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ABSTRACT

This report describes software which accepts the HRPT service of
the NOAA series of pol-ar orbit ing meteorological satel l i tes, and extracts
the data pertaining to the HIRS and MSU instruments of the TOVS package.
The output from the program is an image containing the calibrated data for
the 20 HIRS channels and 4 MSU channels, with the latter J-inearly inter-
polatecl to the HIRS spots. The output image is cast in the format for the
SLfP image processing software, developed by CSTROMT. Earth location of
points on the image is accomplished by the satellite navigation package
which has been integrated with SLIP in the CSfDA system developed at DAR.
The software is designed for routine application, wtth manual intervention
only required whenever a new satellite is launched or whenever NOAA update
the cal ibrat j-on parameters of the operational satel l i tes.
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L . INTRODUCTION

The csIRo division of atmospheric research (DAR) has developed a
system for interactive data analysis, cal led CSIDA. The hardware consists
of two dishes for receiving teremetry from the geostationary and potar
orbiting meteorological satellites, together with computing power which
permits the satellite images to be displayed in real time. The softrivare of
the csrDA system is based upon the general image processing package sl,rpr/
DISIMP, developed by CSIRONET (formerly the CSIRO Division of Computing
Research) .
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Figrure 1. Schematic of the CSrDA system.
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The SLIP software establishes a standard format for images and
provides a large library of image transformations, each of which mdps
images from the SLIP inage set back into the image set. Thusr compl-ex
inrage transformations can be constructed quickly from elementary trans-
formations drawn from the SLIP library. The SLfP software is both well
structured and well documented. In addition, the device dependent parts
of the code are cJ.early identified, so that the software can be transferred
from one host to another with only irinor revision of the code. This
permits image processing systems based upon SLIP to take advantage of new
developments in computing hardware.

Before SLIP can be cal led to process an image, the data must be
cast in the standard SLIP format. The CSIDA system contains software which
reformats the data stream from the radiometers on the geostationary meteor-
ological satellites and also from the advanced very high resolutio4
radiometer (AVHRR) on the NOAA polar orbiting meteorological satellites.

Embedcled in the high resolution picture transmission (HRPT) from
the NOAA polar orbiters is the data from the TIROS observational vertical
sounder package (ToVs), which consists of three instruments:

(1) the high resolution infrared scanner (HrRs), wh_ich samples ni{reteen
infrared channel.s, with wavenumbers fron 66t cm 

- 
to 2660 cn',  and

one visible channel with wavenumber L4500 cm 
-;

(2) the rnicrowave 
-soundig -"1it 

qfu)_, 
^which ,sampl:" 

f9fr channels with
wavenumbers  1 .68  c r l r r ' ,  1 :79  cm 

- '  
1 .83  c rn  

- ,  
1 .93  cm 

- ;

(3) the stratospheric sounding unit (ssu), which employs a selective
absorption technique to make measurements in three infrared channels,
whose spectral characteristics are determined by the pressure in a
carbon dioxide gas ce1l in the optical path.

These l"nstruments are designed for temperature and humidity
soundJ.ngs of the atmosphere, and are used routinely by meteorological
forecasters. Software to extract the temperature and. hunidity profiles
from TOVS data will be added to the CSfDA system in the near future.

This technical report describes software which accepts the HRPT
service of the NOAA series of polar orbitinq meteorological satellites, and
extracts the'data pertaining to the HIRS and MSU instruments of the TOVS
package. The output from the program is an image containing the calibrated
data for the 20 HIRS channels and 4 MSU channels. with the latter linearly
interpolated to the HIRS spots. The output image is cast in the format for
the SLIP image processing software. Earth location of points on the irnage
is accomplished by the satelLite navigation package which has been
integrated with sLrP in the esIDA system developed at DAR.

Although the task may be simply stated, as in the last
paragraph, the code is quite complicated for the followl-ng reasons.

(1) The HRPT data stream is organised into frames for the AVHRR
instrument. Etnbedded in each AVHRR frame is a sequence of
five TfP (TIROS information processor) frames, which contain the
data for the instruments in the ToVs package. The five TrP
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frames are updated every three AVHRR frames, so the TIP frames are
not received in sequence. Because transmission errors or loss
of synchronisation between transmitter and receiver can corrupt
the data stream, it is important to retain the least corrupted copy
of each TIP frame. Thi.s reguires that the words in each TIP frame
must be subjected to synchronisation, pari ty and consistency checks.

Each AVHRR frame contains data for a full- scan of the AVHRR
instrument, and the format of the data within the frame is straight
forward. In contrast, each TIP frame contains nultiplexed data for
al-l three TOVS instruments, each of which has its own sampling rate
and scan period. The 

'data 
for a single HfRS f ield of view is

contained in a singl-e TIP frame, and 64 consecutive frames contain
the clata for a complete HIRS scan. However, the data for a single
MSU field of view is contained in either 4 or 5 TIP frames and 256
consecutive frames contain the data for a compl-ete MSU scan, although
the MSU words in most of the 256 frames axe zeto filled.

TIP frames which contain non-zero MSU data do not contain labels to
identify the MSU scan and pixel- number; indeed, these must be
determined by the position of the MSU ilata in the sequence. while
this arrangement is satisfactory for high quality data, there
obviously will be problems when the data is corrupted and synchron-
isation of the data seqence i .s 1ost.

The TOVS radiometric data consi.sts of either 13 or L2 bit words,
packed into successive I bit words, with two check bits added to make
the 10 bit words of the HRPT data stream. Furthermore, the CSIDA
front end reformatter embeds the L0 bit words in 16 bit computer
r^tofds.

Although every effort has been made to ernphasise the strueture of
the code and to document it extensively, the complexities mentioned above
warrant additional explanation which (hopefullyl) is providecl by this
report.

The sections of the report are listed in the index on page 4.

The technical data concerning the satelLite data stream is
described in detail by Lauritson, Nelson and Porto in rData extraction and
calibration of TIROS-N/NOAA radiometersr, NOAA technical memorandum NESS
LO7. Throughout this report,, the above authors and their document will be
referred to simply as iNOAA'.

( 3 )

(4 )



TOVS DATA

2.T FORMAT OF THE HRPT DATA

The HRPT data stream from the satellite consists of a sequence
of frames for the AVHRR instrument. Each AVHRR frame contains 5 TIp
frames, which are repeated in 3 successive AVHRR frames before being
updated. Because data may be corrupted during transmission, the software
described here adopts the foLlowing strategy.

(1) A f let i t ious channel p is added to both the HfRS and MSU data. I ts
purpose is to hold information concerning' the quality of the data
received in each TIP frame. Ult inately, this data may be viewed on
the display device in order to obtain a clear assessment of the
quality of the data.

(2 )  In i t ia l l y ,  channe l  0  i s  se t  to  zero .

(3) Each frame is subjected to a nuhber of checks:

(a) two synchronisation word checks;
(b) two parity checks per word;
(c) equipment status checks.

A score is assigned to the frame according to the number of parity
checks passed.

(4) I f  the frame is a repeti t ion of an earl ier frame, then i ts score is
compared with the value in channel 0, and, if it is higher, both the
channel 0 value and the frame data are updated.

This strategy recovers
data stream.

2.2 HIRS DATA

as much usable data as possible from the

Each HIRS l ine consists of 64 fovs (f ields of view), with the
data corresponding to one fov cornpletely containecl in one TIP frame. Here
fov is used in a general sense, as only 56 of the fovs actual ly contain
radiometric data for earth views, while the other B fovs contain
calibration target temperatures and house-keeping data.

Pixel 1

I
Pixel j

J
Pixel 64

J
Channel 0 <:_ Error codes

ChanneL

Channel

Figure 2. Format of a HIRS l ine.

Channel 20
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The data for a HIRS line is contained in 64 successive Tfp
frannes, and can be arrangecl into a 64 x 2L array as shown in figure 2. The
first row of the array contains the channel 0 data for the Trp frames
comprising the Line, and the remaining 20 rows contain radiometric,/
house-keeping data for the 20 HIRS channels.

2.3 MSU DATA

Each MSU l ine consists of l-4 fovs, each of which contains 16 TIp
words, from which 8 words of radiometricfrouse-keepLng data are to be
extracted. The TIP frames which contain the non-zero data for an MSU scan
are not consecutive; rather, they are spread over a 256 frarne period, with
the MSU words in the unused frames zero filled.

Associated with each MSU word is a quality code equal to the
number of checks passed by the TrP frame which contained the word. The
quality words and the Msu data are packed into a 76 x 74 matrix in which
the upper B rows contain the quality words and the lower I rows contain the
MSU data, as shown on page 34 of the NOAA document. Thus, the ( ir j )  entry
of the matrix is the quali ty code for the MSU data word (B+ir j) ,  where
i=Lr2 t . . . r8 .  The score  can take  va lues  f rom 1  th rough 5 .  The conten ts  o f
the lower 8 x L4 submatrix are displayed in figure 3.
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TIMING AND FRAME IDENTIFfCATION

TIP frames are orgainised into major frames and super frames.
There are MfNMAJ minor frarnes in every major frame, and MAJSUP major frames
in every super frame;

MINMAJ = 32Ot

MAJSUP = 8.

Thus, the number of minor frames in every super frame is

MINSUP = MINMAJ*MAJSUP

(2560  =  320  *  8 ) .

Each TIP frame is labelled by a minor frame counter (TIPMIN) and
a major frame counter (TIPI,!AJ) , which take the values

T IPMIN  =  0 ,  1 ,  . . .  ,M INMAJ- I - ,

T IPMAJ  =  O ,  1 ,  . . .  ,MAJSUP-1 .

We define a sequence number for each frame by

TIPSEQ = TIPMIN + TIPMAJ*MINMAJ,

which takes the values

T I P S E Q  =  0 ,  1 ,  . . .

and uniquely labels the TIP frame within the

,MTNSUP-1,

super frame.

in TfP frames whose sequeneeThe data for a HfRS scan begins
numbers have the form

where n is any integer,

TIPSEQ = HIRBEG * n*HIRMfN'

HIRBEG = 1,

HIRMIN = 64.

HIRMIN is the number of TfP frames per HIRS scan. We define a sequence
number (HIRSEQ), a scan number (HIRSCN) and a pixel number (HfRpIx) for the
HIRS data in TIP frame number TIPSEQ by

HIRSEQ = ADDMOD(TIPSEQ - HIRBEG/MTNSUP),

HIRSCN = HIRSEQ,/HIRMIN,

HIRPIX = MOD(HIRSEQ,HIRMIN) .

Ilere ADDMOD is the function



(

l i ,  i f  i  . <  o ,
ADDMoD( i , j )  =  i

l i+ j ,  o therw ise .
t

The relation between TIPSEQ and HIRSEQ is shown below.

T T P S E Q  2 5 5 8 ,  2 5 5 9 .  0 ,  L ,  2 ,  . . .

HTRSEQ 2557 , 2559 | 2559 | 0, 1. . . .

Thus, the cyclic sequence of TIpSEe values is shifted
le f t .

one place to the

TIP frames whoseSimilarly, the data for an MSU scan begins in
sequence numbers have the form

where n is any integer,

TIPSEQ = MSUBEG + n*MSUMIN,

MSUBEG = t9 t

MSUMIN = 256.

MsuMrN is the number of Trp frames per Msu scan. we define a sequence
number (MSUSEQ), a scan number (MSUSCN) and a pixel number (MSttpIX) for the
MSU data in TIP frame TIPSEQ by

MSUSEQ = ADDMOD (TIPSE9-MSUBEG,MTNSUP),

MSUSCN = MSUSEQ,/MSUMIN,

MSttPIx = MOD (MSUSEQ,MSUMIN) .

The relation between TIPSEQ and. MSUSEQ is shown below.

T T P S E 9  0 ,  1 ,  . . .  ,  L g ,  L g ,  2 0 ,  2 L ,  . . .

I ' { S U S E Q  2 5 4 2 , 2 5 4 3 r . . .  , 2 5 5 9 ,  0 ,  L t  2 r . . .

Thusr the cycric sequence of TrpsEQ vaLues is shif ted 19 places to the
1eft.
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4 . CALIBRATION OF THE HIRS AND MSU INSTRUMENTS

4.I HIRS CALIBRATION

The HIRS instrument has a 40 l ine cal ibrat ion sequence. Durlng
this period, the instrument continuarry monitors the temperature of the
internal warm and cold targets, and this data is transmitted in HrRS fovs
59 and 60 of every HrRS line. The target temperatures are averaged over
the 40 l ine sequence for the cal ibrat ion. rn addit ion, the f irst 3 l ines
of data are directed to space, the cold target and the vrarm target,
respectj-vely. The remaining 37 l ines of data are earth view l ines.

The cal ibrat ion of the instrument with this data is described in
detai l  by NOAA, pages 51-52.

4.2 MSU CALIBRATION

The MSU instrument has two internal targets, each of which is
used to calibrate two channers. The radiances and temperatures of the
targets are sarnpled every scan. The tenperatures are averaged over a 25
l ine sequence, centred on the current l ine, and the average value is used
to compute cal ibrat ion coeff icients for the current 1ine.

Again. the procedure is described in detail by NOAA, pages 47-49.
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5. PROGRAMMING CONVENTIONS AND PORTABILITY

5.]. BITS AND WORD LENGTHS

It will be assumed in this report that computer words have
L6 bits, which are ordered

b i t ( I s ) , ,  b i t ( 1 )  ,  b i r ( 0 )  ,

with bit(15) the most signif icant and bit(0) the least signif icant.

The data in the HRPT clata stream has only' lO signif icant bits.
We assuhe that the receiver embeds the L0 bits in positions 0 through 9 of
a 16 bit word. It is this data that the TOVPIX software processes.

Furthermore, the TIP data embeclded in the HRPT data stream has
only I significant bits, which are stored in bit positions 2 through 9.
Bit( l)  is an even parity check over bits 2 through 9. Bit(O) is the
complement of bit(g). Before any data is accepted, both bits O and l- are
checked by subroutine PARTTY.

5.2 STORAGE CONVENTTONS

fn most of the program, storage has been allocated for different
purposes by placing partitions in an integer array STRfNG and a real array
VECTOR. For example, if an output buffer is needed for HIRS data' then a
pointer will be set to the last used location of array STRING, and data
wlII be written into locations beyond the pointer. An end of array marker
is then advanced to the end of the buffer.

ARRAY STRING

Pointer

HTRBUF -+

+ DATA

igure 4

End marker*

. Pointer to an array.
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Thus, instead of writ ing statements such as

HIRBUF (T )  = .  .

where HIRBUF denotes an output array, we write instead

STRING (HIRBUF+I)  =

hrhere HIRBUF now denotes the pointer.

When the buffer is no longer needed, the pointer is removed and
the end of string marker is pushed down to recover the storage.

A second conventj-on used in the code is the systematic use of
variable names for parameters of the Tovs instruments. For exanple, the
HIRS instrument has 20 channels and the number of earth views i-n a scan is
56' but in the code these quantities are referred to as HIRCHA and HIRGEO,
and varues are set for these variables in a block data program. The reason
for this convention is that 20 has many meanings (for example 5 x 4),
whereas HIRCHA describes what the quantity is.

5.3 PORTABILITY

The code is written in FORTRAN 77 with only trdo extensions of the
standard. The f irst of these is the use of block Do and Do wHrLE loops.
The second is the use of a bit rnove routine called MVBITS,

C A L L  M V B I T S  ( A , B , C , D , E ) ,

which moves C bits from positions B through B+C-l of argument A to
positions E through E+C-L of argument D. Both of these extensions confonn
to MIL-STD-1-753.

One more non-standard feature is needed to impl-enent the code on
the HP-1000 series computers at DAR. rt is a call to system subroutine
LGBUF, which esta.blishes an input,/output buffer of suitable l.ength. There
is onLy one call to LGBUF, and it appears in subroutine TOVpfx.
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6 . INTERPOLATION OF THE MSU DATA

0 .
l

e

A-  
i - l

' (n-2)
E

Figure 5. Timing of

.  (n-r)

HIRS and MSU scans.

r 
(n)

L e t  0 1 ,  0 2 ,  . . .  ,  0 1 1  ,

denote the scan angles of the MSU instrument, let

( n )  ( n l  f n lt i " '  =  n p  +  t l ,  t ; " '  =  n p  +  t 2 ,  . . . ,  a r i " '  =  n p  +  t r r r

denote the times of observation for scan number n, and let

r  ( n )  *  ( n )  .  ( n )
- 1  ,  - 2  ,  . . .  ,  - 1 1  '

denote the observed MSU radiances. Here p is the period of the Msu sean.
we require an approxination to the MSU radiance at a poLnt (tr0;
corresponding to the time and angle of a HIRS observation. The procedure
used is as folIows.

(1) Interpolate linearly bet\,eeen the l4SU scan angles. If

0 . . ( e < e ,  ,I - - t  a

then define

and
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r f

r  
( t )  ( o )

and

ruhere k is the label

f ( t ' e )

rr-.r rfll +  o  r ( l )

6 s e r o r 0 ) 0 r ,

then define

r ( ' ) ( e )  -  r t l '  o r r( ' )  (o) = r , l l  ,

respectively. This interpolation is performed by subroutine GAPANG.

(2) Interpolate in t ime between successive scans. Calculate the t ime
where the line through 0 parallel to the time axis cuts MSU scan n. ff

, h - 1  I  / h \

t \ ' 4 '  ( t < t " "

then define

l . r

f  ( t , o )  =  ( 1 - B )  r ( n - 1 )  ( e )  +  B  r ( t )  ( e )

t < a ( 1 )  o r  a z a ( k )

of t-he J.ast scan, then define

=  r ( 1 )  ( e ) f  ( t , e )  =  r ( k )  ( e )  ,

respectively. Subroutine GAPTIM performs this interpolation.
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1 EARTH LOCATION

Software for earth location
integrated into the SLIP software in the
between the navigation package and the

of satel l i te images has been
CSIDA system. lfhe communication

irnage file is via one of the

user data records associated with the image f i le. The contents of the

user data record are:

( 1 )

( 2 )

( 3 )

( 4 )

orbital detai ls of the sateJ-I i te;

t ine of acquisit ion of the f irst pixel of the irnage;

t ime increments between pixels and l ines;

anguLar range of the scanning radiometer.

In the file NOAFTL, which contains the HRPT received during a

satellite overpass, these parameters are set for the AVHRR railiometer. In

subroutine rOVPIX, the user data records are recovered from NOAFIL and

subroutine ORBMOD is called to modify the records for the HIRS and MSU

instruments.
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8. PROGRAM OUTLINE

READ AVHRR FRAME.

EXTRACT TIP FRAMES.

EXTRACT HTRS AND MSU

WORDS FROM TIP FRAMES

AND ADD DATA TO HIRS

AND MSU STACKS.

PROCESS HIRS STACK.

LEAVE FRAMES FOR NEXT SCAN ON STACK.

IJNPACK HIRS WORDS.

ASSTGN 9UALTTY SCORE TO DATA.

rF DATA TS CLEANER EOPY OF OLD DATA,

THEN UPDATE OLD DATA.

rF NO MORE DATA FOR CURRENT SCAN,

EMPTY HIRS LINE BUFFER TO SCRATCH FILE

PROCESS MSU STACK ANALOGOUSLY.

rF NO MORE DATA FOR CURRENT SCAN,

EMPTY MSU LINE BUFFER TO SCRATCH FILE.

END OF NOAA DATA?

READ CALIBRATTON PARAMETERS

FROM DTSK.

CALIBRATE HIRS DATA.

WRITE TO SLIP FfLE.

CALIBRATE MSU DATA.

INTERPOLATE TO HIRS SPOTS.

WRITE TO SLIP FTLE.

GETT]P

TOVPIX

caFoar

HIRCAL

I
MSUCAL

Figure 6. Flow chart.
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Subroutine TOVPIX supervises the data extraction and
calibration. In acldition TOVPIX updates the SLIP heailer and user data
records for the outDut files.

In subroutine GETTIP, the HIRS and MSU data are separated and
writ ten to scratch f i les. The 21 x 64 array of HIRS data for each scan is
lsritten by rows to a direct access file whose record J.ength is 64 words.
Similarly, the L6 x 14 array of MSU data for each scan is written by rows
to a direct access f i le whose record lenqth is 14 words.

Subroutine CALDAT reads a sequential access file which contains
the calibration parameters for the current NOAA satelLites.

Subroutine HIRCAL reads the HIRS scratch f i le, calculates
gains and intercepts to cal ibrate the infrared channels, and writes
the calibrated data to the file HIRFIL.

Subroutine MSUCAI performs the sane task for the MSU data, with
the extra step of interpolation of the MSU data to the angles and tirnes
of the HIRS observations.
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SUBROUTINE TOVPIX

The call statement for subroutino TOVPIX is

CALL TOVPIX (NOAFTL, HIRFIL,  MSUFIL,  CALFIL,

NOALOG , HIRLOG , MSULOG, CALLOG,

HIRSCR,MSUSCR)

Here NOAFIL, H]RFIL, MSUFIL, CALFIL are CHARACTER variables which contain
file names' and NOALOG' HIRLOG, MSULOG, CALLOG are INTEGER*2 variables
which contain the associated J-ogical unit numbers.

NOAFIL is the name of the fiLe containing the HRPT received
during a satellite overpass. The format assumed for NOAFIL is described
in the section enti t led SUBROUTINE GETTIP.

HIRFIL is the name of the file for calibrated HIRS data.
This f i le has the fol lowinq format.

SLIP header ( 2 5 6  w o r d s ) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Scan 1, channel O (L1,2 words).

Scan L, channel \  (L1,2 words).

Scan 1 ,  channe l  20  (LL2 words) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Scan n ,  channe l  0  (112 words) .

Scan n, channel L (L12 words).

Scan n, channel 20 (L72 words).

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

User data records (256 words).
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The reason for the number l-l-2 is that there are 56 earth
views per HIRS scan and each calibrated radiometric va!-ue requires 2
words of storage. The information is packed into blocks of length 128
and writ ten to a direct access f i le with record J-ength L28.

Pixel i of channel 0 contains an error code equal to the number
of parity checks passed by the HIRS words in the TIP frame corresponding
to pixel i .  The maximum value is 36. Thus, by displaying channel 0, one
can irunediately assess the quality of the data.

MSUI'IL is the name of the output file for calibrated and
interpolated MSU data. This file has the following format.

SLIP header ( 2 5 6  w o r d s ) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Scan

Scan

1,  channe l  0  (112 words) .

1, channel t  (L72 words).

Scan 1- ,  channe l  4  ( lL2  words) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* *  r t *  *  *  *  r t  *  * * * *  *  *  *  *  * *  *  r t  *  *  *  *  *  *  * *  r k  *

Scan n ,  channe l  0  (112 words) .

scan n ,  channe l  L  (LL2 words) .

Scan n ,  channeL 4  (L l2  words) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

User data records (256 words) .

The information in MSU channel 0 requires a little explanation.
The MSU instrument has 14 fovs in a scan, of which only 11 are earth views.
At each fov, 8 words of radiometric,/house-keeping ilata are transmitted,
with either 1 or 2 words per TIP frame. Each TIP frarne is assigned a score
equal to the number of MSU words in the frame which passed parity checks.
ff this score Ls PASSES, then each MSU word extracted from the TIP frame is
assigned a score PASSES+I- if further checks on the scanner status are
passed, and a score 1 otherwise. Thus, there are I x L4 = LL2 words of
quality code associated with every MSU scan. Since the period of the MSU
scan (25.6 seconcls) is four t imes that of the HfRS scan (6.4 seconds),
the l-12 quality codes must be packecl into 4 lines of 56 pixels. How
thi.s has been done is illustrated below in figiure 7.
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Figure 7. packing the MSU error codes.

The 8  er ro r  codes  f rom MSU fov  L  a re  wr i t ten  to  p ixe ls  ! ,2 t  3 ,  4
of scans 1 and 3. similarly, the I error codes for MSU fov 2 are $/r i t ten
t o  p i x e S . s  5 ,  6 . 7 . 8  o f  s c a n s  1  a n d  3 ,  a n d  s o  o n .  S c a n s  2  a n d  4  a r e  t h e n
copies of scans 1 and 3. Thus, the error codes for the Msu scan have been
packed, with some padding, into the standard format for channel 0.

CALFIL is the name of a sequential access file which contains
the calibration pararneters for the operational NOAA sateLlites. The format
assumed for CALFIL is de'scribed in the section entitleil SUBROUTINE CALDAT.

HfRSCR and MSUSCR are CHARACTER variables which contain names for
scratch f i les for HrRs and MSU clata. These f i les are deleted by Towrx at
the end of the run.

subroutine Tovprx opens and closes the various fiJ.es, and
supervises the four main subroutines, GETTrp, CALDAT, HrRcAL, MSUCAL.

(1) GETTIP reads the NOAA data file NOALOG and extracts the HIRS and MSU
data' which is written to scratch files with formats suited to the
HIRS and MSU instruments, respectively.

(2) CALDAT reads the calibration parameters for the appropriate NoAA
sate lL i te .

(3) HTRCAL reads the HrRS scratch f i le, caLibrates the HrRs data, and
vrrites the fiLe HrRFrL.

(4) MSUCAL reads the MSU scratch f i le, cal ibrates the MSU data, inter-
polates the data to the times and angres of t-he HrRs scans, and writes
the file MSUFIL.
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1.0. SUBROUTTNE GETTTP

Subroutine GETTIP extracts the HIRS and MSU data from the HRPT
data stream and writes it to two scratch files.

There are three levels of pr6ssssirt carried out by routine
GETTIP:

(L) acquisition of AVHRR frames;

(21 transfer of TIP data from each AVHRR frame to the HIRS and MSU stacks;

(3) processing of the HrRs,/MsU data from each TrP frame.

10.1 AVHRR ERAII,IE AC9UISIT]ON

The HRPT data is assumed to be supplied in a data fiLe accessibl-e
to logical unit nunber NOALOG. furthermore, it is assumed that the HRPT
data has been written in blocks of L28 words which are organised as shown
below.

Block Contents

t header 1

2 header 2

3- 1"8 l ine 1, channel L AVHRR (2048 words).

a9- 34 J. ine 1, channel 2 AVHRR (2048 words).

35- 50 l ine 1, channel 3 AVHRR (2048 words).

5L- 66 l ine 1, channel 4 AVHRR (2048 words).

67- 82 l ine 1, channel 5 AVITRR (2048 words).

83- 98 l ine L, HRPT header (103 words),

TrP da ta  (520 words) .

99-lL4 l ine 2, channel l-  AVHRR (2048 words).

3+96n 2 user data records (64 words each).

4+96n 2 user data records (64 words each).

Thus, the first TIP data set occurs at block 83 of NOAFIL, and
subsequent data sets occur at intervals of 96 blocks. In routine GETTIP,
these quantities are stored in NOABEG and NOADELT



In  fac t ,
that is required is

NOABEG = 83r

NOADEL = 96.

subroutine GETTIP never looks at the AVHRR data. All-
that the TIP data commence at records

NOABEG + n NOADEL,

The

where n = O,1-12,.. .  .  Thusr subroutine cEfTTP wil l  st i l l  function
correctly if the AVI{RR data has been stored in line interl-eaved mode rather
than channel interleaved mode.

10.2 EXTRACTION OF HIRS,/MSU DATA FROM TIP FRAMES

Array STRING is now partitioned as shown in figure 8.
purposes of the various sectlons will become clear later.

POINTER LABEL

TIPBUF ---.>

Buffer for HRPT header
& raw TIP data.

HIRBUF -+

Buffer for HIRS output.

HIRBIN --.Jt

HIRS data stack

, 
MSUBT'F _

Buffer for MSU output

MSUBTN

MSU data stack

FINSTR

Part i t ions placed in

ARRAY
STR]I\TG

Fig'ure 8. array STRING by routine GETTIP.
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(1) The number of words in a TIP frame is TIPWRD' and the number of TIP
frames i-n an AVHRR frane is TTPAVH:

TIPWRD = 104,

TIPAVH = 5.

The HRPT header contains 103 words. The header and TIPAVH frames are read
into the TIP buffer which begins at address TIPDOT. Then the pointer
TIPDOT is advanced to the beginning of the last TIP frame in the TIP
buffer.

ARRAY

STRING

HTRBUF + 9- MSUBUF

HIRDOT +

Fignrre 9. Pointers to the TIP buffer.

<- MStDOf
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(2) Check the status of the TIP frame at TIPDOT. This is done bv routine
TIPTIM, wtr ich:

(a) checks the two synchronisation words at the beginning of the TIP
frame;

(b) checks the parity bits 0 and L of the first 6 words in the frame which
contain the tining data;

(c) recovers:

the satellite ider.rtification code (SATLAB) ;

the ffP minor frame counter (TIPMIN);

the TIP major frame counter (TIPI,IAJ) ;

the TIP status word (rIPSTA), which is 0 i f  al l  checks are
passed and 1 otherwise.

(3) I f  the frarne fai ls any of these checks, i t  is discarded. Otherwise,
the following steps are taken.

(a) Seguence. scan and pixeJ- numbers (HIRSEQ, HIRSCN, HIRPIX and MSUSEQ,
MSUSCN, MSUPfX) are calculated.

(b) The TIP frame contains HIRWITD words of HIRS clata and MSUWRD words of
MSU clata;

HIRWRD + 36,

MSUWRD = 4.

The location of these words within the frame are stored in indices HfRIND
and.MSUIND. The data words are bopled from the TIP frame to the HIRS and
MSU stacks at addresses HIRDOT and MSUDOT. The scan and pixel numbers are
appended in the next two locations of each stack, and the stack pointers
are advanced by HIRDEL and MSUDEL, where

H I R D E L = H I R W R D + 2 r

MSI'DEL -- MSI'WRD + 2.
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1.0.3 PROCESSING OF THE HIRS,/MSU STACKS

Because each TIP frarne is repeated three times in successive
AVHRR franes, the appearance of the HIRS data for a new scan does not
necessarily signal the end of data for the current scan. It may happen
that ilata for the current Line is corrupted, but subsequent copies of that
data are uncorrupted. Consequently, data for the next scan must be held on
the stdcks untLl the end of all data for the current line.

10.3.1 PROCESSING THE HIRS STACK

The evolution of the HIRS stack is illustrated in figure 10
below. The initial stack has five fIP frames on the stack, of which three,
with pixel numbers 6tt62t63, belong to the current HIRS scan, and two, with
pixel number 0r1, belong to the next scan. As extra AVHRR frames are read,
the TfP frames for the next scan accumulate on the stack, and the pointer
HIRTIC is advanced. FinaIIy, when all of the TIP frames for the current
scan have been processed, the pointer HIRTIC is pulleil back to recover
storage and the stack is again left with only five TrP frames.

HIPBUF
HTRTIC

HIRDOT

1

0

63

62

61

HIRRU

HIRDOT

-rr+- r+- €

The entries in the stack are the IIIRS pixel numbers, whch range from
0 to 63 in a ful l  HIRS scan.

t_

.J

63

62

6L

Figure 1O. Evolut ion of the HfRS stack.
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Two pointers are rnaintAined in the HIRS stack, HIRTIC and EfRDOT,
and in each pass through the stack. the Trp frames between HrRTrc and
HrRDor are processed. At the conmencement of the pass, the scan number of
the current line is helcl in HrRoLD. As each frame is processed, its scan
number HTRSCN is compared with irnor,p. rf HfRscN is not equal to HrRoLD,
then the frame belongs to a subsequent scan, so the pointer HrRTrc is
advanced to the end of the stack and processing of the stack ceases.
othenrise, the frame is processed and HIPiDoT is moved back to the beginning
of the preceding frame in the stack. Processj-ng of frarnes contLnues as
long as HIRDOT is at least equal to HIRTIC.

The processing steps are as fol lows:

(1) The HrRS words in the TrP frame are subjected to pari ty checks, and a
score is assigned to the flp frame. Its value is

PASSES = k if k words passed parity checks,

k = l i  2 ,  . . . , 3 6 .

(2) The 36 HrRs words of the Trp frame contain I  bits each, giving a bit
stream of length 288 bits. The radiometric data consists of 20 words
of 13 bits each, packed into bits 27-296 of the bit  stream.
subroutine UNPACK recovers the 20 radiometric words from the bit
stream, and writes them into array STRfNG at address HIRDOT.

The order of the radiometric data in the bit stream is not the natural
order of increasing wavenumber. subroutine TANGLE permutes the words
into the correct order.

The last data acquired is overwritten if the new error code PASSES is
higher than the old va1ue. stored in pixeJ- HfRpfX for channel O in the
output buffer at 'address HIRBUF.

If the last pass through the HIRS stack did not find any more data for
the current Line, signalled by HIRGAP not equal to zero, then:

(a) v/rite out the current Ilne by rows of length HIRFOV into the
scratch f i le;

(b) blank f iLl  any missing l inest

(c) reset the pointer HIRTIC to the beginning of the HIRS stack and
update the Line counter HIROLD.

f ? l

( 4 )

(s)
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70.3.2 PROCESSTNG THE MSU STACK

The general strategy, of holding data for a new scan on the stack
untLl the old scan is complete, is the same for the MSU data as for the
HIRS clata. The only differences concern the processing of the frames and
the reformatting of the output buffer before the scan is written to the
scratch f i le. These dif ferences are detai led below:

(1) The MSU words in the TIP frame are subjected to parity checks and a
score is assigned to the TIP frame. I ts value is

PASSES = k if k words passed parity checks,

k = L  t 2  t 3  1 4 .

(21 Subroutine MSUDEC extracts radiometric,/house-keeping data from the
MSI'WRD words of MSU data in the IIP frame. Its output has the
following form:

word 1 - quality code for output word 2;

word 2 - radj.ometric/house-keeping tlata extracted from input
words 1 and 2;

word 3 - quality code for output word 3;

word 4 - radiometric,/house-keeping data extracted from input
words 3 and 4.

The quality word is:

zero i f  the data is zero;

positive if the data word is not the end of the fov;

negative if the data word is the end of the fov.

The absolute value of the- quality code is I+PASSES, vrhere PASSES is
the number of MSU words in the TIP frame which passed the parity
checks. However, i f  the MSU scanner status checks fai l  (signal led by
|-}:e Z and S bits of NOAA, page 35), then the absolute value of the
quall ty code is set to 1.

(3) The MSU output buffer, which starts at address MSUBUF, has tength
sufficient for MSUMfN frames with the foJ.Iowing data per frame:

channel 0 - quality code for the TIP frame;

channeL l - quality word for channel 2;

channel 2 - radionetrj.c,/house-keeping data;

channel 3 - quality word for channel- 4;

channel 4 - radiometric/house-keeping clata.
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11.. SI'BROUTINE CALDAT

Subroutine CALDAT reads a sequential access disk file which
contains the calibration data for the HIRS and MSU instruments for the
different NOAA sateLlites. The notation used here for the caLibration
parameters is that of NOAA, pages 8-6 through B-11.

The data for each sateltite must be organised as foLlows. Note
that the order of the lines is important, but the format within any line is
f ree .

Data Number of lines Contents of lines

descriptive blurb

Entry i is the id of
sa teL l i te  i .

descriptive blurb
a ( 0 ) ,  . . .  ,  a ( 4 1

descriptive blurb
v

1

A$

i r ,  . . . ,  i u
A . A
Y 6 t  . . .  t  Y 1 O

header
HtrRS visible channel
gain and intercept

header
MSU nonlinearity
correction, channels 1-4

header
MSU PRT counts/resistance
conversion coef fi-cients

header
MSU PRT resistance/tenp
conversion coef f icients

header
MSU normalised response
functions, channels 1-4

header
Radiance of space for
MSU channel-s 1-4

3
z

1 per
channel

2

J

1 per
PRT

1 per
channel

3
1 per

channel

; ;, 2 6 ,  . . . ,  Y 3 O

descriptive blurb
G
I

descriptive blurb
d ( o ) ,  d ( 1 )  , d ( 2 )

descriptive bLurb
k  (0 )
k  ( 1 )

descriptive blurb
e ( 0 ) ,  e ( 1 ) ,  e ( 2 )

descriptive blurb

descriptive blurb
N(space)

header
number of satelLites
index of satel l i tes

header
HIRS counts,/temperature
conversion coefficients

header
HIRS normalised response
functions, channels 1-19

J

1
1

3
1 per

sensor

3
I per

channeL



L2. ST'BROUTINE HIRCAL

Subroutine HIRCAL recovers the HIRS data from the HIRS scratch
fi le and cal ibrates i t  as fol lows:

(1) The number of lines in the HIRS caLibration sequence is CALSEg = 40.
A pointer (HIRREC) is set to the first record of the HIRS scratch fite
at which both a HIRS scan and a MSU scan start simultaneously.
Similarly, a pointer (HIRMAX) is set to the last record of the HIRS
scratch file at which a HIRS scan and a MSU scan end simultaneously.
Subroutine HIRCAL scans through CALSEQ lines, or until record HfRMAX,
and extracts from these l ines:

(a) the counts for the four platinum resistance the::nometers embedded
in the internal- warm target;

(b) the l ine of space views, signal led by scan (HfRSCN) equal to 0;

(c) the l ine of target views, signalted by scan (HIRscN) equal to 2.

The target temperature and the channel gains and intercepts are then
calcuLated according to the prescription given by NOAA, pages 51-52.
A pointer (NEXREC) is set to the first record beyond the lines read
from the scratch f i le.

(2) The records between HIRREC and NEXREC are reread and the earth view
data is calibrated accordinq to the formula

N = G X  +  I ,

where N is the caLibrated radiance, X is the radiometer count, and G
and I are the channeL gain and intercept.

(3) The pointer HIRREC is advanced to NEXREC and the process is repeated
until the whole fiLe is calibrated.

(4) The calibrated data is packed into blocks of length 128 words by
subroutine PAKLIN.

If the satellite overpass lasts for feerer than 40 l-ines, then it
might not conta:in the space and internal target views necessary to
calcul-ate the gains and intercepts. In this case the infrared channels are
not calibrated. Sinilarly, the last group of l-ines in the scratch file to
be processed night not contain the space and internal target vj-ews needed
for cal ibrat ion. In this case, the last calculated set of qains and
intercepts are used for the calibration.

1.2.1 SUBROUTINES CALI,ED BY HIRCAL

NULDBL, POLNOM

GETLIN, PAKLIN

Uti l i t ies
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13. SUBROUTINE MSUCAL

Subroutj.ne MSUCAL recovers the data fron the MSU scratch fiLe,
calibrates and intert)oLates the data, and writes the file MSUFIL. The
routine operates as fol lows:

(1) The number of lines in the MSU calibration sequence is CALSEQ = 25.
Buffers (calLed count stacks) of J-ength 25 are estabLished for the
platinum thermometer counts, space view counts, and internal target
view counts. The first l-3 lines of the MSU scratch file are read, and
the calibration data is extracted and stored in the last 13 locations
in the count stacks. The remaining locations are zero fiI1ed.
Pointers are set midwav down the count stacks.

(2) Routine MSUCAL now begins to
f i le. The non-zero elernents
used to calculate gains and
accordlng to the prescription
are then calibrated.

loop over the lines in the MSU scratch
of the count stacks are averaged, and
intercepts for the different channeJ.s,
in NOAA, pages 47-49. The MSU channels

( 3 )

( 4 )

Subroutine GAPANG is called to interpolate from the MSU scan angles to
the HIRS scan angLes. The interpolated values are stored in buffer
(caIIed the l ine stack) of suff icient length to hold three MSU scans.

Every tine a new line is read from the scratch filer the values for
the ptatinum resistance thermometer counts, space view counts and
target view counts are shuffleil down the count stacks, the oldest
values are dropped from the end, and new values, extracted from the
new line are added at the beginning. (Equivalent1y' a pointer directs
the storage to the oldest entries in the count stacks' which are then
overwritten). This means that the gains and lntercepts are caLculated
from averages taken over a window of CALSEQ linesr centred on the
current line.

Simitarly, as each new l ine is interpolated to HIRS angles' the l ines
are shuffted down the line stack, the oldest is dropped from the end,
and the new line is aclded at the begJ-nning. Consequently, at any
tirne, the line stack holds three Lines.

Subroutine cAPfIM interpolates in time between the three lines held in
the l,lSU line stack in order to obtain data at the same sample times as
the HIRS data. The output from subroutine GAPTIM is a set of four
scans, corresponding to the four HfRs scans which occur during every
MSU scan.

(7') The data J.s packed into blocks of 128 words by subroutine PAKLIN and
\rritten to file MSUFIf,.

(s )

( 6 )
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] .4. UTILITIES

This section contains a l ist of the ut i l i t ies and a short
descript ion of each.

SUBROUTINE MSI'DEC (STRING, PASSES)

subroutine MsttDEc unpacks the information contained in the four
words of MSU data extracted from a TIp frame.

(1) On input, STRTNG(1), ,  STRING(4) contain the 4 words (B bit) of
MSU data. fhe format of these words i.s described by NOAA, page 35.
PASSES is the number of words which passed the parity checks.

(2) On output:

STRING(L) = qual i ty code for words 1 & 2;

STRING(2) = radiometric,/housekeeping data from words \ & 2i

STRING(3) = qual i ty code for words 3 c 4;

STRING(4) = radiometric,/housekeeping data from words 3 c 4.

Note that the quality code is:

zero i f  the data is zero;

positive if the data is not the last for the fov;

negative if the data is the last for the fov.

Also note that subroutine MSITDEC checks the bits labelled Z and S bv
NOAA.

SUBROUTINE MSUMAT (STRING,MSUDOT,MSUOUT)

Subroutine MSUMAT packs the significant data from the 256
rpixels' of a full MsU scan into a 1-6 x l-4 matrix with the foranat described
i n  s e c t i o n  2 . 3 .

(1) on input' array srRrNG contains the data for a furL Msu scan at
address MsuDAT. The data consists of 5 tchannelsr, each with 2s6
rpixels' per l ine. Most of the data j.s zero.

(2) on output' the compressed data is stored by rows in array srRrNG at
address MSUOUT.
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SUBROUTINE I,ISUTEM (parameter list)

Subroutine MSUTEM extracts from the 16 x 14 arrav of data
acquired in an MSU scan:

(1) target temperature countsi

(2) space vievr countsi

(3) target view counts.

The target temperature counts are converted to resistance and thence to
temperature. The space and target radiometric counts are corrected for
non-linearity of the MSU instrument.

SUBROUTINE MSUACC ( STRING , MSUFOV , ERRBT]F )

Subroutine MSUACC packs the error codes in words 1 through 8 of
columns L through 14 of the L6 x t4 alray into rows of length 56 stored in
ERRBIF. Because each MSU scan eorresponds to 4 HIRS scans, the
I x L4 = 1-L2 MSU error codes are duplicated and packed into 4 HIRS scans of
56 pixel"s each.

SUBROTITINE GAPANG ( paramcter

subroutine GAPANG
angles of a single scan in
ang les .

SUBROUTfNE GAPTII{ (pararneter list)

Subroutine GAPTIM interpolates
successive MSU scans in order to estimate
times.

t i s t )

interpolates linearJ-y between the MSU dwell
order to estimate the MSU data at HIRS dwell

linearly in time between
the MSU data at the HIRS scan

SUBRoUTINE oRBMOD (parameter list)

The image identification record
satel l i te images contains:

associated with the CSIDA
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(1) the time of reception of the first elenent of the image;

(2) orbital parametersi

!3) the angular increments between pixels and l ines;

(4). the tl-me increments between pixels and lines.

Initially, these parameters are set for the AVHRR irnage. Subroutine ORBMOD
updates the image identification record with the new time and the
appropriate increments between pixels and lines for the HIRS instrument.

SUBROUr]NE USRMOD (parameter list)

Subroutine USRMOD updates the image description record, the image
history record, the channel names record for the output files, HIRFfL and
MSUFIL, which contain the calibrated HIRS and MSU data.

SUBROUTINE HEDMOD (parameter list)

Subroutine HEDMOD updates the SLfP header record for the HIRS ancl
MSU output files.

FI]NCTION ADDMOD(I,J)

Function ADDMOD is equal to f if I is non-negative, and equal to
I+iI otherwise. This function arises when counting the number of places
between two integers M and N, both modulo J.

F'I]NCT]ON POLNOI',I (DEGREE, ARGMNT, COEFFS )

Function POLNOM evaluates a polynomial of degree DEGREE,
coefficients COEFFS and argument ARGMNT. The coefficient of ARGMNr**I is
s to red  in  COEFFS( I+L) ,  I=0 ,  L ,  . . .  ,  DEGREE.

ST'BROUTINE NT'LSGL (STRING, OFFSET, LENGTH)

Subroutine NULSGL zeros LENGTH locations in array STRING at
addresses after OFFSET. Array STRING is assuned to be INTEGER*2.
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SUBROUTINE NT'LDBL (VECTOR, OFFSET, LENGTH)

Subroutine NULDBL zeros LENGTH locations in array VECTOR at
addresses after OFFSET. Arrav VECTOR is assumed to be REAL* .

SUBROUTINE GETLIN (STRING, OFFSET, LENGTH, RECORD, DEVICE INEXP"EC)

Subroutine cETLfN reads RECORD records from a direct access fl-Ie,
beginning at record NExREc. The logical unit number of the device is
DEvIcE. Each record has length LENGTH. The data is read into array STRING
at addresses after OFFSET.

SUBROUTINE OUTLIN ( STRING, OFFSET, LENGTH, RECORD, DEVICE, NEXREC )

Subroutine OUTLIN writes, whereas GETLIN reads.

SUBROUTINE PAKLIN (VECTOR, OFFSET, LENGTH, RECLEN, DEVICE'NEXP"EC )

Subroutine PAKLIN writes as many records of length RECLEN as
possible from the data in array VECTOR at addresses L through
oFFSET+LENGTH. The data is written to logical unit DEVICE' beglnnLng at
record NEXREC. Any data which cannot be parcelJ"ed into a record of length

RECLEN is shifted to address L, and OFFSET is set to the last occupied
location in VECTOR.

SUBROUTINE ENDLIN ( STRING , USRDAT . VECTOR , OUTOFF ' NOALEN , OUTLOG , OUTREC )

Subroutine ENDLIN appends the user data records, stored in array
STRING at address USRDAT' to the last of the intensity data' stored in
array VECTOR at address ENDVEC in cormron block LOCATE. The conbined data
is parcelled into records of length NOALEN and written to logical unit
nuniber OUTLOG, beginning at record OUTREC. The number of intensity words

is OUTOFF.

SUBROUTINE MOVBAR (VECTOR, LENGTH, OFFSEf , I,ENDEL, AVERAG )

Subroutine MovBAR computes the average of non-zero elements at
addresses

POINTR, POINTR+LENDEL, . . . ,  POINTR+LENDEL*(LENGTH-].) '

in array VECTORT where

PoINTR=OFFSET+I ,  I=1r  . . . ,LENDEL.
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The average value is stored at address POINTR+LENDEL'kAVERAG. This routine
is used to compute a sJ.iding average of length LENGTH of a sequence stored
in VECTOR.

FT'NCTION PLANCK (WAVNUM, BBTEMP )

Function PLANCK computds the radLance at wavenumber WAVNUM (grn-l)
of a black body with temperature BBTEMP.

SUBROUTINE AVHTII,I ( HEADER, DAYNUM, MILSEC, AVHMIN, AVHSEQ )

Subroutine AVHTIM extracts from the HRPT header, stored in array
HEADER:

(1) the clay of the year (DAYNIJM);

(2) the ni l l i -second of the day (MTLSEC);

(3) the HRPT minor frame nuniber (AVHMIN);

(4) the AVHRR scan number (AVHSEQ).

SUBROUTINE SATTIM (STRING,MTLSEC,TIMSTA)

Subroutine SATTIM extracts the satellite clock tine from a TIP
frame stored in array STRING. MILSEC is the milli-second of the day.
TIMSTA is set to 0 if the extraction is successful, and set to 1 otherwise.
Note that only those TIP frames with minor frame counter equal to zero
contain the time code. Subroutine SATTIM checks the parity of the relevant
TIP words.

SUBROUTINE TIPTIM (STRING, SATLAB,TIPSTA, TIPMIN, TIPIIIAJ)

Subroutine TIPTIM extracts from the TIP minor frame stored in
array STRING:

(1) the satel l i te id cocle (Saff,ee);

(2) the TIP status word (TIPSTA);

(3) the TIP minor frarne number (TIPMIN) t

(4) the TIP major frame nunber (TIPMA,I).
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Before extracting these quantities, subroutine TIPTIM checks the parity of
the relevant TIP qtords and the minor frame synchronisation words. The
synchronisation words are words 1 anil 2 of the TfP frame. Their contents
should be

L110110L and 1LL00010.

SUBROUTINE HTRTIM (STRTNG, HTRSTA, HTRENC, HTRELE, HIRLTN)

Subroutine HIRTIM extracts from the HfRS bit stream stored in
array STRING the encoder position, eLement number and lj.ne line number for
the HIRS instrument-

(1) the HIRS i lata is contained in words L5, !61 23t 24, 27, . . .  of each
TIP f rame.  These words  have been cop iec l  in to  loca t ions  I t  2 ,3 ,  4 .5 ,

. 36 of array STRING.

(2) Bits 9 through 2 of each of these words form a continuous bit stream
of HrRS data, which the NOAA document labels as bits 1 through 288.

(3) The encoder position, element number and line number are stored in the
fol lowing bit  posit ions:

(a) bits 1 - 8, HIRS encoder posit ion (HIRENC) t

(b) bits 20 - 25, HIRS element nurnber (HIRELE);

(c) bits 27 - 39, HIRS scan l ine count (HIRLIN), when HIRELE=63.

(4) Before extracting the data, subroutine HfRTfM checks the parity of the
relevant TIP words. If the parity checks are passed, the HIRS status
word (HIRSTA) is set to 0; otherwise, HIRSTA is set to 1.

SUBROUTINE PARITY ( STRING, LENGTH , PASSES )

Subroutine PARITY checks the parity of 10 bit words in locatl-ons
srRrNG(1) ,  . . .  , s rRrNc(LENGTH)  .

(1) The bits are aranged in the order

b i t ( g ) ,  b i t ( 8 )  b i t ( l )  ,  b i t ( o )  ,

where the most significant bit is in position 9 and the least
signif icant in posit ion O.

TIP ctata is contained in bits 9 through 2.

Bit 1 is an even parity check over bit,s 9 through 2.

Bit 0 is the complement of bit 9.

( 2 )

( 3 )

( 4 )



( s )
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Subroutine PARfTY returns PASSES, the number of words in STRfNG which
passed the parity checks.

SUBROUTINE UNPACK (STRING)

Radiometric TIP data consists of a bit stream of 260 bits which
must be separated into 20 words of 13 bits each. On input to UNPACK, array
STRING contains the bit stream in bit positions 9 through 2 of words 4
through 36, with the l-ast bit  in posit ion 4 in STRING(36). On output from
UNPACK, array STRING contains the 20 words of l-3 bits stored in locations 1
through 20. Bit  13 is the sign bit :  i f  the bit  is zero, then the word is
negative.

SUBROUTINE TANGLE (STRING)

Subroutine TANGLE permutes the HIRS radiometric data, stored in
array STRING, into order of increasing wavenumber.

SUBROUTINE BITLIS (STRTNG,DEVICE)

Subroutine BITLIS is a diagnostic routine which l ists on J-ogical
unit DEVICE the bits of the word STRING in the order

b i t  ( 1 5 )  ,  b i t  ( 1 4 )  ,  . . .  I  b i t  ( 1 )  ,  b i t  ( 0 )  .


