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ABSTRACT

Satellite cl oud notion Wi nds (awy are pl anned to be
operationally produced from sequential GOMS5 IR w ndow inages
in t he Hydr orret eor ol ogi cal Centre ( HMO) of Russi a.
Thi s paper describes the techni que for CMAs derivation. The i nteractive
procedure for target cloud selection and the cross correl ation nethod
for calculation of target displacenent are applied. The CMN hei ght
assignment is performed using neasured and absolutely calibrated IR
tenperat ures (whi ch correspond to the cloud top tenperatures) conbi ned
wi th "nearest" atnospheric tenperature profiles fromthe HMC dat a base.
There are two alternative approaches for absolute calibration of GOVS
IR data: the first uses the absolutely calibrated NOAA ( METEOR ) IR
neasurenments which are collocated with GOVB data; the second enpl oys
regression relation between neasured GOMS counts and calcul ated
radi ances and is simlar to known ESOC procedure. To i nprove the quality
of CMWAs the initial guess for themis extracted fromHMC prognosti c wi nd
fields. The described scheme is realised on PC AT 486/50 and its
efficiency is evaluated in experinments with real METECSAT IR digital
i mges. These experinents denonstrate the reliability of CMNesti mates
produced fromMETECSAT i nages. The HMC wi I | be i npl enenting this schene
after the adjustnent to real GOVS dat a.

1. 1 NTRCDUCTI ON

The Ceostationary Operational Met eor ol ogi cal Satellite (GOVS)
as the component of national observation space - based subsystem
is planned and mnmanaged by the Russian Federal Service for
Hydr onet eor ol ogy and Envi r onment Moni t ori ng ( ROSHYDRQOMVET) .



Technol ogi cal research and devel opnent to ensure neeti ng of ROSHYDROVET
environnental neasurenent requirenments by GOMS spacecraft are
impl emented by All-Russia Research Institute of Electromechanics
(VWIITEM. VNIEM is also responsible for integration of on-board
i nstrunents and manufacturing the GOVS series of satellites. Foll ow ng
post | aunch checkout s ROSHYDROVET t hrough its technol ogi cal centres and
institutions assunes responsibility for GOVMS operations.

The maj or m ssion of GOMS is to provide continuous observations of the
state of atnosphere and in particular the observations of atnospheric
wi nd fields, whichareusedinthe nunerical weat her-prediction. National
pl ans envisage the developnent and operation of an integrated
environnental satellite systemby the end of 20t h century conpri si ng bot h
low - orbit and geostationary satellites.

GOM5 is designed as three - axis stabilized spacecraft and wll be
| aunched and | ocat ed above t he Equat or at the approxi mate position 76° E
in the nearest future. Its mssions and services including the

di ssem nation of output data products and relevant neteorol ogical
information to various domestic and foreign users will provide an input
to the WMO G obal Cbserving Systemand t he Wr | d Weat her Wat ch Progr anme.

The maj or technical characteristics of GOMS and its m ssions, services
and products are described briefly in (Karpov, 1991) together with the
revi ew of GOMS ground segnents and cl oud notion wi nds (CMAN derivation
system out | i ne.

The first version of the GOMS ground processi ng systemand operati onal
package (software) for CMNretrieval were devel oped on the basis of
dedi cated m ni conmputer conplex used for imagery realtine ingest and
preprocessing and on the ES mai nfrane conputer conbined with speci al
m ni conputer for interactive analysis and visualisation. To date these
facilities are being replaced by distributed processing architecture
i ncludi ng m croconputers.

Thi s paper describes CMNVextraction procedure from GOVS data whi ch was
devel oped i n the Hydroneteorol ogical Centre (HMC) of Russia. Section 2
of this paper describes the experinental CMNderivation system Section
3 deal s with the procedures for absol ute calibrat i on of GOVMS | R channel .
The resul ts of CMNextracti on net hods and cal i brati on procedures testing
intrials with real Meteosat IR inages are discussed in section 4.

2. DESCRI PTI ON OF CMW DERI VATI ON SYSTEM

At present time cloud notion winds are produced routinely by satellite
oper at ors fromNOAA, EUVETSAT, JMA, | MD, see (Merrill et al, 1991; Schnetz
et al, 1992; Uchida, 1991). The winds at two |levels are planned to be
operationally produced from successive GOVS IR i nages at the HMC. The
met hod of CMWNderivation which will be perforned, for CMNderivationis
described in (Anekeeva et al, 1989).



Here we gi ve sone details of revised PC version of GOV5 data processing
system prepared for CMN derivation. The flowhart and basic processes
of CMW derivation in PC processing package are as follows : mnmanual
sel ection of segnments or target windows in IR image display for further
processi ng; ani mation of time-sequential i mages; target cloud sel ection
and tracking within search area for the deternination of cloud-tracers
coordi nates on the pair of consecutive i mages; CMWNval ues assessnents;
cloud top height assignnment; quality control.

The procedure of CMNderivationis interactive. Three sucsessive | R and
one VIS images are used for target cloud selection and tracking. The
operator exam nes three successive IR imges at 30-mn intervals and
sel ects target window and fixes a search area. The tracking of inages
is based on pattern-matching and utilizes the cross-correlation
coefficients calculations for possible displacenents of the target
wi ndow (32*32 | Rpi xel s array) inthe | arger search area (64*64 | Rpi xel s
array). The FFT technique is used for the acceleration of correlation
coefficients cal cul ati ons. For i nage navigation the predicted altitude
and orbital data together with data on scanni ng geonetry, data on | and
marks and Earth horizon data fromIR full disk are used.

Cloud top height assignnents are being nmade interactively. For the
| ow | evel wi nds therepresentative height isfixed. It will be deternined
by the operator on the basis of statistical fit between CMAs and
radi osonde winds simlar to (Uchida, 1991). Due to known difficulties
i n assi gnnent of correct height for the highlevel wi nds especially when
the target is sem -transparent cloud, two different procedures are
i mpl emented. Inthe first one, the derivation of | owlevel w nd heights
is based on the a priori prepared statistical height assignnent table.

Alternatively, the operator uses the forecast or analysis tenperature
profiles fromHMC dat a base as ancil | ary data and det erni nes t he pressure
at cloud top level by conparison between the IR cloud top brightness
tenperature and collocated tenperature profile. Such procedure is
routinely used for cloud top height assignnent on the basis of the IR
imgery from polar orbiting satellites. In the case of high
sem -transparent tracers, the specific correction is performed in
accordance with (Mdsher, 1976).

Normal |y, the CMAé are subject to manual quality control and filtering.
The quality of CMA is estimated through several steps. First of all the
two vectors produced fromtwo pairs of adjacent inmages (Wth the i mage
triplet) are conpared with each other. All vectors are rejected for which
the deviations in speed and direction exceed certainlimt. After that
the vectors are conpared versus "true" val ues (the | atest avail abl e wi nd
field forecast or analysis fromHMC database). The wi nds which are in
large di sagreenent with true val ues are renoved.



3. CALIBRATION OF THE GOMB | R - W NDOW CHANNEL

Absolute calibration of the GOMS IR data is not perfornmed onboard the
satellite. In many neteorological applications (like OCMN height
assi gnnment and SST estimation) the know edge of nmeasured IR quantities
isrequired. Therefore the design of effective calibration procedure for
the GOVB IR data i s necessary.

Simlar problens exist for METECSAT, GOES, GVS radionetric channels.
According to (Gartner, 1988; Schnetz, 1989) the current ESCC procedure
of METECSAT | R channel s absol ute calibration is based on the regression
rel ati onshi p between cal cul ated radi ances at the top of the at nosphere
and associ ated onboard counts.

The calibration of GOM5S IR data is foreseen utilizing two alternate
approaches : the first one (procedure |I) uses the absolutely calibrated
NOAA ( METEOR- 3) | Rmeasurenents whi ch are col | ocated wi th GOVS dat a; the
second (procedure I1) enploys |inear regression relationship between
measur ed counts and cal cul ated radi ances simlar to the ESOC procedure.

The theoretical background of procedure I (which is called isosecant
nethod) is given in (Berio et al, 1982). The nethod is based on the
simlarity between radi ances neasured by | Rradi onmet ers on geostati onary
and polar-orbiting satellites due to the fact that spectral responce
functions of some channels of both radioneters are sufficiently close
to each other. The fol |l owi ng measurenents are supposedto be usedinthis
procedure: the GOMS | Rwi ndowchannel and METEOR- 3 | Rr adi onet er s channel
10.5-12.5 um (the channel of NOAA H RS-2 instrunent).

The subsequent steps of isosecant nethod are as follows
derivation of regression relationship between radiances Rg from
geostationary satellite and Rp from polar orbiting satellite in
the form Rg = A * Rp + B on the basis of synthetic
nmeasurenents for the sane scene; the determ nation of calibration
relationship between radi ances Rg and neasured counts C in the form
Rg = D * C + E on the base of quasi-coincident and
si mul t aneous i sosecant observations fromboth satellites.

The second cal i bration procedure consists of the followi ng : selection
of cloud free sea surface fragments and fragnents with cold cl ouds and
a priori known cloud top tenperatures and attribution of related counts
on the IRimage; calcul ations of theoretical val ues of radi ances at the
top of the atnosphere using fast radi ative transfer schene for sel ected
fragments; formation of |earning sanple of pairs "cal cul ated radi ance
- nmeasured count"; determ nation of calibration coefficients; contro

of calibration quality.

The fast radiative transfer scheme from (Winreb & HIl, 1980),
spectral response function of IR channel (see fig.l) and
tenperature and humdity profiles from HMC database as ancillary
data are used for radi ance cal cul ati ons. Two ki nds of
rel ati onships are foreseen : R = A * ( C - ¢ ) and
R = B * C + D where R = neasured radi ance, C = neasured

count, G =count at space view, A B,D=calibration coefficients. The
choi ce of suitable fornul ae depends on the | earning sanple. If we have
sonme pairs related with cold clouds it is possible to use the second
equati on.



4. EVALUATI ON OF CALI BRATI ON PROCEDURES AND CMWV EXTRACTI ON SCHEME

The descri bed nmet hods and software for GOVS data processi ng on PC- based
equi pnent (AT 486/ 50) have been devel oped and evaluated intrials with
real METECSAT | Rdata. To receive highresolution|Rinmages fromMTECSAT
the HMC experinental receiving station (PDUS type) has been exploited
during the period Novenber 1992 - July 1993.

For the validation of the procedure Il the data for | earning sanple were
collected on the basis of analysis of 7 IR image fragnents (512 x 512
pi xel s) coveringthe Meditterani en Seaand Atl antic for 7 days i n Decenber
1992. The total nunber of collocations (R C) in learning sanple is 44.
Theoreti cal val ues of radi ances were conputedwi ththeradi ativetransfer
node 1 (Weinreb & Hill, 1980) and spectral response functions shown in
fig.1 (Annexe to METECSAT-5 calibration rep., 1991) using collocated
tenperature / humdity profiles from HVC dat abase.

The results of performng the procedurell are showninfig.2. Solid line
is the derived calibration equation wth nornmalised calibration
coefficient A=0.664 ( MW (nfmtsr*cm?) ). The dashed 1i ne shows current
ESOC calibrationlinewith A =0.63076. The points in fig.2 depict the
el enent s of | earni ng sanpl e. There are two sets of pointswithtwo centres
of gravity related to sea surface and cold cl ouds.

The maxi mumdi f f erence bet ween radi ances conputed with both calibration
equati ons does not exceed 0.7 mW (mtnfsr*cm?) that is not nmore than 1%
of sanple nean val ue of nmeasured radi ances. This experinment validates
the procedure Il as applicable to calibration of GOVS IR dat a.

Wth the described procedure the experinental CMVextraction has been
perfornmed on the basis of three successive IR inmages from METECSAT- 5.

Fi g. 3 shows an exanpl e of the CMNproduct as obtai ned for 23.09. 1992 at

15.00 GMI and region of Atlantic. Conparison of CMNretrievals versus
coll ocated wind field anal ysis data denonstrates the reliability of CMNV
esti mat es.
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speclral response funcltions
" of GOMS IR channel and METEOSAT-5 IR window channel
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