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THE INPE HANDOUTS TO THE 6TH LANDSAT TECHNICAL
WORKING GROUP (LTWG) MEETING

The objective of this report is to present the material
that INPE will make available to participants attending the 6th LTWG
meeting, to be held in Sao Jose dos Campos from 12 to 15 June, 1984.

Annex A presents INPE's LANDSAT Receiving and
Processing System in its present configuration and status (Item 5B of
the meeting agenda), as well as the experience already obtained with
LANDSATs 4 and 5 (Item 10).

Annex B includes the revised tables of Station Plans
for TM Reception and Products and of Implementation Schedule for Data
Formats Employing Superstructure Conventions, for update of the LTWG
documentation and presentation under Items 9 and 12 of the agenda.

Annex C is a short proposal for standardization of the
Worldwide Reference Systems, which we felt could fit within the "new
business" framework of the meeting.

Annex D shows INPE's preliminary TM Products Price
List. There are open questions concerning exactly how the NOAA
distribution fee would apply to some of the products.

Annex E contains a TM image received and processed by
INPE, to illustrate the appearance of the products to be offered.
Distribution to wusers is expected to begin later this month,
depending on the solution of the questions concerning the NOAA fee.



ANNEX A - INFE‘s Landsat Receivind and Processing Sustem
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1, Confiduration and Status

INPE’s Landsat sustem is split into two sites, The Receivindg Station is
located in Cuiaba» Mato Grossoy due to its deodrarhic rosition which
favors the best coverade of Brazil and South America’ the Processing
Station is in Cachoeira Faulistas Sao Paulosr closer to the resources
offered by the Rio-Sao0 Paulo redion. The tares recorded at Cuiszba are
sent to Cachoeira Faulista by rlane.

1.1 - Receiving Station

The rresent confiduration at Cuiaba can be divided into four different
functional subsustems?

- Tracking and receiving subsuystems including

+ one 9-meter rarasbolic antenna for S-bandy with associated tracking
and receiving eauirment (Scientific Atlanta)s installed in 1973%

+ one 10-meter raratolic antenna in cassedrain confiduration for
simultaneous § and X-band recertiony with associated tracking and
receiving eauirment (Scientific Atlanta)s installed in Sertembers
1982,

- Recordind subsustems including

+ one raralell 28~-track wideband recorder (Amrex FR-1928) for MSS,
installed in 1973, Ur to 2 satellite rasses are recorded onto one
7200 tare,

+ one serial-in-serizl-out 28-track hidh density didital recorder
(Martin-Marietta) for TM or MS5Sy installed in Februaras 1983, Up
to 2 TM rasses or 6 MSS rpasses are recorded onto one 9200’ tare.

+ one analod 4-track instrumentation recorder (Hewlett-Fackard) for
telemetry datasy installed in 1973, Ur to 2 rasses (8 Kbes) or 5
rasses (1 Kbrs) are recorded onto one 2400 x .,25* tare.

+ one serial-in-serial-out 14-track hish density didital recorder
(Martin-Marietta) for MS8S, installed by NASA to surrort the Backur
Flan.

The old RBV recorder (RCA TR-70) was transferred to the Frocessing
Station» as a backur to the existing one,
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- Date monitoring subsustemy including

1 4

+

an INPE-built hardware allowind simultaneous disrlau of the six
MSS sensors from any band in analog form onto an oscilloscore CRTS

2 COMTAL black-and-white visualization sustem with 3 512x512
screen allowing real-time or rlauback monitoring of TH video dats
in 3 movind~window fashion.

- Comruter subsustems based on 3 DEC PIP-11/34 minicomrputer and
rerirheralsy rerforming?

+

dgeneration of antenna rointing data printouts for satellite initial
sacauisition or manual reacauisitions

real time surprort of the antenna trackind 3s a secondary modes in
case of autotrack loss or malfunctions

downline loading of the COMTAL arrlication software.

The Receivindg Station is orerational for both MSS and TM and both S-
and X-bandssy and has been recording MSS dataz from Landsats 4 and 5
over full aceuisition rande since launch., TM data are beind received
and recorded redularly since Arril 6 1984,

1,2 - Processind Station

The rresent confiduration at Cachoeira Paulista is best described if
droured bty the instrument(s) to be rrocessed!

- The old MSS/RBV rprocessing subsuystem intedrated and installed by BRendix
ferospace in 1974, built around two DEC PIP-11/15 minicomeuters and
rerirheralsy including

+

one paralell 28-track wideband recorder (Amrpex FR-1928) for the
rlagback of M85 datar» and its srecial interface eauirment (Bendix
Aerosrace) carable of extracting from the incomind stream and routing
to the minicomruters throudh serarate lines the videos auxiliaru data
such a3s Time and Line Lendgth codessy and sunchronization sidnals.

one 70mm film Electron Ream Recorder (CBS) and srecial interface
equirment (Rendix Aerosrace) includind D/A converters and deometric
corrections circuitry to 3llow the comrputers to deometrically correct
the imades without the need for resamrlind.

one 3nalog 4-track instrumentation recorder (Hewlett-Packard) for
plavindg back telemetruy data.
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+ one modified VT recorder (RCA TR-70) for RBV rlashack» and its
special interface (Sunartic Sustems) to DC-restore the video and
route it directly to the analod circuitry of the Electron Beam
Recorderr 3t the same time sendind sunc rulses to the minicomputers
to allow synchronization with the deometric and radiometric
(de-shading) corrections.,

+ one RAMTEK visualization ecuirment with 2 256x640 color monitor

allowing display of MSS video from either the wideband recorder
(throudh the computer) or CCTS,

+ one diditizer table (Bendix) for measuring X-Y coordinates to surrort
either suystematic calibration of the EBR with drid ratterns or the
deneration of FPrecision rroducts based on Ground Control Foints
identified on bulk imadery,

+ one Quick~Look equirment (Celco)s connected directly to the MSS
recordery allowing the rroduction of low-resolutions uncorrected
imagery without computer interferences via a camera courled to 3
CRT.,

This subsustem is orerational but the mean time between failures is
decreasindg due to ade., It is receivind the addition of two new masgnetic
tare units (one of them zlready installed) to surrort CCT rroduction
with increased reliability.

The new TH rrocessing subsustems intedrated and installed bu Societe
Euroreenne de Frorulsion (SEP) in Deceambery 1983y with the final
accertance tests concluded in February, 1984, This subsustem is built
around a8 DEC VAX-11/780 and rerirheralssy and includes!

+ one serial~in-serial-out HDDR (Martin Marietta) for rlavback of the
TM taresy and dedicated acauisition chain (Enertec) including a
format sunc/decom and 3 rrodrammable demultirlexer., The chain is
controlled by an LSI-11 microrrocessor and communicates with the
comruter and with the COMTAL system below: Providing videos status
and auxiliary data,

+ one COMTAL Color visualization sustem with a8 512x512 screeny
intersctive kesboard and trackballs connected to the VAX and to the
subsamrled outrut rort of the aceuisition chain. This sustem
supports the rroduction of Quick-Look imadery (through a slave
flatscreen disrlay connected to the monitor and courled to a
Hasselblad camera) and also the interactive imade manirpulation
facilities (contrast stretchs edde enhancementy etc) available in
the processing sustem, These facilities orerate over imades
rreviously loaded into the 256-MB disk dedicated to this role.



+ one S-inch film Electron Beam Recorder and srecial interface
eavirment (Imade Grarhics Inc.)s This EBR is a3 second-deneration
device carable of both raster and vector drawindsy with deometric
fidelity rated at .01% and extended deometric corrections
carability,

The software of the VAX suystem (develored .Jointly by SEP and INPE)
incorraorates both rroduction and manadement functionss handling the
creation and updating of an acauired + rrocessed imades data basey
sllowing inmuiries and eproduction scheduling based on user reauests
entered into the system.

The TM processing subswstem is currently beind tuned to the Landsat-%
rarameters and characteristicsy and distribution of TM rroducts to
users is exrected to start late June» 1984,

Besides the two rrocessing subsustems abover there is a DEC PIP-11/34
minicomputer sustemsy installed in 1978y surprorting the manadement of the
MSS and RBV data bases» as well zs the ineuiries and orders related to
these instruments, It hosts 2lso the deometric correction suxiliary
functions far the rroduction of Bulk and Precision photodrarhic MSS
imadery (this latter fulluy orerational since earlwy 1983),

2+ Exrerience in Acauisition and Processing of LANDSAT 4/5 Data

2+1 - Receiving and recordind

A few roints deserve srecial notice in this area!

- The *assisted tracking® imrlemented in the POP-11/34 has not been
necessary due to the sbsence of autotrack losses in normal oreration.
The emrloved modely» howevery has demonstrated surerb rerformance in
tests conducted by turning off the tracking receiver after the initisl
satellite zceuisition., The comrputer took over controlling the antenns
without loss of a sindle dB in the ravload sidnals,

~ The telemetry recorder had to be adasrted to the new data rate of 8 Kbess
by using bi-rhase instead of FSK recordindg.

- Landsat~-4 TH data wes never received due to the early failure of the TM
transpitters, MSS was received and recorded Wwith no problems.

- Landsat-5 TM is being routinely received and recorded since Arril 6»
over the whole Brazilian territory (about 389 scenes/cucle). Due to
the higher cost of recording and storing TM datas recording over other
countries is rlanned to be subdect of srecial arrandements between each
interested countre and Brazil.
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2 ~ Processing

2.1 - MSS

Some rroblems faced in the processing deserved sreciazl attentiont

2,

Some hardware modifications had to be carried on the MSS format sunc
equirment to accert the new S/C identification code inserted into the
Time Code format.

An old rroblem affecting 2ll 24 MSS detectors was solved when it was
noticed that with Landsat 4 the rate of its occurrence was consider-
ably higher, This led to associate this rroblem with the increassed
Doprler effect due to the lower altitude of the satellite and trace

it down to occasional sindle-bit losses at the Demultirlexer in Cuisba.
Another modification in the MSS format sunc eaquirment corrected this
rroblem for the rrocessindg,

As in Cuiabas the telemetry recorder had to be adarted to the new data
rate of 8 Kbrs., A modification in the recorder interface to the comruter
had to be imrlementedy as well as a3 rather deer chandge in the
decommutation software.

A heavy "wooddrain effect® associated with detector coherent backsround
noise was observed on Landsat-4 MSS data.

2:2 - TN

Durind the Final Accertance testss in the reriod from December/1983 to
February/1984y several rerformance tests were conducted. Concerning
deometric fidelityy it is worth to mention the results achieved in the
deometric internal accuracy test. As a test imades the Toledo-Detroit
l.andsat-4 scene of Julw 23, 1982 was selected., The sustem deometric
corrections were derived analutically and arrlied to the Electron Beam
Recordery benefiting from its ability to accert real-time corrections
directly on its X-Y deflection circuitry, The full model (including Jitter)
was imrlemented into 2 UTM prodection and 50 well-distributed deodetic GCPs
were identified and measured, After removal of translational and rotational
errors with resrect to the UTM dridy the following encourading rerformance
data were verified?

03 %

29.1 meters
24,6 meters
38.1 meters

Scale deviation

RMS error in Easting
RMS error in Northing
RMS error (total)

-t *® *s we

Note that this is Just a sustem-corrected imade!
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From March to Mau/84sy effort has been srenty mainle in the software area,
to adJust the embedded satellite/instrument rarameters to the new
Landsat-5-srecific coefficients/characteristics, Changes have also been
made on the production routines towards 2 dreaster orerationalits when
routinely processing resl data onto Quicklook or high resolution EBR
imadesy at reasl time rates,

On Arril/B4 eproduction of preliminary TM imadery was initiated in the high
resolution film recorder with the main purrose of evaluating radiometric
and deometric auality as well as imade arrearance.

During this sreliminary production phase some arrarent anomalies were
observed?

- A banding effecty in rhase with scan rates visible mainly on uniform
radiance areas» has been seen and thought to be related with the Scan
Line Corrector rerformance, It was not observed in the Detroit imade,
at 40 dedrees North latitude, This problem is still beindg studied to
confirm or not this rossibility, In the meantimer imades are beind
rrocessed with a deometric correction level slightly lowery to force
rarallelism between forward and reverse scans, This has eliminated the
bandind effect without causindg noticeable local distortions.

- A severe alondg-line shift between forward and reverse scans can be
observed in band 6 (thermal). The problem is still under investidation.

- Concernind radiometric rerformancer 3 definite need has been felt for
some kind of contrast stretch trestment on data of most TM bands erior
to rrocessing them onto film. The attemrt to rrocess these bands to film
without such enhancements has resulted into very flat imsdes with roor
imade detail, This situation is addravated due to the linear damma
transfer function rresently in use in the EBR., All bands excert 4 and 5
will require srecial look-ur tables derived to accomodate the averade
radiance excursion of each band within the most favorable dunamic rande
of the film but avoiding» as much 3s rossibley cutoff or saturation of
the data. The intention is to combine linear look-~ur tables in the
comruter with 3 nonlinear damma transfer function at the EBR to achieve
this improvement., In this preliminary rhasey tests are beind conducted
to select the best dain and offset combination for each band for the use
of linear look-ur tables alone. The nonlinear damma transfer function on
the EBR will be implemented in the near futures and new dain/offset rairs
mas be reauired then.
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ANNEX C - WORLDWIDE REFERENCE SYSTEMS! A CALL FOR STANDARDIZATION
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Since Landsat D came to stade with a new coverade rattern» the concert of
the Worldwide Reference Suystemy ideally suited for reretitive satellite
coveradey bedan to face its first rroblems. We have now two Worldwide
Reference Systems instead of one andy with the several other satellites
exrected to be launched in uears to comer some confusion is likelw to arise
if the WRS concert is not revised. ,

At INFE we have got used to refer to the two existing WRSs as the *old* and
the "new" oness instead of usind the full names of "WRS of Landsats 1+2 and
3" and "WRS of Landsat 4' (whichy bv the ways should now be chandged to
mention a2lso Landsat 5)., Needless to saw that 3 third system would
invalidate these nicknames.

The next remote sensing satellite available to the international user
community will be exrectedly the french SFOT, For this satellite, with its
gside~lookind carabilitys the concerts of Paths and Rows will be definitely
inadeauate,

Thereforer evidence seems to roint to a deodrarhicallu-oriented WRS,
inderendent from any rarticular coverade rattern» a3s 2 long term solution

to 3llow users to srecify their ares of interest in a reasonably concise
form.

Some countries have already deocoded products based on @ chart indexs which
dgave to the outrut of their sustems this characteristic of universalitu.
What we feel the need fors howevers is an international consensuss rerhars
to be presented to the LGSOW6y on 3 recommendation for a2 geodrarhic WRS
that 3ll1 countries could use and would fit not only all Landsats but future
satellites as well,

In our roint of view» this sustem should have the followind characteristics!
- be simple to exrlainy to rerresent and to usel

- have 8 "resolution® of 15’ (aeprrox., 3I0km at the Eauator) to zllow
good seraration of scene centers for images like SPOT‘s (60x60km)
and also that users can exrress more precisely the location of
their areas of interests but surrort also the srecification of
larder areast

- stand above national chart indexing conventions and avoid the
somewhat confusing articulation rules of the internationzl Horld
Geograrhic Reference Sustem (NF23-Y-A-IU-3y etc.).
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A rossible imrlementations diven herein to illustrate the roints abover is
that we keer the well-known East-West/North-South latitude and londitude
scheme to define & l-dedree drids and subdivide each cell in 4x4 subcells
of 15’ addressed by 3 rair of 4-valued codesy one code for X and one for
Y. If we defined these 4 values as A»BsC and Dy for examrley Sao Jose dos
Campros (523:110/W45:53) would be in "Path® S2IZA/'Row"' W4SD. A Landsat-5
scene showind the city (Path 218/Row 76 of the Landsats 4 and 5) would be
coded a3s S23A/WASA for its scene center at S231046/WA5:00,

f# srecizl code denoting *rande® of interest or coverade could be also
defined to dive an idea of the size of & scene or the extension of an area
of interest whose center is exrressed in this WRS. This rande code should
be exrressed in terms of distance rather than in coordinatess due to the
converdence of meridiansy and corresrond to 2 nonlinear seauence (like 10v
20y 50y 100y 200) to limit the number of randes. The code could be arrlied
optionally to each direction or bothy derending on the convenience of
specifuind this information and also on whether the imade or the area
extends bewond or is smaller than the subcell containind its center, For
instance! the Landsat 5 scene over Sac Jose dos Camros mentioned abover
sized zbout 185x185 Kms could be coded as S23Ae/W45Ae if "e' denoted 3
rande on the order of 200 Km$ the city itself could be described by
S23Aa/W4aSDa if "3" uwas associated to a3 10-Km rande and one desired to
specify the arrroximate size of the citu,

If a deodrarhic WRS such as the one above is definedy it will become the
third (and horefully the last) one *in scene', We suddest that short and
uneauivocal names be azssidned to each one in order that confusion amond
them is minimizedy mainly between the first twor by aluwaus rrefixing the
WRS name to the Fath and Row codes. Just for illustrationy let’‘s say that
WRS-Ar» WRS-R and WRS-G (for Geodrarhic) are the names, We would have then
Sao Jose dos Camros 3s WRS-A 234/76y WRS-B 218/74 or WRS-G S23A/WASA. The
use of the deodrarhic WRS should anywaw be encouraded amongd the user
community, even for early imadery,

It was our feeling that the LTWG would be the best forum to discuss and
convey uron the subdects above. Therefores our suddestion is that a subdgrour
be arrointed with this task» for rresentation at the next LGSOWG meetind

if so adreed.



ANNEX I -- PRELIMINARY PRICE LIST

ATTENTION: Prices include the NOAA distribution fee of US$25,00 for
each photodrarhic rroduct and US$ 300,00 for each comrlete scene
in didital form. This fee does not arrly to Quick-look rroducts.

The erices herein are subdect to chande without notice.
The intended validity is until October 31, 1984,

A) Quick~Look rroducts (uncorrected/low resolution imades meant for
cloud cover and auality evaluation’ available in Just one srec-
tral band, denerally Band 33 scale and size arrroximate)

Scale Medium Size Code Price(US$)
114,000,000 Parer 40mm 0120 3.00

B) Bulk eproducts (Sustem—-corrected deometrically and radiometrical-
lu} Sun elevation-comrensated)

B.1) BRlack-and-white
Scale Medium Size Code FPrice(US$)

111,000,000 Film nedative 185mm 0202 110,00
111,000,000 Film rositive 185mm 0212 100,00
111,000,000 Parer 185mm 0222 75,00
11500000 Parer 370mm 0223 140.00
11250+000 Parer 740mm 0224 250,00

B+2) Color (normal band usade 2/3/4 for false color and 1/2/3 for
true color)

Scale Medium Size Code Price(US$)
111,000,000 Film rositive 185mm 1212 200.00
11120005000 Farer 185mm 1222 180.00

115005000 Parer 370mm 1223 240,00

Additional fee for band combinations different from the above
(master color nedative retained)! US$100.00.
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DIGITAL PRODUCTS (sustem—~corrected Just radiometricallu} deometric

e

--------- corrections alond line only)

A) Full frame ( n = number of bandsy from 1 to 7)

Format Density Tares Code Frice (US%)
BIL 1600 bri nk2400° 201in 100,00 + n ¥ 550.00
BS@Q 1400 bri nk2400’ 203n 100,00 + n ¥ 550.00
B) Quadrant (3-band or 7-band onlu)
Bands Format lensity Tares Code Frice (US%)
3 RIL 1600 bri 1%2400 2053 600.00
3 ESQ 1600 bri 1%2400° 2073 600.00
7 BIL 1600 bri 2%24007 2057 1300.00
7 BSQ 1600 bei 2%2400° 2077 1300.00
NOTES: 1)Pavyments must be made in advance throudh 3 nominal check

R L

to Instituto de Peseuisas Esraciais. An account can also
be maintained for auickest servicing.,

2)Prices include zirmail delivery for rhotodrashic erod-
uctsy CCTs are normally airfreidghted collect.

3)Norma3l servicing time is 10-1% dauss CCTs can suffer an

additional 10-20 daws delav to obtain the necessary ex-
rort license.

June 1984

Nelson de Jesus Parada
Director Genersl



ANNEX E

LANDSAT 5 - TM SCENE, CHANNEL 3, APRIL 24/1984

(BRASILIA AREA)
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