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INTRODUCTION

This report contains a detailed description of a computer program
that was developed for use with the Interdata 7/32 computer and the
interfaced Nike Hercules radar systems located at the MTTR site at
White Sands, New Mexico and the Poker Flat site in Alaska.

The program contains both assembler and FORTRAN language in-
structions. The assembler language instructions are used to provide
input/output control for data flow from the radar to the computer
and from the computer to the T.V. aisplay. The FORTRAN statements
comprise 95% of the program and are used to compute most of the
processed data.

The program can process in real-time a complete data reduction
for an MRN rocketsonde or a list of 2 minute layer winds for a
radiosonde. For a rocketsonde, the program utilizes the temperature
telemetry data, the positional radar data, and the operator inputs
of rocketsonde temperature calibration values and base level tie-in
data from a radiosonde flight to produce an MRN(WDC-A) format listing
of the following:

1. 1 KM corrected and uncorrected winds

2. Significant level temperature data

3. 1 KM thermodynamic data

4. Significant level thermodynamic data

5. MRN 30 cards(image)

6. Mandatory thermodynamic data

7. MRN 40 cards(image)

8. Printer plot of X and Y component winds and

temperatures versus 1 KM altitudes




For a radiosonde, cthe program utilizes the positional radar data
to produce a listing of two-minute layer winds at 1 minute intervals.
This report includes a description, listing and flow charts for

the main program and all subroutines, together with instructions

and examples on how to use the program. Also included is the typical

output listing for both the radiosonde and rocketsonde flights.
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I. DESCRIFTION OF PROGRAMS

Main Program

Besides performing calls to the subroutine, the main program performs many
other functions. At the start of execution the main program obtains necessary
information from the operator:

1) what mode the program is to run in; real-time, calculation with cape,

or copy;

2) whether a real time flight might be a rocket or a balloon;

3) for a real-time flight information such as name, time of launch, and

date; and

4) if calibration data is available.

The main program contains an area of variables, found in the COMMON area
BUFDTA, that is used as a storage buffer. The entire buffer is written in a
write to magnetic tape on a real--time run, or read from mag tape on a cal with
tape or copy run.

The main program contains the routine which, for a real-time run, services
an interrupt from the ranger. This routine, starting at label INTRP, reads the
data lines to obtain current, raw data values for elevation, azimuth, and slant
range for the radar and to get the time and telemetry (met) values. The wet
values are run through a selective filter to determine bad, or noise, values,
and determine changes or modulations in the met signal. For more detail on
the met filter refer to the flow chart for the main program. Starting at the
label DISPINT is the routine which services an interrupt from the TV display.
This routine takes the latest raw data values and writes the data out to the

display memory to be displayed on the next sweep of the TV.
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The label RDIAPE begins an area of the main program which manipulates the

raw data stored in the buffer. Elevation, azimuth, and range values are converted
to a special integer format to be used by the digital smoothing filter in the
subroutine WNDCAL. Time, which in raw data form has to be stored as three
separate words, is converted to time, in seconds, after launch,

In the copy mode no subroutines are called, and the program merely reads
a record from the mag tape and prints all levels of data in that record, reads
another record, and so on until an end of file is encountered on the mag tape.
For real-time and call with tape modes, the heart of the main processing routine
starts at the FORTRAN lable 23@ in the main program. The routine consists
basically of shifting raw data values of elevation, azimuth, range, and time in
and out of a 121-point data storage array labelled RAW. The subroutine WNDCAL
is then called to filter the raw data, compute and correct winds, and to print
layer data on the line printer. In the cal with tape mode, new raw data values
are read from the mag tape until an end of file is encountered. For the real
time mode, as previously mentioned, new raw data values are obtained in the range
interrupt service routine; continuing until an end of flight signal is entered

by the operator.

Subroutine WNDCAL

The subroutine WNDCAL is called by the main program in both real-time and
calculation with tape modes, and for both rocket and balloon flights. The main
purposes of the subroutine are: to smooth raw data values by using a 117-point,
symmetrical, low-pass digital filter; to calculate positional data and to
compute wind velocities; to apply wind correction methods to the wind velocities
for rocket flights; and to print layer data on the line printer at the proper
time or altitude during the flight.

The raw data values are sent to WNDCAL in the array IRAW, which is found in




COMMON area BLOCKl. BLOCK1l also contains parameters which are control variables
and are set in the main program.

The subroutine WNDCAL stores computed and corrected layer data in a storage
area in the main buffer, which is the COMMON area BUFDTA. The storage area starts
at the variable named RTT and extends through the variable named RVS. This is
the data that will be available to the program in the copy mode.

For rocket flights WNDCAL also stores the computed layer data in another
area - COMMON area BLOCK2. The data saved consists of wind speed and direction,
fall velocity, altitude, and time for each even kilometer layer during the
descent of the rocketsonde. This data is later used in the temperature processing

subroutine TEMCOR.

Subroutine SIGLEV (I1SI1G, D55)

The subroutine SIGLEV is called only by the main program and only for rocket
flights with temperature processing. The main purpose of SIGLEV is to detect,
by the use of a selective filter, all significant changes in the met data during
the descent of the rocketsonde. Time and temperature are saved for each change

detected, and these points are marked as significant levels.

The subroutine SIGLEV performs different jobs depending on which of the three
modes it is called. The passing parameter I1SIG determines what the mode will be,
and is set by the calling program. The three modes of calls are: initialize and
set up the routine the first time it is called; a normal temperature processing
call; and the last call to print out all saved significant levels.

For normal temperature processing SIGLEV is called everytime the main
program's met filter passes a "good" data point. The met ordinate value and its
corresponding time are sent to SIGLEV via user registers 6 and 7. SIGLEV first
determines whether the value is a regular temperature value or a reference. All

references and the time they occur are saved, and all temperatures (and their times)




that are distinguished as significant levels are also saved. The significant
level temperatures and times are stored in the COMMON area LKTMTP, so that they
may be »wsed later by the temperature correction subroutine TEMCOR. SIGLEV
has to make a call to subroutine LOKTEM to determine the actual uncorrected
temperature value in degrees. SICLEV sends a ratio of the temperature ordinate
to its reference ordinate to LOKTEM, which returns the temperature in degrees.
LOKTEM contains the calibration values for the particular rocketsonde instrument.
For more detail on SIGLEV's selective filter refer to the flowchart.

On the last call to SIGLEV, the routine prints out the entire stored list
of significant level temperatures and their corresponding times, and the complete

list of references and times.

Subroutine LOKTEM (ICAL, CRATIO)

The subroutine LOKTEM has two primary functions and is called only for
rocketsonde flights, For its first function, LOKTEM is called by the main
program to determine whether temperature processing will be done or not.

If temperature processing is to be done, and the program is running in the
real-time mode, then calibration values for this particular rocketsonde
instrument must be read in from a paper tape. If the program is in the cal
with tape mode, then LOKTEM checks to see if the calibration data was saved
on the mag tape; if not, LOKTEM asks the operator to input a paper tape. In
either mode, if a paper tape is input, the operator is asked to make a simple
check for veritication of the data.

Nornal temperature processing is the second function the subroutine performs.
lhis occurs when LOKTEM is called by the subroutine SIGLEV. LOKTEM is passed
a value, CRATIO, which is a ratio ¢f a temperature ordinate to its reference

ordinate. LOKTEM looks into its table of stored ratios and interpclates to

R

e e e

P sy = =

Sl S

R —

L e

e

ot o



obtain a temperature value in degrees, which is then returned to SIGLEV via

the variable CRATIO.

ICAL is the name of the parameter that signals LOKTEM which function it
is to perform. The variable that determines whether the program is in real-
time or cal with tape mode is JC, which is in COMMON area BLOCKI.

When the program is running in real-time and a calibration tape is read
in, all calibration data is saved by storing it in the main buffer, COMMON
area BUFDTA, whichis written on the first mag tape record. Appropriate
flags are set, also in the buffer, to flag that the data is there. LOKTEM
may then determine if the calibration data was saved so that it can read
the data from the butfer in the rirst mag tape record. For either mode,
if no cal data is available, LOKTEM sets the parameter ICAL to a value
to signal the main program that no cal data is available and that no temperature

processing can be done.

Subroutine TEMCOR (NODF, BLALT, BLPR, BLTMP)

The subroutine TEMCOR is called only once during a flight, by the main
program, and is called only for rocketsonde flights where temperature processing
is to be done. The routine is called in both real-time and cal with tape
modes. The main purposes of TEMCOR are: to take temperatures computed during
the flight and apply the sitandard IRIG correction method to obtain corrected
temperatures; to compute pressures and densities, if an acceptable base level
matchup can be made with a conjunctive rawinsonde observation.
TEMCOR is sent input data in two COMMON areas - BLOCK2 and LKTMTP. The
first area contains the wind data which was stored by the subroutine WNDCAL f
{
at each even kilometer level., COMMON area LKTMTP contains all significant :

level temperatures and times, which were stored by the subroutine SIGLEV.

TEMCOR obtains a temperature for each kilometer through interpolation, by




time, into the significant temperature array; and finally a correction term ]
is calculated which is added to the uncorrected temperature.

For the base 'evel tie in, data must be input by the operator. BLALT, BLPR,

4

and BLTMP are the input variables which are, respectively, base level altitude,
pressure, and temperature. There are two criteria which determine whether

particular base level data is good or not. First, it must be at an altitude

reached during the descent of the rocketsonde while it was still transmitting
met data; and second, the base level temperature must agree within 2.5 degrees
of that measured by the rocketsonde at the same altitude. If a base level is
rejected the operator may try another, and so on, until either a matchup is
found or the operator signals to stop. In the case where no base level is
found, obviously no pressure data can be computed, and a flag is set to signal
the remainder of the program that no pressure data is available. If the
program is in the real-time mode and a base level is accepted by TEMCOR, this s
data is written into the buffer, COMMON area BUFDTA, along with flags, so that
the base level matchup will be saved on the last buffer write to the mag
tape.
Corrected temperature, correction amount, pressure, density, and speed
of sound are all saved in the remaining storage areas of COMMON area BLOCK2;
this area then will contain the complete set’ of wind and thermodynamic data

for 1-KM levels. TEMCOR prints this same set of data for each 1-KM level.

Subroutine SIML

The subroutrine SLML performs a number of functions; but is only called
onze; by the main program, and only for rocketsonde flights with temperature
processing. The main purposes of SLML are: to compute and print cut thermodynamic
data for significant and mandatory (constant pressure) levels; to call subroutine

MRN for each computed layer of data; and to encode the data in the MRN format




and print it out.

SLML is sent the complete array of 1-KM level thermodynamic data in
COMMON area BLOCK2. The wind and positional data was computed by subroutine
WNDCAL, and the corrected temperature and pressure data was computed by
subroutine TEMCOR. SLML is also sent the array of significant temperatures
and times, saved by subroutine SIGLEV, in the COMMON area LKTMTP,

First, SILML takes each significant level and interpolates by time,
into the 1-KM level array. Thus, all thermodynamic data is obtained for each
altitude where a significaat level temperature was detected. Next SLML
interleaves, by altitudes, this significant level array of data with the 1-KM
level array. SLML then calls subroutine MRN to format and print out the data.
This comprises the MRN 30 cards.

If no base level was given, mandatory level data cannot be computed, and
execution is returned to the main program, Otherwise SLML determines which
mandatory (constant pressure) levels fit between the upper and lower limits
of the 1-KM level array. All thermodynamic data is then interpolated, by praessure,
for each mandatory level. This data is printed, and theﬁ subroutime MRN is

called to format and print out the data for each level (making up the 40 cards).

The subroutine MRN generates an MRN-formatted message for one level of
thermodynamic data, when called 6y subroutine SLML. MRN is called only for
rocketsonde flights with temperature processing, for both real-time and cal with f
tape modes.

The parameter 1D identifies for MRN what type of data is to be formatted:
30 cards are 1-KM or significant levels, and 40 cards are mandatory (constant

pressure) levels.

The data is sent to MRN in the passed array MRNA. Essentially the

same




format is used for both 30 and 40 cards, with two exceptions. For the

40 cards (mandatory levels), geopotential rather than geometric altitude

is used, and fall velocity is not included. MRN accepts the passed data, -
formats it, prints out one line (a card image), and returns control to

subroutine SLML.

Subrout ine XYPLOT

The subroutine XYPLOT is called by the main program for rocketsonde
tlight with temperature processing. It is called for both real-time
and cal with tape modes. The main purpose of XYPLOT is to construct
a plot, on the line printer, of the winds and temperature versus altitude
during the descent ot the rocketsonde.

XYPLOT is sent the complete array of 1-KM level wind and thermodynamic
data in COMMON area BLOCK2. For each 1-KM altitude the routine merely
determines the values of the component winds and the temperature. XYPLOT
then prints out one line giving the altitude, and marks in the appropriate
spots for the winds and temperature.

An X stands for the value of the corrected X-~component wind, and a Y
stands for the value of the corrected Y-component wind. A T stands for the
value of the corrected temperature. Anytime two or more of the parameters

occupy the same spot on the plot an 0 is printed.

subroutine ROCOB

The subroutine ROCOB is called by the main program for a rocketsonde
flight with temperature processing, and tor both real-time and cal with
tape modes. It is called to perform the task of formulating and printing

out the ROCOB message.




Formulation of the ROCOB message consists basically of running checks
on the three parameters - wind speed, wind direction, and corrected temperature
to detect layers which exceed specified limits (flowchart proviades details
on limits). These layers, plus those at every even 5KM throughout the
flight, are included in the message. Thermodynamic data for each included
layer is specially formatted and the parameter which exceeded limits and
caused a layer to be selected is marked; this comprises the ROCOB message
printout.

ROCOB is sent the complete array of 1-KM level wind and thermodynamic
data in the COMMON area BLOCK2. Pressure and density are not used as
parameters in making the data checks, so a ROCOB message is made whether
a base level matchup was achieved or not. If it was, then density data
is also tormatted and included in the message printout; otherwise dummy
values (9's) are filled in for density in the printout.

A complete listing of all programs is contained in the

section labeled

PROGRAMS .




II. OPERATING PROCEDURE

The program was written for operation on an Interdata model 7/32 mini-
computer and to execute in the Interdata 32-bit operating system. This system
requires that any 1/0 devices used by a program be given certain logical
unit, or numerical, assignments. After the program has been loaded into
memory, and before starting execution, the following logical unit assignments
must be made to comply with those needed by the program:

Logical Unit ~ I/0 Device

1 - Magnetic tape drive
2 - High speed paper tape reader and punch
3 - Line printer

5

Command console (teletype or CRT terminal)

When the start execution command is entered by the operator, through the
command console, the program will always write out the following message
back to the console:

REAL TIME CR PRINT COPY 1CR CAL WITH MAG TAPE 2 CR.
The operator's response determines the running mode for the program. A step-
by-step procedure is given here to explain available options for each of the

three modes; and following are examples of each.

A. REAL TIME MODE
The program is placed in the real time mode by a CR (carriage return)
in response to the initial question from the program. NOTE: If the operator

anticipates running in real time, then prior to starting program execution a
P 8 prog

mag tape should be loaded on the tape drive aand positioned to the proper point.

10




The first program action, in the real time mode, is to write this message
to the command console:

INPUT RNAME'RDNM'DY "MN'YR'LNTM'

This is a request to the operator for the following flight information:

round name (radiosonde, etc.), round number, day of the month, month, year
(last two digits) and launch time. Data is entered by the operator cn the
next line, directly underneath the corresponding heading and between the
quote marks. The program now writes this message to the command console:

ROCKET? 1 CR, SONDE? CR

Here the operator enters the appropriate answer - a CR (carriage return)

for a balloon flight, or a 1 CR (a one followed by a carriage return) for a
rocket flight.

1. Balloon - real time mode

The program will now print a page heading, with the flight information,
on the line printer, and then a line heading. Next, the following message
is written to the command console:

PRESS CR TO START DISPLAY

When the program receives a CR (carriage return) from the operator,
this message is written to the command console:

PRESS DTA 2 AT LAUNCH

At the same time, the external interrupts from the ranger and the T.V.
display are enabled. Raw data is now being read on the data receiving
lines, by the program, and values are encoded to be written to the display;
no data is yet being recorded on mag tape or written on the line printer.

At the moment of balloon lift-off, the operator should press the DTA
and 2 buttons on the computer control panel. The program then writes this

message to the command console;

11




PRESS DTA 3 AT RADAR LOCK

At the same time the program reads the time from the clock and writes
out the Zulu launch time on the line printer. Also, at the same time, the program
now starts recording data cn the mag tape. Wind data is not yet being fil-
tered or printed out, but raw positional data is being stored, and met data
is being filtered and stored in the mag tape data buffer.
When the tracking radar system has confirmed radar lock on the target,
the operator should press the DTA and 3 buttons on the computer control panel.
The program will then write this message to the command console:

PRESS DTA 8 TO END FLIGHT

At the same time, the program prints the time, in minutes and seconds,
between balloon lift-off and radar lock. The program now enters its fund-
amental running cycle. The cycle consists of these basic steps: when the
ranger generates an interrupt, the data lines are read to accept new values
for elevation, azimuth, range, and time; when the data buffer fills, it is
written on the mag tape; raw data values are written to the display memory,
to be displayed by the T.V.; data values are filtered and positional
and wind data is computed; at every multiple of 60 seconds after balloon
lift-off, wind and positional data is written to the line printer. This program
cycle will continue until the operator enters a 'DTA 8' on the computer
control panel. The program will then continue reading new data long enough
to fill the data buffer; then a last write is issued to the mag tape,
program execution ends, and control returns to the operating system. The
operator should then issue a 'wyrite filemark' command to the mag tape. Thig
will allow for recording more than one flight on a tape, and keeping the flights
separate.

2. Rocket - real time mode




When the opeator has indicated that the flight will be a rocket, the
program will respond with this message to the command console:

CAL TAPE AVAILABLE? YES PRESS CR, NO 1 CR

The question really asked here is if temperature processing is to be done
tor this flight. If so, a paper tape, with calibration values for the
particular rocketsonde instrument to be tracked, must be read in by the

program, Instructions on making a calibration paper tape are given in the

following section of examples.

2a. Rocket - no temperature processing

For a real-time rocket flight, where no calibration data is available,
and thus no temperature processing is to be done, the operating procedure
is the very same as described in the previous section (under heading: 1.
Balloon - real time mode), with a few minor exceptions. VYFirst, the
operator should enter 'DTA 2' on the computer control panel at rocket launch
rather than balloon lift-off. The other exceptions are in the program
cvele itself. For a rocketsonde track, wind data is calculated and also
corrected using correction techniques for vertical acceleration. Finally,
instead of data being printed on the line printer at 60 second intervals
atter balloon lift-off, now corrected winds and angular data are printed
out tor every 1-KM layer passed through during the descent of the rocketsonde.

2b. Rocket - with temperature processing

When the operator indicates that a calibration tape is available (tape
must be prepared in advance), the program will respond with this message on

the command console:

PUT 1LOKI TEMP TAPE IN READER PRESS CR
The operator should ther load the cal tape in the paper tape reader,

and then hit the carriage return on the commard console. The tape will be

13
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read in, and the program will construct a table of look-up values. The program
then takes three different ratios and determines their corresponding values

in the look-up table. The ratios and values are printed out on the command
console, and then this message:

CAL RATIOS WITHIN .3 DEG? PRESS CR, NO PRESS 1 CR

Here the operator is asked to perform a simple check to see if the values
calculated and stored by the program fall within acceptable limits Again for
more details here, refer to the example. If the ratios do not agree, then
temperature processing cannot be done correctly. In this case, the operator
should type 1 CR (one followed by a carriage return) on the command console:
the program will then stop. The operator may try constructing another tape,
in case the first had errors, or he may start the program again and run
without temperature processing.

If the ratios are okay the operator should enter a CR. The program will
list out on the line printer all ratios read in and the coefficients cal-
culated by the program. The line printer then goes to the top of the next
page, prints a page heading (again with the tlight information), prints a
line heading, the program is now ready for the start of the flight. The
program will now write this message to the command console:

PRESS CR TO START DISPLAY

From this point in the program, up to where the 'end of flight' signal
is entered by the operator, the operating procedure is the very same as for
the real time balloon, or rocket without temperature processing (described

in the two previous sections). There are a few exceptions in the program cycle

itself though. As the program does for a rocket without temperature
processing, so here winds are corrected, and data is now printed out for each

1-KM layer in the descent of the rocketsonde. Also here, as met values are




being read, filtered, and stored, some special processing will be done. First,

it is determined whether a met value is a temperature or a reference. All temp-
erature values are run through a selective filter to detect significant level
temperatures; for each one detected an actual uncorrected temperature, in degrees,
wiil be computed by making use of the calibration values read in at the start
of che program. All reference values, and their corresponding time, are saved,
and all significant level temperatures, and their times, are saved. If the
operator desires, these values may also be listed, by assigning some list
device to logical unit 8.

When the operator enters the 'DTA 8' to signal the end of the flight,
the program will continue reading and processing new data long enough for ihe
data buffer to fill up. All interrupts will then be disabled, and no new data
can be processed. The line printer will now move to the top of a new page,
print a page heading, and then list out all stored temperature references and
all significant level temperatures detected during the flight. The line
printer will again move to a new page, print a page heading; and then the
program will write this message to the command console:

DAY OR NIGHT FLIGHT? Day - Press CR; NIGHT - 1 CR

The operator should enter the appropriate answer; this determines which
values will be used in correcting temperatures for incoming radiation. The
program computes a temperature for each 1-KM layer in the wind array (if
between 20 and 70 KM) by interpolating into the significant level temperature
array. The temperatures are then corrected using the U.S. standard correction
technique.

The program will then write this message to the command console:

IS BASE LEVEL DATA AVAILABLE?

YES - PRESS CR; NO 1 CR




To be able to compute pressure and densities, the program must obtain a
suitable base level match-up from a conjunctive rawinsonde observation. Two
criteria determine whether or not some particular base level data is suitable.
First, it must be at an altitude reached during the descent of the rocketsonde
while it was transmitting met data. Second, the base level temperature must
be within 2.5 degrees of the temperature measured by the rocketsonde at that
altitude. 1If no base level data is available, the operator should enter a
1 CR; the program then will fill in dummy values for all pressures and densities
in the 1-KM level thermodynamic array. If data is available, and the operator
wants to try it as a possible matchup, he should enter a CR. The program will
then write this message to the command console:

TYPE IN BASE LEVEL DATA (INCLUDE DECIMAL POINT)

'ALT (KM)' PRSS (MB)' TEMP (DEG - C)'

The operator should then type in the data, under the corresponding headings
and between the quote marks. If the data does not pass the two criteria the
program will write a message to the command console explaining which of the
two failed. Then this message is written to the command console:

TRY ANOTHER BASE LEVEL? YES - PRESS CR; NO - 1 CR

If the operator desires to try different data for a possible match-up,
he should enter a CR. The program will then write the above message (asking
the operator to type in base level data), and the cycle is repeated. The
operator may continue trying to achieve an acceptable match-up, until either
one is achieved or the operator decides to stop trying for the match-up. If
the operator does decide to stop, a 1 CR should be entered in response to the

question:

TRY ANOTHER BASE LEVEL? YES - PRESS CR: NO - 1ICR

The program will then fill in dummy values for all the pressures and
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densities in the 1-KM level thermodynamic array.

Tf an acceptable base level match-up is entered by the operator, the
program will compute a pressure for each 1-KM level using the hydrostatic i3
equation. Density and speed of sound are also computed for each level.

Ihe program will now print the base level information on the line printer, L

and then the entire 1-KM level array is printed out. The print out will
include altitude, time, corrected wind data, corrected temperature data, and
pressure and density (with dummy values if no base level is found).

The line printer will now go to the top of a new page, print a page heading,
and then the program will print out thermodynamic data for all significant
levels. The data print out is the same form as described above for the 1-KM
level thermodynamic array. The data is calculated by direct interpolation into
the 1-KM level array. A significant level is created at each time in the flight
where a significant temperature was detected.

The line printer will again go to the top of a new page and print a page
heading. The program will now print out data in the special MRN format -
the MRN 30 cards. Each line consists of one level of thermodynamic data.

The 30 cards include all 1-KM levels and all significant levels. The
levels are arranged by altitude, with each significant level between
the two 1-KM levels above and below it.

The program will now print out thermodynamic data for all mandatory
levels ( on a new page with a page heading). A mandatory (or constant pressure)
level is one wheve the pressure, in millibars, is equal to any powers of 10
times 7, 5, 3, 2, or 1. This data is also calculated by direct interpolation
into the 1-KM level array. The data is next printed on a new page in the
MRN format. These are the MRN 40 cauds, each line of data consists of one

mandatory level of thermodynamic data.




The line printer will again go to the top of a new page and print a page
heading. The program will now print out a graph of the X and Y component winds
and temperature, versus altitude. The vertical axis is altitude in kilometers,
above sea level. Three pavameters are plotted along the horizontal axis - X,

Y, and T. The X's represent the corrected component wind in the X - direction,
in meters per second. The Y's represent the corrected component wind in the Y -
direction, in meters per second. The T's stand for the corrected temperature,
in degrees centigrade. Any 0's means that two, or all three, parameters occupy
the same point on the graph.

The program will now print a page heading at the top of a new page.

The ROCOB message will now be printed on the line printer. The ROCOB message
consists basically of thermodynamic data for all levels with altitudes that

are multiples of 5KM. Also included are all levels where one of three

parameters - wind speed, wind direction, or temperature - deviate from a straight

line approximation by more than a specified amount. The print-out gives the

e e e

altitude of each leveli of data and the value of all three parameters. An

R

X will appear in the appropriate column to indicate which of the three parameters
caused that level to be selected. The numbers at the far right of the
print-out are the data in the special ROCOB format.

A last write is now issued to the mag tape. This record will contain the

base level values if a match-up was achieved. Also on this record will be

flags to indicate whether base level data is there or not. 1If the flags are

set, and the flight is run at a later time in the cal with tape mode, the

e AT e T O

program will know to use the base level values already there.

=

Program execution now ends and control is returned to the operating system.
The operator should issue a 'write filemark' command to the mag tape. This

will allow tor keeping this flight separate from the next one recorded on the

tape.
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B. PRINT COPY MODE

Fhe program is placed in the copy mode by a 1 CR (a one followed by a
carriage return) in response to the initial question from the program. The
program will return this message to the command console:

PAUSE 10

TASK PAUSED

Ihe program is paused to allow the operator to position a mag tape to the
tlight (previously recorded) which is to be copied. After positioning the tape,
the operator should enter a 'continue' command on the console.

The program will now read the first record of the mag tape and print a
page heading with flight information on the line printer. Flight launch time
and radar lock time are also printed out.

Following this, the program will read the mag tape and create a print-
out of data. The print-out will include filtered and calculated wind and positional
data. This data was saved during the real time run, and this mode merely copies
the data from the mag tape.

The program will continue reading data from the tape until an 'end of
file' mark is encountered, at which time this message will be written to the
command console:

DONE? YES CR, NO 1 CR

[f the operator desires to end the program here, a CR should be entered
and program execution is returned to the operating system. 1f it is desired
to run the same flight again or another flight in the copy mode, a 1 CR
should be entered by the operator. The program will then return this message
to the command console:

PAUSE 10

TASK PAUSED.

Operation is exactly the same as described above for the first copyv.
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C. CAL WITH MAG TAPE MODE

The program is placed in the cal with tape mode by a 2 CR (a two
followed by acarriage return) in response to the initial question from the
program. The program will return this message to the command console:

PAUSE 10

TASK PAUSED

The program is paused to allow the operator to position a mag tape to
the flight (previously recorded) which is to be processed. After positioning
the tape, the operator should enter a 'continue' command on the console.

The program will now read the first record of the mag tape and print a
page heading with flight information on the line printer. Also determined in
this first tape read is whether the flight was a balloon or a rocket.

1. Balloon - cal with tape mode

For a balloon flight the program will read the mag tape and create a
print-out of data. First the flight launch time and the radar lock time are
printed on the line printer. The program then reads raw data values from
the mag tape, and filters the data and computes the winds. At every multiple
of 60 seconds after balloon lift~off the wind and positional data are printed
on the line printer. The program continues to read the tape until an 'end of
file' mark is encountered. The program will stop and control is returned
to the operating system. See pages 21 and 22 for actual wind listings.

2. Rocket-cal with tape mode

On page 23 is a sample print out on the TTY and the response
by the operator for a rocket flight. Also included on pages 24 thru 33 is the
corresponding output produced by the computer. Note each time the character <

occurs the operator must supply the appropriate responses,
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*ST
REAL TIME CR PRINT COPY 1CR CAL WITH MAG TAPE 2CR

>2

PAUSE 1¢
TASK PAUSED

*CO

CAL DATA NOT ON MAG TAPE

CAL TAPE AVAILABLE? YES PRESS CR , NO 1CR

>

PUT LOKI TEMP TAPE IN READER PRESS CR

@.3000 -46.4958 (Temp from chart -46.34)

.500@ -29.198¢ (Temp from chart -29.27)

?.7000 -11.8978 (Temp from chart -11.92)
CAL RATIOS WITHIN .3 DEG? PRESS CR,NO PRESS 1CR
>

* * ¥V

DAY OR NIGHT FLIGHT? DAY-PRESS CR; NIGHT- 1CR
>1
BASE LEVEL DATA IS NOT ON MAG TAPE
IS BASE LEVEL DATA AVAILABLE?
YES- PRESS CR; NO- 1CR

TYPE IN BASE LEVEL DATA (INCLUDE DECIMAL POINT)
'ALT (KM) 'PRSS(MB) 'TEMP(DEG-C) '

> 28. 16.8 -5¢.9
STOP
END OF TASK @
*
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D. LOKI CALIBRATION TAPE PREPARATION

On page 35 is a listing of the lst page of the calibration

data for the LOKI flight just processed. The data that must be
punched on paper tape is contained in column 2 and the last row as

indicated by the dashed lines. The tape is punched by typing on the

teletype as follows:(Note the 1lst '*' is typed by the computer, the
2nd '*' is typed by the operator)
*BU PTRP:
**% 0.9911
**% 0.9571
etc
*%0,1472
**0.1333
** 1199.000
** 430.000
** 96.160
** 26.920
** 6,110
*SEXIT
*ENDB
The tape just prepared is then used when the program requests—-

"PUT LOKI TEMP TAPE IN READER PRESS CR"
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LOKT CALIBRATION DATA

INSTRUMENT N820413 THERMISTOR NO12886

21 5

1.0 '0.9911'  5572.0 5622.0
5.0 '0.9571* 5572.0  5822.0
10.0 '0.9186, 5573.0 6067.0
20.0  '0.8505, 5573.0 6553.0
30.0 10.7930 5573.0 7028.0

-

40,0 10.7435  5573.0  7496.0
50.0  ,0.70011  5574.0  7962.0
60.0 ,0.6618,  5574.0  8422.0
70.0  0.6293, 5575.0  8859.0
80.0  0.5994,  5575.0  9301.0
90.0  '0.5730  5575.0  9729.0

5}

100.0  '0.5502'  5576.0 10135.0
150.0  '0.4589' 5576.0  12150.0
200.0  10.3981! 5577.0  14009.0
300.0 0.3217° 5578.0  17341.0

400.0 :0.2753. 5579.0  20201.0

600.0 0.2223 5579.0  25033.0

800.0  '0.1925, 5580.0  28836.0

1000.0 '0.1740‘ 5581.0 31883.0

1500.0 '0.!&72| 5582.0 37417.0

2000.0  ;0.1333, 5583.0 41258.0

-65.0 -50.0 -25.0 0.0 35.0
'1199.000  430.000  96.160 26.920 6.110
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IIT, ACCURACY COMPARISONS

The accuracy of the Interdata 7-32--Nike Hercules system(labeled
AUASS(7-32)) was estimated by compariﬁg the rocketsonde corrected winds
from this system to the corrected winds from the UNIVAC 1108---FPS-16
system. The results of this comparison are shown on page 37. Clearly
the results are in good agreement, as the shape of the profile for
both systems is very similar, Absolute differences are within 2 to
4 M/S at high altitudes and 1/2 to 1 M/S at lower altitudes.

The accuracy of the temperature processing is achieved by comparing
the plot of the actual raw temperature data to the significant level
temperaturei data obtained by the computer. This comparison is shown on
page 38 (ﬁr a tempe_ ature tolerance of 2 degrees C. The temperature
toleruncc‘guarnntees that the segmented curve will never be more than
2 degrees from the actual temperature curve. The data selected by the

computer does agree very well to the peaks and valleys of the raw temp-

erature profile.
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IV. FLOWCHARTS

The following section contains flowcharts for the entire program.
Included in this section are a general flowchart of the program, a
flowchart depicting the use of the subroutines during program execution,
and detailed flowcharts of each of the subroutines. The flowcharts
have been arranged in this manner in the hope of presenting a clearer
view of the role of each subroutine in the overall operation of the program.

Due to the many pages of charts, a method had to be implemented to
keep transfers from one page to another separate and easy to follow. A
transfer from one point in a chart to another (which may or may not
be on the same page) is identified by the execution flow entering a circle
with a letter and a number inside. The number corresponds to a number
at top of some page (immediately following the page title), and the letter

matches to a circle on that page with the same letter in it.
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GENERAL FLOWCHART FOR PROGRAM~ 1.1

INT COPY
PRINT MODE OF REAL TIME D

J RUN? 1.3
READ FILTERED ‘5

DATA FROM MAG
.51 TAPE CAL WITH TAPE

N
/é‘r\ ROCKET _/ S THERE ANY
T? TN CALIBRATION

DATA?

BALLOON |
NO STOP
READ RAW
DATA FROM
) MAG TAPE
PRINT OUT
FILTERED DATA ‘f
YES READ RAW f
DATA FROM i
MAG TAPE
NO
YES
4 FILTER DATA,

NO

Y
COMPUTE AND
CORRECT WINDS STOP

FILTER DATA
AND COMPUTE
WINDS

NO

IS TIME AN
EXACT MULTIPLE
OF ONE MINUTE?,

1S ALTITUDE
AT AN EVEN

KILOMETER? //
YE »
PRINT OUT THE =
ONE MINUTE WIND
AND POSITIONAL | i
DATA PRINT OUT THE
1-KM LEVEL DATA |
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READ RAW
¢ DATA FROM

AN

MAG TAPE

YES

NO

FILTER DATA,
COMPUTE AND
CORRECT WINDS

DETECT AND STORE
SIGNIFICANT LEVEL
LEVEL TEMPERATURES

NO

IS ALTITUDE AT
AN EVEN KILOMETER

PRINT OUT THE
1-KM LEVEL WIND

AND POSITIONAL

i DATA

GENERAL FLOWCHART FOR PROGRAM -1.2

PRINT OUT LIST OF
ALL SIGNIFICANT
LEVELS

4

INTERPOLATE 1-KM

EMPERATURE DATA

PROM SIGNIFICANT
LEVEL DATA

PRINT OUT 1-KM
LEVEL CORRECTED
TEMPERATURE DATA

INTERPOLATE THERMO-
DYNAMIC DATA FOR
SIGNIFICANT LEVELS

PRINT OUT SIGNIFICANT
LEVEL CORRECTED TEMP-
PERATURE DATA

INTERPOLATE THERMO-]
DYNAMIC DATA FOR
MANDATORY LEVELS

PRINT OUT MAN-
DATORY LEVEL
CORRECTED TEMP-
ERATURE DATA

PRINT OUT MRN
FORMATLED 40-CARDS
DATA

/——APRINT OUT THE

N

PRINT OUT MRN
FORMATLED 30-CARDS
DATA

YES

IS THERE
BASE LEVEL
MATCHUP?
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COMPUTE AND

ROCOB MESSAGE

NO

YES

WRITE LAST
MAG TAPE
RECORD WITH]
BASE LEVEL
VALUES




ROCKET

IS THERE ANY

READ IN
CALIBRATION
DATA

BALLOON

FILTER DATA
AND CORRECT
WINDS

STORE DATA

IN MAG TAPE
BUFFER TO WRITE
IN FIRST RECORD

INITTIALIZE

IF A ROCKET FLIGHT

WITH TEMPERATURE

PROCESSING, DETEC

PRINT OUT WIND
AND POSITIONAL
DATA-EVERY ONE
KILOMETER FOR
RCCKETS, EVERY
ONE MINUTE FOR
BALLOONS

YES

WRITE A RECORD
ON MAG TAPE
AND CLEAR BUFFER

T

IAND STORE SIGNIFICANT
LEVEL TEMPERATURES

S

DISPLAY INTERRUPT

INITIALIZE
RANGER
INTERRUPT

END
OF FLICHT?
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GENERAL_FLOWCHART TOR PROGRAM -1.3

-—

e m e Rt e

\

{
'
I

INTERRUPT
FROM T.V.
DISPLAY

AV

WRITE NEW

DISPLAY DAlA

TO THE DISPLAY

MEMORY

/
/

DISABLE ALL

INTERRUPTS

TEMPERATURE
PROCESSING

STOP




USE OF SUBROUTINES BY PROGRAM -2.1

MAIN PROGRAM
INITIALIZE; DETERMINE
TYPE OF FLIGHT AND

MODE OF RUN

SIGLEV

PRINT OUT ALL
SIGNIFICANT LEVELS

LOKTEM
FOR ROCKET FLIGHTS
WITH TEMPERATURE
PROCESSING, READ IN

CALIBRATION DATA

_t____

-

TEMCOR

COMPUTE AND PRINT
OUT CORRECTED
TEMPERATURES FOR ALL
1-KM LEVELS; MAKE
BASE LEVEL MATCHUP

END OF
FLIGHT

MAIN PROGRAM

COLLECT RAW DATA; SER-

VICE INTERRUPTS;
READ/WRITE MAGE TAPE

ONLY FOR
ROCKET FLIGHTS
WITH TEMPERATURE

SLML MRN
INTERPOLATES [ ENCODES
AND PRINTS OUT ONE LINE
DATA FOR THE OF DATA
SIGNIFICANT AND IN MRN
MANDATORY LEVELS FORMAT

i

PROCESSING
\
SIGLEV |
wwoest } \] ===~ 1
"""" DETECT AND STORE |
FILTER RAW SIGNIFICANT LEVEL
DATA; COMPUTC TEMPERATURES l
AND CORRECT \
WINDS
{
o |
LOKTEM
s et AT A 27 B {
RECEIVE A RATIO AND |
RETURN ACTUAL TEMPERATURE {
|

END OF
FLICGHT

XYPLOT

PLOTS X AND Y
COORDINATE WINDS
AND TEMPERATURE
VERSUS ALTITUDE

v

ROCOB

COMPUTES AND PRINTS
ROCOB MESSAGE




FOR MAIN PROGRAM ~ 3.1

FLOWCHAR

| Q

CAL WITH

PRINT
COPY

REAL
TIME

MAG

READ IN
INFORMATION

FROM OPERATOR
ABOUT FLIGHT

BALLOON
o
ROCKET
WRITE COMPLETE

CALL LOKTEM BUFFER ON MAG
A TO READ IN TAPE
3.1 CALIBRATION TAPE

IF AVAILABLE
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TAPE

PRINT OUT
PAGE HEAD-
ING AND LINE
HAEDER

INITIALIZE
INTERRUPT SERVICE
ADDRESSES . AND
ENABLE INTERRUPT
FROM RANGER: RESET
INDEXES

3.2




FLOWCHART FOR MAIN PROGRAM - 3.2

NO

PRINT OUT LAUNCH
TIME, LOCK TIME,
AND LINE HEADER

ENCODE FLAG

s SET UP FILTER
AND FLAGS FOR
FIRST CALL 4TO
WNDCAL b

ENCODE CURRENT
| RAW DATA IN TV
LDISPLAY BUFFER

A DTA 3 FOR

ENABLE FOR
INTERRUPT YES
FROM TV
DISPLAY
1 \
__-__--_-_-44——-~———~‘ MOVE NEW 4
RAW DATA
' v l 2 INTO FILTER
NIEN INTRRUDPTED BY lr 7 1
RANGER, GO TO ,1', :
o .
WHEN ENABLED, & t
INTERRUPTS MAY ! g
OCCUR AT ANY CALL WNDCAL i
POINT OF EXECU- e | TO FILTER RAW | 3
TION ON THIS PAG WHEN TNTRERRUPTED DY ; DATA AND TO I
LISPLAY, GO TO CORRECT WINDS {
! i
3
| i
‘
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TO SERVICE
INTERRUPT
FROM RANGER

SAVE ALL USER REGISTERS,

AND DISABLE FURTHER RA
INTERRUPTS

READ FROM CARD 388

THE ELEVATION AND
AZIMUTH; MANIPULATE
DATA TO OBTAIN USABLE
FORM; STORE FOR FILTER
AND FOR DISPLAY

READ FROM CARD 8C
THE ACTUAL TIME
(YEAR, DAY, HOUR,
MINUTE, SECOND,
TENTH-SECOND) ;
STORE TIME IN
THREE WORDS
(TAKES THREE
READS)

READ FROM CARD 8C
12 BITS OF MET DATA;
STORE IN MET ARRAY
AND FOR DISPLAY

!

READ FROM CARDSD
THE RANGE, WHICH
IS A NUMBER OF NANO-
SECONDS: CONVERT TO
SLANT RANGE IN METERS;
STORE FOR FILTER AND FOR
DISPLAY

C) [SET MAC TAPE

FLOWCHART FOR MAIN PROGRAM - 3.3

IS
MET FLAG
SET
o

UPDATE THE |
INDEX FOR
STORING CURRENT

RAW DATA

NO

HAVE
STORED
1909 RAW DATA
VALUES
YEE?

YES

WRITE FLAGE, TO
WRITE ENTIRE
BUFFER; RESET
CURRENT RAW
DATA INDEX

SET DISPLAY
ENCODE FLAG,
TO ENCODE

NEW DISPLAY
DATA

=
IRE-ENABLE
\INTERRUPT
{FOR RANGER

fer s

—1

RESTORE
ALL USER
REGISTER

i
E
|
4
i
}
[
b
t
i




TO SERVICE
INTERRUPT
FROM DISPLAY

SAVE ALL USER
REGISTERS AND
DISABLE

v

WRITE A BYTE
OF DATA TO
DISPLAY MEMORY

CLEAR CARD,
BUT LEAVE
INTERRUPT
DISABLED

RESTORE ALL
USER REGI STER%

RETURN

FLOWCHART FOR MAIN PROGRAM - 3.4

CHECK FOR
SET MET
FLAG

YES
LOCKED ON
TARGET
YET

NO

SET CURRENT
MET VALUES
TO ZERO

L\\

RETURN P

RESET MET
FLAG: SAVE
CURRENT
VALUES OF
TIME AND

MET ORDINATE

NO

TEMPERATURE
CALIBRATION
DATA?

CALL SIGLEV

TO COMPUTE
ACTUAL UNCOR-_
RECTED TEMPER-
ATURE AND TO
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SAVE ALL
SIGNIFICANT
TEMPERATURE
LEVELS




FLOWCHART FOR MAIN PROGRAM - 3.5

HANDLE RAW
MAG TAPE
DATA PROCESS

NEW RAW
RDTAPE
3.5 ES

DATA
DISPLAY
ENCODE FLAG TAKE RAW DATA
s FROM BUFFER FOR
" RANGE, AZIMUTH,
SAVE ALL AND ELEVATION
USER REGISTERS » AND CONVERT TO
SPECIAL INTEGER
FORM TO BE USED
BY DIGITAL FILTER

., ENCODE CURRENT
REAL 1:[.‘?& RAW DATA IN TV
FL}L!HT DISPLAY BUFFER

USE THREE STORED
\L WORDS OF TIME TO
CONVERT TO TIME,
ENABLE FOR IN SECONDS, AFTER
INTERRUPT LAUNCH
FROM TV
DISPLAY

HAVE
NEW RAW UPDATE EXTERNAL
UNPROCESSED, WAIT IN COUNT MAG TAPE BUFFER
DATA? LOOP TO ALLOW POINTER (MINDX)
INTERRUPT FROM
RANGER TO BRING
IN NEW RAW DATA
IF VALUES FOR
AZIMUTH OR
ELEVATION ARE
OUTSIDE OF @-309
DEGREE LIMITS,
CORRECT WALUE TO
1s THIS RANGE
MAG TAPE '

WRITE FLAG
SET?

WRITE COMPLETE
BUFFER ON
MAG TAPE

RE-INITIALIZE
INTERRUPTS AND
MAG TAPE BUFFER
INDEXES




FLOWCHART FOR MATN_PROGRAM = 3.6

YES

8 /" RECEIVED

“ A DTA 8 to

SIGNAL END OF
FLIGHT?

/

>
7

NO

RESTORE ALL

NO
HAVE PROCESSEL
ALL RAW DATA

IN CURRENT
BUFFER?

READ NEW
DATA INTO

USER REGISTERS

RETURN

A

BUFFER FROM
MAG TAPE

I Ju
IN A

It Is
A RAD

ST ONE POLINT
ROwW DISAGREES,
REJECTED AS

POINT

\NO

LA
STOR

ey s
T MET LG
R CHEGR: BN
CLUTRG

3T

WAS
ST I'OINT
HDOAS A BAD

MET
FILTER

NO

IS
MET VALU:
W1 IHIN
ACCEPTADLE
LIMITS

COMPARE NEW
MET POINT WITH
PREVIOUS POINTS

IF NEW VALUE
DISSAGREES BY
MORE THAN A TEST
AMOUNT FROM THE
LAST STRING OF
BALUES, THE NEW
VALVE IS FLAGGED
AS A POSSIBLE BAD
POINT.

pacNt
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————
1F TWO POINTS IN A

ROW DISSAGREE WITH

THE LAST STRING AND

AGREE WITH EACH OTHER,

A NEW STRING 1S STARTED,
AND THE VALUES ARE STORED
AS COAD POINTS




END OF
FLIGHT

FLOWCHART FOR MAIN PROGRAM ~ 3.7

CONTINUE TO
PROCESS NEW DATA
UNTIL CURRENT

BUFFER 1S FULL

CALL TEMCOR
TO CONSTRUCT
CORRECTED
TEMPERATURE
PRINTOUT AND
TO ATTEMPT A

CALL ROCOB

TO ENCODE
1-KM LEVEL
THERMODYNAMIC
DATA INTO

BASE LEVEL ROCOB FORMAT,
MATCHUP AND TO GIVE
PRINTOUT

DISARM ALL CARDS
AND INTERRUPTS

WRITE LAST RECORD
ON MAG TAPE WITH

BASE LEVEL VALUES,
IF MATCHUP WAS STOP
ACHIEVED

CALL SLML TO GIV€“]
SIGNIFICANT LEVEL
PRINTOUT, AND TO

ST 1
K

CALL MRN TO ENCODE q
g

DATA IN THE MRN
FORMAT

DID
READ IN
TEMPERATURE
CALIBRATION,

CONSTRUCT A PLOT

CALL XYPLOT TO ‘5
OF CORRECTED X AND ‘}
3

NO
Y WINDS AND CORRFCTED i
TEMPERATURE VERSUS i
ALTITUDE i

|
CALL SIGLEV T
TO PRINT OUT

| LNTIRE LIST OF f
SIGNIFICANT ‘
FEMPERATURE LEVELS il

AND ALL REFERENCES
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FLOWCHART FOR MAIN PROGRAM - 3.8

MODE

com) @

PAUSE TO ALLOW
POSITIONING OF
MAG TAPE

PRINT LOCK TIME
AND LINE HEADER

e

READ FIRST
MAG TAPE RECORD

PRINT PAGE
HEADING AND
LAUNCH TIME

SET FLAGS SO
ROUTINE RDTAPE
WILL READ A
RECORD FROM
MAG TAPE

BAL_TO

PRINT A LINE
WITH ONE LEVEL
OF DATA

HAVE
PRINTED
ALL LEVELS 1IN
THIS MAG

TAPE RECORD
?

READ A RECORD
FROM MAG TAPE

ittt




FLOWCHART FOR MAIN PROGRAM - 3.9

PAUSE TO ALLOW
POSITIONING OF

MAG TAPE

READ MAG TAPE
UNTIL FIND RECORD
WITH RADAR LOCK

INITIALIZE

MET FLAGS AND
CHECK FLAGS

PRINT PAGE HEADING,
LAUNCH TIME, LOCK
TIME, AND LINE
HEADER

BALLOON

ROCKET

CALL LOKTEM

SET MAG TAPE
BUFFER POINTERS

SO ROUTINE RDTAPE
WILL READ A RECORD
FROM MAG TAPE

TO READ IN
CALIBRATION
VYALUES: FROM

INITIALIZE VALUES FOR
FIRST CALL TO WNDCAL

MAG TAPE IF
SAVED, OR
FROM PAPER
TAPE IF
AVAILABLE
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FLONCHART FOR MAIN PROGRAM - 3.1

BAL 10 BACK UP MAG TAPE CALL TEMCOR
T AND READ LAST TO CONSTRUCT
3.4 RECORD AGAIN THE CORRECTED
i ' TEMPERATURE

PRINTOUT, AND
TO DETERMINE
BASE LEVEL

CALL SLML TO i

GIVE SIGNIFICANT

LEVEL PRINTOUT, ]
STOP AND TO CALL MRN

YES TO ENCODE DATA

IN THE !RN FORMAT

DID
READ IN
TEMPERATURE
CAL1IBRATIO
DATA
?

{
i
!
i
f

CALL XYPLOT TO
CONSTRUCT A PLOT
OF CORRECTED X
NO AND Y WINDS AND
CORRECTED TEMP-

MOVE NEW

E?Z; 150 ERATURE VERSUS
ER ALTITUDE
YES i
' CALL ROCOB TO ENCODE
CALL WNDCAL CALL SIGLEV 1-KM LEVEL THERMO-
TO FILTER RAW TO PRINT OUT DYNAMIC DATA INTO i
DATA, CORRECT ALL SIGNIFICANT ROCOB FORMAT, AND TO i
WINDS, AND TO TEMPERATURE LEVELS GIVE PRINTOUT
PRINT OUT DATA AND REFERENCES

STOP




FLOWCHART FOR SUBROUTINE WNCAL - 4.1

ROUTINE IS AN ARRAY
(IN COMMON/BUFDTA/)
OF RAW DATA: 121
POINTS OF EACH OF
TIME, RANGE, ELEVA-
TION, AND AZIMUTH:
@.1 SECOND SAMPLES

h
RUN DATA THROUGH
A 117-POINT FILTER
TO GET 5 SMOOTHED
POINTS FOR EACH OF
TIME, RANGE, ELEVA-
TION, AND AZIMUTH

COMPUTE: ELEVATION
AND AZIMUTH IN DEGREES,
TIME IN SECONDS SINCE
LAUNCH, ALTITUDE (MSL),
CORRECTED HDO, AND
COORDINATE POSITIONS
OF TARGET

NO

1S
THIS THE
FIRST CALL TQ
ROUTINE?

INITIALIZE ALL
COMPUTAT IONAL
PARAMETERS

A

STORE INITTAL

VALUES IN
ARRAY FOR
COPY MODE

PRINT FIRST
LINE OF THE
COMPUTED
DATA

WHAT
TYPE OF
FLIGHT?,

BALLOON

COMPUTE UNCORRECTED
X,Y, AND 2 VELOCITIES
FROM POST IONAL DATA

COMPUTE THE
ACCELERATIONS
FOR X,Y, AND Z
DIRECTIONS

RUN X,Y, AND Z
ACCELERATIONS
THROUGH A 10-
POINT FILTER TO
SMOOTH VALUES

YES

HAVE
19 GOoD
VALUES TO AVERAGE
YET?
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RESET 10 INCREMENT ]
GOOD VALUE 19 COOD
COUNTER VALUE COUNTER

@)

.?




ROCKET

FLOWCHART FOR SUBROUTINE WNDCAL -

STORE CALCULATED
VALUES FOR USE
IN NEXT CALL

CALCULATE X AND Y
DIRECTION WINDS
USING CORRECTION
TECHNIQUES FOR
ACCELERATION

BALLOON

THIS THE
FIRST CALL TO

YES ROUTINE
?

YES

Y
CALCULATE WHAT
1-KM LEVEL XS
NEXT BELOW
ROCKETSONDE

NO

SHIFT 5 MORE

RAW POINTS OF
FACH PARAMETER
INTO BOTTOM OF No
117-POINT FILTER

AT LEAST

ONE LEVEL OF

DATA TO
USE?

SHIFT 19 MORE
Y RAW POINTS OF YES
EACH PARAMETER
INTO BOTTOM OF
117-POINT FILTER
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NO

HAS
SONDE
GONE BELOW
NEXT 1-KM
LEVEL

IS
TIME AN
EXACT MeLTIPLR

OF 69
SECONDS

STORE ALL
ANGULAR AND
POST IONAL
DATA

HAVE
THREE
1-KM LEVELS
OF DATA
NOw?




FLOWCHART FOR SUBROUTINE WNDCAL - 4.3

MAKE FOLLOWING NO
Q A CHECKS ON
DATA

YES

O

SHIFT OUT LAST T T
VALUES OF X,Y,
LATEST X,Y,
AND Z VELOCITIES Wi
SHIFT IN NEW Z VELOCITIES
Qﬁgs FOR AVERAGING

Y

9.3 of last
DATA?

YES

ENCODE ALL WIND

L] AND POSTIONAL
' DATA AND WRITE

TO LU 6




FLOWCHART FOR SUBROUTINE WNDCAL -

4

4.

4

AVERAGE X,Y, AND 2

VELOCITIES OVER
MIDPOINTS OF TWO

1-KM LAYERS TO GET

FINAL X,Y, AND 2
YELOCITIES

CALCULATE AND
STORE FINAL

VELOCITIES

CORRECTED WIND

STORED LEVELS

SHIFT THE THREE

OF DATA; SHIFT
OUT OLDEST DATA

CALCULATE FINAL
DATA NEE!
PRINTOUT

CCPY MODE

{*

|
|
i
|

ENCODE ALL
DATA AND

WRITE ON
LU 3 (LINE
PRINTER)
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STORE TIME,

ALTITUDE, AND

SIND DATA FOR

LATER USE IN
e RATURE




FLOWCHART FOR SUBROUTINE SIGLEV->.1

ROUTINE IS SENT A
TEMPERATURE VALUE
AND A TIME IN

REGISTERS 6 AND 7

FIRST CALL LAST CALL
\b < WHAT TYP > _Sb
SET ALL THE STORE LAST TIME
SIGNIFICAN LEVEL AND VALUE AS A
TIMES EQUAL-1 NORMAL CALL

v

SET INITIAL
SLOPES TO
BE VERTICLE

YES CALCULATE

SLOPES WITH
NEW VALUE

YES

IS FIRST VALUE
A REFERENCE?

S NEW SLOPE
BETWEEN OUTER

SIGNIFICANT LEVEL

CALL LOKTEM
TO CALCULATE
THE REMAINING
SIGNIFICANT
TEMPERATURES

PRINT OUT THE
TIME AND VALUE
OF EACH SICONI-
FICANT LEVEL

SLOPES?
NO
A I .
= REFERENCE YES
TEMPERATURE AND TIME S NEW SLOPE
AND TIME EQUAL THE OUTSIDE INNER
EQUAL THE SLOPES?
VALUE AND VALUE AND
ITS TTME
ITS TIME
SAVE AS
NEW INNER
. @ SLOPE
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Ay R e

PRINT OUT THE
TIME AND VALUE
OF EACH REFERENCH

1

S



FLOWCHARI FOR SUBROUTINE SIGLEV-5.2

USING THE TWO
REFERENCES ON
EITHER SIDE OF
A SIGNIFCANT
TEMPERATURE,
INTERPOLATE TO
CALCULATE THE
REFERENCE

CALCULATE RATIO
OF THE TEMPERATURE
TO ITS REFERENCE

‘

CALL LOKTEM
TO GET ACTUAL
VALUE OF THE
TEMPERATURE 1IN

DEGREES

IS IT A NEW SAVE VALUE
REFERENCE? AND TIME AS
THE LATEST
STIGNIFICANT
LEVEL
RETURN e
STORE VALUE
AND TIME OF
REFERENCE CALCULATE
NEW OUTER
SLOPES
N
4 HAVE AT LEAST
2 REFERENCES
YET?
RETURN
ANY VALUES
BETWEEN THIS YES
REFERENCE
AND LAST?
¢
No 5.2
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MORE TEMPERATURES




FLOWCHART FOR SUBROUTINE LOKTEM-6.1

CALIBRATION TEMPERATURE
PROCESSING

VHAT TYP

 §

[y

OF CALL?,

NO

S CAL DATA
SAVED IN THE

S THERE A
CALIBRATION

>

TEMPERATURE ORDINATE

ROUTINE IS SENT
A RATIO OF THE

TO ITS REFERENCE
ORDINATE

DETERMINE VALUE
FROM TABLE OF
CALIBRATION DATA

RETURN THE VALUE
OF TEMPERATURE I
DEGREES

RETURN

TAPE?
SET FLAG
TO SHOW NO
TEMPERATURE
PROCESSING
CAN BE DONE
READ CAL
DATA FROM READ IN
BUFFER PAPER TAPE SR
CONSTRUCT A TWO PART
TABLE OF VALUES
PRINT OUT ALL
CAL DATA VALUES
PRINT ON TTY THE INTER-
POLATED VALUES AT .3, A
.5, and .7
RETURN
YES
NO
ARE THE VALUES

WITHIN .3 DEGREES?

STOP

IF REAL TIME,

SAVE VALUES IN

FIRST MAG TAPE
BUFFER

PRINT OUT ALL
CAL DATA VALUTS

o




FLOWCHART FOR SUBROUTINE TEMCOR -7.1

ROUTINE IS SENT THE

ARRAY (COMMON/BLOCK 27)
WITH ALL 1-KM LEVEL WIND
AND ANGULAR DATA. ALSO
SENT ARRAY WITH THE SIG-
NIFICANT LEVEL TEMPERATURES
(IN COMMON/LKTMTP)

DAY

USE DATA FOR USE DATA FOR
DAYTIME NIGHT TIME

TEMPERATURE TEMPERATURE

CORRECTION CORRECTION

FIND LOW ALTITUDE
END OF SIGNIFICANT
LEVEL ARRAY, AND
UPPER ALTITUDE END
OF 1-KM WIND ARRAY

TAKE HIGHEST
ALTITUDE LEVEL
OF 1-KM WIND
ARRAY

NO

YES

FILL IN THE ;
TEMPERATURE 4

IS
FALL
VELOCITY

FIND THE TWO
SIGNIFICANT
LEVELS THAT
STRADEL (BY
TIME) THE
1-KM LEVEL

INTERPOLATE TO
GET TEMPERATURE
FOR 1-KM LEVEL,
AND APPLY THE
CORRECTION TECH-
NIQUE TO GET
CORRECTED TEMP-
ERATURE

VALUES WITH i
9's ;

v

v

GO TO NEXT
LOWER 1-KM

7

IS
ALTITUDE
BELOW BOTTOM
OF 1-KM
ARRAY?

YES

ALTITUDE
BELOW BOTTOM
OF SIGNIFICANT
LEVEL ARRAY?




ELAG REST OF BOTTOM
OF L-KM ARRAY AS

BEING BELOW BOTTOM
OF SIGNIFICANT LEVEL
ARRAY

CALCULATE THE
EQUIVALENT
GEOPOTENTIAL
ALTITUDE FOR
EACH 1-KM LEVEL

DATA SAVED
ON MAG

TAPE
2

YES

RETRIEVE VALUES
FROM MAG TAPE
BUFFER

!

FLOWCHART FOR SUBROUTINE TEMCOR - 7.2

YES

HAVE OPERATOR
TYPE IN BASE <

LEVEL DATA

[ §

THAN 2.5 DEGREES FROM
TEMPERATURE MEASURED BY
ROCKETSONDE AT THAT
ALTITUDE?

62

ALTITUDE MORE
THAN 2 KM BELOW
BOTTOM OF 1-KI

ARRAY?




PRINT OUT
BASE LEVEL
MATCHUP DATA

IF REAL TIME,
SAVE VALUES IN
BUFFER TO LATER
WRITE ON MAG TAPE

FLOWCHART FOR SUBROQUTINE TEMCOR-7.3

COMPUTE PRESSURE
FOR ]-KM ALTITUDE
CLOSET TO BASE
LEVEL ALTITUDE

FILL IN PRESSURE,
DENSITY, AND SPEED

OF SOUND VALUES WITH
DUMMY VALUES TO FLAG
NO BASE LEVEL
MATCHUP

TAKE A 1-KM LEVEL

OF DATA (STARTING
AT HIGHEST ALTITUDE)

COMPUTE PRESSURES

FOR ALL 1-KM ALTITUDES

ABOVE BASE LEVEL

ARE THERE
1-KM ALTITUDES
BELOW THE

BASE LEVEL?

NO

YES

COMPUTE PRESSURES
FOR REMAINING
ALTITUDES BELOW
BASE LEVEL

|

63

CALCULATE THE
REMAINING THERMO-
DYNAMIC DATA

FOR THIS LEVEL

PRINT OUT LINE
OF 1-KM LEVEL
THERMODYNAMIC
DATA

IS THIS
BOTTOM
LEVEL?

NO




FLOWCHART FOR SUBROUTINE SLML-8.1

‘ START ’ @

ROUTINE IS SENT ARRAY TAKE ONE SIGNIFICANT
(COMMON/BLOCK2) WITH LEVEL TEMPERATURE AND
1-KM LEVEL THERMUDYNAMIC ITS TIME

DATA. ALSO SENT ARRAY
(COMMON/LKTMTP) WITH
SIGNIFICANT LEVEL TEMP-
ERATURES

S SIGNIFICANT

LEVEL AT EXACTLY
AN EVEN &M1?

WAS THERE A
BASE LEVEL
MATCH UP?

ALL THERMODYNAMIC
DATA FOR THIS LEVEL
IS EQUAL TO THAT .W)R1

CORRESPONDING 1=K FIND THE TW
LEVEL 1-KM LEVELS

THAT, BY TIME,
STRADLE THE
SIGNIFICANT LEVEL

RETRIEVE STORED

BASE LEVEL DATA B o

INTERPOLATE ALL
THERMODYNAMIC
DATA FOR THE
SIGNIFICANT LEVEL

N
MATCH UP SIZES
OF SICNIFICANT
LEVEL ARRAY AND
1-KM LEVEL ARRAY

IS BASE LEVEL
MISSING?

N
STARTING AT THE
HIGHEST ALTITUDE

LEVEL, MAKE FOL-

LOWING CALCULA- |

TIONS FOR ONE

SIGNIFICANT LEVEL
AT A TIME

SET PRESSURE
DATA EQUAL
TO 9's

64

PRAE P4




FLOWCHART FOR SUBROUTINE SLML-8.2

SAVE THIS DATA
IN ARRAY MRNA

NO

LS THIS
THE LAST
SIGNFICANT
LEVEL?

YES

PRINT OUT THE
ENTIRE ARRAY
OF SIGNIFICANT
LEVELS WITH
THERMODYNAMIC
DATA

TAKE 1-KM LEVEL
AT HIGHEST ALTITUDE

65

CALL SUBROUTINE
MRN TO FORMAT
AND PRINT OUT
ONE LINE OF DATA
(30-CARD IMAGE)

—

TAKE THE

S THERE A

SIGNIFICANT
LEVEL BETWEEN
THIS 1-KM LEVEL
AND THE NEXT?

TAKE NEXT

LOWER 1-KM

LEVEL OF
DATA

SIGNIFI-
CANT LEVEL
AND ITS DATA

NO

DETERMINE THE FIRST
MANDATORY LEVEL (THE
LARGEST PRESSURE) THAT
LIES WITHIN THE 1-KM
ARRAY




FLOUCHART FOR St

TAKE ONE MANDATORY
LEVEL

S THIS
PRESSURE
SMALLER
THAN THE

YES

TAKE ONE MANDATORY
LEVEL (STARTING

LOWEST PRESSURE)

Y

SMALLEST
1-KM
PRESSURE2

NO

IS MANDATCRY

CALL SUBROLTINE
MRN TO FORMAT
AND PRINT OUT
ONE LINE OF DATA
(40-~CARD IMAGE)

LEVEL AT EXACTLY
AN EVEN KM?

MAKE ALL THERMODYNAMIC

FIND THE TWO

1-KM LEVELS

THAT, BY PRES-
SURE, STRADLE THE
MANDATORY LEVEL

!

DATA FOR THIS LEVEL
EQUAL TO THAT FOR
CORRESPONDING 1-KM

INTERPOLATE ALL THERMODYNAMIC
DATA FOR THE MANDATORY LEVEL

LEVEL

STORE THIS DATA

66

IN ARRAY MRNA




ROUTINE IS SENT ALL
THERMODYNAMIC DATA
FOR A GIVEN ALTITUDE

D = 30

WHAT TYPE

1-KM LEVEL
OR SIGNIFICANT
LEVEL DATA

ENCODE DATA
IN MRN FORMAT

PRINT OUT ONE
LINE OF DATA
(30-CARD IMAGE

OF LEVEL?

67

ID = 40

MANDATORY LEVEL
(CONSTANT PRESSURE)
TYPE DATA

=“ RETURN F—-——-——J

ENCODE DATA
IN MRN FORMAT

¥

PRINT OUT ONE
LINE OF DATA
(40-CARD TMAGE)

-2




FLOWCHART FOR SUBROUTINE XYPLOT-10.1

ROUTINE IS SENT ARRAY

(COMMON/BLOCK2/) WITH

ALL 1-KM LEVEL THERMO-
DYNAMIC DATA

N

TAKE TOP LEVEL
OF DATA

DETERMINE VALUE OF

X AND Y CORRECTED

| COMPONENT WINDS AND
CORRECTED.TEMPERATURE

»

YES

WILL ANY TWO
OR ALL THREE
PARAMETERS

OCCUPY SAME
POINT ON PLOT?

YES

ARE THE WINDS

NO

Y

ACCEPTABLE VALUES?,

PRINT ONE LINE WITH
ALTITUDE, A O AT

AND T AT APPROPRIATE
PLACES

h

CROSSING POINT, AND
OTHER LETTERS

TAKE NEXT LOWER

PRINT ONE LINE
WITH ALTITUDE
AND ALL BLANKS

PRINT ONE LINE WITH
ALTITUDE AND AN X,Y, P—————% LEVEL OF DATA R

IS ALTITUDE
BELOW BOTTOM
OF ARRAY?

68




FLOWCHART FOR SUBROUTINE ROCOB-11.1

ROUTINE IS SENT ARRAY
(COMMON/BLOCK2/)

WITH ALL 1-KM LEVEL

THERMODYNAMIC DATA

A

TAKE BOTTOM LEVEL
OF DATA

"

USING WIND SPEED (WS)
AS THE PARAMETER,
COMPUTE A STRAIGHT LINE
FROM THIS LEVEL TO THE
5-KM LEVEL ABOVE IT

v

TAKE NEXT 1-KM
LEVEL ABOVE PRESENT
SELECTED ONE

S THIS LEVEL
THE TOP END-

POINT OF STRAIGHP
INE?

S WS GREATER
THAN 5 FROM
‘\FTRAICHT LINE)

YES

YES

AN

v 4

/

YES

69

e e

IS WD «:RF.\TEN
THAN 20 STRAICHT/ 72
LINE?

USING WIND DIRECTION

(WD) AS THE PARAMETER,

COMPUTE A STRAIGHT

LINE FROM THIS LEVEL

TO THE 5-KM LEVEL ABOVE
ET

= e

TAKE NEXT 1-KM

LEVEL ABOVE PRESENT
SELECTED ONE

IS THIS LEVEL TH®
TOP ENDPOINT OF
STRAIGHT LINE?

IS WD GREATER
THAN 30 FROM
STRAIGHT LINE)

LINE?

“IS WD GREATER THAN
60 FROM STRAIGHT

Ny

NO

-

e e e




FLOWCHART FOR SUBROUTINE ROCOB-11.2

t

USING CORRECTED TEMPERATURE FLAG THIS LEVEL
AS THE PARAMETER, COMPUTE A AS A SIGNIFICANT
STRAIGHT LINE fROM THIS LEVEL ONE BY TEMPORARILY

TO THE 5-KM LEVEL ABOVE IT

FICANT PARAMETER

i
SETTING THE SIGNI-!
i

| NEGATIVE
LZ
[}
\ TAKE NEXT 1-KM / + YES
LEVEL ABOVE PRESENT| 7 ;
SELECTED ONE - . = '
A /18 TELS LEWEL i '
SEE IF THIS ; :

THE TOP OF ARRAY?

{ SIGNIFICANT LEVEL{
|WILL GENERATE ANY/
[OTHER NEW ONES

Il
B

/\ i ‘\
N\
S THIS LEVEL \ O \\\\*
(THE TOP ENDPOINT ' i
OF STRAIGHT LINEY \b

N Vi

TAKE NEXT 1-KM
LEVEL ABOVE PRESENT

SELECTED ONE

IS TEMPERATURE
GREATER THAN 3 NO
FROM STRAIGHT LINE? )

/

1S THIS LA;;;\\\

AN EXACT MULTI-
\\PLE OF 5KM?

70




FLOWCHART FOR SUBROUTINE ROCOB-11.3

TAKE THE TOP
LEVEL OF DATA

ENCODE DATA
IN THE ROCOB
FORMAT AND
PRINT OUT
LINE OF DATA

IS THIS LEVE
THE TOP OR
BOTTOM OF
ARRAY?

YES

IS THIS LEVEL

AN EXACT MULTIPLE
OF 5KM?

NO

IS THIS LEVEL ONE
MARKED SIGNIFICAN

Y

MARK PARAMETER
WHICH CAUSED
THIS LEVEL ToO
BE FLAGGED

il

IS THIS THE
BOTTOM LEVEL
OF ARRAY?

NO

TAKE NEXT
LOWER LEVEL
OF DATA

()

RETURN
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VI. INTERDATA MODEL 70 STUDY

The Interdata model 70 computer is part of a system called
EPAMS (Experimental Prototype Automated Meteorological System), EPAMS
is to provide a system to automatically collect met data, process this
data and provide users with appropriate meteorological outputs,

Since the Interdata model 70 computer is limited to its present
memory capacity of 64K bytes, only computer programs that are smaller
than about 50K bytes can be executed(RTOS operating system uses about
16K bytes). This memory limitation places rather serious restrictions
on the type and number of programs that can be run. For example
the computer program at the beginning of this report utilizes 92K bytes
of memory.

With the above as background, the following items were considered

in recommending a replacement for the model 70 computer,

Compatibility with existing hardware

Computing capacity memory size and computing speed
Man hours of time to learn new system procedures

- Cost

R
|

When all four items are considered together, there is only one
logical choice. This choice would be the Interdata 7/32 computer. If
the cost factor was not present then the computing speed could be enhanced
by selecting the 8/32 computer.
The responses to the above areas are as follows:
1 - Compatibility with existing hardware--Since Interdata utilizes
the same type of controls for both the model 70 and 7/32 systems,
both the controller and 1/0 devices can be utilized directly

by the 7/32 computer. Therefore there is a 100% compatibility

with existing hardware.




2 - Computing capacity - memory size and computing speed. The
Interdata 7/32 can be expanded to 1 million bytes of memory.
Computing speed is 1 to 5 microseconds for most operations. A
high performance floating point unit is available which will
provide double precision speeds of 5 to 10 microseconds.

3 - The MT(multitasking) operating system available for the 7/32
is structured in a manner which is very similar to the RTOS

system of the model 70. It is estimated that a period of 2

to 3 weeks would be required to be able to use the new system
for personnel.
4 - Cost - The basic cost of a 7/32 with a MAC(memory access controller),
128K bytes of memory, power supply and card cage is about
$15,000. If an 8/32 were to be purchased, the cost is about
o 3 times that of a 7/32. Also the present MT software is not

written to take advantage of the special hardware capabilities

that the 8/32 has.




VII. ALASKA EFFORT

From July 12, 1977, through July 24, 1977, Dr. Merrill was at the
Poker Flat facility installing and testing the programs developed.

During this period of time, the personnel at Poker Flat were re-

quired to launch a balloon and rocket daily (for scale of motion study).

The computer was operated utilizing the programs developed. The first
four flights were evaluated and checked for accuracy. The results of
this evaluation indicated that the program worked very well and was

able to get useful data for some flights for which manual reduction

failed.

During the remainder of the time, spot checks were made on flight
data along with an intensive education program for the Poker Flat per-

sonnel so that they would be able to operate the computer with the new

programs
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