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ABSTRACT

Visible and infrared image data from the scanning radiometer on the
NOAA-2 and NOAA-3 satellites are received by a VHF "APT" Station at Colo-
rado State University. In addition to producing the regular hard-copy
photographs, the taped signal is specially processed by electronic means,
converted from analog to digital form and further processed in the computer.
Details of the processing steps and equipment will be described and the
meteorological application of the full-resolution processed images will

be noted for cases of both synoptic and mesoscale weather situations.
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1.0 INTRODUCTION

The first direct-readout Automatic Picture Transmission (APT) of
visual image data from Vidicon sensors was inaugurated by an experiment
on TIROS-7 (1963). A second direct-readout milestone occurred in the
late 1960's when the Direct Readout Infrared Radiometer (DRIR) on
Nimbus-3 (1969) and others on USSR satellites allowed local users to ac-
quire both daytime and nighttime data. A third advance took place in
1970-71 when the Scanning Radiometer (SR) experiment on ITOS-1 allowed
reception of simultaneous visual and infrared data (during daytime).
(For details of this experiment see Schwalb, 1972).

The purpose of the present paper is to describe and demonstrate the
fourth advance in VHF direct-readout meteorological satellite data re-
ception. It is the capability to locally digitize and computer-process
the SR data in quantitative form, thus expanding its usefulness for both
research and operational applications. This new opportunity for direct
readout users is made possible by the relatively low cost and high per-
formance of present-day electronics components and of small computer
systems.

After the calibrated infrared data became available, Myers et al.,
(1970) described a method to work with gray-wedge data using analog
methods. Shortly thereafter Miller and Vonder Haar (1972) demonstrated
that digitized SR and (and APT) data could provide the bi-spectral view
to local users that had such value as noted by Vonder Haar (1970).
Miller and Vonder Haar (1972) described a first modification to a local
"APT" station that could produce digitized data. The present paper dis-

cusses an improved station in existance in the Department of Atmospheric



Science, Colorado State University (CSU), Fort Collins, Colorado. It
also presents application examples of the digitized direct-readout SR
data from the NOAA-2 and NOAA-3 satellites.

The applications of the direct readout meteorological satellite
data fall into several categories. For example, weather forecasting
units can use these data in various forecasting operations. In addition,
real-time support for scientific field experiments is becoming an important
area of application. Even for research after-the-fact the full resolu-
tion data are often most accessible to scientists from direct readout
ground units since the large data archives may contain only processed

and averaged data.

2.0 BASIC SYSTEM COMPONENTS

The components of the CSU system are displayed in Figure 1; some
equipment is shown in Figure 2. The flow-chart denotes the four main
steps in the satellites data processing:

1) Reception and recording of the VHF signal;

2) Discrimination of the signal components;

3) Analogto-digital processing; and

4) Computer processing and display.

2.1 Satellite Tracking and Signal Reception

Satellite tracking information and VHF signal reception has been
well documented (NESC, 1969; Vermillion, 1969) and will not be discussed

here. We use computer generated tracking information rather than that
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Figure 1 Flow chart of satellite signal reception, digitization
analysis and quantitative data output.
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Figure 2 The NOAA-3 polar-orbiting satellite which provides direct-
readout visible and infrared information which is received
at the CSU satellite ground station (10db gain antenna, VHF
receiver, stereo tape deck and antenna driver, and Muirhead

photofacsimile).



obtained from a plotting board. As noted in Figs. 1 and 2, secondary
output from the quantitative signal processing flow are the hardcopy
photographs of the SR images as produced on a standard Muirhead photo-

facsimile system.

2.2 Satellite Signal Processing

After tape recording the 2400 Hz carrier which is amplitude-modulated
by the video (see Schwalb, 1972) the signal is processed by a specially
built electronics unit. This unit, termed the '"discriminator box" is
designed to facilitate subsequent digitizing and has a twofold purpose:

a) to convert the amplitude modulated carrier into an

analog video signal; and

b) to locate the synchronization pulses as they occur in

the video signal.
A small photo of the discriminator box is shown in Figure 3a. Figure 3b
displays the output from the box as noted in (a) above. The actual sig-
nal, from a NOAA satellite reception, shows the sync pulses, typical video,
and the calibration wedge which is also digitized and used in the subse-
quent computer processing. In practice the location of sync pulses by
the discriminator box is not strictly necessary since it could be done
in the computer. However, the reduced expense and more sophisticated
means to do it electronically makes the rather inexpensive ($300 for
material) discriminator box the most attractive option. Details of the
construction and operation of the discriminator box are provided in

Appendix 1.



‘poptaoxd osTe ST a8pam-dsls a9yl jo

dn-morq v -ueds aoeds YI pue Suisnoy 931T[[o3es ‘o3pom-dois
‘ueds ooeds ‘ueds yilaed oyl Jo uorixod 9TQISTA SUTMOYS XOq

JIOJRUTWTIOSTP 9yl woxy TeudTs 3ndino 0opIp (q <(4L3ITSxdATUf

21®1S OpeIO[0) 3B 3[ING pue pPauSISOp Xoq IOIBUTWIIISTQ (®

¢ 2an3Tyg



2.3 Analog-to-Digital Conversion

Digitizing NOAA's Scanning Radiometer data without loss of nominal
ground resolution (~4 n. mi.) requires a real-time sampling rate of ~1000
samples per second. This is well within the capability of a wide range
of small A/D systems of which we use a REDCOR system available at Colorado
State University. Only a single channel input is required. The detected
synchronization pulse is used to start the digitizing process such that
one digital record on 7-track magnetic tape corresponds to a single
satellite video scan line. The infrared and visual light portions of
each video record may be separated at the discriminator box or during

computer processing.

2.4 Computer Processing and Display

After digitizing the satellite video is in the form of digital
counts ranging from 0.0 - 4,096 arranged in a scan-line, picture element
coordinate system. The data then must be processed through four separate
software programs which are:

1) Tape dump;

2) Calibration;

3) Low resolution; and

4) High resolution
Programs (1) and (2) are necessary for converting the data from digital
volts to satellite volts. Programs (3) and (4) are used to:

a) Convert either from satellite volts to reflectance values

for the visible, or blackbody temperature for the IR; and

b) Display these values in gridded form.



Other programs could be developed depending on the complexity of
the analysis and display desired. Specifically, the function of each
program is:

TAPE DUMP

Gives a visual display of the data to: (see Fig. 4)

a) check the quality of the data; and

b) to locate the position of the calibration wedge in the

visible portion of the SR data.
Figure 9 shows the wedge on the visible picture. Out of 25 scan lines
only 14 have the step wedge information. It is these 14 lines which must
be located, which in turn determines the start time of the data, this
location then being used as input into the calibration program. If the
step-wedge cannot be found in a set of 25 lines, the data is dropped.

The TAPE DUMP program not only determines the location of the step-
wedge in the set of 25 lines, but also calculates the total number of
scan lines (computer records). These two values are then input to the

calibration program.

CALIBRATION PROGRAM

The purpose of the CALIBRATION PROGRAM 1s to linearize the digitized
step-wedge to the pre-launch voltages (see Appendix II) determined for
each wedge using the least-squares method. Thus this allows conversion
from digitized computer volts to satellite volts. An averaging scheme
is used to try to account for changes in the step-wedge during one satel-
lite pass. The data is broken down into 10 groups of 25 lines each. For
the visible this would be the first 10 groups of 25 lines where those

25 lines contain 14 with step-wedge information. For the IR it would be
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Figure 4 Computer output from program TAPE DUMP which locates the
step-wedge in the set of 25 lines and also shows that the

data is acceptable.
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10 groups of 25 lines which all contain step-wedge information. Coeffi-
cients for this set of data are determined and applied to the first 275
lines of data. New coefficients are then calculated for each successive
set of 25 lines by averaging the prior 10 groups of 25 lines for the rest

of the data. The coefficients are then punched on cards to be used in

the L,OW and HIGH RESOLUTION PROGRAMS.

LOW RESOLUTION PROGRAM

Once the conversion from computer volts to satellite volts has been
made the data can be converted either to brightness values (and then to
short-wave radiances) or blackbody temperatures for the IR once the
housing temperature of the satellite during that orbit is known. The
relationship between satellite volts and brightness or blackbody temp-
erature as a function of satellite housing temperature is provided by the
National Environmental Satellite Service (NESS) from pre-launch calibra-
tions (see Appendix II). The housing temperature for each orbit may be
obtained from the Operations Section of NESS. The conversion takes place
in the LOW RESOLUTION PROGRAM. The input needed to this program is:

1) satellite tracking information (from TBUS bulletin) which
allows location and mapping of the data;

2) the calibration cards from the calibration program;

3) the satellite housing temperature coefficient cards as
given in Appendix II for the visible data;

4) satellite orbit number, start time of the data to initialize
mapping (for details of mapping and listings of other programs
see Madden et al., 1972 and Madden and Parsons, 1973); and

5) coefficients of the 4th degree polynominal derived by a
least-squares fit of satellite volts vs. IR temperature

for a given housing temperature (Appendix II).



|

The output from the LOW RESOLUTION PROGRAM is a gridded array (20
latitude by 5° longitude) of SR data (visible or IR) which has been averaged
by taking every 5.5 data points in the east-west direction and every 2
data points in the north-south direction and deriving one number which is
displayed. This gives 120 data points across normal computer paper (see
Fig. 5). An alphanumeric character display is given in low resolution
where A=1-2 watts/mz, B=3-4 watts/mz, etc. for visible, while 2000K5A<205,
205§B<210°& etc., for the IR data. These intervals are chosen at will
and can be whatever one desires. The only limit is the number of dif-
ferent characters capable of being printed by the computer. Once the
low resolution display is output it can be checked for earth location by
using the hard-copy photograph provided by the Muirhead Mufax and checking
known landmarks and cloud locations of these landmarks with the locations
of the clouds on the mapped low resolution display. Also areas where
further study is desired can be located for blow-up in the high-resolution

program.

HIGH RESOLUTION PROGRAM

The HIGH RESOLUTION PROGRAM displays the visible and IR data for each
data point on a 1° latitude by 1° longitude grid. Thus the full-resolu-
tion data (4 n. mi. at sub-satellite point) is available for examination
from this program. The input parameters are the same as for the low-
resolution except location parameters (x , y location given by number
of data points into a record and time of record) for the area of interest
are also necessary. Again an alphanumeric character display is available

and any range of data can be displayed as will be shown in section 3.0.
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Figure 5 Computer output from the program LOW RESOLUTIQN where
Colorado is outlined. This output provides display of
the entire horizon-to-horizon scan in which the data

has been averaged.
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3.0 EXAMPLES OF APPLICATION OF QUANTITATIVE DATA

The final output of the direct readout data processing described
above is an earth-located array of data on computer tape for both the
infrared and visible images. With the data in this form it is possible
to statistically analyze the data by latitude and longitude (Sikula and
Vonder Haar, 1974) or quantitatively compare and determine relationships
between the visible and infrared data which is available simultaneously
at each point (Bi-Spec; Vonder Haar and Reynolds, 1974).

Some examples of the way in which the quantitative data has been
used are:

1) Opportunity recognition in weather modification experiments.
In the seeding of cold orographic clouds it has been found that with cloud-
top temperatures within a certain specific range (-10 to —250C), seeding
has much more beneficial results than with seeding outside this range
(Grant and Elliott, 1974). Since the SR data contains infrared informa-
tion in the atmospheric window (10.5 - 12.5um) it is possible with the
quantitative data to determine the "skin'" temperature of the cloud top and
\thus determine if seeding of that cloud would be beneficial. Fig. 6 is
the hard copy photograph of March 18, 1974 showing a well-developed oro-
graphic cloud situated over the San Juan Mountains in extreme south-central
\Colorado. The Bureau of Reclamation is conducting a pilot seeding project
over the San Juan's during the winter months, so a preliminary study was
conducted to determine whether satellite data could aid in their decision
making. A high resolution display of this area for the infrared is shown
in Fig. 7 with temperatures between the range of 225-250°K characterized

(A=2250K, B=2260K, etc.; all temperatures greater than ZSOOK or less than
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Example of the visible and infrared SR data from the NOAA
satellites as output by a Muirhead photofacsimile for March
18, 1974. Note orographic clouds in south central and south-
eastern Colorado. Visible image is on left; infrared on

right.
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Figure 7 High resolution digitized and mapped infrared data for
March 18, 1974 where orographic clouds are outlined.
Only temperatures between 225°K and 250°K are displayed
(A=225°K, B=2269K, etc.).
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225°K have been blanked). Here we can see that the orographic cloud at
37ON, 106°W has a top temperature somewhere between -30 and -40 which is
too cold for seeding. However, this one case points out one precaution
that must be observed in using only the satellite data. In this case
there were two decks of clouds as can be seen from the sounding taken at
Durango, Colorado at 1205 MDT, 1% hrs. after the satellite pass (Fig. 8).
One deck of clouds was the orographic cloud located between 600 mb and
500 mb (with a top temperature in the '"'seed" range), while another deck
of higher clouds was between 450 mb and 300 mb which is what the satellite
was seeing. Thus it is necessary to have not only the digitized satellite
data but also to have some additional observations to correlate with.
However, as can be seen from Fig. 6, there could be no better way of de-
scribing and obtaining mean cloud temperatures for a large area such as
the San Juan Mountains.

2) As a forecast aid to predicting heavy '"upslope" type rain (flash
floods) along the front range and high plains regions of the Rocky Mountains.

Fig. 9 is the hard copy print of 19 July, 1973. Qualitatively
these pictures show extensive cloudiness in the northern half of Colorado
and almost all of Wyoming. The brightest clouds appearing in the visible
picture also appear to be the coldest or whitest in the IR picture thus
suggesting these clouds are the deepest and probably the precipitating
areas. The radar summary (Figs. 10) taken approximately one hour after
the satellite pass shows the 1aréest cell in the general upslope cloudi-
ness in extreme eastern Colorado topping out at 37,000 feet. This cor-
responds to the large white cloud on the IR picture located in this same

area. Thus qualitatively we have been able to define some convective
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Rawinsonde plot taken at Durango, Colorado at 1205 MDT
showing a well-defined orographic cloud between 592-515 mb
while another deck of clouds occurred above 450 mb as noted

by observer.
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Figure 9 Hard copy print of the SR data (IR, left; visible, right)
showing well-developed '"upslope' system in eastern Wyoming
and Colorado. IR picture shows some active convection taking

place within the general cloud band.
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Radar summary provided by the National Weather Service for
1740Z (1140 MDT) for 19 July, 1973 showing that one large
thunderstorm was in existence in extreme eastern Colorado
with a top to 39,000 ft.
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cells imbedded in a general upslope storm system. This is one clue that
heavy rains may be possible, and over a very large area. Quantitatively
Fig. 11, a high resolution display of the area, allows one to define the
general cloud top of the upslope cloudiness along with identifying the
larger convective cells. The IR data shows that most of the general
upslope clouds have tops between 250 - 260°K or -13 to -23°C. The large
convective clouds are shown by areas of A's, B's, C's and in one case a
large blank area where the top temperature is below 240°K. Since we have
now obtained the general cloud top temperatures and areal extent and loca-
tion it is possible to obtain heights of the clouds using radiosonde in-
formation. A sounding was taken at 1100 MDT at Grover, Colorado (110 mi.
NNE of Denver) in cooperation with the National Hail Research Experiment

(NHRE) (Fig. 12). The sounding immediately shows the very moist low levels

along with a strong easterly (upslope) component low level wind into
the mountains. Also good speed and directional wind shear aloft is dy-

namically driving the storm system. The sounding thus aides in the fore-

casting of a possible heavy rain situation but this is only a spot sample.
The satellite data shows that these conditions probably exist on the synop-
tic scale. In relation to cloud heights the sounding shows that the -13%
to -23°C temperature range is between 450 and 350 mb or between 20,000

and 27,000 feet. This agrees with what radar was seeing during the storm.
The higher, deeper convection, shown in Fig. 13, where the lower clouds
have been blanked, have top temperatures at 235°K or somewhat below as

seen by the blank area in the cloud at 390N, 103°W. A temperature of

-40°C would put the top up near 200 mb or 38,000 feet. This again agrees
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NATA FROM NDATT  Gun4es TIMF UF FIWST SCAN 16 1he Jwe 0o DATA 7/19/1973
AXXXXXXXXXKX TIME

NEOLPPOPO0/OPAS 164636

C LKKMOQQ 164636
inu UHJLNPPO

3 HEGIHIJHTJMNEPN

7 4GHGF H F EEF GDF HIXMPNM

T7JJJ1 THGEF EEAFEFF GF FRMMLML )

71K JSK JLK JHGDDBABBYCCODEFKML JIHG

K/ JKKK /KKKLNOM ) TFEDBDF FAYFFEETTTGGGGF

1J/LLLKJIKIGFEDBBAACC

<

CENCA ACDFF HF GF /F HKMNMK]
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TNFF G LC/HF GOHE DREF FERRMUMZLLLIK DKL NMIDDBOD/BBDTANDEECCCADEEFY T1JKIVIY

A=240-24|
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C=244-245
D=246-247
E=248-249
F= 250-25I

6=252-253
H=254-255
I=256-287
J=258-239
K= 260-26!
L= 262-263

oKL R 301 T JJLKI. /T 11 IMFEFEOEFKNPOMK 7 JKK LKL J1 TFENEEFE/DDCADDEEDECODF GHT LKJ/KIL
Tx 1701 DT IR IIIT L6 I KH/F GFHEECHDNF TXLIEHR /KUK K KHGGGHF EO/EFE OEDEGFEEFFHHI TJIKIL
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K11JT
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Tix

K

=

81 THGH/ZHOFEFLZLLKJJIITKUK/EFRCACARCBBCCCDBR/CDCOCF GHT JUKKKTIL.

IHFGIGFE /GENADF T 1 GRFFROHT 1/FECCEEDEDDACHBAZCO/ JOFFGTIKMOMMLIGT | M/ONONULKKK [JJKJHGF G/ABCBCABCCC 4 ZELNNLLNYPPOOOMLMM ' Me=264-265
PR EoEC 7D AREHGHF GGEFF GHG/FEDEEFIRC/AAISBDF 1/HENCEMLO NI THHKL /4L )J1 TIIHF IHIGFODE/AB BA &8 A/ JKMMKHKNMNMNL /ML N=266-267
D TGF GFECA/ TFECNFGHHTGGGF TKKK 7 TH/FHFFCHONCHAAE H.I/E CCITLIWNIE [HHGHTH/HIK.) JJU THHUKHHF CBA/B A AAAAACA /1MMNOPRR/QO000ML

JKKITTGGE /HIL JTKK LTHFF TK K 7 17K JOGHHOE CBCABROGH/HIEDG. )k L JITTJK JK /LJJLKKLKKKGTTJGDA/ODOR AABOCA /1K) /MIMMMOPNONN 0=268-269
LM T IRGG/HTKL MNL T 1/7F GHOGOF /KKK TG RRCCCOGHNR/CRONMT.J JJ JK JJKKLK/JJJKKKLULNMK JMLHNB/ AB BCCBBCOF0/8/K( MMNMMLNNLLLM Pe270-271

JJJIIIIIITZLN LANNLL JTIIT KT
ML MK 1T 7L/ KKKMMMLMLLKMLKMANZLNGL J 3L AMLRLPOMK /K JHUJHL ML OLOONNNN /ML MHL M MMMLLKK T 1J/EEDDCE/DEEFECCACLH/NROSARRRAPPPQ
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SONUMMNNMMML LK /LLLLNNONDRPPPOPPM 3/ 111 TLKLLLOOPOMLKKL/KLLKKKKLK IJLNMMM.) JK/MNOONLLMN 0M 1 ILNPSRQQP/BTSSSRSSR

MNMLLKKK NAK 1/ JTIHHIKL MMNO /1L JLM/LLLKKMLLMKKLLYLLLN STS/0! /STSQRORS W=284-285

OPOOPQONMMMONNMM/MHMINMMNLLLNONOONHL /KLMMLJ/LLMNONNMLML/LMLMMMMUL ML LLNMULNO, TUUVVV SRS TTSRPQASR X=286-287
NOOPQONNNNL MLNMM /KMKKK LML LLMNNONNMMY// JKKKLKKLKRLKKLLML /ML KKKKLLKLLKLNSNN v 55 T TUUVV/UUTR/NO

LOOPRRUSPONMMLKL L /L L NMMMNMNOOG0/0PHQ/Q0MLML “L IR & IK.) ILKK )/ XHALK JKJLLMKLKMOO00. TUJT//TUUROM Y=288-289
/TSR/TUVTPK

KMNPOUSSONNML MMNMZK KK ML /ONNMNNMNHNAL/PNMLMMNL MK LKLKL ) 1/LLYLIC)IK TKJIKLOPPS/0L 0O
PORORVUURPPNMMMNH / /L LML MMMNL HHOL A MM/ NNNOMMMUOR NN

A LLML/UNLL LLMNNHLLYMNO T T /Q0NPRROMMNMNOOR T TU/TTRPPPRS/SCAQT UMY/ TVEEYS

TTSSTSTUVVMLA/NPMN/MUMML NUNNOMMMMNOQQP /MNNPOOOSKOP /LNO! ) TV /RQF 00 T/RQ/QASUTRSPONTVVV /VRVEY
VVURYXE /N TRuMNOPPP NNO YPPOPORRG, S 0 UT/0000 STTU/, WUV
UV T 0PQOR INOC 00 STGSTTSTRAOM/LMLNI o /TTTSUS/RS TUT/VEVY
TSTTT /56 SVMWLITSRGPO/LLLNNPO /TTRQPO/STRT v SR

RRRPOOPOOPPRTUSSRT/VSROPPOPPPL IV AWV T SRORS, /PRQSS TUNUVVVVUTUU/WUUUTSOFRRRRS TUUU/SST
3 0 TR ! 2PPRAINLMNG/PPNO T 55, ROP/ONPARSTUTTTHNHVTVU/VUVVVVURSRRSRRSTUV/Q0
ONYTVTVUTUVYYWVUTSIPM /NNONNNORSSRAXSSSSRP/PAPOICUNS v STSQ/PORST TUUUUVVUUVTTS/UVEVVVTRRTTSSTVXX/SR

RTAVVTUVIUSUVMX XV TRP0/E0PONE HORSSTUNUTSS/un O ) UV /S T/TUUVVTTTTSRRTUTTTH/VTTSUVVUUVVVTUUWXE/R
NPQY TSSTUVVHUNX YRUTRSR/OROPEOSS wv--:ul|'>nuu/wanounwuwnn/r)v/sunwwn?(mmueﬂasmvlxl-vumesSYvuvv/uuuYuussrtuvsuv'l/s
PPRATUQQTTYXWXVWUUY TSRS /POPSSVTVVIURTSRANNY/OPASE AN/ BARSPRNONZREENNNHOONNNNNG OPRUZ XVVVEVVUSRRSSSRTSS/ TTTSSSSTSTUTUREXV,
RSUSY TUUVTVV X XWWVULIIVX W/ 00SSTVUVUURPPORSSRR /SSU/ LOPORRSSSSAPPAP/SRSRABRSANNTTSSTSU/Y VVVUVVYVY SSTSSS/STSTTTTUUTUVINXEY/
RTTU. ssRnPupwosam)nmmvssavuuwsmwurur~/u/va51vwrwnmuoppo/nwoupnownuuxnvwlkuuuwvluvuuuvsﬂ/uvV\'Y';rvuuvuuunx
RSSTYSSTSRANNPNMLOL MLON/(QSRPEONEEM/NMOKTST/PNORSRTY 4 X XXVUOPOON/NMNNPOPPRTHX /XXHEVVVEVVUUUTSTTU/UBEVRUUUUYHEY,
UVSSRARSTTS 55 TSRMKL L LKMUP/PRSU/OPPPOPMNOORSRA/PROONPTV Y 4VVEUTAOP/00ORRTTTUN v ¥ XY/ XMUVVXXXVVVVUTSHT/ZUTVVVUL

XuXWWUYTTTUSROROPPL JIKMO/ MRV SRTVUUUNMXXXY  YX/  YXHRWWNWVIUSSS/R

VRV XWAVWWUTRPPONN/O0PHL 00/00UPODHLNMNNNUK SPP/PPOTUNMN<MWXRVSTUR/ORSSTSSTUMA Y WXWXHY/Y XXHVVVEXXHGY)
TUVVUTTY UV ZPPAMKL 0SANMN0/0650NNS

JPEONMOPRTTS/ TVWVAX 44VVAHVWRVWY/0PRESSASYXXRAVHTVM/YYYYHEXX
JMNAPNPORSVUSRSRT/VXXY KXXXAXAWXMYXXV/SSOPOQSUUVVTSUVVXX/Y

WXWWTRGQOOPRAPNPRS/ ()

VXWX XXHYWVVYVTRPOPOOPHNNO00/ AONDN 4PAVUTRPORRSU/ AWM Y Y YXXWXAYXXXYXX/USTSSSTUSQTUTHH, 16,660
XXWUUWHH AY Huv LS| NP /0PORS 55! 5 JUMMXYY YYYXYY Y/VURRSQRRR 2660
XHMVTSTTSYSTTUTSSTRENNMNMOPP S/ 5SS TUTRASTUVTULUUUS/UULY VX YYYYYYY  Y/WVTO 16,661

VUBXXXXVTAD
WRUVVYVHVEY 1SS STSQOPOONNOPOPON/PRSIONPORKRKAPOPUN/OPNQUVY XY XXX L
XVVVHVVTUYATSROOUSRNNOORPOONML/PST TSSRPRPPEOPOOURR /PPSUNXY

7000SWVWEEWREX/VUVEUXXUUUVEXXEY X/ XXKEXYYY WU 16,661
V/UVVISQOPRSUVHVVUVEE /VVXREXX XX YXYXYXYX/XXXXXY  YYV 16,661
V/ YXNA/XdVRGORTVVAXYWHWXH/UWYRYXXYYY XYXHXX/XXYYYYXXXXV 16,662

0ND2/0ST TOPRS/GRRUVNXRYAY  YYH)

7 AW XVVMXXXXXZUUVTSQRUVEEEENUUMEY /X YYYYX  YYXY YXH/YHWVXXXXXW 16,652

wTT SUUUUSSTTTSSAPO/N N©/8)
anusmvu!\vumonn%sn-woouw R Oupe7n VVVUVUWXXXXYH/VHURRRRTUU YX YYXX/Y YX Y YY YX4/dXHXXVVEXY 16,662
£ JPPRP /P S<000RSU T7 00 /9% SRTUVVWWXNXXXWT/WY YVTSRTVVHMXWXXXH/ Y YYX XYYXYYXXXX/YY YXWVX 16,663
HXWMXNVSPOSY VUVUVSS 5085000908 TT/TUTUSIISTST Submi000/HITRSSRSUMKVUVXYYVT/VTSUTTTSSVULVXXXK Y/ YY XX/ Y YYYYW 16,663
XX XXVTEOUVAMRIVEHOT I IVUUT 49V YTV Y T TSUTSRR5RSS0N/NOPORRSUVUSUY Y YVS/TSRQORTTHEY YXXXd YY /Y Y YYAYYYE/VVXXYYX/ 16,663
T/ AUV Lt T5TSUTTTT/GPOSTVMVUUUTHXXXVUS/SSSSSSRSUVWHEY Y/ N X 16,664
Y Y XYXXXX T4 XWMVVAA/ XYV XX @ @VUT TUAIYVVV T /GSSTUSTSTVXHUNEVUUL/RRRRUVLUVX Y 74 Y/ /Y Y 16,666
XXy T XMUWY XAYY  /weMsV VYV VVUOHY TV /ZR00PARSST TUVVVVVVVY/SSRRASUUSUVKY Al ’ Yvys 16,665
X7 KXY Y XXM RWXXXKKWW K/ Vit wm o T Twa VY VUV /U TARQSSTTUDIY W YHY/ TOT TTTUMMXXX 4 / J /7Y 16,665
’ wwx/vywvvvxwwnuuwxuxxAvw|nwvvnunu/uvrsknwnulmwvvvtu/vrssnswwlv % o 16.665

Figure 11 Computer output from the HIGH RESOLUTION PROGRAM where the

borders of Colorado are outlined. Temperature representation

?s given by each letter is provided on the right. Blank area
in eastern Colorado is temperature below 240°9K.
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& GROVER 7507191100

Figure 12 Rawinsonde plot of the Grover, Colorado sounding taken on
July 19, 1973 at 1100 MDT. Plot shows a very moist low to
middle atmosphere with strong upslope motion in the lower

levels.
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1R DATA FROM ORRIT 3468,, TIME OF FIST SCAN JG  fne Sea 2o DATA (ARYAREE)

ATAXKEXXRXAR TIME

LCNGITUDE AND LATITUDE LINES ORAWN IN AT 1, Anu 1, uEGREES w;mc”vri Y
0 009 2?53 NOQP) 254 DONL2S3/NMINILKKHKLY

OM LM L/ O [ BeLBLL 1/ C
TFHFFF G /L 1THOHN N (F i) 1270 ) )

anPnJGuouu AMZTKG T IMNGHTRHTKLD
PO/ JTIXNUIFNRILPD &
QMK /KT TKKLKJA

A-!lﬂ °K
B= 236 °K
Cs= 237 °K
JJLHKRF )7 [H/FHTEGFLP D= 2308 °K
Y ANDFF £ 230 °K

F =240 °K
G= 241 °K
He 242 °K
Is243 °K
LKTGTJKLNGEOFFF GG/ J =243 °K
7FHINKHIK JKDGE 3 K= 244 °K
t?(‘;l??'il‘f;" oty L 248 °K
1/LLLTEFFHLK M=246 °K

1/ GHFRHOC LK JAH L‘UHJ/H . N= 247 °K
0+=248 °K
P=249 °K
Q=250 °K

16,665
16.665

Figure 13 High Resolution (IR) output where only the higher type clouds
have been depicted. Data displayed in this way can help define
the areal extent of the high clouds as well as pin-point
their location.
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with what radar picked up at 1140 MDT. Thus the satellite data, in digital
form, along with sounding data can identify, over a large area, cloud
heights and augment radar data. This helps define areas where possible
heavy rain will occur. On this day, Grover, Colorado and Cheyenne,
Wyoming, did record 3.00 inches of rain.

This one example also shows that cirrus clouds can be identified by
the IR temperatures as well as contrasting the visible and IR pictures to
see if low albedoes occur with cold temperature. Thus it is possible to
identify cirrus clouds in the computer which would be beneficial in
another area of application which concerns monitoring the downwind effects
of seeding in the NHRE area. Watching the day-to-day cirrus blow-off
from thunderstorms and relating this to seed or no-seed days it should
be possible to relate seeding to cirrus outflow and thus determine if
more cirrus is produced and whether it affects convection downwind of the
seed area (Brier and Grant, 1973).

3) As a forecast aid to predicting heavy snow along the front range
of the Rocky Mountains.

This application would follow along the same lines as the description
above except that we will be discussing snowfall. As can been seen by
Fig. 14 there is a general upslope cloudiness extending over Colorado,

New Mexico, Kansas and parts of Nebraska, Texas and Oklahoma. Agéin

there are two levels of clouds; one lower upslope cloudiness - light
precipitation, another deck with much higher tops (i.e., northern Colorado)
where precipitation would be heavier. Again, the digital data provides
cloud tops, locations and areal extents of the heavier type precipitation
areas which could be used as an aid in forecasting. On this day parts of

Fort Collins, Colorado, 60 mi. north of Denver received 3 inches of snow



Figure 14
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Visible (left) and IR (right) NOAA SR data for March 10, 1974
showing an upslope snowstorm system over eastern Colorado

and northern New Mexico. Note contrast between the visible
and IR data.
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while Denver received only 1.5 inches. The high resolution IR output of
Fig. 15 shows the higher clouds outside the black boarders which would
be the areas to watch for heavy snow.

These three areas discussed are only a few of the possible ways in
which digitized satellite data could be used. Also the way in which the
digital data is handled is infinite. The important point to remember
is that it is possible to obtain this digital data at a relatively low

cost.

4.0 SUMMARY

The fourth advance in usefulness of the direct readout VHF meteoro-
logical satellite data has been reported. With the addition of the
"discrimination box", which is described in detail in this paper, a
mini-computer (with a minimum of 16k core) and an A-D converter, any
APT station has the capability of obtaining the described quantitative
data. The programs described in this paper are only one approach to dis-
play and analysis of the digitized SR data. Once the data is in the form
of reflectance or blackbody temperature, the mode of display and analysis
is arbitrary. Here at Colorado State University we are working on a
method to display the digital data in visual form on a television screen
by use of a scan converter and mini-computer.

Several applications of the digital data have been described. It
has been shown that many field projects such as in weather modification
would benefit by the use of this data. Also small research groups or
forecasting units that are out of reach of the normal stream of meteoro-
logical data (i.e., fax maps, teletype) could make very important use of

the quantized data especially in local storm problems. The cost of this
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WEXVVVVUNH/XWTSQRORSTSTT $XSS/QURPPOONNLKLLMAL /NOONON/ JGHGGHK JK/MLKLLLKLMIMNON K/NOOMNNMULLKLKIK/hHGIAJKQIKIHI//JLLLKLLL 16,816
VBVTUTURXXY/XWUUTTSRSTRRRSTS2/PTSRUODONLKMLMMMNA N/NONK T FTHIKKLKK /LLLJKKMMMNY 00114/ NNKMLML JK SLJKKJ/HHHJK JKK JK/ [ML/NLNMNOLK 16,816
vy T PPPUNNMIK 1L JLN/N/ LMLLKM JHHTANKK 037 J.JGHJ TKLLMONMLL/MONLKMLL JULIKKT/HHLRHL /KKKKMLO/NMMMLKN 16,816
VVVUVVUTTSTU/VTTSSSSRPRPOPPAOO/O0PUNKMLK J/KKLLNN/NMLKJIT THTJ1JUKT T/ JHTHTIIKLLNOONMN/OL KLLMK JLKKJ1G/T E/JLKLKKMNNO/ONHJIKLO 16,817
UVUVVUTTRGSS T/SRAASOSRAPPUOPOPO/ONMK/KLINTIKK UNP/LL VI JIKKJJITJ1JG/HHHMIIKLIUNNPONO/NL LLLKMMNNNMLK ./ JKKLLMNLNMNNNP/NLKKLO 16,817
TTTUTTUTSSRAR/SRROPOORKAN0000Q0/ / ONMK S JHK JK JLKHNN/ JKKKK JKKKKK T JHJ T/ GGF GHGM JKKMNNOO ZIINMMKK IK 7 JH/ T JLLLKNNMMNLMO/QOOKLL 16,817
TSSRSPAONOORTT/O00PPAORPNMM/ONML/LIHGGIGGHHK LULLKI/F  JUKKAIIHIMGHHF /FFHF F GF HKKMNM ‘ﬁqnnrrF/(,ILLNLNKLLLNOOINNHLOQ 16.818
RSSTTRRA0QAOOSS/ONMMDOG/NNLINNNLL / L THHK IMRITUUKLIKZ THI T JJLK L IRHHIHH/FEFFEFFF T TOKN: ”mﬂ GOF GFF /1GJLKLKLKLLLLM/NMNMM 16,818
OPPPGPPPOPPORRR/HU/MHLPPOOJLKKLL U/ I JINGGR [ARIALHG/GT TLJIIKIITIKIIL/HFEFFEGHINTJLLMAKR T I 1 HHHF GF CH/HHJJKKMRJSKKLL/ZKLLL 16,818
/SR/SRT STI/JIKIHIYIIKLRL S/ JIKLKMLLKKLK T T/ TTHHIMKK NMAML L KK UL JJUIHJIE Z ILKLMLMKNRLJJ/KNKO 16,819
NNPNNNNNN/PQRSTG/SRO00PONNLKK JKJJS/ JJTTHIKKLTOLLIKJT/ LUK IIKISITTTIHGH/ HIGGE, HHIHG I HGHGGF FH/ TJU T JIKJJTIKKK/MMM 16,819
JITHIMHLI/L i FURINM/TJIKLLNNOLL TTGG6/, KLIFDEDHIKKALH T GHHGHFFFHERH/ IVG1JHMJILJTI/MNN 16,819

NNMNNLLMNNOPOPOPQ/ROONL [ JOFFEGFEEF GG/ GEFEGNMIML LM TH/HGHRIJIIK I TH WETTJOIKIFOOCGEEY HEDF HHFEFDEDEE/ GF GGG IHF GFHMIHH/JY 16,820
/00QRSRRRADONOPPOS/ROOML JIGGGF GGF EGG/HF GF GGG 1L 1w 1HK 1T/ GHHILMK. F G6F FGOHGG6HIIT/HIHGKITHITIHI/MM 164820
/MMNNNNNANAME NNNPOR /L JHTF GCCDF FEECCEF /DDDF EF M1 GHE HIHHM/FE YDEDCF GFF HHHGF /F GF FFGGHF IFHHI/M 16,820
P ONLN /PNLJIE! £FF/DEFEFGHAN HFGFF ! FHHEECEGFHHF IH/ GF GFGRGGGT/IK/M 16,821
N/HLNNOOONKK ) TMPONL )/ GECBCACDCEF ECLEGG/EFF GHOUF LEHESS HCCBBBACFDDDF /DEEE GHF /FFGIKH/ 16,821
NN/ OMK K./ GEC FOFFF GOGF / GUEGGHN 7EEEOF /FFE L6EFFFOGFFFGNG/DCCOFKHHEEDA GFE/DHOEWFFFF/ 160822

?_L.Bi [da o
i ©GLEFFDCEE/EEEEEEFFFFFRMeDCC/DDEGGF DDC G/ /LEEFFGEDFEERT

F 0/F F EMOAF QUE EFEGE/LF GOGF OF MMNE OF CE/ THDCCEGF FF CA BOABA  C8BA/BBOLD/EGELDF GEEGOEE
DCHBBA | BA/AADCOCCEDG/BHBFGHHEERFG

BCBEBRBBADF DHM/ JJHGGBGOF F i
7 8 8 AAA BED/FEGFGFEACHC
ECA/HCDCDCCCUCEDCBOBED /ML LnF GOE JCBEDOF €/ GGGGF ABCEDEEE/EOEFEFEDDE
EODCEE CR/DEF DGF DECFEDDF OCC/LRF FCFEKEDEDDCAD/EEDDCBRYBAAAABDL/FEGB/BFFGFFFBOC(A AB A AACCEED/DEFDGEDECO
CCCCBOC CEFFFD/EFGODCODC
DABACABBCOC/EOBOBEECD
CCERD/ DBEEFFO

MKMNMK IHH/GOCOE CCE EE COEDDCC/DEVBDECCRBCCBOEFE /CLEFEECHACCODEGE J/ IEEC/BCEEEGF TTIL/LY IMHIIHT1EF CBBRADRODOCC
LNMK I IHF G/GDCOCDCDF DEDBDBCBE /EECCUCODCCOVDEE L/ LEDF OCBEKBEFFGILA/HMHIHGGOHRHIJJIFF /EBDF GH. HCDADA AA BBC CC BABA/DSDBDDD
KKI1THGEEG/CCOFECFDEGEDEEDDF /EFEFEVEEBHDDCOCEDU/ OF GEDEDFFEF /GHI/GFENF CCAEEEEGGGH/EGHHIJMMI 0BAA BECB AAA A E/B8BD/ED
OLIIIGFFCO/DECCCEDEDODCRECCHE /BCCHCCCBOCCOCCALA/ AEVEDC/DFEUGEDFE/ZECOEDCBCCCDBEF 1/FFHIJLRNPP
LJHHHHHGNDE /F DODDCOE DDCCCCCENY/CHELCEUDECDEECACL/ CC/ CCDF EF HRITGGGAEECF GEDEFFFFF /EHKEMOPPOPNO!
PNMKTJGEFEEC/DCNDCOCBCERABACDE /BCEDCCDEBABBLBLL/ /EEEFFGFEGGLIHFGFE/CCEDDFEF IRJLPROL/ !
JIIJIFHFFEEE /EEDCBCCCOCCBCBBOCL/ CCOELEDEVD/DOUBAC/DF EFEEDGEJIIGEGP/EEEC HpdP 00|
IMFGGGEEFECEH/CRCONNNE BACCARCC/ECUCEC/DEDEGF bf LH/EEEEDAGGALMIIHNGS/ T JOUTTRPOGQPP
FFGFFHEEFECON/CCBCDCCBCRBAABRABB/ /t CCBUDEEOCCBEEEF /F GLIGHONKKHGGGGE /F MNNOML MNNOO YN/ MOKMNOOPOOPO!
FEDDEFEF/CB/VEECECCCOF DDEDUFEG/ IKMT 1UKILKHIIKJL

IKH/EBS A /B8 CBC
/HHGEFEDEC  /C AC
JAEGDDEPBAAEBCA / BOC
RL JSYJIHGEE CCDOCDCC/AAD
K. 3/ IFEDCEEC/DEEGF DOEF EDELLHGG/ JUKIFHINIGHIKKUIK/) NG AF HF FDOBDBCBE /8
FOGFHFFRFEEDCED/ OCACDDDNDEDED/EF IF DEDELDEEFFF GG/ JITHIMITIKILKLK FED /
EFFFEGGFFGEFND/C/UDCCCCABHC HACBDE /FEGFEEDE CECEUCFGF /KKK IF GF OHJE IGTKIIN/POPOOPPPPP0O0Q/0/ ORRSASSRSRRRR LJBFFGGGCAA/ B
HGHITIMHG/FFFGGG/UEEFEEEEFDCNOCE EFF /GUEFEEREF LENLGGHF /1 THFDEEFEGGHT POROA TN 1 16GHQEGED/C
HIDF/MH FFFFFFFFO/CCODE BCCCEDCDCOE/DEEF COULULF P& COED/FFHGF GEDF F DGHIJMN/ PP /00PORPPPRQ/ SSRSASRSSTRRSSS AP 00
FFHGGGHGGGFGF GGFE /DF FFDECE COF DDVGF F F/EEEQDEEF bur FEDCAD/ESEEFEF CEF GI1JLH0/ P/ Q0QRRPACPRRSTR/SRSSRSVSTSRTTSSYSRON
FOFGFGFF G IHHFF EBE/OGGFECCOEEEEDEOUE /DEDOCDEEF LF £EGECEE/EEDVEEECCOF GIS/NN/NOOQOOR ORRAQOQQ/RPRORTSTRRRTST AGSSAN
HHHFF 1GGFHJIT IGGF 6/ LHKF F HF GF EEHEGGHF /F DF GEF F HHRJF F GEEEG/A TU/TSTSSTTUTSTUUTTESRTSS
/FGFGG BHIT HEF /F 1) THF 66GF EEGF GGG/ EF EGGGGF FFFEDFEFE/GFF 14 as” /RSSTT sST
6/GGGHHGH.) UKL JHGGGHG/ EEF FF GOEULDEF EF GG/ GF OF FF Ggr TSSRTT. XSTTTSTTR/QONN
H/FHGHGITH uUD FGRUEF FELDDO/FFHH/EFDEF (A TSRTSRRR, TTTT/SRONOON
JH/ THFFGFF G F GrAF bLu/ EFEF M1 QST I TUuT R/URTUWJLNGS
GF /FHFFEEEEGT TRR / AYSTUVUSVPNPQ

OI1/HHGF HF HGH 1K \ TTSU/TUTTRRPPPQ/TSSSASTTVEVTO0QQ
FGI/GGFHCFEEFG] ) 6F E 0/ EEEEVELEEDE DEDFF G/ GGAKL T/SRROM 5 TUVURRRSRQ
ILJG/FFFEGGNFFE T JGF ZGHHOF OHG T THLGHHHF E/FF IKEI;NOODOOPDPQ/PPOQHSOR PSTSVX/YX/MTSRRRSTSSSTRIVVHTUTTTS
GBEF /EFFDOLDF HHG 1K TOM/GEFrOF FREFFFF G6F 0/ THILLE TT55SSSTYTTUTUTSRR
JIIHH/HHHGE GG TFHF 6 050R I SSTUTTRS
GHG GH/IGFGGFN/FO1 /QRSSKR, NN TRRRSSSTYTUUVUTSR

GHMMHT/GH/FETGGF 6O INLL /Q/RRRRT!

16.825

© 16.826

16.826
16.826
16.827
16.827
16.827
16.828
16.828
16.828
16.829
16.829

ED 16.830

16,830
16,830
16.831
16,021

A=280~-231
B82232-233
C=234~-228
D=236-857
E=230-239
F=240-281
6=242-243
He 244-248
I=246-247

R )

HHHF /FF /FDEDFEDOEEF T 6/6MUMIIITT DF HGLGJ/NDNMK L STRUTULUTY 16,836 §=266-267
HEHGGGG/ HE GF FFE DDF G / JNMLML JJGF GGHO T JIANLLrNOPNNO/00000/ QRSSRRRRORSSTSAP/0QRR T THSUT TSUASTVUTY Te200-269
L LJNEE /EFEFEGGGHEHIRAR HFFH LK RSST of STTURUTTSTT
TIHINITT/GGHF GHGGOE GHHG IR QP/RSSTSSTST! T asueTTTUY U=270-271
TJGHGF GGF /FGHGGGGFHAGT 1 TTHUK STRQOT Ve 272273
FEGJIHINF/GFHFHF GF GGOFH 1T THJ/.N W I\ OPPPNMNOOOPOPS/WRDST TSSRTOMMOPQ/RSSSSSSPRPSSREE
GOHGF GGF 11/GFEFEFEGHF GG INLL( 30R5 16,838 W=274-278
IKGHGGHFHIL/FGG JGTEGHOHMHITTL/Y) R RRUIONQPQS. #/TUTT 164839 yoo76-277
EGEF IGGGHHT/FF GGGOF FHIMHHIGGG 1/ IRMUONNMMMNMM/| ANMOOM/LNUOPPP: PO Q7 /TTT 164839
T HHHJTTHUM, /S THHHF GHIK THOMKHN 1/ NPPUPOM/PONOQPOPL R /71T 16.839 Y= 2T0-279
GOCAHFHHGF EF /F GGF FHFF GEGHF EGHMM/ A NOQN.JJJJZ00PPONLLLNKQPHOP /QQPOPOPPOJL 7RORQQPRPMPPSHOP/RR 16,840 Z:200-29!
HHHIMHIGIF GTH/HGHHHHGG THG KHS/AK/K QRSS/ ? R/RS 16.840
F/00PQSTT/YROQSRPRRETRAS/TR 164840
J /000UHRROORRS/ROBOQQRSRTRATS/S 16.841
TITJTUKITIND H/ZHGET 1L THGOHAXGLIK/ p 7/PPNNQSSYTRRORKRS /POOQPRSRRRRORR/Q 16,841
JNHHGGIMI/GHTGF /GF FRFFF T (4 IGILML/KKIFGF L 1F i 45 16,1
JLIH/IKLIMLL TTI6/JJ1H 4 1K1 L JIKMLMMAR /LS TF ouledn JOONNMNRRG/OPRTVT TROOORKST/USSTTRATROORSS/ 16,
KJIKIKILLLLLUMKJF /16 05 F A JLL i/ POMMNKLMMO00/NOOROPHSRPOQREGR/SSSS QN RSQ 16,842
LEKLJLMULLLKTTIHFZ8 imn [ TGuM )k DL/ LT 0/NMUMLOPNPOPY HO0/5$5SQ000 STPPRRAO/SRSTIORORRUTTS 16,042
OF IMGITIJJHHT GF /GF=FGEAILL € ST iy Lyt 1 7 JCK I/ LANONL LKLMONMUUG/QMLMLLCPRO000 TU/POQPPNNOQURQD 16,843
JIMNLL MMULNNAMI LLLZ VMO 20T 5P LT 7P RPROARSE / UNNNOOPPRTYVEVVY /HUSHTUVVUUUSKOR /T TRRSSSRSRTUT 16,8423
Y LLALJKEXLY, JUTTTSRRN LLJJ/ANLNKNLLAONMPOOW/RNND PTQTSSCROP/RPPSPOARRP/Q 16,843
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00/ LM ANL Ju L ILKKJAJZLK Lol JTLLLLKMKLT/ZJIKKLLM MLJLJJIM/LLLNNOSP/LOOPOTU/W TTTTSSRTTVTUJ/UUUUUREY 16.847
0 L NHONMKNAM/ W Lok EriaL bRl EZLRLo ] fJJKIKL <M IT/REIKLOLPKOJJILKIL/LMN/M QRODOPRQ Q/RRSRROURD SUTVT/UVUVUVY 16,847
e 60 TCILA 17T IR LALMY JORLILLRM/CIR 11T )3 JUKREHA DAL /KK K KAKANGG LIWK /NLINSCOIKLNAOLL/MORPONORKMPONON/ TRTTSRS 16,847
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ONLLM PNZNHLBORONIH0 ) TANL LK /L J1TAF R KR VALMIR/N L TTUF 4tretnl 17/ 3% 11 JRRMUE [IHEOJL/MNKKRJMMEOUPPPQ/ROPROP TRSRS SK/TASUY 16,849
OPRRPO 7000UNONONS L ALJIAL 450N ILKLLRLIRLKAZLALK [ IPHMR/LLERR /UL BLNTPMIRNL JMN/KDIURKIRKSRSTSSR/PRVSTSTTINIVUVVV/VUV/ 16,849
QML NKN M 01 gl LU L) 1T 1%/ 1K ALLL S TLRE LAk S b/ e 4= / JIEIE L IIZL LI TIJUKLLNMKLNA /0P QORORUSKSPRR/KARUSSSWPVUUVVL/ /UTS 164849

Figure 15

High resolution (IR) output for Maxch 10, 1974 where areas
within the black line have temperatures above 252°K. Those
colder than 252°K are areas where the heavier precipitation
would be most likely to occur.
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system should not be prohibitive and in this lies the real fourth advance

in the use of direct readout data.
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APPENDIX 1

Operation of the Discriminator Box

The satellite picture, which has previously been recorded, enters
the unit at J1. The signal is taken from the recorder at the recorder
preamplifier to avoid the distortion present in the power amplifier.

The input buffer stage amplifies the tape signal from its 0.1 volt level
to approximately 5 volts peak to peak. The gain of this stage is adjust-
able from 0 to 100 via R2. Capacitor Cl serves to block any dc which may
be present in the recorder output. A test point is provided at the output
of this stage for testing.

Since the picture information at this stage consists of an amplitude
modulated 2.4 kHz carrier the next processing step is to pegin demodulating
the information by full wave rectification of the carrier. Ordinary
semiconductor diodes could be used for this purpose. But these devices
are essentially nonlinear and have a limited dynamic range. The addition
of two operational amplifiers, however, allows us to place the diodes in-
side the feedback loop of the amplifier so that the nonlinearities are
reduced to an insignificant amount. Looking at A2 (see Figure 16) we see
that it is configured as a unity gain inverting amplifier with two feedback
loops, D1-R7 and D2-R10. For negative inputs to A2 the loop is closed
through D1-R7 and for positive signals through D2-R10. Thus for signals
less than zero the voltage at point (a) will equal -Vin, while it will be
zero for any positive input. Thus A2 acts as an ideal half wave rectifier.
R11l is adjusted so that this transition occurs precisely at the zero cross-
ing. Full wave rectification is acheived be adding the original signal and

the half wave rectified signal in amplifier A3. A3 has two inputs R12 and R9.
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The gain through R12 is twice that through R9. Thus during positive cycles,
when A2 is not providing any signal, the output of A3 consists of only the
inverted original signal. During the negative cycles A2 provides a signal
offs tting the signal through R9 and the output of A3 is the noninverted
original signal. R8 is provided so that the gain through R9 is exactly
0.50 times the gain through R12. When R8 is properly adjusted the amount
of 2.4 kHz carrier in the rectified signal is at a minimun.

The picture information now consists of a waveform whose average am-
plitude corresponds to the transmitted data value and which fluctuates
at a rate of 4.8 kHz. The purpose of the two low pass filters is to remove
these fluctuations so that the average video level is developed. Since
these filters are identical we will only describe one in detail. These
filters have the configuration of a multiple feedback low pass filter.
Component values have been chosen to provide a -3db point of 1.6 kHz and
a roll off of 40 db/decade beyond this. Gain below the cutoff point is
unity. The combination of the two filters provides 80 db/decade roll off
with a -3 db point of approximately 1.0 kHz. Table I shows the measured
response of these two filters in combination as a function of frequency.
One can see that only 0.4% of the 4.8 kHz fluctuations pass through the
filter. This amounts to about 20 mv in actual operation. One might ques-
tion the advisibility of such elaborate filtering. It is desirable to
keep the maximun possible picture detail throughout the system. This
requires a wide video bandwidth which is in conflict with maximum carrier
supression. The use of active filters with their attendant sharp cuttoff
allows both wide bandwidth in the video bassband and good ripple suppres-

sion. For example, if a simple RC filter were used and the ripple level
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made the same as the unit now has (0.4%), then the video bandwidth would
be only 150 hz, which would result in a considerable loss of picture detail.
The desired analog signal has now been recovered from the satellite
signal. While it would be possible to randomly digitize this information
and then locate the various picture elements by a software search, it
is much more efficient to synchronize the digitizing process to the data
stream by a hardware approach. This assures that the data is always
digitized in the same order for each line in the picture. The following
is a description of the hardware used to implement this synchronization.
The recovered video is sent to A6 which is configured into a band-
pass filter. This filter has a Q factor of 20 and a midband gain of -4.0
and is centered at 300 Hz. The satellite signal carries synchronization
in the form of seven cycles of a 300 Hz square wave. The bandpass filter
responds to any 300 Hz component in the picture video, but the synchroni-
zation burst is by far the dominant feature. Because of the narrow band-
width of the filter, about 15 Hz, the filters output begins to build as
each cycle in the burst occurs. After the seventh cycle, at which time
the filters output is at its peak, the filter '"rings down'" at 300 Hz for
about another 10 cycles. Thus the end of the synch burst and the peak
of the bankpass output occur simultaneously. Because of the narrow band-
width of the filter, noise has very little effect on its output.
Amplifier A7 operates as a fullwave recitifier for the bandpass fil-
ters output. Fullwave rectification is used to double the frequency of
the ripple component to 500 Hz and to detect the average envelope of
the filters output. Amplifier A8 acts as a low pass filter with an

upper cutoff of 50 Hz, a gain of -1.0, and a slope of -40 db/decade
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above cutoff. It removes the ripple components from the detected bandpass
output. The output of this filter consists of the envelope of the band-
pass filter's output.

To locate the peak in this envelope we first differentiate the signal
in A9. A9 acts as a stopped differentiator in that its high frequency
response is limited by R35 and C15. This makes the differentiator less
susceptible to high frequency noise. Otherwise it performs as a classi-
cal differentiator. Al0 is used as a Schmidt trigger with one adjustable
trip point and zero for the other trip point. In operation the output
of A10 is normally at +15 volts. R41 and D6 regulate this positive output
to 6.0 volts. D5 couples this voltage into the voltage divider R40 and
R39. R39 is adjusted to provide a desired level at the non-inverting
input to Al10. When the output from A9 exceeds this level the output of
A10 changes from +15 to -15 volts. D5 is now reverse biased and the
voltage across R39 falls to zero. Correspondingly, the input to pin 3
of A10 falls to zero. The Schmidt trigger will remain in this state until
the output of A9 falls through zero. Since the zero crossing of A9 cor-
responds to the peak of the bandpass envelope it corresponds to the end
of the synch burst in the original picture video. Thus the -15 to +15
volt transition of Al0 is the synchronization signal. In operation R39
is adjusted until the trigger is triggering randomly because of noise.
Then it is set to the point where triggering does not quite occur on
the actual synch signal. The control is then set halfway between these
two extremes. Because of variations in the various tapes processed this

control is made accessible from the front panel.
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Q1 and ICI1A act as a level shifter to change the output from Al0 to
a TTL compatible signal. IC2 is a one-shot multivibrator which provides
a uniform trigger pulse, triggering on the rising edge of Al0's out-
put. The remaining circuitry is used to separate the IR lines from the
visible lines. Q2 and Q3 act as a simple level comparator such that the
output of Q3 is low if the video level is greater than the level set by
R45. R45 is adjusted so that immediately after the synch burst Q3 will
go low if the line is an IR line and will remain high if it is a visible
lines. When the one-shot IC2 is fired flipflop IC3 can be set only if
the line is an IR line; if not it remains in the cleared condition. If
it is an IR line then IC1B is enabled and the synch pulse passes to the
output stage. At the end of the one-shop timing period IC3 is cleared
and IC1B is disabled. When it is desired to synchronize on both lines
S1 is closed and Q3 is held low all the time. Q5 and Q4 act as emitter
followers with Q5 driving the system output and Q4 driving a light emit-

ting diode that is used as a visual synch indicator.
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TABLE I
Composite Bandpass Characteristics

Amplitude
Frequency Relative
0.0 1.000
0.2 .993
0.4 .986
0.6 .947
0.8 .845
1.0k .651
1.2k .547
1.4k .407
1.6k .270
1.8k .186
2.0k .129
2.2 .0948
2.4 .0658
2.6 .0483
2.8 .0361
3.0 .0274
32 .0213
3.4 .0166
3.6 .0130
3.8 .0107
4.0 .0085
4.2 .0071
4.4 .0059
4.6 .0049
4.8 .0040
5.0 .0034
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APPENDIX II

1.0 CALIBRATION DATA NEEDED TO CONVERT DIGITAL VOLTS TO SATELLITE VOLTS

NOAA-2 Step-Wedge Voltages (not known as function of Housing Temperature)

Step 1 Step 2 Step 3 Step 4 Step 5

1.2 2.4 3.6 4.8 6.0

NOAA-3 Step-Wedge Voltages (function of Housing Temperature)

THOUSING Step 1 Step 2 Step 3 Step 4 Step 5
- SgC 1.194 2.402 3.598 4.806 5.998
+5C 1.195 2.402 3.599 4.806 5.996
+150C 1.193 2.394 3.588 4.801 5.996
+350C 1.194 2.399 3.589 4.804 5.988
+40°C 1.192 2.396 3.585 4.795 5.990

Room Temp. 1.199 2.401 3.591 4.802 5.987

Bench 1.200 2.402 3.591 4.798 5.994

Visible

THOUSING Step 1 Step 2 Step 3 Step 4 Step 5
- SSC 1.197 2.398 3.584 4.796 5.988
+ SOC 1.198 2.395 3.586 4,795 5.986
+150C 1.195 2.395 3.584 4.794 5.986
+350C 1.195 2.399 3.590 4,793 5.985
+40°C 1.193 2.399 3.591 4,793 5.987

Room Temp.  1.197 2.398 3.587 4.793 5.982

Bench 1.192 2.393 3.584 4.795 5.988

It is these above values which are compared to the digital volts to ob-
tain the linearized equation to convert from digital volts to satellite
volts.
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2.0 CALIBRATION DATA NEEDED TO CONVERT FROM SATELLITE VOLTS TO FOOT-
LAMBERTS OR BLACKBODY TEMPERATURE

IR

ThousInG .
+15.0 y = .1331098E+3x" -
£25.0 y = .1338333E+3x" -
+27.5 y = .1320672E+3x" -
+30.0 y = .1329684E+3x" -
+32.5 y = .1323005E+3x" -
+35.0 y = .1316111E+3x" -
+37.5 y = .1313321E+3x" -
+40.0 y = .1316162E+3x" -

ThousInG .

- 5.0 1y = .1385819E+3x" -
+ 5.0 y= .1380794E+3x" -
+15.0 y = .1387238E+3x" -
+25.0 y = .1386811E+3x" -
+35.0 y = .1405100E+3x" -
+40.0 y = .1382504E+3x" -

4th Degree Polynomial

3

.1069548E+3x
.1050560E+3x3

.1073187E+3x3

3

.1075822E+3x

.1092760E+3x3

3

-1110111E+3x

3

.1113066E+3x

3

.1103458E+3x

.3322545E+2x2

.3195017E+2x2

.3312039E+2x2

.3310725E+2x2

.3378705E+2x2

.345671E+2x2

.3441902E+2x2

.3361286E+2x°

NOAA-3

4th Degree Polynomial

3

.1028811E+3x

3

.1018659E+3x

.1011301E+3x"

3

.1023954E+3x

3

.1018974E+3x

3

.1079273E+3x

.3182521E+2x2

.3113261E+2x°
.3070094E+2x°
.3183618E+2x°
.3142833E+2x°

.3501205E+2X2

. Temperature versus Volts for Noaa-2

X
y

it n

.5582265E+1x
.5330614E+1x
.5584758E+1x
.5556753E+1x
.5653134E+1x
.5788526E+1x
.5764213E+1x

.5601917E+1x

.5457140E+1x
.5278487E+1x
.5183641E+1x
.5540196E+1x
.5465066E+1x

.6394881E+1x

volts
temperature

1

.3511072E+0

«3344988E+0

.3537296E+0

.3499417E+0

.3537296E+0

.3624709E+0

.3615967E+0

.3519814E+0

.3523499E+0
.3372950E+0
.3303776E+0
.3639028E+0

.3607309E+0

.4429862E+0



