | R } D
- .resynchronise.. This - occurs in about 1% to 2% of the DCPs in- operation per - ‘ v R o . o
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in the case o7 those ULPs to be retransmitted, the computer holds a list of
their addicsses and sends control information to the DCP Accumulator at the

_ground ststion ‘in Odenwald, mstructmg it which to retransmit,

ESOC aperates its own DCP, sending hourly messages via the ‘complete
system, . including retransmission, and enabling overall functioning of the system
tc-be checked continuously. | : o ,

A terminal gx"w‘/cs' access to a mexju of options for operating ihe DCF _ vau

© (figure 26)." It gives information on such matters as who the DCP operators
‘are (item S in the figure) and which ones are not repotting (item 19), and
- summaries and reports of system pesformance as well as access to the DCP
messages. This is supervised by the "DCP Co-ordinater” (the correct contact
~for DCP users in case of operaticnal problems), " R

" Image processing
' Incoming, raw, dipital image data from Odenwsld go first to the Image

~» Reception Computer, a separate Siemens R 30 mini, from whence they ate

- transferred to the two mainframes for processing and correction. They are
‘ther archived and returned to the Ground Station for retransmission in “oth
.. 'digital and WEFAX form. It is with the latter that the DCP data are alsop -
- .. retransmitted, i; the 27-second gap- between pictures. N

' The WEFAX channel is alsn used to send text meséages. in the form of

.. WEFAX iwiages, (o both, users of the images and to operators of DCPs. For
- the latter, notes regarding unexpected downtimes and similar interruptions are
- useful tc have, Such messages are sent during those periods when no image is
being - transmitted (designated as . ADMIN in Table 2.1). ESOC additionally
sends telexes to DCP operatc:s if an interruption is anticipated (Figure 2.7).

. 'TELEX NO: 001/0PS 830810
SFROM: MET OPS ESOC. :
+ TO i DRe HERSCHY - WATER DATA UNIT
e : MR, D.W.S- LIMBERT “Bo'A'.So
. MR, DUGDALE UNIVERSITY.OF READING
"MR, 1o STRANGEWAYS INSTITUTE OH HYDROLOGY
- MR, QUIRING DWD OFFENBACH
‘MM, HOLZKAMM, EICK DH{. HAMBLRG
DR, ‘AUGSTEIN'"' ALFRED WEGNER INSTITUTE
o MR, FLEMING JENSEN ION, LABORATORY
 usus METEDSAT OCP SYsTEM R '
L olE UNFORESEEN PROBLEMS ON THE GROUND STATION RECEIVING
# ANTENNA THE DCP. SYSTEM IS INTERRUPTED TODAY 10TH ALGUST B '
0700 AND 1500GMT. . = % T SO AUSURT BETWEEN

0w

. Feure 27 Example of a_ielex -received from the ESOC waming of .

an inlerrypticn to the DCP system
| Ef‘:i _-f_‘_;\'.‘;;-;_;‘k rt}, L
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253 ESOC and EUMETSAT policies

evolved during ‘the 1980s and now provides a fully operational service.

At the start of 1989 there were around 10,500 DCP transmissions per week
By September 1989 this had risen to 15,000, produced by around 240 active
DCPs. To cope with this sudden increase and that anticipated in the 1990s,
66 new DCP receivers (Figure 25) have been installed and will become
operational in April 1990. EUMETSAT has now_ introduced a policy of
asking DCP operators who have not used a particular time slot for three
months to either resume transmission or surrender the allocation. |

- ‘The hardware and software at the ground station and at the operations cen're

| The pracﬁu of havmg DCPs bﬁt not operating them is, in part, due to users

keeping some DCPs as spares The problem arises because, to date, DCPs
have been preprogrammed, at manufacture, with their allocated address and
time slot, both “unchangeable except by return to the ‘manufacturer. Some
recent DCP designs enable both the transmission time and the address to be
changed by the user (via the synchroniser or portable PC). An interim
solution is to exchange the EPROM memories that hold this information.

However, this does not help where users may want to operate DCPs
intermittently. A policy used at IH was to operate DCPs, if not continuously,
then regularly, even if actual hydroiogical data were not being transmitted.
This occupied the slot, but was also a useful means of testing the system.
Now that evaluation is complete, however, this is less. necessary, - and in the -
event of charges being made for time slots it would also be uneconomic.
The cost of operating a satellite telemetry network is the subject of section

4.6.

254 The METEOSAT launch programme

METEOSAT 1 was launched in November 1977 and performed well until it
drifted out of range in August 1985.

METEOSAT 2 was launched in June 1981, but its DCP receiver failed and it
could not be used, as intended, to completely replace METEOSAT 1. Its
retransmission capability was not affected however, and DCP transmissions were

routed up via METEOSAT 1 and retransmitted down from METEOSAT 2.
When METEOSAT 1 became unusable in 1985, METEOSAT 3 had not yet.

been launched. To fill in, ESA used GOES 4, which was no. longer required

by the USA, it being moved east in its orbit . to.40°. West. .. This placed the

satellite in view of both the reception centre and- the control centre in the

USA. It gave good service until it was replaced, although during: parts of 1986
and 1987 there were times of the day when performance was degraded due to.
increasing movement of the ageing satellite in its orbit (see section 3.4.2).

METEOSAT 3 (originally called P2) was launched in June 1988 and took

over the DCP mission from GOES 4, handling both the up and down links.

("
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METEOSAT 3 is now on standby, having been replaced by the first of the

METEOSAT Operational Programme's satellites (METEOSAT 4 /MOP 1),
lanched in March 1989. Thus there are, at the time of  writing, two

functional satellites in orbit, giving high reliability of service.

‘MBTEOSAT 5 fMOP 2) is due for launch in late 1990, after which it will

beccome the primary satellite. MOP 3 (METEOSAT 6) will be launched when
requir;d. .
These: four satellites will provide a service until at least 1995 when a new

generation of satellites will .ake over. This METEOSAT. Second Generation
(MSG) has been the subject of many international meetings (section 5). The

-MSG" will be an updated design of the present-day satellﬁ;és, and is aimed at
providing  cover ‘until 2010, with MSG 1 scheduled for '‘launch in 1998. A

further MOP satellite is currently under construction as back-up to MOP 3.

. As from 1990, therefors, there will always be at }ea"st two satgllitgs .in
- roperation.  This should remove any reservations about the possible continuity

" of satellite telemetry.

/o

26 USER RECEIVERS |

These receive both the WEFAX imagery and DCP data on a 1.5 m to 2 m
diameter dish at 1694.5 Mhz. A preamplifier is followed by a down-converter,

. mounted on the back of the dish, which reduces the frequency to 137 Mhz,
* dlowing cabling of up to 100 m to the receiver. | |

The receiver is usually switchable to several, (typically six), of the 66 channels,
; demodulating the RF input from the down-converter and outputting it, as a
24 KHz AM sub-carrier, to' the processing unit - or "DCP Message Recovery

Unit",
261 DCP data recovery

Data are recovered by a bit-synchroniser, which converts the incoming
phaseemodulated binary signal into the standard form (HDLC) in which it was
originally transmitted from the DCP. _ o

~.The HDLC data-stream is then converted into a standard asynchronous format
.. In RS232/V24/V28 using 8-bit standard ASCII characters. It also buffers the

message  and filters out the data according to DCP address.  Although
capabilities vary from make to make of equipment, the processor usually allows

the operator to select which DCPs are to be output to a printer or to a PC

and which will just-be displayed on a terminal screen. It is usual to print

out just those DCPs which the user has in operation but to displs; " all
icoming - data. The latter is useful in keeping a watch on overall system
performance. ' |

Al subsequent processing and sgorage_:- of the incomihg"'data' can be Ihan'dled by

B
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the PC, the form this takes depending on the purpose of the data. They
maybedmplyarctﬁvedforlateruseormeymaybeusedinreal-ﬁmcfor
input to a model for forecasting. Once to this stage, the system is .

indistinguishable from any other type of telemetry system.

For all but the 27 seconds of each four minutes during which the DCP data
are handled, the output from: the receiver is image data N

)

262 Image data recovc_iy

The WEFAX analogue signal- is output, line by line, building up a complete
picture, much as a TV picture is scanned, but instead of one frame each 1/50
second, each picture takes three and a half minutes to build. These analogue
signals can be used to produce a hard copy, by laser or other printing
technique, or the images can be displayed on a monitor screen. Foi''the
latter, an additional unit, a "Digital Frame Store" is required; a PC ‘can - also
be “used, suitably programmed. The digital frame store converts the anaiogue

~ signal into numbers, each representing the intensity of a pixel.

{

I

/ The pictures are reconstituted at normal TV scanningf‘:rates by converting e'at":iﬁrw

fy

line back from its stored digital form to an analogue, video form acceptable
by a standard monitor. False colour can be added to help differentiate
more easily between the various shades of grey.

o

27 POLAR ORBITING SATELLITES

The main topic of this handbook is geostationary satellite telemetry, since this |

is the more corumon and merre useful form. However, polar -orbiting satellites,

can be used in the same way and have some advantages in certain situations.

- A’ note on them is thus appropriate here. B

Section 123, described the orbits of polar satellites, that is, low orbits.in the
north/south direction with a period of about 100 minutes. In consequence,
they do not appear stationary at one point in the sky, but appear over the
horizon, pass across the sky, (not necessarily directly overhead), and set at the
opposite horizon. They are visible for about 10 minutes at each pass, but

this varies depending on the angle at which they are visible.

Such orbits dictate that a different mode of operation iy necessary for a
telemetry system using them. Unlike geostationary systems, the DCPs used
with polar orbiting satellites (called Data Collection Systems. - DCS) _cannot
transmit at set times, nor can their antenna be directed at one point in the
sky. - Instead, the DCSs: are given set intervals at which' to transmit, ranging
from 100 to 200, seconds. They use a _similar, but not identical:.- frequency to

DCPs, and their antenna are, necessarily, omni-directional.

Each outstation is given a slightly different transmission interval so as _t'q'__!'

~reduce .the chances of coincidental transmissions from two stations.Further
‘separation of outstations is achieved by the fact that, due to the satellite’s
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each DCS because it occupies a different location relative to the satellite, ' (See also Figure 2.3) |

Al e —v1--..-’

This last feature is also used to enable the position of moving outstations to

be. followed. This is one of the useful features of polar orbits, and can | |
:nablg. for example, a drifting buoy to be both tracked and its .data collected. e TR TRSETRETT TRTIET I T TR T a— —
- Further, the buoy can move completely round the world and still be followed e 2 <8 3
by ‘the same satellite. While this may not be of much value to hydrological . % 0- 1} E3 = Dbz b1 b} D4 DS D6 D7 | D2 D9 D1 D3 -
applications, even fixed DCSs can make use of the feature, in that it enables : 1- 2] - - D2 D1 D3 - - - - - D2 DI D3 - -
data to ‘e collected from any point on earth via the one satellite. : | 2- 3| - - D2 DI D3 TEST - - RANG RANG D2 D1 D3 - -
' : 3- 4| - - D2 DI D3 D4 DS D6 D7 08 bz D9 b1 D3 -
- The transmissions from DCSs are received by the satellite at some point in its . - 5| - - b2 D1 D3 E2 Bl B4 S p2 b1 03 Eg £7
overpass. The means of then transferring the received data to the user has to ' 5-6) 88 £9 D2 DI D3 ADMN - - RanG RANG D2 DI D3 £ .
be different to that adopted for METEOSAT. They follow two routes. 6-7| 3 - b2 coz co3 b >3 b4 bS 06 b2 02 03 b o
" In the first, they are immediately retransmitted, in real-time, in the UHF | -8} -/ - D2 CO2 CO3 C50 C60 D7 DB D9 D2 coz2 co3 c8p 9D
‘range, and can be received by a user's receiver on an omni-directional . 8-9y - - D2 02 Co3 TEST - RANG  RANG D2 €02 O3 TEST TEST
antenna. To ensure communication, both receiver and outstation must be f 9-10| - - b2 co2 co3 i p3 D4 D5 D6 bz €0z co3 clo .c2p
within a range of not more than about 2000 km of each other, since both : 10411 €30 €40 D2 CO2 C€O3 Sy  CeD DT DB D9 D2 €02 01 C - eBD
must be able to se='the satellite at the same time. ! 2| eop - b2 coz co3  aom . - RANG RANG D2 €02 €03 EI  E2
. | A T aae11] s - b2 ¢o2 o3 bt DI D4 DS P6 D2 COZ €03 cip  CIp
In the second route, e received data are recorded on a magnetic tape " l13-14| o cap bz coz 03 csd cep D7 DB D9 D2 €02 ©03 €I  ¢8D
logger . onboard e sp.acac: aft and retransmitted to ground stations as the | 14-15| O - b2 co2 CO3 IEST - - RaNG RANG D2 Coz co3 . ]
satellite passes '‘ver.. 'These stz'ion:. are located in the USA and France.
" From here the datazre pat ont. the GTS or sent as a printout by post if ; i>1e - - D2 co2 co3 b1 DI D4 DS D6 D2 CO2 O3 Cb 2
' “here "xs-.less u:lg‘emy‘;{_:- < _ ' “ 16-17 1 83z C4dD DI Coz QU3 Cop Cub D7 DB D9 b2 €02 ©03 ¢ C8b
RS O Y ! 17-18 | Cyp - D2 €02 Co3 aADM - - RANG RANG D2 DI D3 £ E2
~ "As is showr in seition 4.6.5, the cost of using the polar satellites is not ; 18-19 | E3 - D2 D1 D3 D4 D5 D6 D7 D8 b2 D3 DI D3 -
S - sinall, and while' thcy have some unique advantages over geostationary systems, § 19-20 - - D2 D1 b3 E E2 £3 E4 £5 b2 D! D3  E6 E7
they are of less general purposc use as telemetrv satellites. Their greatest ’ 20-21 B8 E£5 D2 DI D3 TEST - - RANG RANG D2 b D3 . -
value is that they_ can collect data from high latituaes, beyond the reach of j 21-221 - - b2 b1 b3 opa 55 06 D7 08 p2 D9 D1 D3 _
. gewstationary s:ﬁflhtes. _' ) ‘ 22231 - _ bz b1 b3 _ ] o ) 02 b1 b3 ] )
. .. .They can also be of value in those areas of the world not currently covered 3 DAl - - P2 D3 AM - - RANG RANG D2 D1 D3 B E2
.~ by geostationary satellites. For example, the Japanese GMS satellite does not *
~currently provide a retransmission facility and users can receive data only via ; x
) the G:rs' Until S,HCh ? .ﬁme as ,a'" Of, ﬂ!e earth’s surfacg is covgred by 4 C = Visible., D = Infrared (t;mperature). L = Infrared {water vapour). ADM, TEST, and RANG = ESOC management
/ geostationary satellites with retransmission facilities, polar orbiting satellites will . .
usefully fill the gap. =
E
o ,
3%’
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3. Prac=tical evaluation of a satellite telemetry
system A

31 BACK_<«GROUND

The Institute «c»f Hydrology (IH) started its instrument development programme
in 1964, begmmning with automatic weather station (AWS) design. This
expanded ovex- the next two and a half decades (Strangeways, 1985). With

the launch of  METEQSAT 1 in 1977, satellite telemetry became practicable.
Seeing this as  jmportant for hydrology, particularly with IH's wide overseas
involvements, ax practical evaluation of its potential was begun at IH in 1982

This chapter re=wiews the programme oOf tests and development.

32 FIRST™ DCP TESTS

In March 1979  the manufacturer McMichael Ltd had their first DCP approved
by ESA. Alxouwgh physically much larger than current designs, it was
nevertheless cag»able of performing mmost of the functions of a present-day

DCP.

In the first tessas, in December 1982, a McMichael DCP was installed on the
‘Wallingford me®&sesorological site, interfaced to an AWS. It transmitted once a

day, sending =Xarec-hourly means and totals of air temperature, wet bulb
depression, solama and net radiation, wind speed, wind direction and rainfall.
Data were rex—eived at IH by telex. over the GTS . network, via the
Meteorological «Office, generally arriving within ten minutes of the DCP’s

transmission tirrwe= {}'lxgure 3.1).

After a year’s  successful operation, it was moved to Coire Cas, a site at
600 m altitude in the Cairngorm mountains, and continued operation there
untii the end =of 1984, The test was then concluded, the system having

“shown itself to Moe reliable over the two-year period.

33 MAIN ~&EST PROGRAMME

331 “‘I’Squi;;ment purchased

Ry

- By completion - «c»f the first TH tests, McMichael had developed an updated -

model of their =alier DCP; it was still the only DCP manufactured in the

UK. Ten of tlmes, together with a synchroniser for setting up and testing-

the DCPs, were  purchased by JH in 1985 for the next phase of the test
programme. A -weceiver/processor, with  dish’ antenna, and a WEFAX Digital

Frame Store wex=e= also purchased.. Over the next three and a halt‘ years the
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DCPs were installed at a variety of locations, with a range of sensors, creating
one of the largest DCP networks in Europe. In 1985, Space Technology
Systems Ltd acquired the proprietary design rights to the GEC/McMichael

DCP products (see 4.1.2).

Of the ten DCPs purchased, four accepted analogue voltage inputs (up to a
total of five inputs each, with a full scale reading of five volts). The
synchroniser was used to program the DCPs regarding which of the five inputs
were to be used and how often they should be sampled and stored, ready for
the next transmission. Three-hourly transmission time slots were obtained for
all ten DCPs. The remaining six DCPs accepted serial RS232 data inputs.

‘These required only an input of the current time via the synchroniser. Details

of the 10 DCPs are given in the table below.

Table 3.1 .

DETAILS OF DCPs USED IN TESTS
ADDRESS ESA REFERENCE TRANSMISSION | SERIAL NUMBER
- TIME (MINUTES
PAST HOUR)
" 1680 1686 . GB/OH 1 36 69
1682 1372 2 38 7
1682 26E8 3 40 78
‘1682 359E 4 42 9
1682 A30E . 5 Lo 80
1682 5078 6 46 81
1682 65E2 7 48 82
1682 7694 8 50 83
1682 8610 9 52 84
1682 95E6 10 54 - 85

Transmission hours: 1, 4, 7, 10, 13, 16, 19, 22 GMT
At purchase, GB/IOH 1 to 6 were of the digital input type. and GB/IOH 7

. to 10 were. of the analogue input type.

In Junc 1988 GB/IOH 7 to 10 were converted to digital inputs.

33.2 The reoeiver/prooessor -

The dish antenng was ., Y 'S.d cn a flat roof with a clear,- umnterrupted view
of the satellite. = A. cabi) o8 50 m_length connected it to the receiver which

- was installed in ‘the Wnters office, makmg it possible to gain experience of its

performance throughout the test- programme. Such hands-on experience was

an important element in gammg an overall feel for the performance of the
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complete "-system: looking only at printouts of the received data, in isolation
and not in real-time, would have be=n less informative.

The processor section of the receiver was programmed, via a permanently
connected terminal, to display all incoming DCP data on the terminal’s . VDU
(not just those from IH's DCPs). This enabled a more precise judgement to
be made as to where problems lay - DCP, dish, receiver, processor, satellite,

ESOC or ground station.

In addition to displaying all of the incoming DCP data on the terminal
screen, the processor was alsc programmed to output incoming IH DCP data
via .its serial-port to a printer. This gave a permanent record and also allowed

‘performance overnight and at weekends to be followed. Later in the test

programme, the data were also input to a PC and stored on disc, appropriate
software being developed. To guard against PC failure, however, a printer was
always operated as back-up. The above programming of the processor was
carried out by means of its built-in software, supplied as part of the system

by the manufacturer.

The WEFAX digital frame store was also. operated throughout the test
programme, alongside the terminal. It gave a display of 256 lines by 256
pixels per line in 16 grey tones with 2a false colour capabthty The
simultaneous reception of the images was a useful, additional aid in assessing
overall system operation, since any problems could be more easily diagnosed
and located in the system. The imaging equipment performed wrthout fault

throughout the test period.
333 DCP installations

Figure 3.2 gives a summary of when the ten DCPs were in operation, what
their ‘applications were, and where they were sited. . Details of these
installations are given below, followed by a brief analysrs of the performance
of the overall METEOSAT telemetry system based on their operatton.

(i) - Analogue DCPs L

Cons:ant ‘valrages |

.."n" . :'_,7
Lo P2

As a first test, the analogue DCPs were set to telemeter fixed voltage levels, |
derived from their internal reference voltage, using a resistor chain. Figure 33
illustrates one such transmission. The figure also illustrates a number_ of

features common to all DCP retransmitted messages. These ar- as follows:

l ‘A,l:

1. ESOC msert the day number and the _exact time of receptron of the |
transmission (plus 10 seconds). The retransmtssron_ illustrated thus starts

at six seconds past the minute.

A

2. The DCP address is included in the retransmission. . e

3. "VOLTAGES AT WALLINGFORD T 2" is the station identification, =

programmed into the DCP by the operator via the synchroniser.

:31 i -
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4. The DCPs automatically transmit a measure of their on-load battery
voltage. It should be between 11.0 and 15.0 voits,

5. "VCO: 034" is further housckeeping data, referring to a test point in
the transmittcrucircuit. It should be between 2.0 and 6.0 volts.

6. -20BBS3C6 is a code which ESOC insert when their automatic checks on
quality show no errors of a nature verifiable by them, such as garbled
words, etc., (but not erroneous hydroiogical data). -
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f DAY HIRE 1N Jt o nese Apptzts
Rainfall {
A tipping bucket raingauge was interfaced to an analogue DCP using a 3 124 @4 A 1 LLUATE
count-to-voltage converter circuit, each tip incrementing the voltage output by
0.25 volts. The voltage levels were stored every 10 minutes by the DCP, the PCP DATA -
resulting 18 readings being transmitted at three-hourly intervals. GB/IOH 10 ; :
was installed with such an interface at Llanbrynmair, a remote Plynllmon sltc. | 5
in March 1986. v | g .
Automatic weather stations , "
g : 2 INTERVAL 0015
AWS required the most complex of the inteifaces developed for the analogue o
DCPs, involving amplifier and bridge circuits. Using such interfacing, an AWS i e
was operated at both Wallingford, using GE/IOH 8 in March 1986, and later ;z EV & 05.03. 00
at Carreg Wen, an upland Plynlimon site. | ': @.32 2.34  0.50 16 minute readings in volts
(i) Digital DCPs 232 .34 euno
- j @.m-f‘_”_:.zz 8. 50
Analogue DCPs are particularly useful where sensors produce suitable voltage R R
signals directly, such as the level sensor described above. Indeed such an : £,28  2.30  H.00
arrangement offers the simplest and most economic means of operating a f o
DCP. ‘ | ? 0. 26 2.3 .50
- o B , ! @.2¢ .78 @ @.S0
DCPs accepting serial, digital inputs (RS232), however, provide the best means s mg nme o
of enabling some pre-processing of the measurements to be carried out prior N Mol wes cent
to inputting to the DCP. This allows the most efficient use to be made of @.24 2,2 @, up
the limited amount of data that a DCP can send in its one-minute time - " ‘ 0.24 .96 o, 4%
slot. . )f .2 =, 26 A,
R4 R , - 4 o 0.22 2.C¢ .48
When IH began iis evaluation of the ten DCPs in 1985, no suitable, q Sy 073 .74 .48
intelligent, programmable unit was available commercially to perform the task i - :
~ of accepting several .sensor inputs, and of outputting their processed i 0.27 204 0.6
" measurements in- RS232 form, for acceptance by a DCP. It was partly to fill i BATT: 12.0 VLOs BF. % 11 /i (800, S v iy, (bt dgh e
this gap that the Universal Logger was developed at IH based on earlier, : i ‘ - S e |
simpler, loggers in the IH low cost instrument series. This unit enabled a A
variety of sensors to be mtcrfaoed to serial DCPs and it also provided a i | —mOBESICE
logger back-up fac1|1ty SR . | . b |
.Prior to the logger becommg avallable in 1986 however, the digital DCPs were | ; Figure 3.4 Retransmission of DCP data from gm#n mdan
operated without:any data input - to evaluate the overall telemetry system as v | operatmg on the Sevem at Pl}mllmon, central
fully, and as qmckly as possible. _ Lo
J R ‘_-.55"’!" N . ﬁ , ) Vi . .
R:ver Ievel B R R | o o i | Rainfall
R uFor the same reason that the river level sensor was simple to interface to an g ;1 ~‘ Pulse-producing  sensors, such as the tipping bucket raingauge, connect directly -
" analogue DCP, so too was it simple to interface to a logger. For this ‘raason’ o - | to the Universal Logger's digital inputs. In November 1986 such a system,
it was the first sensor to be tested 'with a digital DCP, being’; mstazled at a’ DO g using ' GB/IOH 4, replaced . th.-_ analogue model installed - earlier. It too
Plynlimon gauging site in March.. 1986 usmsﬁ GB/IOH . 6. Figure - 3.4 .dlustrates 4 ... Ty 3 remained in operation until the end of the tests. Figure 35 1s an example Of
retr;.t;ssgu sslon of its data. It rma-;amed jin"opsration l‘lntll“‘the €nd of the tests .:[535 it S j its retransmitted data. .~ 7
i
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Figure 3.5 Retransmission
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BATT: 12,3 VCO: 03.2 V1/5: 0.00/0.00/0,00/0.0470.60=

=20BB53Ce
, of DCP data from a raingauge station
operating at Llanbrynmair, P n, central Wales

Autorratic weather stations

"The AWS inte'rfacingf; developed for use with the analogue DCPs, Was. with

Universal Logger’s input

very  1ittle modification, compatible with the
requireTnents.

_possible to replace the analogue DCP operating with the Carreg Wen AWS,

with a digital version (Figure 3.6). * This” also continued in operation until
1989. Its mstallanou“‘completed the change-over to digital DCPs.

With the modification’ completed by November 1987 it was
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Prior to the availability of DCPs, such an evaluation would hnve had to rely
on in-situ logging, introducing a long delay before the data could be seen. It
was possible, instead, to telemeter the data from Faraday, using a digital DCP,
giving sight of the data every three hours in Walln-gford (anm., 3D

34 PERFORMANCE o

34.1 Method

In estimating the performancc of the over.m telemetnr syatf:m, each element
must be considered separately - DCP, satellite, ESOC activities and the

receiver. This was approached through keepmg two sets of rccord.a. K

'

I

A daily record was kept, throughout the three and a half year test penod of

every transmission made from each DCP, Figure 3.8 being an example for one
month, . The second set of records were supplicd by ESOC (Figure 39) in
the form of routine “monthly tables for each DCP, shomng whether a

 transmission had been received or not. AN
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An

'a ye=ar into the tests.
and followed the launch of P2 (METEOSAT 3)

duae to the failure of the processor chip, which was changed, the second was
due to corrosion of a circuit board where it joined the battery input plug.
The cause of this could not be established by the manufacturer, but it appears
to Tave been a one-off event. It was repaired and the fault did not recur.
The DCPs involved were GB/IOH 2 and 7 respectively.

The down-converter. (not a Space Technology Systems product), on the
rece=iver antenna dish developed a temperature-dependent fault, introducing
noise on the WEFAX pictures and unreliability in DCP reception. The unit
was exchanged and the fault did not occur again during the test period.

Dazex retum

The questions to be addressed are how many transmissions that the DCPs

shoxzld have made did they fail to make, and how many that they did make .

 were l'ost somewhere along the way, and through what causes.

In anterpreting performance, account must be taken of the following:

end, GOES 4 was the satellite in use, As explained earlier, this gave

(i) Throughout the test period, with the exception of a few months at the =

problems trom time to time due to its position in orbit - a problem now

removed with the launch of P2 and MOP1.

(n). ‘I‘hroughout the test penod ESOC were updatmg their hardware and
software, working towards providing a fully operational system. These
activities caused occasional interruptions to the retransmission service.

(iii) ~Xhe processor section of the receiver occasionally failed to recogmse DCP

addresses, and lost the message as a result. This was overcome in more
recent destgns and is therefore excluded from the assessment

;\u

Desprite these provisions, it will be seen thai: performance ‘was gooa., T.

therefore, posslble to \tnclude all of them in the analysis made here.  Instead,
two sample months wer= taken, when as many as possible of the DCPs were

in operation for the whole period.
The>second period, August 1988, was towards the end,

(i)  ©Octover 1986

- Eight DCPs were operanonal throughout October -1986. ‘Thetotal number of
~ transzmissions made was therefore 1984,

Of these, 64 were  not received at

ESOC (or IH), representing a loss of 3.2%. All but 12 of these losses

occuxxed during the 22.00 and 01.00 time slots, times when .reception was poor

everyy day due to GOES 4 orbit problems. (In 1987 this effect drifted slowly
to 04.00 and 07.00, and- later to 07.00 and 10.00.)

- Of the 12 lost transmlssmns that were outside of these time slots. all but one
were in the adjacent slot, suggesting the same cause, although over half of the

12 occurred on the 25th day. suggestmg an addmonal factor. = .

In -all, arom))l/ z<0 000 DCP transmissions were made and it was . not;

The first month, October 1986, was about”

v

T = -
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From this br.ef look at performance. the followmg pomts emerge

A further factor can also be seen if the DCPs are considered scparately:

9 10

GB/IOH 3 4 5 6 7 8
% Loss 12 08 16 12 112 04 77 08
This shows that the,"orbit effect” was also DCP-dependent. The two DCPs

with the greatest losses, Nos. 7 and 9, were both being operated at
mountainous sites with hills to the scuth ~ 7 bemg in Scotland and 9 at
Plynlimon. Both of these were in v us ‘at nver gauging sites, the worst
performer of the two being that at . the higher latitude where the angle of
elevation of the satellite was smaller. This suggests that the orbit of the
satellite took. it just beyond sight of these two DCPs. Durmg times other than
around these critical periods, the performaace of these two 'DCPs was as good
as that of the others, all of which were at open, lowland srtes. ’ L

[}

There were 58 occasions when ESQOC did not record _reception but  IH did.
From the table it is seen that these, too, occurred mostly on the 25th of the
month and to lesser extents on the 2nd, 4th, 19th and 20th, all between 10.00
and 16.00. This was due to . activities at Darmstadt interfering with the
automatic i:cord-keeping, but not with retransmission (see ESOC’s note,

bottom Flgtm ’m)

It would appear, therefore, that GOES 4's problems accounted for 52 of the o -
64 data ilosses, while the remaining 12 were due cither to a spread of this .('" :
effect and/or activities at ESOC, mostly on the 25th day. This suggests that

the DCPs probably performed wnthout fault N e

(i) August 1988

'Five DCPs were _in operation continuously during this .month (GB/IOH 2,.4,
6, 9, 10), producing.:240 transmissions. Of ‘these, 33 were not receaved h}

ESOC or IH, a loss of 2.7%. However, ESOC’s notes show that five’ were“, R
-iost on the.15th due to. power failure and eight on the 25th due to *oftwarc |
‘problems, - leaving  just 1.7% _unaccounted for. ~ESA .have always stated tnat :
absut. 1% of transmrsslons wrll be lost .through a. wule vanetylof causes. R L

"-‘: TRVETEN
e ..,"l- A

i . " ‘ B
A “ :.;;'-.‘»l.. IR
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L Data return was 96.8% in the ﬁrst mgmt cor' nelel an,r* 9.“3 .II lr th |
" scond. | TR

2.; The great n*ajortty of the losses. 1f not all can be attnbuted to :‘G'
~ 4's orbit" problems and ,ESOP’. developlnent activities -on_certain days »
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2 A

‘Number:of channels-

- Type of inputs

Data sampling interval -

Transmission format

- Power supply

Data storage

4. Commercial equipment and operating costs

The following is not an exhaustive list of suppliers, but includes all of those

who have displayed equipment at exhibitions accompanying meteorological and
hydrological confereiices, or those known of through word of mouth or by
brochure. Any manufacturer who wishes to be added to the list given below,
should write giving technical details to the Institute of Hydrology. any omission

is through lack of knowlcdge

The prev:ous chapter concerned an evaluation of DCPs manufactured by Space

Technology Systems Ltd. These were adopted in 1982 (4nd their updated
mode! in 1985), because they were the only UK firm making such equipment.
Neither this expl:manon nor their use, should be intcrpreted as e:ther criticism

or as promonon r

41 DCPs FOR GEOSTATIONARY SATELLITES

4-1-'1_ _Typi@l sp@ciﬁcation

o

Although DCPs dlffer from make to make, it is possfblc to give a typical

- speclﬁcanon

5-6 watic with’ diréctional antenna

Power output
40-50 watts, omnidirectional

Transmission interval 1 minute to 24 hours

Transmission duration . 1 minute maximum

1 self-timed, 1 alert

5 analogue or
-1 event counter or
1 serial (RSZBZ)

ERTL LR (e

‘13 .mnute to 24" hours (analogue and event only)

" WMO code .
”Plam text, ASCII, 8-bit bmaxy

Opet_atins temperature ;. -30°C to +60°C e

12 volts, DC .
10 ‘ma, qulescent 1-2 amps transmlt

1 K bytes

R R

O

FMR Pleemaen

‘There are currently ‘1300 Ha: 07

Space Technology Systems Ltd

412 Suppliers

In alphabetical order:

'CEIS Espace

rue des Freres-Boudes, Z.I1. Thibaud

_\.‘,31084 Toulouse Cedex, France
" CEIS Espace ménufactures a wide range of satellite telemeuy equipment and

is very active in the field. Products for both geostationary and polar orbiting
satellites are available. They also market complete turnkey systems w:th their

DCPIDCS for hydrology, meteorology and seismology.

Didcot Instruments Ltd

‘Station Road Lo I

Abingdon <t
Oxon OX14 3LD, Uk .

This company is best known .to hydrologists for its AWS and soil moisture

neutron and capacitance probes.
DCP (and receiver). Initially the DCP will accept RS232 mputs, but there will

be provision for the later addition of analogue inputs.

i

Handar

.1380 Borregas Avenue

Sunnyvale, CA 94089-1094, USA

B ‘;'\;'“"DCPs in operation in the ‘USA, - reflecting

the US's..ealier entry- into <'h&. ase of satellite telemetry. As with CEIS,
complete ~ packages are available "~ for meteorology and hydrology, including

conventional, ground-based UHF/VHF telemetry systems.

Technology House

"Station Road

Alton ,
Hants GU34 2PZ, UK

This‘ cbmpany | abqhired thé proprietary desigh rights to the GECMcMichaei

" DCP products in 1985. GEC/McMichael had been manufacturing, DCPs since
1979, although the 1985 product was: an updated version of that of 1979. (It

was the 1985 model that was the subject of the IH tests described in- chapter
3) STS now offers a further upds teri model, and also a service for

upgrading/refurbishing _their 1935 deslgn. DCPs are supplied either as™ stand

alone units, as parto of mtegral S'k'S sysx,ums. or to other manufacturers fo"
“inclusion in thelr own systems.”

Sutron s T
2190 Fox Mill Road ’ g e
Herndon ' | o

. Vlrgnma 22071 USA

RIS

However, during 1990 they plan to market a -

ToREL L e
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The Sutron 9000 series is a modular system comprising a variety of
rack-mounted electronic hoards, allowing systems to be built to specific needs.
One of the boards is a satellite transmitter, and others include memory,
input/output, A/D conversion and conventional UHF radio units. Data logging
can be incorporated with sateliite telemetry.

Synergetics
6565 Odell Place

PO Box E, Boulder
Colorado 80306-1236 USA

K

Their series 3400 system is made in modular form, compnsmg boards for
sensor interfacing, contro! functions and the transinitter.
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The eqmvalent orgamsatld:.”<to
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Applicaiion 120, ;’ use” the satellites must be; ...m'le formally thmugh Argds. ﬂlef,f Vo
decl.non ‘o allﬂw “their’ use bemg taken jomtly Wlth NO:\A and NAS .

Data - Lollectlon ‘a‘ysrﬂms (DCS) are ve'v sunddr o .hc DCP% used v..th
geostatlonary sateimes. N A
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any make of DCP, and all DCPs: can.. rransrmt to any rece.ver, ) smce the

LY

rctransnussxon s:gr'als are in BSOC standard form.t :

. ,t‘.'t.,' ax -l

R

4 .' S a‘,;tu-- :u,w.

‘sl [\ '\r . S t-\\\

X Recc:vers. and the assomated prooessmg um vaxy in . theu' conmlex":y nfrom
o -make to Jmake but. all mclude* the basic essentl..ls of antcnna, down-converter,
: receWer. wphase ~*drmodulator and” the ‘means . to~ convert’ bthe sxgnal back to

L dagld - 4 Ly . e 8] e

. Lo e
f[El JU ; :i)l\ \l,‘lk.:,l‘;"" ) ] . .Y

e ]‘; \ . {.t
';“J,‘,j.fﬂ) ) ’"EFAX EQITR)MENT p
;’iu- " .‘ . . et ,'ﬁ , ,..7.'_‘1‘,;;L.',q, _‘; o _;r‘l
Mnst WE.}-, .‘(' ':ystems ay maxi«;t:d as comr:lcw. .scuf-ronramed systems.
W , Indeed rece.-‘.f"rs splely for the purpose . of imiagzs., prudurtnpp arc in far wider, .. . . .
i "use than tho'e fcr DCP data recepnun, ant.,~ther::?arc Hman.--, supphers, some -, ., -
4 5 j i | cxamples belng .f, } ‘ , e ‘; S e ]l.:*“df'_. i RN (¢
o R S + Feedback lnstrumcnts Itd
| Crowborough East Suuxulrf d
; ¥ l : i
| ,NCS Lt ,f L . \:- \‘\ ~ .
r -Neﬂicas'.lc Nr b ?Br . ” oWl
. -_‘;_ , . . * $' "I,'- B S " [T ’j)"“}‘r IR
g usmq thc Apple Ma..mtoshnll RO
: i ,t.-‘ ,‘}' o Lt IR g, ,!L -,f )i, L -"\ r 'F . ;;_\;.. ’i}k
i Howevrr. only’ those umts”which can’. bo'» aadeu( cn “‘to @ rec_exver installed et
- o spem .:ady ‘for DCP/DCS ffata recrptlon, w whi ¢ii-combine the two funmnns.
) caT e ; e D
b : n'--e[relevan‘ here. - Examples of this tipe of! p:oduc: include: S

,!‘"- U 5
+ 3 "\'
>

‘\y*

fy " 3 ,"1: ;1-:, i ALNRAN }
. N . TR ,‘ .
asynchronous data in ASCI characteis. Most syz:tems today inclnde & PC, 0 oo 0

with suitab'e software to store the incoming data oidisc e
All receivers als0 output the WEFAX image . s:gnals. whuch take a standard

- form for all satellites. These can be dccoded md d:ap,\ d by addmg 2
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housing for the DCP and 1ts battery. This nced be no more than 2 wooden N
housing with sides of S0 ¢cm, and a 2 m lugh pole from which the antenna is L
deployed. Some guying may be necemxy in . exposed places. Figure 4.1 W
illustrates a rainfall telemetering outstd Altemat:vely. if there is already a

housing for a stilling -well for examplk. .c DCP can be sited within it and

the antenna fixed to a pole on its wall (Fgure 4.2). The cost of installation

is thus minimal,

The receiver requires only desk space, while the 1.5 m dtan.et “rish can be
installed on the ground or on a flat roof with simpic. fixings. - Figure 4.3
illustrates the installation at Wallingford. The installation procedure is also
simple, and involves directing the dish until the maximum signal level is
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mdtcated on the recewer's stsn. level meter. Directwity isa not: highly cntical
a]tht igh potiioning the 'antenna is eased with a portable meter. "

- 4£3 Operational costs | o

i " . .‘ . . "‘
Ty

U! it

'I‘he ‘cost of mnnmg 'a satellite te!emetxy system is" low Apar-. n\-m \occeslonalt

visits to carry out routine maintcnance it is anly necessary to vist._uistations

after o breakdown.. Tie cost of travel is" thus muck less' than that: mchned- ,

‘with logging Systons and the staff time involved is also. considerably les Even

‘a penndlc mspectton cain often be done by !ocal pemunnei and a "checked"
message’ sent, via DCP a.ong thh the data. -

‘-\'-.- NS
-

Operauons at . base are largely automatic.' | THes i.s 1 requiremem to
physicaly handle any data, 'as is ‘necessaty w*th us'»'-.» casscttes or - solid state-

_memories of log.gmg. system... Software can alen .\n ch;atOI to the. fa:lure of
“a DCP, or to when its batiery voltage or reportmg tim: are drifting out of

ey

: rzmge. Even- processing . of the mcommg data can be largely automatic.. Tl'us xs .
‘a’ "t.onsaderablc 1mprovrmcnt -on " the. operstmg 4 ischpiquos  necessary | ,m
m.mually-te..ded loggmg systems, which m cor..partson are h:ghly -a!uur
- intensive, o \ | . ) . i
L " o e . L R P S b et F Wy {{
" "4.64 " Maintenance costs S T
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The parts of the system‘“reqmnng mmnter‘ance by the user are the outstatioé 3‘
‘and the recezver, 'the, remaznder being the concern of ESA BEEAR NP Sy
DCPs have (o meet precise standards. set by .:3A before they .can s fuse:I iy

with METEOSAT and this results in mstrumems ot' qualrty. Mamtenancc

»
l) 'nslts ‘to " outstations’ are thereby . kept . to a mmunum.

Visits ‘to” outstatlons V&ere nccessary 0 attcnd to sensors,

(_ . n'\ﬂ

\' amongst ten DJCPs,
: power supphes or - wind damage, but. not to DCPs. B :
I‘hc recelver. of wluch only one is usually "quu'ed Operaies in a more bemgn
. environment than the DCPs .and is thus subject to less environmental. stress,:
such ; as temperature extremes. Betng operated at- a ‘mar:ied  base,- it is also
‘open 16 immediate “tests . if performance is in  doubt. :Maintenance 'costs ' are
-thus: restricted to the: repair- of hardware failures of the one unit at an

access:ble stte. . | .

Vi . - L : o
A

Ry " it by

Durmg the IH tests no receiver or processor fallure occmred, .. the only,d
©  maintenance reqmred being the replacement’ of ‘the' dwn-converter on the
.o receiver dish. This is the .one, part.of the base system whzch is sub]ect to the

same environmental extremes as the DCPs, and tlus came t !xght dunng htgh

. summer temprrature... ) R v

‘F‘}. o “g." “' . I>.]
,."" LA T v

PN

"As w.ss shown,.in «the i
- hrevicus section, in “over three years of iH testmg. only . two faJlutes occurred“.
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465 Cost Of wsing the satellites

. METEOSAT

EUMETSAT have mtro uced the fol..mng pohey regarding ehargrng for the
use of METEOSAT for the telemetry of DCP data.

the * National Meteorologu:al Service, or when messages -
Other as wrll pay :

v »
-.(-.,s

If data a-e' relevant ¢
. are transmitted over\f:;}J'j"&O's GTS, there rs no charge.
as follows e

S
i . l,’ %

: tnroe hours, a c.harge of 3.5 K ECL vnll be made for the first year. This is
. approximately cqmvalent o £2390 at 1990 rates of exchange. .Subsequent years
will he: charg:d at approxunatel) £1020. Assuming three-hourly time slots, this
amounts e 2S4S transmissions  per year, or 35 pence for' each one-minute
message. - Ccmw.mng this - with telephone telemetry, one-minute calls currently
cost ﬁ’ee W Toi 2 local call in the cheap rate in - the UK, rising to 20
pence atv ime. TALES, OVEr 56 km. Rate: ﬂnge l.om 86 to 137
penee per minute. ; : 1

y

{

Powever, up until rhe time of LU T =i & use’ of the
. METEOSAT telemetry facility frec f-_‘jfrj oo shd . s D0 o fdJsurance in
*-,-qr"'nng (19%4) from BSA that there v .. SRR AR ‘v meatms, 10
'charge users such a’ IH for data eo ' P R & b e that
~egsearch orgamsanons, collecting meter- -+ CT e e it forms ‘
pert  of /-a - narional Meteorologi¢ . = - - SRR 4 . i "jauthorised ‘
progmmme of t!‘"" WMO. can expee jSte....

pefore a user «an operate a DCP l-i;‘ii. ppucanon nust’ be made to
EUMETSAT by completmg an admlssron questronnalre. Enqumes should be :

drrected to- )\l\

Nty

'Ih- Director, EUME.TSAT
“Am Elfengrund 45

D-6100 Darmstadt-Eberstadt
' Federal chublrc of Germary.

Tl'Ine + 49 6151 53920 o o
49 6151 5392 25. A

o
'.-" \" .

.\ Fax , o .
| ‘I‘elex 4197335 (EMET D) L T
Polar omrtmg sarellz:er .

!

For  application to uje a, p.olar orbrtmg satelhte the, address gwen above in
section. 4.2 should be, ased. Charges fur the  USE. of the Argos system are

.ot

E __‘_"‘A‘w ) J

]

Commercml -tariff: 24.320 French Francs A per= stanon per year l' Tlus is

-equivalent to about £2452, per year. AP S

fgr

. “ . il[l g 4‘

Reduoed tanff (W?.AO) for met«.orologlcal_ apphoatlons. ,3173 PF (£‘317) per A .
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There are -also meetings concerned specifically with DCP use.

Sl "Recervmg mos’

e

”wa ‘the- polar satelhte «direst,’ or over™ the G’I’S

“The '1nten'aeti0nal_JliSituaftion‘"' e ',
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The three func*lons of M’"‘I‘EOSM . 1:nag" generanon, unage drssemrnatron\

and data cohectlon - are gene sally treated separately. with vrer meetings being *

__orgamseo by EUME‘!.,AT for both image and DCP aspects. For imagery and
~ their” applzeations. rel ular “Scientific User" meetings, hosted by different
. ‘countries, are held "“The most recent meeting was in Spain in 1988, the

- " previous one in'iiie Netherlands in 1986, with the eighth planned for August

1990 in Sweden.

The First
‘Meteosat DCP Users Cenference was organised by ESA and held in ‘Portugal
in 1986. At this meeting, papers fell into groups covering DCP applications in
meteorclogy .ieight papers), hydrology (two), oceanography (two), seismology

wand gy nphvsres (two).eand teehmeal details of DCPs (four). A second meeting

,:_"" plrnne" foe 1901 m '\,v-eece.

oy
r‘ " -", . ¥~‘
oy U [J ;

u‘en. ‘en, at present is the Second Generanon of METEOSAT
<'ihe . first of t.lew'ﬂec‘mga. concerned with this:-was held in France in 1984 and
resulr: 14 i “deveryl studies being set up, subsequently reviewed at* Workshops in
Raverna and: Hokenschwargau both concerned entirely with imagery.

The .,econd meet ng -was held in Santiago de Compostela (Spain) in 1987 and
“was concerned as much with DCP. telemetry as with imagery. It was at this
meetrng that the importance. df DCPs - to .hydrology was stressed - and the
estimate of 5000 DCPs bemc in use in. hydrology from 1995 onwards was .
made- by BSA “The author "attended* this workshop and “was' the - only
hydrologrst present . Europeast hydrologists need to become more aware of the
value of satellite telemetry if good use is to be made of METEOSAT’

capabilities.

D

5.1.2 EumnATplm L

In addition to "ulﬁllmg the METEOSAI‘ launch programme outlmed in section
254, EUMETSAT also plans to . malce a contribution in the area of polar
6rb1t1ng satellites.  At” _prescat’ his’ is provided by the USA from its two
'NOAA' satellites. A . Evg( pean polar., eatelhte Is, however, planned for the: late:
B 1990s and this will’ add® g further DCI’/DCS option to that of METEOSAT.
(A question worth ralsmb\ is whether ‘DCS data, telemetered ‘via _future
Europe A polar satellrtes. could be retransnutted via. METEOSAT. as well as
© Such-a- facrllty would “enable
__.a from areas’ beyond thé 2000 Xm. ‘Tange of such ‘satellites to be recewed' |

dlrectly by users;,on. thiz" same, hardware that recerves DCPs.. ‘I‘lus would allow
data to be c‘ollected from" any pomt on earth) -
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The co-ordination of the international system of geostationary satellites is
achieved through a sumber of paths, in particular through EUMETSAT and

WMO‘ .W' !

5321 EUMETSAT

e
N '.‘ll,
Ly e

EUMETSAT acts as the secretariat for an informal group known as the
Co-ordination Group for Meteorological Satellites (CGMS) which meets abgut
once a year. It has established international standards for image .dlsscmmanon
and for DCP systems. It includes ESA, EUMETSAT, Japan, India, the USA,

the USSR and the People’s Republic of China. ¥

EUMETSAT also "attends the meetings of The International Polar Orbitipg
Meteorological Satellites group (IPOMS), and is now sceking to develop its

fa

own contributions in this area.
522 WMO

WMO also co-ordinates satellite operational activities at "meetipgé"' held at
regular intervals. The most recent meeting was held in Geneva in Novpmb_er
1989 and the following is a brief review of the international aspects considered

in the report of the meeting (WMO 1989).

Japan

- GMS-3 is the current operational Japanese satellite, at 140° angituqe. GMS+4
was launched in September 1989 and was being tested at the time of tl.1e
meeting. It was due to become, operational in December 1989. GMS-3 will

then -be moved to 120°% as back up. GMS-5 is due for launch in 1994 to

- replace GMS-4.

Currently GMS satellites do not offer a retransmission service for DCPs,
making it impossible for users to receive their DCP data directly. Data can

only be received over the GTS and must be in the standard WMO format.
There are no plans to provide retransmission in the forseeable future, and the
absence of this feature has already proved problematic to this author in
«connection with a telemetry project in Malaysia. This must surely limit the
usefulness of GMS satellites; Japan is urged to reconsider the matter.

UsA

The GOES series of gebstationary satellites have been in operation for the
longest, “and - GOES-I is to be launched in 1991, with GOES-] at an

_unspecified . later . date, as required..

The Z-pol'ar_ "orbiting . NOAA10 | (AM) and NOAA-11 (PM) are those currently

- operational. NOAA-D (PM) will be launched 1n 1990 and NOAA-I (PM) in

1991, with more to follow every 155 months. The next generation, NOAA-K,
L, M, N and O, will start a new 'sen‘es and will be able to handle 1200

platforms in the Argos DCS system. . |

The Space/Rosearch Institute - (INPE) and the Institute for Space Research
Activities (IAE) will have two satellites launched, one in 1991 and onme in
1993, in low equatorial orbit. They will carry DCS transponders, compatible
with the Argos system. There are: also plans to launch two. polar orbiting
satellites, one in 1994 and and one i:: 1996 for high resolution IR land
resovrces applications. - Brazil's Centre for Environmental Studies (CSA) also
currently participaies  with Japan, the USA and more recently with

EUMETSAT.
China
There is a co-operative effort Between Chin:‘é (60%) .and Brazil (40%) to

design, construct and launch two polar orbiting satellites in 1993 and 1995, for
land resources studies. ‘They will carry DCS transponders. S -

USSR

To daté, the USSR has rot operated any geostationary meteorological satellites. .,

They plan to launch the first GOMS satellite in 1991 and it will have: the
capability of handling DCPs. A retransmission facility will be available. Its
orbit will be at 76°, providing effective cover for the first time over the'
Indian Ocean. - | .

o) , | o | ’
There are also plans to operate two to three new polar orbiting satellites in
the Meteor-2 series. ~ Meteor-3, a new series, is on test following the : first

launch in 1985,

5.23 INSAT

While India does operate a meteorological geostationary satellite (INSAT) it
differs from the others in that its transmissions are ‘beamed, being receivable
only in the Indian continent; so far its images have not been ‘widely available
outside of the country. . INSAT also .has a DCP facility - but it, too, is limited
to within the continent. -In addition it is” linked to the ' national
telecommunications system and the satellite is also used for educational
transmissions.  INSAT s, . therefore, a special case and not - of - wide
international concern, especially as regards DCP operation. e

At 74° E, it is close to the position which GOMS will occupy (76° E)wlxen
launched, shortly, by the USSR, which will then provide cover for that region
of the world. For this reason INSAT is not shown in Figure 14. .= .
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524 Indonesia
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Indonesia operates a  domestic *"te ine | *’PALAPA) for its own
telecommunications purposes. This can alsu: be used for environmental data
collection, but since it uses different frequencxes qnd data rates to those of
satellites designed specifically - for meteorologicz! . surposes, conventional DCPs
.nnot be used via jt. As with the Indian satellite it is, therefore, a special

tse and is not shown in Figure 14.

5.25 Continuity

Assuring continuity is a high priority of the WMO panel of satellite experts
and they would urge national satellite operators to make their systems
compatible with cach other. The group felt that this was so important that
they put out a general statement about the continuity of service of polar and
geostationary satcllites, Its importance was stressed in particular for WMO's
World Weather Watch and World Climate Programme.

WMO stated that the operational components of the satellite systems must
have "staying power", with every reasonable effort being made to avoid breaks

in service. The importance of co-operation between satellite operators in

‘maintaining' continuity was also stressed: this was typified by the moving of a
GOES satellite over the Indjian Ocezn in 1979, controlled by ESA, and the

repositioning of GOES-4, in 1985, to  maintain DCP  services when

~ METEOSAT-2's transponder failed. =~ WMO ‘urge satellite operators to
co-operate by moving any of their spare geostationary satellites to adjacent
Iongltudes if they would be more effective in the global sense, while still

retaining full control

WMO and EUMETSAT are,, rherefore, wcrkmg to ensure the future continuity
of satellite services, and- t.? , mprehenswe internationai  launch

programme planned, a rehable:aﬁd ruh*x. mm; -service seems ensured.
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what instrumentation is available for hydrological data collert:on. Hydrologxsts 0w '_
‘and telemetry via telephone lines or ground based UHF radio has been in use-

of spacec raft and. Spaoe commuruc..hone equipment, satellite., telemetermg . :
systems are extremely simple .to install, operate and maintain from the user '

moved easily from site to site. At - base, incoming data -can be handled - Vg ok

in-situ data logging. While data, may be coliected - with- advantage,i.y" susatelhte, |
.. from remote parts of the UK, the technique becomes umquely 1mportant in
larger countnes and where large distances are to be spanned. This handbook
.is intended an.  introduction .. to. the new . techniques ~and as an
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Because technology is advanctng rapicly it is dltﬁcult to keep ahteast with

‘have long been <=4 to collecting data with conventional’ instruments, such as. L
cup-counter anemo.ne. 1S, and these still have an important place. Since the T
mid 1960s, however, data logging has become an increasingly - used techmque,,“ : *

for saveral decades. To . these, satelhte telemetry has now . been added n

L ;

Despite mvolvmg some of the most advanced technology avauable, in the form ; " W Wi

point of view. Overall costs are also comparable . with, or- less than. those -of ,
operating a2 UHF ground based telemetry netwoik or a ‘network: ‘of in-situ data S
loggers, wnth the Iatters rehance on field visits to collect the data. I o
Satellite commumcatton reqmres ‘no. repeaters and only s:mple outstatmn
construction.  Large antenna masts -arc not required. One: third of the
Earth’s surface can be covered by one receiver, nthtmmns hemg sited-
anywhere within this area. Systems can. operate for ¢iithdel” pmeds without
attention.  Faults  can be detevted rapidly . and . ~automatically.- - Power .
requirements are minimal, solar: power “being- adequate. ' OQutstations *can - be{ "?}:‘ RN

automatically. ~As many base stations can be .operated . as- reqmred wnthout ;’ Al
changes to outstatnons bemg necessaiy. - . | =

Satellite telemetry is now a viable altematxve to ground based te!emetry dnd )
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encourn""ment to use them.






