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1. INTRODUCTION

gl BACKGROUND

Early in the 1970s, the Navy's weather squadron (WP-3A aircraft)
was scheduled to be dismantled as its supply of AN/AMT-6 dropsondes neared
exhaustion. An improved dropsonde was put into development because the
previous dropsonde was not completely satisfactory and there was a need
for continuing measurements of increased accuracy, density, and frequency
as outlined by the Advanced Development Objective of the Meteorological
Measuring System.

The dropsonde development was undertaken by the Naval Air Develop-
ment Center with the objective of achieving compatibility with the existing
logistics and launch facilities for sonobuoys, while also achieving simpler
dropsonde preparation procedures and automatic data reduction.

1.2 PURPOSE

This report documents work performed under contract N62269-77-C-0095.
The contract was awarded by the Naval Air Development Center to Analytics
on 23 December 1976 for the purpose of providing a Breadboard Dropsonde
Analyzer in which automatic data reduction algorithms could be refined for
the baroswitch pressure sensing dropsonde and with which the equipment under
development could be evaluated. On 9 June 1977, the contract was augmented
to include an investigation of techniques to simplify handling of baroswitch
calibration data. Again, on 23 January 1978, the contract was augmented to
include balloon-borne minirefractionsonde operations and continuous analog
pressure sensing dropsonde operations in the breadboard and in addition,
operations-related investigations to guide the development of the operational
microprocessor-based recorder-analyzer.
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1.3 REPORT ORGANIZATION

This report is organized as an integrated report in compliance
with the terms of the contract modification and covers all work performed
under the contract as amended. This report therefore includes, in final
form, all material that was published earlier in preliminary form under
the contract.
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2. ANALYZER SYSTEM DESCRIPTION

X
The Breadboard Dropsonde-Minirefractionsonde Analyzer can be used
for analysis of three different types of soundings:

Dropsonde with baroswitch pressure sensor,
Dropsonde with continuous analog pressure sensor (CAPS).

3) Balloon-borne minirefractionsonde (with CAPS).

The equipment complement of the system is the same for analyzing
all three types of soundings. The one exception is that the EECO Paper Tape
Reader is not used in analyzing soundings using the CAPS dropsonde and the
minirefractionsonde. The three types of analysis are accommodated by simply
using a different program to control the processing.

The Breadboard Dropsonde-Minirefractionsonde Analyzer's design
and development are based partially on principles that were implemented and
shown feasible in tie Engineering Prototype Processor that was developed
by Analytics for NADC (Contract Nec. N62269-75-C-0382 -- Technical Report 1167,
“An Engineering Prototype Processor Incorporating Data for Refractive Index
Profi]es').;(

Some departures from the Engineering Prototype Processor's software
design were dictated by differences in system equipment complement and
accompanying differences in performance capability. The analyzer design is
based on a dedicated on-site processing system with tape files and graphic
displays, whereas the earlier prototype processor used a non-dedicated remote
system with drum files and without graphic displays. The system change was
made to gain graphic display and cost advantages.
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2.1 COMPONENTS
The Breadboard Dropsonde-Minirefractionsonde Analyzer System is
depicted in Figure 2-1. The system components are listed in Table 2-1.

2.2 SPECIAL EQUIPMENT AND INTERFACES

2.2.] Signal Digitizing Counter
A Hewlett-Packard model 5328A/011 Universal Counter was selected
to digitize the incoming signal periods for the following reasons:

(1) It can perform all the necessary functions.

(2) It is plug compatible with the Tektronix General Purpose
Interface Bus (GPIB), and therefore requires no special
interface design.

(3) Its universal and programmable features make it a valuable
addition to the 4051 system, permitting its use for a wide
variety of counting, frequency measurement, and period
measurement applications.

(4) Its purchase and interface costs appeared less than any
other alternative available at the time of selection.

(5) It was available with timely delivery.

The real-time data acquisition by the 4051 was accomplished by !
reducing the amount of processing required with each measurement obtained
from the HP counter. To effect this reduction, it was necessary to modify
the HP counter's decimal point positioning. The modification consists of

a simple switch installation in the counter, as shown in Figure 2-2.

When the switch is closed, the decimal point shifts four places
to the left changing neither the contents of the display register nor the
J exponent. Thus, it effectively divides the displayed value by 10,000. This
change permits the 4051 program to be simple and short with 1o operations ]
having long execution time; it is thus capable of real-time acquisition, i

packing and internal storage.
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Table 2-1. Breadboard Dropsonde-Minirefractionsonde Analyzer
System Components List

BASIC Graphic Unit (Tektronix 4051; 32K Memory)
Hard Copy Unit (Tektronix 4631)

Interactive Plotter (Tektronix 4662)*

Line Printer (Tektronix 4641)

Magnetic Cassette Drive (Tektronix 4924)*

Joy Stick (Tektronix 4952)*

Interconnecting cables for all above units
Operating Manuals for Tektronix 4051

System Cassettes for Tektronix 4051

Data Storage Cassettes for Tektronix 4051
Telemetry Tape Reproducer (Multispeed)

NADC Conditioner for Reproduced Telemetry Signal
Frequency Signals Receptor (HP5328A/011)
Baroswitch Calibration Receptor (EECO Paper Tape Reader)**
Interface Electronics for EECO Reader**

High and Low Pass Electronic Filter

*These units are available in the breadboard system although they have
not been programmed into the three instant analysis cases for portability
reasons.

**The EECO paper reader is not used for analysis of CAPS dropsonde and
CAPS minirefractionsonde soundings.
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The counter can be restored easily to normal operation by removing
the top cover and changing the switch position.

2.2.2 Calibration Tape Reader
An EECO Micromate paper tape reader was selected as the input

device for calibration data for the baroswitches. The selection was based
on the following considerations:
(1) Excellent engineering design features show good prospects

for high reliability, ruggedness, low tape wear, and data
fidelity.

(2) TTL interface employing voltage levels compatible with GPIB
and thus permitting simplified interface.

(3) Low cost.

The electrical interface is limited to hand-shaking operations,
since the data levels were electrically compatible. The electrical inter-
face circuitry is shown in Figure 2-3. It is assembled in a small module
that plugs into and clips fast to the EECO connector. The GPIB cable from
the 4051 then connects to the interface module.

A data inversion is necessary to complete the interface. This is
accomplished by a software interface in the 4051, which uses the transparent
READ BYTE statement to accept the byte regardless of data content. A 256-
complement operation accomplishes the bit-by-bit inversion of the byte.

2.3 SYSTEM CAPACITY

The analyzer stores data in real-time as they are received from the
magnetic tape reproducer (or from the sonde via telemetry). The sounding
measurements are stored in approximately 30,000 bytes of memory using

approximately five bytes per measurement. Thus, rcughly 6,000 measurements
are stored. At the nominal sampling rate of 10 measurements per second,
this provides about 10 minutes of real-time data storage capacity for drop-
sondings. The data acquisition and storage program for the balloon-borne
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minirefractionsonde stores only every third sample because the spatial
sampling density is roughly three times as great. Thus, approximately 30
minutes of real-time data can be stored for a balloonsounding.

The system performs calculations with an accuracy that exceeds
ten digits of precision. This permits algorithms to be evaluated for fidelity
well beyond the three or four significant digits normally associated with
the most accurate of meteorological soundings. It further assures that
algorithms can be developed with such high accuracy that processing errors
will be small relative to the overall system error.

2.4 PORTABILITY FEATURES
The Tektronix 4051 Graphic System used to implement the analyzer

includes a remote magnetic tape cartridge unit, an X-Y plotter with joy

stick, a high speed printer, and a hard copy unit in addition to the keyboard-
display-tape unit housing the computer. However, the software has been
organized so that soundings can be analyzed using only the keyboard-display-
tape unit and the high speed printer. This permits easy transportation of the
analyzer system to a test site for on-location analysis of the sounding

data.

2.9 PROGRAM ORGANIZATION AND OPERATION
The three analysis programs are stored on individual tape cassettes:

Baroswitch Dropsonde on cassette V, CAPS Dropsonde on cassette IX, minirefraction-
sonde on cassette X. Each program cassette contains all the programs needed to

run the complete analysis.

Programs for the three different types of soundings are organized
similarly into four program files as follows:

File No. File Name
1 Calibration-Acquisition
2 Reduced Data File Builder
3 Temp, Press., Hum. Table Builder
4 Qutput Report Generator

2-8




(1) File 1 performs acquisition of calibration and signal data
and files the data on a cassette.

(2) File 2 converts the unabridged data file on tape into a
reduced data file stored in internal memory. This data is
then processed to eliminate incongruous samples.

(3) File 3 calculates temperature, pressure, and humidity and
in the case of the baroswitch dropsonde, performs sensor
lag compensation.

(4) File 4 calculates all other desired atmospheric parameters
and reports these utilizing graphic displays and a printed
output.

The first file automatically loads into the 4051 internal memory
and executes when the AUTOLOAD key is depressed. This program immediately
provides the operator with a selection of programs to be run. If calibration-
acquisition is selected, the program remains resident and performs the
selected functions. If analysis is selected, the program deletes the calibra-
tion and acquisition routines and appends the second file from the cassette,
making the second program file resident in internal memory.

If calibration-acquisition (file 1) is selected, it begins with the
construction of a calibration data file. Launch parameters and constants
characteristic of individual sondes are entered here and are stored in a
magnetic tape file. Then acquisition of raw data begins.

In the case of the dropsonde: every sample is collected and
packaged two per word becoming integer first, then decimal. Next, the raw
data are written into a magnetic tape file whose first entry indicates the
number of samples contained in the file.

In the minirefractionsonde case: the same procedure is used as
for the dropsonde with the following exceptions. Every third sample is
collected; the data are packed into words in reverse order becoming first
decimal and then integer; the packed words are written on magnetic tape also

2-9




in reverse order. Again, the first file entry indicates the number of
samples contained in the file.

The effects of these variations is to make minirefractionsonde
data resemble the dropsonde's data so that analysis software differences
can be minimized.

If analysis (file 2) is selected, it executes automatically and
builds an internal file of reduced data representing the entire sounding.
The reduced data file consists of time-tagged period ratios for temperature,
pressure, and humidity. To build this reduced data file, the program
performs synchronization, validation, and restoration of data in a three-
cycle stack. The last operation in the stack is the conversion of the data
into period ratios. At this point, the period ratios are reduced in the
"significant period ratio" subroutine, and then the final operation in
file 2, "Gap Processing" is performed. At the completion of program file 2,
file 2 is deleted and file 3 is appended and executes automatically, with
file 3 the only program resident in memory.

The third program is automatically executed and processes the
internal file of reduced data to produce profiles in temperature, pressure,
and humidity. In the case of the baroswitch dropsonde, file 3 also com-
pensates for sensor lag. Before calculating the entire temperature, pressure,
~ and humidity profile, however, the program allows the operator to see the
three atmospheric parameters for any given time tag in order to check them
for reasonability. As before, when program file 3 has been executed, it
is deleted and file 4 is automatically appended, making it the only program
resident in memory.

File 4 now performs the final processing and reporting. First,
in order to build an altitude file, the program determines surface con-
ditions of temperature, pressure, and humidity, and allows the operator to
change these if desired. An altitude profile is now constructed, building
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up from the surface, and is stored in an array along with the temperature
pressure and humidity profiles. Refractivity in terms of N-units is also
calculated and stored in the same array. A1l parameters other than those

stored in the aforementioned array, however, are calculated each time they

are used, due to lack of storage space. The following tabulation depicts the
organization of the completed P-array in which the quantities mentioned above are
stored from this point on in the program's execution. The P-array is
dimensioned to 3 x 400.

N (Levels) P(1,N) P(2,N) P(3,N)

Time-Tag.Temperature Altitude.Pressure Refractivity.Humidity

1
2
3 " " " " " .
4

T n n "n n n "
T+1 0 0
T+2 0
0 0 0
399 0 0
400 i T 1]

where T = number of levels declared significant in file 2
and  temperature is stored in (deg-c/1000) + 0.1
altitude is stored in feet x 100
pressure is stored in MB/10000
refractivity is stored in N-units x 1000
humidity is stored in %/1000




Note that the time-tag for a pressure (or humidity) value is the time-tag
for the temperature value on the same level + 1(+2). Also note that the
altitude and refractivity values refer to temperature, pressure and humidity
values on the same level.

At this point, the program begins its reporting with the "Detailed
List of Atmospheric Parameters" which is output on the high speed printer.
This 1ist contains for every cycle in the P-array, altitude (ft. and M),
pressure (MB), temperature (deg-c), relative humidity (%), refractivity
N- and M-units), saturated vapor pressure (MB), dew point depression,
refractivity gradient, and refractivity gradient classification. When this
list is completed, the reporting switches over to the CRT display where
temperature, humidity, and refractivity in N-units and M-units are plotted
against altitude and recorded by the hard copy unit.

Now the high speed printer is employed again to print out the list
of "significant levels." This listing is of the same parameters printed
out in the "detailed list," but only for those levels deemed "significant"
by an algorithm similar to that used in file 2. Here, though, the fit is
made to linear trends of temperature and humidity vs. altitude.

Finally, the last item reported is a third list of the same param-
eters. Here, though, the values are chosen for specified values of pressure.
This printout is entitled "Mandatory Levels" and is the final function of
the program.

It should be noted that there are several program monitoring outputs
which appear on the CRT display during program execution. When the program
has been validated against a sufficient number of soundings, these outputs
may be eliminated.




3. TECHNICAL DESIGN BASIS

Important software design features for analyzing all three types of
soundings are described in this section. Where differences exist among the
sondes, they are identified and described. If no difference is noted, the
feature applies to all three sondes. Some of these features are adaptations
from the Engineering Prototype Processor.

3.1 CALCULATION OF TELEMETERED RESISTANCE
3.1.1% Baroswitch Dropsonde
The telemetered resistance, R, is calculated in kilohms using the
equation,
Fr
R o= 52,718 ¥ - 47.718,

where Fr/F is the ratio of reference frequency to parameter frequency.

S 2 CAPS Dropsonde and Minirefractionsonde

Telemetered resistance is not calculated. The commutation tech-
nique makes it more convenient to calculate telemetered voltages which are
included in calculations that follow.

3.2 CALCULATE THERMISTOR'S APPARENT TEMPERATURE, Tt

First, the thermistor resistance, RT, is set equal to the telemetered
parameter resistance, R, expressed in kilohms.

Rp = R

3-1




Next, the thermistor resistance ratio, r is determined using

where RTLI equals thermistor lock-in resistance (kilohms). Then the ther-
mistor's apparent temperature, TT’ is determined from

T, = £3 0 - 275.16

i : e
0.33785(10)
which is the quadratic form of the thermistor characteristics equation
developed by Analytics to replace the previously used thermistor calibration
table with interpolation between table values.

§ - /G.-b.0480921 1n .

3252 CAPS Dropsonde and Minirefractionsonde

The apparent thermistor temperature is calculated for both CAPS-
equipped sondes as described here. First, the thermistor's resistance
ratio, ry, is calculated using the following equation:

TLI
where:
K = ratio of supply voltage to reference voltage, supplied
with sonde
RT = ratio of reference period to temperature period (RT<1)
Ry 1 = thermistor lock-in resistance in kilohms.

Next, the apparent thermistor temperature, TT’ is calculated from the ther-
mistor resistance ratio, s using the equation in the last paragraph.
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3.3 CALCULATION OF APPARENT RELATIVE HUMIDITY, H,

323 Baroswitch Dropsonde
First, the hygristor resistance, RH, is calculated according to

R = (R-7.1) (250
H 0 - (R-7.

Then the hygrister ratio, Th is determined from

Ry

T, = —

H  Ryp

where RHLI is the hygristor lock-in resistance.

Next, a two-dimensional interpolative procedure is utilized to
obtain hygristor's apparent relative humidity, HH’ from the table of y values.

3.3.2 CAPS Dropsonde and Minirefractionsonde

(1) Relative Humidity Resistance -- The following relationship
converts measured humidity period ratio to resistance value
of the humidity element.

Rh = (-249(18.2-K(18.2+7.15) (Pr/Ph))/(18.2-K(18.2+7.15+249)(Pr/Ph))

where:
Rh = calculated resistance of the humidity element in
K ohms

Pr/Ph = ratio of reference period to humidity period

K = ratio of reference voltage to dropsonde sensor
supply voltage, Vcc (K = constant supplied with
dropsonde




Apparent Relative Humidity (HH) -- The apparent relative
humidity is then calculated using the following set of algorithms:

for Rh equal to or greater than Ro’
~ by,C
Hy= 33 + 2 (In((R/R)®))

where:
a = .02T + 3.2

b =15

" 1/3
c = .9 - (.001425T + .25) (Tog(log(R,/R ) + 1))
and for R, Tess than R,

H = 33 - a (In((R /R )®)S

a=.02T + 3.2
b =20

» 1/3
c=.9 - (.001425T + .25) (1og(1og(RO/Rh) +1))

In the foregoing algorithm,

&
i

= calculated apparent relative humidity in percent
T = air temperature in °OC

R, = calculated resistance of the humidity element
in K ohms

R_ = humidity element "lock-in" resistance in
K ohms (RO = constant supplied with dropsonde)

In = natural Tlogarithm (base e)

log = Togarithm to base ten
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3.4 CALCULATE AIR TEMPERATURE, TA
’ 3.4.1 Baroswitch and CAPS Dropsondes ’
dT
: 3%
U Tl A & |
TT = thermistor's apparent temperature
LT = thermistor's lag coefficient
t = time (sec)
3.4.2 Minirefractionsonde

TA is assumed equal to TT due to Tow velocity of balloon sounding.

3.5 CALCULATE RELATIVE HUMIDITY OF THE AIR

3.5.1 Baroswitch and CAPS Dropsondes
First, determine HH rate of change, dHH/dt:

H H

dHH ) Hi - Hi-l 2 é
dt ti -ti_1 H
1f HH>0, then l<1 = 0.17; K2 = 0.36; K3 = 17.
if HH<0, then K1 0 K2 = 0.75; K3 = 19.3.

If H, = 0, do not apply lag compensation. To apply lag compensation (H, # 0),
calculate the hygristor lag coefficient, LH’ as follows:

K
¥ 273.16 273.16 X3
Ly = X (T'A'T 373,180 * K2 ('TA_+' 373.16)
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Finally, calculate the relative humidity of the air, Hp -

dHH
HA=HH+LH—a—t

3.5.2 Minirefractionsonde

HA is assumed equal to HH due to Tow velocity of balloon sounding.

3.6 CALCULATE PRESSURE

3a6al Baroswitch Dropsonde

Pressures for baroswitch dropsoundings are calculated by first
determining time-tags for baroswitch contact breaks, then establishing
the contact numbers associated with the break time-tags and finally retriev-
ing from the calibration table the pressures associated with each contact
number's time-tag. From these retrieved pressure values, a table of time-
tags with associated pressure is built.

Whenever pressure is needed in later processing, it is calculated
for any desired time-tag by table look-up and linear interpolation of pres-
sure between time-tags.

The most difficult part of this pressure calculation procedure
is the automatic detection of contact breaks, which is illustrated by the
flowchart in Figure 3-1. The flowchart illustrates contact break detection,
although the program is organized in such a way that it can also be used
for make detection.

3.6.2 CAPS Dropsonde and Minirefractionsonde

Both of these sondes use the Honeywell-developed CAPS type sensor
for pressure measurement. An equation for calculating CAPS-measured pressure
has been furnished by Mr. Curt Machenbacher of Honeywell. It employs 18
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coefficients that are customized on a sensor-by-sensor basis and is the
basis for the following method, used for calculating pressure (mb) for
CAPS-equipped sondes:

Pyt 2 Vee " L3 Vee) (e * L5 Th * Lie Tp)
vl Ve P laa Ve (L g H Ly 5 Ty + Ly 6 T)P) K Ve R
+ Lyt 3 Ve t a3 Vo) (3,0 Lg5 Ty * La6 Tp7) K2 Ve R
where:
P = pressure in millibars
VCc = supply voltage at input to pressure sensor measured at approximately

00C and supplied with sonde

T_ = temperature of pressure sensor in degrees Kelvin

P
K = ratio of reference voltage to supply voltage, supplied with each
sonde
Rp = ratio of reference period to pressure period (Rp < 1)
L1 ]...L3 6= 18 sensor calibration coefficients supplied with each sonde.
3.7 CALCULATE e

Saturated water vapor pressure in millibars, e, is calculated

for all three sondes according to:

1-t
3 ro s S. 49188 A28y
M T skt idntab ML i 7 =1]
¥ It 7 11.344(1-)
.5-02808 | 7.90298 (%) ,,1.3816x107' [10 1]
where
. . T+273.16
373.16
T = air temperature (°C)
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3.8 CALCULATE REFRACTIVITY, N
N is calculated for all three sondes according to:

77.6P - . ;
& & 6 056 HRes 3750 HRes

T, * 273.16 * : PR+ 8

—
i

A air temperature (°C)

x
[}

9 relative humidity (%)

4, * saturated water vapor pressure (mb)
P = total pressure (mb)
3.9 CALCULATE AND CLASSIFY REFRACTIVITY GRADIENT

The refractivity gradient, %%, is calculated for all three sondes

according to:
dN i
&R K,

where

N.

; refractivity at current altitude, Ai

N;_y = refractivity at previous altitude, A
Ai and A1._1 are altitudes in feet

Ay > By

The refractivity Gradient, %%, is classified for all three sondes
according to the following:




—— T ———Te————— — - -
Range
Range Classification
dN
< -0.04
o 048 Trapping
-0.048 < IN  _
S gx < -0.024 Superfractive
-0.024 < &N
S ) <0 Normal
8.z dN
g ar Subfractive

310 DETERMINE M-UNITS
M-units are determined for all three sondes as follows:

M =N+ 0.048 A

where
A = altitude (feet)

3-¥i DETERMINE DEW POINT DEPRESSION
First, partial pressure due to water vapor is calculated for all

three sonde types per *the expression:

Hp
e © Too ©s

Next, temperature is found (by reiterative calculation) at which e will equal
the above calculated value of ey This is the dew point temperature.
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Finally, dew point temperature is subtracted from air temperature,
TA, to obtain dew point depression.

3.12 CALCULATE ABSOLUTE HUMIDITY, Has

The following formula is utilized for all three sondes:

H ew To . 273.16
aBs = Do P T+ 7731 grams/n’
where
D, = vapor density in g/m® at temperature T OC and pressure P0
millibars
" partial pressure due to water vapor (millibars)
Ty = air temperature (°c)
3.13 CALCULATE THICKNESS OF ATMOSPHERIC LAYER
Layer thickness is obtained for all three scnde types by:
= Py u
Thickness (meters) = -29.263242 T' (1In T n 1600 )
where
Tt om 28.8 (273.16+T) P
ng _ L Fﬂz e
?.8-1—0-6 es (T)+28.8 [P ‘m eS (T)]
P = the geometric mean of the two pressures
T = the average temperature
ﬁk = the average relative humidity
eS(T) = the saturated vapor pressure at the average temperature, T




Altitude to any pressure is obtained by summation of thickness
from surface pressure to desired altitude's pressure.

3.14 REFERENCE, TEMPERATURE, AND PRESSURE DATA RESTORATION
There are limits to the amount of change that can be detected by

a sensor as a function of time. However, due to noise that can enter the
system during data transmission, any given data signal can become distorted,
usually by some multiple of five percent. Therefore, tests are performed
to discover deviant samples, and when found they are restored to a value
equal to the average of their bounding samples, if their bounding samples
have been found to be reasonable.

When dealing with temperature, pressure, and reference signals,
a reasonable sample-to-sample change is much less than five percent. Thus,
a simple algorithm is used that determines if a sample deviates from its
predecessor by more than a specified tolerance, and if the test proves
positive, that value is restored.

3.15 HUMIDITY DATA RESTORATION
In the case of humidity, considerably larger signal changes can

occur very quickly. If the aforementioned method of data testing were used,
tolerances would have to be large enough to allow large data spikes to pass
unrestored. Thus, to eliminate data spikes in humidity measurements, the
fo]]owihg scheme was devised:

sample preceding one being tested

given B = sample being tested

[
n

sample succeeding one being tested
If A>C, then:

If % > %-(1.02) or ff %-< %'(T%U?) then restore
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Altitude to any pressure is obtained by summation of thickness

from surface pressure to desired altitude's pressure.

3.14 REFERENCE, TEMPERATURE, AND PRESSURE DATA RESTORATION
There are limits to the amount of change that can be detected by

a sensor as a function of time. However, due to noise that can enter the
system during data transmission, any given data signal can become distorted,
usually by some multiple of five percent. Therefore, tests are performed

to discover deviant samples, and when found they are restored to a value
equal to the average of their bounding samples, if their bourding samples
have been found to be reasonable.

When dealing with temperature, pressure, and reference signals,
a reasonable sample-to-sample change is much less than five percent. Thus,
a simple algorithm is used that determines if a sample deviates from its
predecessor by more than a specified tolerance, and if the test proves
positive, that value is restored.

315 HUMIDITY DATA RESTORATICON
In the case of humidity, considerably larger signal changes can

occur very quickly. If the aforementioned method of data testing were used,
tolerances would have to be large enough to allow large data spikes to pass
unrestored. Thus, to eliminate data spikes in humidity measurements, the
following scheme was devised:

A = sample preceeding one being tested
given B = sample being tested
C = sample succeeding one being tested

If A>C, then:

If % > % (1.02) or if % < % (T;Uf) then restore




I[f A<C, then:

A :
If % > 7 (1.02) or if % < % (TT%E) then restore

By this method, all large changes that occur for a span of only

] one data point are deemed noise spikes. These spikes are then restored to
: the average value of their bounding samples, if these bounding samples pass _
a reasonableness test. ’

3.16 DATA REDUCTION
Since more data are acquired than is practical to process, an
algorithm is employed to reduce the amount of data without losing significant

information. This algorithm selects a data point for storage only if its
succeeding data point deviates by more than some specified tolerance from the
linear trend established by previous data. See diagram below.

The points above represent a random sampling of data. The points

indicated by the arrows are deemed significant being the last points that
follow within a tolerance of a linear trend. Note that the first and last
points, A and B, are automatically declared significant. See Figure 3-2

for the data reduction algorithm. Also incorporated into the algorithm is

a feature that causes an entire cycle, meaning a temperature, a pressure,
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Figure 3-2. Subroutine: Declaration of Significant Period Ratios for CAPS-Equipped Sondes
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and a humidity sample which occurred in succession, to be declared significant
when any parameter in that cycle is found significant by testing its slope.
This way, the number of temperature, pressure, and humidity samples is the
same, and if one parameter is known at a particular time, the other two are
known at nearly the same time.

317 GAP PROCESSING
Due to noise and/or other forms of interference, periods of
erroneous data may be acquired. To these erroneous samples are applied

various invalid data tags to make their future identification easy. Because
of this and other interference effects, the reduced data array can contain
tagged samples and other unreasonable quantities that passed through data
restoration and reduction. To prevent undesirable values from proceeding
further in the processing, a more complete data restoration, "Gap Processing,"

is performed. The regions of invalid data, called "gaps," are defined by

the following two tests.

4
If M < (Pg_;1) K > & then Py, is a gap
where
PN+] is sample being tested
PN is the last sample found not to be a gap
TN+1 is time-tag of sample being tested
TN is time-tag of the last sample found not to be a gap
R is the number of time-tags of trend equivalent to noise
M is allowed trend of ratio per frame (a frame being one com-

plete cycle of reference, temperature, pressure, and humidity
signals)

This algorithm proclaims the existence of a gap when the ratio
between two data points does not lie within a range determined by the maximum
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allowable change due to trend over the specified time period plus a constant
term representing the probable maximum change due to noise.

The second test discovers samples which had been tagged invalid.
This is done by seeing if they are outside the allowed range of data. If so,
they are declared to be gaps.

When a gap has been found, the program will continue searching
until it finds the next valid sample. Then, if the gap spans a time period
less than two seconds, it will automatically be replaced with values that
are geometrically interpolated between the samples bounding the gap. If,
however, the gap spans a time greater than two seconds, the program stops.
At this point, the operator can either run the program after the stop to
execute the aforementioned geometric interpolation, or to fill the gap
manually if other information is known.

Figure 3-3 shows an example of information displayed by the gap
processing monitor. After a sufficient sampling of soundings has been pro-
cessed to demonstrate that gap processing is "tuned" properly, the display
may be eliminated.

3.18 DETERMINATION OF SURFACE PARAMETERS

3.18.1 Baroswitch and CAPS Dropsondes
The prucgram chooses the data array's last time-tag plus two as the

time-tag for surface pressure. Then the value of surface pressure is
determined by extrapolating to that surface time-tag using the linear slope
determined from recent pressure samples. Here the operator may intervene and
put in a different surface pressure value if desired. If this option is
chosen, the program calculates the time-tag for the operator-entered surface
pressure, again, by linear extrapolation. This can be done because of the
nearly linear behavior of pressure with time. However, this argument is not
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Figure 3-3. Monitor Display Illustrating Operation of Gap Processor
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valid for temperature and pressure. For these two parameters, the program
either repeats the last samples in the data array or inputs operator
selected values. To keep the surface level in the same format as the pre-
vious data, the time-tags for surface temperature and humidity are chosen

to be the surface pressure's time-tag minus one and plus one respectively.

3.18.2 Minirefractionsonde

The surface conditions should already be resident in the data array
because the balloonsonde should start transmitting several seconds before
launch. The program first prints out the pressure values from the bottom up
until it passes through a range of ten millibars, since the desired quantity
1ies near the end of the data. Now the program scans the data from the
bottom up and the last value encountered before an increasing trend occurs
15 chosen as the surface pressure. The operator is still given a choice,
however, to make the surface pressure any of the displayed values. Surface
temperature and humidity automatically become the samples in the same level
of the data array as the surface pressure.

319 THREE-CYCLE STACK OPERATIONS

Most of the analyzer's processing of raw data is accomplished while
the data are moving through a three-cycle stack. The stack holds three
complete commutation cycles and the four reference values that bound
them.

A cycle is declared in sync if it consists of three consecutive
values in the data range and is bounded by two values in the reference
range. The cycle is validated and found qualified for analysis if its
individual values pass reasonableness checks in which they are compared with
their corresponding values in the predecessor and/or successor cycles. The
data restoration functions are also performed in the stack. The last stage
of processing in stack results in the calculation of time-tagged period
ratios that eliminate the need for carrying reference values any further.
Only the significant period ratios are stored in the reduced data file.
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The elimination of reference values and insignificant data values
causes the data bank to be small enough for residence in internal memory,
greatly reducing the processing time.

The operations of the three-cycle stack are detailed in the flowchart
shown in Figure 3-4.

3.40 OTHER SOFTWARE DESIGN FEATURES

In addition to the 19 design features already described, graphic
display monitors and reports are included in the analyzer software as
illustrated in this report. Further design features include a software
system architecture applicable for microprocessor use in the fleet and a
front end that can be used for storing digitized data either on magnetic
tape or on a RAM board.




-

CYCLE

LOOK FOR FIRST
SYNCHRONIZED

1 2 (3 e
]
{
i 2
‘ ' | =‘} e i L F
|
| | 1 {
1196 | \ 3548 | 3564 3360 | |
CYCLE SMET
St | SET T8e3 | [ SET T6es | Lszr'n-sj ,
Aldlao | wsso | [ o | \'
cnezt || c@ezt | [ cidezt ‘
1 :
i D - ’
o - |
o J
| .
| AESTORE 8 |
| ‘ IF NEEDED [
]
L s ‘
I PRINT
12 3418 | || {
2847421
1= 1e23 C - ) | |
L T. =t - 1 : i
11213 1 i | ‘
|
| | | |
[ ’ 3568
|| || now scan at)
A ano oRTacT | T
. | SIGNIFICANT ! —
| LI ’ ~ 5IG PER RATS |
2)= 00415666 ' | 200 4 3702 | =
| = | | | {_foRne-1T03 | :
| =teven ; | | g {romnemras ] ‘ Lo ]
; T7aTT41 E-A : / | | L
| 3432 / 2K | PRINT
{ - m‘"“. | | { L NomToeTri2eN8 |, —Htw SLOPE ‘ Wi
! £ 1506 / pIAYY oK | LAST CYCLE
| oo [ | 52 STORE SIG | WAS 1ST RODOR
TIATT41 | ‘ l | |
| — DETECT SIG STORE LAST | e |
e e
| e | Y RN NN % EXPAND LIMITS —
) \ REF STARTING
0 f FIRST SYNC
A 0 CYCLE
SHRINK LIMITS (T9-4i+@(4)
IF NEEDED
[ [
| Te2 ) Toed |
484 {
C21=21 i
; ‘ 15982
/8 RETURN

Figure 3-4. Operation of 3-Cycle Stack

3-20




4. OPERATING INSTRUCTIONS

It is assumed that the operator has some familiarity with
the Tektronix 4051 Graphic Computing System such as can be gained in
several hours of reading the Tektronix manuals and experimenting with
the system. It is also assumed, of course, that the operator is of a
technician or engineer skill level and is familiar with computer
terminology.

4.1 PRECAUTIONS

The tape cassette read head must be cleaned periodically.
Follow Tektronix instructions. Note that the program cassette appro-
priate to the baroswitch dropsonde (cassette V or VIII), the CAPS
dropsonde (cassette IX), or the minirefractionsonde (cassette X) must
be inserted. All three programs are on "backup" cassette XIII.

___________________________ CoB IE 00 T O W oo i s o i o i o

|

E The cassettes have a "safe" lock to prevent accidental
iwriting on the tape. When writing is wanted, make sure the cassette
Eis set off "safe" before attempting the write operation. IT Ehis 1S
Enot done, an error message will be produced when file marking (or
iwriting) is attempted. If such an error occurs, make certain the
EFIND statement is repeated. Failure to do so may cause loss of other
files from tape.

Before a cassette is used in the program ensure that it has
lat least the first file already marked or the possibility exists of

ithe tape running off of orie of its reels. Also note that when a mark
Estatement is executed, all files on tape succeeding that marked file

—————— - - - - - - -




Time does not permit the investigation of all possible com-
binations of operating conditions in a complex computer system. There-
fore, seemingly trivial departures from these operating instructions
might cause improper operation. Follow the instructions carefully.

4.2 BAROSWITCH DROPSONDE PROCESSING
Operating instructions are included in the program and cover

operations peculiar to dropsonde processing. These instructions are
included in the software in interactive fashion and are very explicit.
Other instructions that could not be conveniently included in the
program are included in this section.

4.2.1 Calibration and Acquisition
A1l controls, buttons, keys, etc. are found on the 4051,
unless otherwise noted.

(1) Turn on the 4051, hard copy unit, HP counter, EECO
reader.

(2) Press PAGE button on 4051 keyboard when screen
floods.

(3) Insert the Breadboard Dropsonde Analyzer program
cassette V into internal unit of the 4051 and
press AUTOLOAD.

(4) Follow instructions given on the screen of the 4051.

(5) When the screen indicates that the tape reader should
be prepared for operation, make certain the tape
reader is connected to the GPIB and the calibration
tape is loaded in the reader with the start block's
center at the photo electric reader. The start block
is a series of about 30 or 40 rubouts (all holes punched).

(6) When the screen indicates that the HP counter should
be prepared for operation, make certain the following
conditions exist (these conditions should be achieved
with GPIB disconnected to make certain there is no
accidental data entry or interrupt of the 4051):
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Magnetic tape reproducer unit turned on with
tape loaded and ready to start reading tape
several seconds before signal start.

Magnetic tape reproducer unit‘s output signal
connected through filter to HP counter input

A and from HP counter output A to decommutator
unit.

Decommutator Unit turned on and preadjusted for
synchronous decommutation in accordance with
its operating instructions.

Decommutator's read enable output connected
to channel B of HP counter.

HP counter controls set as follows:
GPIB address = 3 (on rear of counter)
function PER AVG = A

N =10

sample rate = HOLD

Level A settings

trigger = 12:30 0'clock (approx. zero volt level)

delay = OFF
slope = +
atten = 1

Level B settings

trigger = 3:000'clock (approx. 1.2 volt level)
slope = +

atten = 1

coupling = DC

Channel connections = SEP, 1 MQ

Above conditions should be achieved and a dry
run started with GPIB disconnected to measure
time duration of data and to ascertain that
reasonable counts are being obtained on HP
counter (and that satisfactory decommutation
trace is observed on oscilloscope, if helpful).

Re-establish start conditions after OK operation
is confirmed.
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Connect the GPIB cable. The counter is now ready to
enter data into the 4051, and the return key on the
4051 should be depressed only after all the above
preparations have been made and the time duration
has been entered into the 4051.

After the return key has been depressed, the 4051
I is waiting for interrupts from the HP counter.
The tape reproduction unit should then be turned on,
and the data entry will commence.

When all the data have been entered, stop the
reproducer.

(7) Following data entry, the screen will display the
data obtained so that it may be checked for reason-
ableness. The operator will then be given an option
to re-enter the data, if desired. If the operator
elects to continue, a copy of the data may be made
and the data will be recorded on a magnetic cassette.
The magnetic tape cassette number and file numbers
should be recorded for future use.

(8) The data file and calibration files have been built
when so advised by the screen.

4.2.2 Analysis
Further processing is accomplished by simply reinserting

program cassette V in the internal unit and pressing AUTOLOAD. When the
screen asks for a selection of option, select analysis instead of cali-
bration and acquisition.

As before, the screen will give explicit instructions whenever
something is to be done by the operator. Most of these instructions are
concerned with options the operator may select. The analysis will con-

tinue through files 2 and 3 and conclude with production of reports by
file 4.




4.3 CAPS DROPSONDE AND MINIREFRACTIONSSONDE PROCESSING
Operating instructions are included in the program and cover
operations peculiar to CAPS-equipped sondes. These instructions are
included in the software in interactive fashion and are very explicit
as they appear on the screen. Other instructions that could not be
conveniently included in the program are included in this section.

4.3.1 Calibration and Acquisition
A1l controls, buttons, keys, etc. are found on the 4057,
unless otherwise noted.

(1) Turn on the 4051, hard copy unit, HP counter, EECO
reader.

€2 Press PAGE button on 4051 keyboard when screen floods.

(3) [nsert the Breadboard Dropsonde Analyzer program
cassette*into the internal unit of the 4051 and press
AUTOLOAD.

(4) Follow instructions given on the screen of the 4051.

(5) When the screen indicates that the HP counter should
be prepared for operation, make certain the following
conditions exist (these conditions should be achieved
with GPIB disconnected to make certain there is no
accidental data entry or interrupt of the 4051):

(a) Magnetic tape reproducer unit turned on with tape
loaded and ready to start reading tape several
seconds before signal start.

(b) Magnetic tape reproducer unit's output signal
connected through filter to HP counter input A
and from HP counter output A to Decommutator
Unit.

*[nsert cassette I[X if CAPS Oropsonde, X if Minirefractionsonde.




(c) Decommutator Unit turned on and preadjusted for
synchronous decommutation in accordance with
its operating instructions.

G EaE .

(d) Decommutator's rear enable output connected to
arming signal input on rear of HP counter.

HP counter controls set as follows:

GPIB address = 3 (on rear of counter)

pr—— e, e
—~
("]
S

function PER AVG = A
N =10
l sample rate = HOLD

Level A settings

trigger = 12:30 o'clock (approx. zero volt level)
delay = OFF

slope = +

atten = 1

Level B settings

trigger = 3:00 o'clock (approx. 1.2 volt level)
slope = +

atten = 1

coupling = DC

Channel connections = SEP, 1 MQ

(f) Above conditions should be achieved and a dry run
started with GPIB disconnected to measure time
duration of data and to ascertain that reasonable

f counts are being obtained on HP counter (and

that satisfactory decommutation trace is observed

on oscilloscope, if helpful).

(g) Re-establish start conditions after OK operation
confirmed.

Connect the GPIB cable. The counter is now ready to
enter data into the 4051, and the return key on the
4051 should be depressed only after all the above
preparations have been made and the data time duration
has been input to the 4051.

After the return key has been depressed, the 4051 is
waiting for interrupts from the HP counter. The tape

s
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reproduction unit should then be turned on, and
the data entry will commence.

When all the data have been entered, stop the
reproducer.

(6) Following data entry, the screen will display the
data obtained so that it may be checked for reason-
ableness. The operator will then be given an option
to re-enter the data, if desired. If the operator
elects to continue a copy of the data may be made and
the data will be recorded on a magnetic cassette.

The magnetic tape cassette number and file numbers
should be recorded for future use.

(7) The data file and calibration files have been built
when so advised by the screen.

4. 3.2 Analysis
Further processing is accomplished by simply reinserting the

program cassette*into the internal unit and pressing AUTOLOAD. When
the screen asks for a selection of option, select analysis instead of
calibration and acquisition.

As before, the screen will give explicit instructions whenever
something is to be done by the operator. Most of these instructions are
concerned with options the operator may select. Analysis will proceed
through files 2 and 3 and conclude with reports output by file 4.

Note that in the case of program stops encountered during "gap processing,'
section 3.17 explains the options provided.

*Cassette IX if CAPS Dropsonde, X if Minirefractionsonde.
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reproduction unit should then be turned on, and
the data entry will commence.

When all the data have been entered, stop the
reproducer.

(7) Following data entry, the screen will display the
data obtained so that it may be checked for reason-
ableness. The operator will then be given an option
to re-enter the data, if desired. If the operator
elects to continue a copy of the data may be made and
the data will be recorded on a magnetic cassette.

The magnetic tape cassette number and file numbers
should be recorded for future use.

(8) The data file and calibration files have been built
when so advised by the screen.

&.3.2 Analysis
Further processing is accomplished by simply reinserting the

program cassette*into the internal unit and pressing AUTOLOAD. When
the screen asks for a selection of option, select analysis instead of
calibration and acquisition.

As before, the screen will give explicit instructions whenever
something is to be done by the operator. Most of these instructions are
concerned with options the operator may select. Analysis will proceed
through files 2 and 3 and conclude with reports output by file 4.

Note that in the case of program stops encountered during "gap processing",
section 3.17 explains the options provided.

*Cassette IX if CAPS Dropsonde, X if Minirefractionsonde.

4-7




5. PROGRAM DOCUMENTATION

5.1 PROGRAM LISTINGS AND ANNOTATION

The programs are written in Tektronix Extended Basic for the
Tektronix 4051 Graphic System. The listings of the four files of
each program are presented in Appendixes D, E and F as shown below.

DIRECTORY OF PROGRAM LISTINGS

PROGRAM NAME FILE NUMBER AND NAME APPENDIX  FIGURE
BAROSWITCH DROPSONDE 1. Calibration-Acquisition D D-1
BAROSWITCH DROPSONDE 2. Reduced Data File Builder D D-2
BAROSWITCH ORQPSONDE 3. T, P, H Table Builder D D-3
BAROSWITCH DROPSONDE 4. Qutput Report Generator D D-4
CAPS DROPSONDE 1. Calibration-Acquisition E E-1
CAPS DROPSONDE 2. Reduced Data File Builder E £E-2
CAPS DROPSONDE 3. T, P, H Table Builder B £E-3
CAPS DROPSONDE 4. Qutput Report Generator E E-4
MINIREFRACTIONSONDE 1. Calibration-Acquisition F F-1
MINIREFRACTIONSONDE 2. Reduces Data File Builder F F-2
MINIREFRACTIONSONDE 3. T, P, H Table Builder F F-3
MINIREFRACTIONSONDE 4. Qutput Report Generator F F-4

Note that remark (REM) statements are used liberally throughout the
program to explain what is being done and to define variables used in sub-
routine interfaces and within the programs. Many of the subroutines are
very simple and such remarks make them self-explanatory.

Where adequate, the remark statements are the preferred method
of program documentation because they are easily updated and they "follow"
the program whenever it is renumbered automatically.
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See Sections 3.19, 3.16 and 3.20 of Technical Design Basis for
flowcharts on three-cycle stack operations, significant period ratio
determination, and baroswitch make/break detection.

5.2 ASSIGNMENT OF VARIABLES

The number of variables assigned in the three programs approaches
the total number of variables allowed by the programming languages. As a
guide, Table 5-1 gives the variables assigned in the CAPS dropsonde and
minirefractionsonde programs. The variables with numbers of order 7, 8,
or 9 (for example M9 or D7) are usually short-lived, and may have several
di fferent designations. Most variables of low number (for example FO or L1)
are long-lived and may have only one designation. Pure letter variables

(such as B or D) are usually subscripted and represent arrays.
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Table 5-1. List of Variables in Programs
for CAPS Dropsonde and Mini Refraction Sonde

B 0 1 2 3 4 5 6 7
A v v v
B v v
c v v v v v
D v v v v
E v v v v v v
F v v v
G v v v v v v v
H v v V v v v v A
| v v
J v
K v
L AR RV v v Vv
M Vv
N v oV
0 v
P v v v v Vv v
Q v v v N v v v v Vv
R v v v
S v v
T v v v v v v v v v
u v v v v
v v v v v v v
w v v v v v v v
X v
Y v
z v v v v v

5-3




i
¢

6. OPERATIONAL RECORDER-ANALYZER INVESTIGATIONS

The investigations reported in this section were directed
toward simplifying the data recording and analysis for operational

adaptation. i

|
6.1 BAROSWITCH CALIBRATION SIMPLIFICATION ]
Bl Introduction

gl Purpose
The goal of this effort was to simplify the equipment and/or l

procedures for introducingbaroswitch calibration data into dropsounding
processors.

6.1.1.2 Background
The baroswitch calibration data are obtained by automatically

recording each contact-make pressure while the pressure is slowly
decreased. Each switch is purchased with calibration data in two forms:

(1) A printed table of pressure values in millibars,
showing the pressure for each contact-make during
pressure reduction; and

(2) A punched paper tape containing the same pressure
values

Both the table and tape contain the switch serial number and
pressure data check sum to provide confidence in switch identification
and data.
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6.1.1.3 Data Entry Problems

There are two data entry methods that can be implemented,
based on the existing data forms:

(1) By using the printed table, the pressures can be
entered manually with a keyboard that already
exists in the processing system.

(2) By using the tape, the pressures can be entered with
a punched tape reader that would be interfaced with
the processor specifically for that purpose.

Both methods have disadvantages. The manual method is very
slow, resulting in poor processing response and high operating cost.
The second method requires the addition of a dedicated punched paper
tape reader, causing higher procurement and logistics costs.

6.1.1.4 Solution by Eliminating Data Redundancies

[f the quantity of calibration data can be reduced so that
entry can be accomplished with the existing keyboard about as quickly
as by tape reader, there will be an advantage, assuming that the reduced
quantity of data can be produced automatically at a cost that is less than
the data introduction cost using either previous alternative.

The automatic baroswitch calibration redundancy eliminator
described here has been tested and evaluated and found capable of greatly
reducing the quantity of data entries, while maintaining a controlled
accuracy. It operates on a digital basis so that reconstruction of the
contact pressures can be accomplished with zero error. However, signifi-
cant further reductions are frequently possible by permitting small
tolerable errors.
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6.1.2 Redundancy Elimination Program

6.1:2] Program Description

The redundancy eliminator has been implemented in the Bread-
board Dropsonde Analyzer in the following way.

A punched tape input is used to build an internally stored
file of pressures. These pressures for individual contacts are then used
to calculate and file the pressure intervals between successive contacts.
A profile of local interval averages is calculated and used as a basis
for calculating each interval's deviation. The intervals are smoothed
by adjusting intervals in the order of their deviation, largest first.
The adjustments are made to obtain agreement with neighboring intervals.
When all deviations are small, roughly 0.7 millibar or less, final
smoothing is applied by scanning the intervals and adjusting to a
"staircase" type of profile, with the staircase risers representing the
quantized interval changes and the staircase trends representing the
persistance of each interval. Processing to achieve staircase is
directed toward a near-minimum number of interval adjustments.

The interval staircase is encoded into a data block containing
the initial interval, followed by the persistence of each interval, and
concluded by the check sum of all the data in the staircase block. The
staircase data block typically contains 15 to 20 hexadecimal digits.

The smoothed intervals can be reconstructed from this staircase block.

The adjusted interval numbers are encoded into an intervals
array containing the initial contact's deviation from standard pressure,
followed by the increments between successive adjusted interval numbers,
and concluding with a check sum. There are typically 30 to 35 adjusted
intervals. The array contains about 20 to 25 digits including initial
pressure and check sum digits when encoded with error tolerance. It
identifies the staircase intervals that must be adjusted to obtain the
original interval's profile.
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Finally, the actual adjustments are encoded into an adjustment
array of about 20 to 25 digits. The three arrays of roughly 70 digits
contain all the data needed to reconstruct the pressure table.

A simplified flow chart depicting program operation is shown
in Figure 6-1. A listing of the program is given in Appendix G.

6.1.2.2 Program Operation

The program has been used to obtain smoothed interval profiles
from five punched tapes selected at random from the representative tapes
supplied by the government. The program uses the graphic display as a
monitor providing a soft copy record of operations performed. A hard
copy of the monitor display can be obtained by simply pressing the "copy"
button before pressing "page". The monitor's displays include the pres-
sure table.

The program output is printed on the line printer in such a
way that accuracy and length of encoded message can be assessed easily.
The printed outputs include the original intervals array, the interval
adjustments and sequence during preliminary smoothing, the array of
smoothed intervals, and the array of interval adjustments.

The hard copy of monitor displays and the line printer copy
for baroswitch serial number 104-9661 are shown in Appendix H as an
example of the complete program output obtained in a typical run.

The program operating instructions are simple: "FIND", "OLD“
and "RUN" the program file. Respond to operator instructions as they
appear on the monitor display. The program is stored in cassette IV,
file 32 and in cassette I, file 25.
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Read punched tape and
store pressure table

Verify pressures using
check sum

Build pressure intervals array H

= i

To
Encoding
Program

Interval smoothness attained?

Calculate array of local
interval averages

Find interval of greatest
deviation from average

Greatest deviation > .75 mb? Adjust interval of greatest deviation

Final smoothing

v

To
Encoding
Program

| Figure 6-1.Simplified Flow Chart for Redundancy Eliminator
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6.1.3 Program Test and Evaluation

6.1.3.1 Test Results

The results of test runs on the five representative baro-
switches, mentioned earlier, are shown in Appendix I. The results shown
there are confined to the outputs essential for evaluation of the results
and consist of pressure tables, original interval tables, adjustment
tables, and smoothed interval tables. These tables are shown for each of
the five baroswitches on a switch-by-switch basis for maximum clarity.

6.1.3.2 Evaluation of Test Results

A detailed examination of the test results of Appendix I shows
that the program achieves the desired smoothing of intervals as described
in Section 6.1.2.1, and that the intervals, adjustments, and initial
pressure are encodable as described for reconstruction of the original pres-

sure table with absolute precision or with an error tolerance to obtain
further reduction of data.

6.1.4 Conclusions

Development of the calibration redundancy eliminator has been
advanced to the point where feasibility of the described approach has
been demonstrated.

However, recent developments in the manufacture of baroswitches
make it unadvisable to proceed into a more detailed implementation at
this time. The manufacturer has recently introduced a "linear" contact
board and improved the calibration resolution from 0.5 to 0.2 millibars
and is planning further refinements in the near future. In addition, a
"continuous" pressure sensor with advantages of weight and interpretation
has recently been developed and might replace the baroswitch. Thus,
baroswitch implementation in the dropsonde is uncertain and if it is in
fact used, its performance should be assessed before finalizing the
resolution and accuracy of the calibration redundancy eliminator.
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6.2 SIGNAL CONDITIONER-DECOMMUTATOR PERFORMANCE
The signal conditioner-decommutator in the Bendix Recorder-

Analyzer was designed to operate with asymmetrical signals of constant
pulse width and variable pulse repetition rate. A design change to
symmetrical signal (pulses of 50% duty factor) with variable pulse
repetition rate was being considered. The signal conditioner-decommutator
was operated with a symmetrical signal to obtain data illustrating its
operation and which could be used as a guide by the manufacturer in

making a design change. That investigation and its results are described
here.

6.2, Introduction and Purpose

The Bendix signal conditioner and decommutator are designed
to operate with pulsed signals of variable duty factor. The objective
of this test was to assess its operation with symmetrical signals (50%
duty factor). The testing took three runs showing significant differences
between "Bendix-produced" data and "reference” data produced by a
special test setup. Table 6-1 summarizes the salient setup features
for the three runs.

b6e2.2 Equipment Setup

Figure 6-2 shows the setup for the first data run. This run
was taken on 13 January 1978 at 3:40 P.M.

Figure 6-3 shows the setup for the second data run. This run
was taken on 16 January 1978 at 10:15 A.M.

Figure 6-4 shows the setup for the third data run. This run
was taken on 16 January 1978 at 2:30 P.M.

Ovded Data Interpretation
The data resulting from the three runs can be found in Appendixes

J, K, and L. These data can be interpreted in the following way. There are
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Time, Date

Signal to HP5328A
From

Signal Arming
HP5328A From

Observed Trigger
Level for Bendix
Conditioner

HP Trigger Level

Notes: 1.

Table 6-1.

FIRST RUN

Summary of

Run Conditions]

SECOND RUN

THIRD RUN

3:40 P.M., 1/13/78

10:15 A.M., 1/16/8

2:30 P.M., 1/16/78

Honeywell Repro

Bendix Conditioner
(from point "F")

SKL Low Pass (2KHz
cutoff)

Bendix 60m-sec
(from point "E")

Bendix 60m-sec
(from point "E")

Special Purpose
NADC Assembly pro-
cessing HP Marker
Output

~1 .6 Volts 2

~1.6 Volts °

Not Applicable

0 Volts (+ slope)

+1 Volt (+ slope)

0 Volts (+ slope)

in Section 2.

For more complete information of the three setups,

see the diagrams

2. Approximately 1.6 volts observed with Tektronix 7633 set to 2 volts
per division; later, 1.2 volts was observed with 1 volt per division.
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1
' HONEYWELL
' REPRO. 4 B BENDIX

60 M-SEC STROBE

l il

CHANNEL A INPUTS CHANNEL 8
+ SLOPE + SLOPE
0 VOLTS 1 vOLT
TEKTRONIX
HEWLETT-PACKARD - 4051 —  PRINTER
COUNTER 5328A PROCESSOR
MARKER A OQUTPUT
SIGNAL CONDITIONER i]— -
_______ a—
|
| ) TEKTRONIX
FREQUENCY-
! v S TRGE OSC!LLOSCOPE
SPECIAL PURPOSE | """ 7633
NADC ASSEMBLY | AND
B e v | C30 CAMERA ,, {=a—

Figure 6.2 Setup of run at 3:40 PM, 13 January 1978.
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1
l TEKTRONIX
HONEYWELL | OSCILLOSCOPE
REPRO. = J3 INPUT 7633
BENDIX AND
CONDITIONED | 5 C30 CAMERA
60 M-SEC  SIGNAL
STROBE ouT
{ |
CHANNEL A - INPUTS - CHANNEL 8
+ SLOPE
1 VOLT TEKTRONIX
HEWLETT-PACKARD Bl 4051 — B PRINTER
COUNTER 5328A PROCESSOR
COUNTER GATE
MARKER A QUTPUT )
' 1
SIGNAL CONDITIONER J'l- “““ =
________ S
|
| FREQUENCY:- TEKTRONIX
L—g~ TO VOLTAGE | oo
5 | ANALOG OSCILLOSCOPE
SPECIAL PURPOSE 453
NADC ASSEMBLY L :
------

Figure 6-3 Setup of run at 10:15 AM, 16 January 1978.




LOW PASS OSCILLOSCOPE
HONEYWELL IN- £|LTER OUT- 7633
REPRO. 4 [——®{pPuT o PUT 1T~ anp 2pe——
CUTOFF C30 CAMERA
CHANNEL A INPUTS CHANNEL B
TEKTRONIX
- —— B 4051 —»{ PRINTER
HEWLETT-PACKARD PROCESSOR
COUNTER 5328A
COUNTER GATE
MARKER A QUTPUT
T
SIGNAL CONDITIONER :‘ """ =
““““““ T =~ | FREQUENCY-
TO-VOLTAGE
SPECIAL PURPOSE | ANALOG O;g,ﬂgggéﬁ
NADC ASSEMBLY b e 453
STROBE SEES 2
OQUTPUT (ALL)

Figure 6-4 Setup of run started at 2:30 PM, 16 January 1978.
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four words per line, each word containing two period samples separated by

l a decimal point. The sample to the left of the decimal point (integer
portion of word) is in units of 10'8 seconds. To obtain units of seconds,

. divide by 108, The sample to the right of the decimal point (decimal
portion) is in units of 10'2 seconds. To obtain units of seconds, divide

| by 102. For example, in column one of row one in the data from Appendix
J, the word is "51506.079014," where 51506. is .00051506 seconds and
.079014 is .00079014 seconds. Note that a period of .00051506 seconds
corresponds tc a frequency of 1942 Hertz which is in the reference
frequency range.

The data (Appendix L) resulting from the third run were confirmed
by oscillographic examination to be a good representation of the signal
from the balloonsonde and is considered a satisfactory reference for
evaluating the Bendix-produced data. The discrepancies between the data
from the third run (Appendix L) and the data from the first (Appendix J)
and second (Appendix K) runs are possibly explained in part by the photo-

graphs in Section 6.2.4, which show some of the cycle marking conditions
observed during the runs.

6.2.4 Monitoring and Photographing of Signal Conditions

During the three data runs and in trial runs made before any
data were recorded, signals were carefully monitored via a lektronics
oscilloscope model 7633 equipped with a Tektronics camera model C30.
| This section contains photographs taken of some of the peculiarities
; which were found during the first and second runs.
r

There should have been a 100u-sec pulse triggered by a positive
slope at 1 volt. The triggered pulse was observed at 1.6 volts in the
first run and at 1.2 volts in the second run. Other types of observed
peculiarities were pulses that lasted longer than 100u-sec and which
triggered below the normal level. Other cases consisted of combinations
of both of these.

Ouring the third run, in which the Bendix unit was omitted,
no discrepancies were observed in the production of conditioned signals.
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Photographs taken during trial run on 13 January 1978 2




780113 0924 MCW/PK 780113 0928 MCW/PK

sk

No. 5 WALLOPS No. 5 1957 \ No. 6 WALLOPS No. 3 1906
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Photographs taken during trial run on 13 January 1978




"“PRE-TWEEK"
The above photograph was taken before the oscillator was "tweeked" tc

free-run at the sonde sample rate. The photographs below were taken after

“tweeking" was accomplished.

780113 1445 MCW/PK | 780113 1451 MCW/PK
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N
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780113 1543 MCW/PK 780113 1550 MCW/PK J

No. 1 1909:14 No. 2 1915:41

The above photographs were taken during the first data run. The photo-

graphs below were taken during the second data run.

780116 10:17 MCW/PK 780116 10:26 MCW/PK

No. 1T WALLOPS No. 3 1909:42 No. 2 WALLOPS No.3 19:17:33




The photographs are annotated such that the upper border con-
tains the date and time of exposure and the Tower right border contains
the approximate time from the tape.

6.3 DATA SMOOTHING AND REDUCTION
A short investigation was made into the selection of significant

period ratios for storage in the reduced data file. It has shown that
the selected samples are, in general, distorted by noise somewhat more
than the unselected samples. The investigation showed that three-point
averaging would sufficiently reduce the noise content of the noisiest
values so that the selected values would be considerably less noisy.

Another short investigation into smoothing and reduction tech-
niques has suggested that the data might be smoothed and reduced at the
same time by a series of data fittings by linear regression with a
series of simultaneous equation solutions to determine the "significant"
values at which trends change. While this technique shows promise of
achieving good results in both the smoothing and the data reduction,
it suffers from the disadvantage that it would probably require con-
siderably more processing power to operate in near realtime. Also,
there are numerous ways of implementing the linear regression technique,
requiring somewhat more effort for its implementation.

As a result of the short investigations, it has been concluded
that three-point averaging will significantly reduce noise with Tittle
effort required for implementation and that linear regression will pro-
vide more noise reduction with somewhat more effort for implementation.

Before it is clear whether either of these techniques should
be used, the effects of noise should be evaluated.
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6.4 HUMIDITY CALCULATION
A new algorithm, 3.3.2(2), determines relative humidity from the

humidity element's resistance ratio and air temperature. It uses an
equaticn to replace the current common method of calculating humidity;
that is, linear interpolation between data points that were determined
under laboratory conditions. This algorithm, in equation form, will elim-
inate the noise produced by interpolation. The equation has been adapted
to calculation of humidity in the breadboard analyzer and is described in
paragraph 3.3.2.

Figure 6-5 contains graphs of percent relative humidity vs.
resistance ratio as described by the equation (continucus curve),
overlaid with the individ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>