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NOTICES

I.-

Disclaimers

The findings in this report are not to be construed as an of-
f icial Department of the Army position , un less so des ignated
by other authorized documents .

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government in-
dorsement or approval of commercial products or serv ices

• referenced herein.

Disposition

~~~~~~~~~~~~~~~~~~~~~~ Destory this report when it is no longer needed. Do not
return it to the originator.
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SECTION 1

DESCRIPTION OF 1977 ROBIN PROGRAM

The 1977 ROBIN program is an update of the April 1972
HIROBIN program. The 1977 program contains several changes from

the 1972 version. The changes were made in order to eliminate

the Mach 1 and supersonic bias , to extend and modify the drag
table so that the temperatures of sphere and Datasonde flights
were in agreement, to improve the method of calculating RMS
wind and thermodynamic errors, to improve the first guess at
temperature, and to standardize input constants. A discussion

of the changes made and how they were incorporated into the 1977

ROBIN program is contained in the following paragraphs.

Removal of Supersonic and Mach 1 Bias

The 1977 ROBIN program is designed to remove both the super-
sonic and Mach 1 bias in all parameters — density, pressure,
temperature, and winds. The technique used to remove bias is

to simulate the bias by a theoretical trajectory and then subtract

this bias from the standard ROBIN output. Thus the 1977 ROBIN

(with respect to bias error removal) is essentially the 1972

HIROBIN with additional subroutines to calculate and subtract

the bias error. Details are as follows (see Figure 1). The

editing program and the descending altitude subroutine which

determines where data processing of the flight begins have not

been changed in the 1977 program. An initial position and

velocity of the sphere, however, are calculated fran the radar data

immediately after the determination of five consecutive descending

altitudes. From this initial position and velocity , a theoretical

sphere trajectory is generated by assuming the sphere fell in the

1976 Standard Atmosphere with no winds present. The theoretical

trajectory is terminated at 60 Km since both Mach 1 and super-

sonic bias occur above this altitude. The theoretical profile

of (t,x,y,z) coordinates is then treated as if it represented
radar coordinates. Logic of the 1972 HIROBIN program with the

1
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Figure 1. 1977 ROBIN Program
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19-21 , 51- 35 fil~~crs  is used to cenera te a tmospheri c para meters
of wind s , tenpera ture , density, and pressure from the theoretical

tra jec tory . Any differences between the computed parameters and

the 1976 Standard Atmosphere values are the bias errors resulting

from the filters. These differences in density , temperature , and

winds are stored in a bias correction array. Bias errors in

pressure are not stored since using the ideal gas law , pressure
can be determined directly from temperature and density measure-

ments. After generation of the bias correction table , processing
of the radar data continues in the same manner as was done in

the 1972 HIROBIN program. The 1977 output is obtained by sub-

t rac t ing  the bias correction table from the radar  processed
data. The correction is applied by interpolation of the bias

error table at each a l t i tude where processed t r ack ing  data

occurs - except for altitudes between Mach 1.3 and M~ach .85.

Dur ing  this  region , where the Mach 1 sp ike occurs , the bias
correction table is interpolated based on Mach number.

A feature of the bias removal procedure is its ability to

remove both the supersonic bias and Mach 1 spike. Examp les
of typ ical  bias errors  appear in Figure 2 .

Drag Table

The dra g table used in the 1977 ROBIN program is an
ex tended and mod i f i ed  version of the  Bai ley and Hia t t  drag table
used in the 1972 HIROBIN. The drag table was extended in the region

ad jacen t  to Mach 2 and Reynolds Number 1600 so tha t those high
apogee f l ights that in the past went out of the drag table would
remain within given drag values. These extended drag coefficients

were obtained from Bailey and Hiatt ’s ballistic sphere measure-

ments 111 .

Changes were made to the subsonic drag coefficients

between !~ach 0 and 0.5 and Reynolds Numbers between 500~, and

35 ,000. The purpose of these changes, as explained in Reference 2,

was to bring sphere temperature measurements into agreement with

Datasonde measurements in the region between 32 and 58 Km.
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Tr&e dr a c  table  used in the 1977 ROBIN program is shown in
Ficur e  3.

1976 Standard  Atmosphere

The c a l cu l a t i on  of pressure  and t empera tu re  in the ROBIN
program requires a first guess of temperature (usually near 95 Kin) .

In the 1972 HIROBIN program the initial temperature was obtained

from the 1962 Standard Atmosphere. In the 1977 ROBIN , the f i r s t

guess is taken from the 1976 Standard Atmosphere. The 1976
Standard Atmosphere is also used in the 1977 ROBIN program for

the generation of the theoretical trajectory from which the
supersonic and Mach 1 bias correction table is generated.

RMS Er ro rs

The equation used in the 1972 HIROBIN program to es t imate

the radar error failed to take into account the correlation in

velocities introduced by the filtering process. Consequently,
the error estimates were too small by f i f t y  percent or more at
the higher alti tudes. Reference 3 discusses the correlated

error problem and provides an equation for estimating the influence
of the correlated errors. The 1977 ROBIN has been modified to

include the correlated error term . Thus , assuming that the

FPS/16 radar performs according to specifications , the 1977

ROBIN will provide an accurate estimate of wind and thermodynamic

errors arising from the radar track .

Gravitational Constant

To maintain consistency with other programs used in the

reduction of meteorological data , the equation used to calculate

the gravitational constant in the 1977 ROBIN program is

= —9.780356 (1÷5.2885 X l0
5
(sin

2(~~)) 
— 5.9 X l0

8
(sin

2 (2~~))),

where ~ is latitude. No discernable change in thermodynamic

or wind data output results from the modification of the gravi-

tational constant.
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Comparison of Output

Comparison of a flight reduced with both the 1977 ROBIN

and the 1972 HIROBIN program is shown in Figure 4. Note the

difference in the initial values of temperature at 97 Km

(due to the 1976 Standard Atmosphere), the gradual change in

temperature values above 76 Km (removal of supersonic bias),

the removal of the Mach 1 spike near 68 Kin, and the drag table

induced temperature changes below 58 Km.
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SECTION 2

PURPOSE AND USE OF PROGRAM

The 1977 ROBIN program is specifically designed for computer
reduction of ROBIN flights which attain an apogee of approximately
115 Kin, and are tracked by an FPS/16 radar. The program also
provides accurate reduction for ROBIN flights attaining other

apogees between 65 and 150 Km. If a passive sphere other than

the one meter ROBIN (approximately 165 grams) is used, reduction
with this program is still possible. There may be times, however ,
when drag coefficients are not available and thus density,
temperature , and pressure cannot be cc~puted. The tine of fall
test used to determine sphere collapse is not used tor spheres

with dimensions that differ from the ROBIN.

At each second of fl ight, the program calculates: altitude,
wind components, and direction; density, temperature, and pressure ;

the RMS noise error in winds, density,  temperature , and pressure ,
and other balloon dynamics.

The following are some of the important features of the
1977 ROBIN program.

(1) The program begins wind and thermodynamic
computations when the vertical acceleration (~ )
becomes greater than -8 rn/sec2. For a sphere
apogee of 115 Km , this occurs at about 95 Km.

(2) The program computes the RMS noise errors
in wind, density , temperature, and pressure. A
discussion of other type errors is contained
in Section 4 of this manual.

(3) The program determines sphere apogee whenever
sufficient tracking data is available.

(4) The program uses two tests as an indication
of sphere collapse, a time of fall test , and a
density gradient test (X check).

(5) At the end of the flight the program prints a
frequency response table for density and winds.
This enables the user to observe what wavelengths
have been retained in the output data.
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(6) The program provides the following options
of output: a) output at each second of flight;
b) addit ional  in ’ierpolated output at each 200 meters
of a l t i tude; and C) output each kilometer only.

(7) Below 60 Km the density smoothing interval
expands in such a manner so as to maintain a
constant two percent noise error in dens i ty .

( 8 )  If spheres other than the ROBIN are used ,
the reduction can be optimized by changing the
smoothing input parameters. However , when using
a ROBIN sphere at any escape altitude , it is of
fundamental importance that one not change any
of the smoothing input .
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SECTION 3

OPERATING INSTRUCTIONS

The High Altitude ROBIN program was written using FORTRAN IV.

The program was tested on the CDC 6600 computer at Wright-Patterson

Air Force Base.

The basic program generally requires two to three minutes

to run on the CDC system ; however , the run time can be almost

twice that if the data tape requires a great deal of editing.

The input to the ROBIN program consists of time , X , Y and Z

coordinates. Time is in units of seconds Zulu and the X , Y and Z

position coordinates in units of feet. Generally the position

coordinates are given with respect to the coordinate system of the

firing range. The output from the ROBIN program gives wind
measurements with respect to the north and east components. To

accomplish the transformation of coordinate systems the positive

clockwise angle from geographical north to the positive X-axis of

the range coordinate system must be known. The angle is called Zb
and is input to the ROBIN program .

The ROBIN system is divided into two related programs.

The first is the tape editing program. It should be ncted that
this program has not changed since the 1972 version . The main

function of this program is to replace bad data points with

interpolated data. Its printed output consists of the discarded

old points and the added new points. (See Figure 5). The

editing routine then writes the edited data on a tape or disk.

The data is written in 97 word records with the exception of the first

record on a file which contains the flight identification number.

The 97 word records begin with a FORTRAN loader word and thereafter

contain a 96 word array of data points. An undetermined number of

records are written per file since a new file is started every

time a gap greater than two seconds occurs in the data. Each time

an end of file is written a notice is placed in the printed output.

13

I 
— 

~~~~~~~~ 
______________

/

_ _ _ _ _ _ _ _ _ _ _  

- 

~~~

I__
/



~‘L i. PO I’~T .~ ~~~~~~~~~~~~~~~~~~~~~ .15 b511Y~~~~t~~Ub ..3 b~~DC35Ct’Ub .F- F-~~1u.~r ue.JF-

~~~~~~~~~~~~~~~~~~~~~~ .13b~~~eTUE .5b •3b~~-3JU GE.I~b — — . b ~~5T1Ut.g5

QLZ ~~~~~~ ~~~~~~~~Th6fl1 7WJE+U 5 •L5bb71 I~9~ +ub .Sb5~~5Z?9t~~Ub ~~~~~~4’r~~1but ’j~

ULLi PUI~~T~~ .bb 1 e ( . U t ’U ~~ . 1 3 b 5~~ 5~~b~~+ U t . 3 b~~~ i’k~~e t .U b

0L1 ~ OI P4T~T .bbI3~ 9s1 t+U5 •1.~~r u u 3 r j E.pb .~ bbIU5~~~t~~Vb

~~ OtD ~ pi r ~ .b6r32u~or~~ • I JT1?T 5?~~4p b ~~~~~6Th~~~~~~ tTU~~~ - ~~49Tfl6v~. u,

ULLi F O I MIS  •bb13~~14~~t IQ I, .1,~,c , r e~~t • u b  .3bb~~Y~~e~~t ,U b  ~~~.I,~~~U 3 b ’ f u t . U~~

0Li POII S .661 2 t+O3 7I~~1s~~~~,~ 4ub  .366~~~ .~ 2t +Ub —~~~ cpb5Js ut .u,

I&W P 3IMT 5 — .bbtS1~~~9E4U5 .I3bZ!Z15E~~pb

N~~W ~u:’ir~~ .bb15 1bJ~~~ +lI , •l.~b I~~ l’ r ’Ut~~Ub ..~b~~(7113t’lJ b

5 ~~~~~~~t~~~17T ~t4O~~~~~~ .rs6,r 5 t +~~~6 
-— J b ~~~ U ~~~~~~~~~~~~~~~~~~~~ rq~~~1T

Nt W PUI~ T~~~~~~~~~~~ .bbrSlT39t .05 . i Jb 1 I ’~ U U ~~+ U t  . JbbU3 ~~~~~ t I - Ub

NtW rU~~F 4.T ~ ~~~~~~~~~~~~~~~~~~~~ . I .~b~~b ’.D1~~~~Ub  .3b~~1b(~ If 5’U 5

1(5W POI’ ITS .bb15?I I 5~~t+U~~ . 1 4 T U 1 U~~~~t + (~6 . 6 ~,u U 1~~t 5

~~~ W Fu : ’415 .~~~~L~~~~L .1s t+U~~ .L5~~~~~~5.~t+Ub .3b~~,~~Z ME4Ub

M~~W ~‘UL~4 (~~ •b b 1 3 C C .~~~L ’u 5  • f ~~U 1~~ I~~ ’U b  • b~~~~~ b C t P . U b

~L U PD~~ 4T . . i ~~u~~r~~s .ue ~~~~~ .i rb ~~b 3ffE ’ub

U I C  PCI,~TS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .15ZUT1 b~~t .ub Th951.~bt ~~Ub — . 11T5 15c~5

T~..U ~ UI1.~~ .bb1.~~~~~ ’(t ’U~ ~~~~~~~~~~~~~~~~~~ • 3 7 ( U~~~~~~t~~U b

DL~ ~O IMTS •bbj 5U U I~j~~+y~~ .1~ ?~ 355~~~+Ub ..~1,IC~~~~5•Db .F-1~~b~~b~~ Ut+9~~ 
-

0LU ~OI~(T5 .bb1391 Qt+U5 .1t~Z5~ Ol,~ s.u b — .Jrr~ 35cUt+Ub ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~ WUi’f 5 .bb 1J ~~~ F - U t~~U~~ .1 F - € r C ~~ fC t ~~u~~ .317 lIrI t~~~Ul

VL~ 
W UT’EUS — 

~~~~~~~~~~~~ .14~~~~’3 1It~~Ub  -— .5f,I~1~~Ubt~O~

Q(.~Y P O T  W6flq~~~~5+u~ .1~~~~~ s f l Q~~~~~~~~ ..~ff~~iU1b€~ Ub

~JLD PU~~~4 I~~~ • 13’U~~NU5+~~~ .1I~3U ’S~~bb~~~ Ub  . , 1~~ CgJJt.Ub

.1.~~31~~~b~ t.ub .5 , , U2~~~ U6~~~~~~ .~~ r~~i’~~o i u t + u ~~ 
—

~~I .1~~3?bb E4~~~~ .~3 1T9br6~ t’D6

115W F~~:rl , ~ .bb~~.3~~ (I~ J5+U~~ • L 4 1 l I~~~ bt ’ pb ~~~~~~~~~~~~~~~~~~~~~~~~~~ — .11ru51C115t•y,

- NEW F T T  . ~~~~~~~~~~~~~~ ~ u
~~ hEw r~r~~ r6rw~~rc~~~~~~~ r~2onrr o6 - ---- ______

Figure 5. ROBIN Position Edit of Tape 1877 
-

14

~~~~~~~~~~~~~~~~~~~~~~
_

_ i~~~~~~r~~~~~
j  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 
-



DATA INPU T TO ROBIN EDITING PROGRAM

Card 1

Column Variable Description

1—10 ID Fli ght Ident i f ica t ion  number

11—15 IX Output unit

15—20 IY Input Unit

21-30 XTOL The X tolerance 150.0 ft.

31—40 YTOL The Y tolerance 150.0 ft.

41—50 ZTOL1 The Z tolerance at or above 200000.0
ft. 360.0 ft.

51—60 ZTOL2 The Z tolerance below 200000.0 ft
= 200.0 ft.

61—70 ALT Read past ascent data to ALT =
300000.0 ft. (for high apogee Robin;
adjus t if apogee is known to be
lower )

15

• - .-~~ 
•____ -—. - - • • ~~~~~ • -• - V .~~ —-•.—--‘— - -- -

~J~ 4
-V 

.. 
~~~~~~~~~~~~ 

_ _ _  

/~! _ _



The main POBIN program uses the edited data to compute the de-

sired meteorological parameters . The methods used to compute the
parameters are discussed in 1~ ferences 2, 4, and 5. Once the paraneters
are computed they are printed . The ROBIN program provides the

options of printing only the actual data, printing the actual data

and data interpolated at every 200 meters of descent, or printing

interpolated data every kilometer. Figures 6, 7, and S illustrate

these alternatives.

DATA INPUT TO ROBIN PROGRAM

Card 1

Column Variable Description

1-5 NXY1 Number of points for wind velocity
fit 51.

6-10 NXY2 Number of points for wind acceler-
ation fit 35.

11-15 NZ1 Number of points for density
velocity fit = 19.

16—20 NZ2 Number of points for density
acceleration fit 21

21—25 IDEGX1 Degreee of fit for wind velocity=3

26-30 IDEGX2 Degree of fit for wind acceleration

~~3.

31—35 IDEGZ1 Degree of fit for density velocity

~~l.

36-40 IDEGZ2 Degree of fit for density acceler-
ation 3.

Card 2

1—80 ANAME Description title of job.

Card 3

1-10 ID Flight number.

11—12 
- 

IX Input tape (disk) unit.

13-14 IY Output tape (disk) unit.

15—20 ALA Latitude of launch site

21—27 HMSL Height above mean sea level of
• launch site (meters).

28-33 ZB Angle of x axis from north (degrees).
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34-40 AMS Mass of Balloon (kilograms).

41-48 DIA Diameter of balloon (meters).

49-51 Interp Switch Interp 0 no interpolation
Interp = 1 interpolation every
200 meters. Interp = 2 print at
every kilometer only.

The deck setup is shown in Figure 9.
L

Input  and Output Units by ROBIN System

Units five and six are the standard FORTRP~N input  and output

u n i t s .

U n i t s  Mode Block Size Usage

Edi t  Program

8 Binary 97 Edited input  tape (or d i s k
output for  edi t  program .

1 Binary 97 Input tape

ROBIN Program

8 Binary 97 Edit input tape (or disk) .
Same as unit 8 in edit
program -

10 Binary 6 Output t ape (o r  d i sk)  for
plot program .
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Figure 9. Typical Deck Setup
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SECTION 4
DATA INTE RPRETATION

Apogee Determination

Sphere apogee can be determined if the radar acquires track

before the downward velocity of the sphere exceeds 150 rn/sec.

The sphere apogee must be determined in order to use the time of
fall test between 80 and 55 Km. If radar acquisition does not

permit apogee determination , the printout “Balloon Apogee Unknown ”

appears and the time of fall test of sphere collapse commences
at 55 Km.

Sphere Collapse

a) Time of Fall Test

The estimated time of fall of a ROBIN sphere through 5 and

10 Km altitude layers in the 1962 Standard Atmosphere density

(p,,62,,) and + 20 percent variations in density from the Standard

Atmosphere is given in Table 1. If the actual time of fall of a

sphere is not between that estimated for a 0.8p,16211and l.2~JI,62,,
density profile , the message “Time of Fall Test Between XX and

XX Km indicates Collapse ” is printed out. Invariably when a

sphere collapse occurs , the actual time of fall greatly exceeds

the imposed tolerances. If the time of fall test is satisfied , the
message “Balloon Still Inflated at XX Km ” appears in the printout.

b) Density Gradient Test (A Check)

Below 60 Km the density . grad Lent (l ~~~)
can be estimated

by computing A defined as :

A = 

~1 
(Lo ~~~ 2 

— Lo~~(~~i)) ~

The expected value of A between 30 and 60 Km , obtained
from the “62” Standard Atmosphere , is A .00014. To allow for

density perturbations in the real atmosphere , a tolerance of .00005 is

allowed. In addition to allowing a tolerance in A for real density

perturbation , a tolerance must also be allowed for the inaccuracies

22



A LTJT UDE (ic. M)

80-70 70..( 0 60 .55  5 5 - 5 0  50 -45  4’ -40 40- 35 35- 30

18 43 32 44 59 84 124 198

L iSO km 1
~52 21 49 37 51 69 96 142 218

1. 24 52 39 54 74 106 156 232

19

140 kin 22

25

21

125 km p62 25

1• ()
6Z 27 0

- -  IX:

22 —

115 km p
62 

2u

1.Z p~~ 28

26

100 km P~,2 30 U)

i. 2p62 32

-8p 62 
- 44

80 km p62 -

I. 2p~2 
- 52

- 8p62 
- - 33 44 59 84 124 198

70 km p62 - - 37 SF 69 96 142 218

1. 2p 62 - - 39 54 74 lOG 156 232

Table 1. Time of Fall in Seconds through Standard
Atmosphere and + 20% Deviations from
Standard for Sphere Apogees Between 70
3fld .50  Km
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of the parameters used to compute A. For a two percent noise error

in density, the 3o noise tolerance for A is 3o
>~ 

= 
.08484 

-

The check is summarized as follows :

Expected value of A = .00014 ;

Tolerance for variation in density is ± .00005; and
3o noise tolerance is + 

.08484 
, i~z is in units of meters.—

L A sphere is considered inflated if:

2 2 1/2 2 2 1/2

.00014 — 

[
.00005 ~ (~~~~~ 4) ] ~ A < .00014+ [.00005 ~~( . 0 84 8 4 ) ]

If the A check fails, the message “Density Gradient Exceeds

Nominal Value” appears in the printout. The A check is the secondary

balloon collapse check and should be used in conjunction with

the time of fall tests. The A check is a sensitive check and

occasionally can be tripped by a vertical wind or density anomaly

not connected with sphere collapse. In this case the error message

will appear only sparingly and the time of fall test will validate

proper balloon inflation . When sphere collapse is indicated by

the time of fall test over say a 5 Km interval, the A check will

often pinpoint the actual collapse within an accuracy of 1 Km. If

a non—ROBIN sphere is used , the A check serves as the only indica-

tion of sphere collapse. -

Density Errors

Sources which can produce significant density errors are

as follows.

a) Random error in density due to radar noise.

b) Bias error in density introduced by smoothing function .

c) Error in initial guess at temperature.

d) Drag coefficient errors.

e) Vertical winds.
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a) Noise Error in Density

The random error in density is that error resulting from
noise in the radar signal. The magnitude of this error for a nom-

inal 115 Km apogee and the 19—21 linear cubic smoothing (expanding

to 51-21) used on density is given by the first line of Table 2.

The two percent noise error in density is maintained below 60 Km by

gradually expanding the smoothing interval from 19-21 to 51—21

linear cubic . The RMS noise error in density is computed in the
ROBIN program by assuming an RMS error of 0.15 mil in azimuth and

elevation angles and 6 meters in slant range. The RMS error value
printed out by the program may differ slightly from that given in
Table 2 due to a different sphere apogee and trajectory .

b) Bias Errors in Density

A bias error is introduced into density when the smoothing
function does not fit true perturbations in the position coor-

dinates. Incorporated into the 1977 program is a bias removal
technique that will remove the bias error resulting from a sphere

flight through the 1976 Standard Atmosphere. Since an actual

atmosphere will differ somewhat from the “76” Standard , not all
of the bias will be removed. The second row of Table 2 Shows

typical values of the unremoved bias based upon simulated flights
through other atmospheres.

C) Initial Guess of

A guess of the temperature at the initial altitude of

thermodynamic computations (approximately 95 Km) is required. This

temperature error produces a density error in succeeding computa-
tion which decreases with altitude. The percent error in density

produced by a ten percent error in the initial temperature at 95 Km

is given by Table 2. The effect of this error becomes negligible

after 5 Km of flight.

d) Drag Coefficient Errors

Errors in the drag coefficient effect density accuracy in

two ways: a) drag coefficient error directly produces density errors

since CD is in the formula used to compute density; and b) an

25
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error in CD produces a density error which in turn produces an

error in Reynolds and Mach numbers so that the Reynolds and Mach

numbers used to determine CD puts one in the wrong region of the

drag table.

The drag table used in the 1977 ROBIN program is based
upon Bailey and Hiatt’s (Reference 1) ballistic sphere measure-
ments with revision in the subsonic region recommended by the
Datasonde-sphere comparisons study of Engler and Luers (Reference
2). Bailey and Hiatt quote a maximum error of two percent through-
out the observational range. With the revisions due to comparison
with other sensors , it is believed that the drag table accuracy
in some regions is greater than two percent. Table 2 gives the 4

best estimate of density errors resulting from inaccuracies in
the drag table.

e) Vertical Winds

In order to compute density from a passive sphere, one
must assume no vertical winds. Actual vertical winds will produce
fictitious density perturbations. The percent error in density

produced by a 1 rn/sec vertical wind of wavelength 2 to 10 Km is

given in Table 2. To obtain the percent density error produced

by vertical winds of some other magnitude , say X m/sec , the entries
in Table 2 are multiplied by X.

Pressure Errors

Pressure is computed in the ROBIN program by an integration

of density . Hence errors in pressure can result from all sources

of density error.

a) Noise Error in Pressure

The percent error in pressure resulting from the noise

errors in density is given in Table 3. This error is printed in

the computer output. It may differ slightly from the values

given in Table 3 due to a different sphere apogee and

trajectory .

b) Bias Errors in Pressure

The percent bias error in pressure resulting from the un-

removed bias in density is given by line 2 of Table 3.
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The bias in pressure due to a ten percent error in the

initial temperature is given by line 3 of Table 3.

Error in pressure due to drag coefficient errors or

vertical winds cannot be directly calculated. Since pressure

is computed by integrating density , the error in pressure resulting

from CD errors depends upon the entire CD error profile . If CD
errors are biased , say all positive, the effect on density error

will be greater than if the same magnitude CD errors are randomly
positive and negative . Since the type CD error profile is beyond
the present state of knowledge, pressure errors resulting from

CD errors cannot be estimated .

The effect of vertical winds on pressure accuracy depends

upon the vertical wind profile of the entire atmosphere. Since
this information is also beyond present knowledge , the pressure
error produced by vertical winds cannot be estimated .

Temperature Errors

Temperature is computed by the gas law from density and
pressure. Hence , the sources of temperature errors are all the
sources of density errors. The relationship between temperature ,
density , and pressure errors is indicated by the formula :

(1)T p p .

Hence, the temperature error profile is obtained from the

density error profile and the pressure error profile produced by
the density error profile.

a) Noise Error in Temperature

The error in temperature due to the noise error in

density is given by Table 4, line 1. The noise error in temperature
appear s in the computer output of the program. The unremoved
bias error in the density profile due to smoothing produces a bias

in temperature. The second line in Table 4 shows this error.

The effec t of a ten percent error in the initial
temperature on succeeding temperature calculations is also given
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in Table 4. After 10 Km of flight , the effect of the ten percent

error nas decreased to a 10 error in temperature . $ I

The effect of CD errors and vertical winds on temperature

depends upon their effect on pressure. Since the bias C0 error

profile and vertical wind profile are unknowns, the resulting

pressure and temperature errors cannot be estimated . One point

of interest is worth mentioning . If all drag coefficients are

biased by a constant percent error , this will produce the same

percent error in density and pressure , and hence, by Equation 1,

will result in no error in the temperature . It is a changing

bias error in CD that will detriir~rita11y affect temperature.

Frequency Response of Thermodynamic Data

The amount of detail that can be observed in the thermodynamic

output data is determined by the frequency response of the density

filter. Table 5 gives the percent of the amplitude of a 1,2,5,

10 and 20 Km sir usoida l wave in density that is retained in the
output data . For example , at 70 Km a 10 Km density perturbation
with amplitude X would appear in the computer printout as having
amplitude .72X.

Wind Errors

The only significant sources of wind error are the noise and

bias errors in velocity and acceleration resulting from the smoothing
process. For a sphere apogee of 115 Km , the one sigma noise
error in a wind component is estimated in Table 6. The computer
program calculates the noise error in each wind component and
includes both in the printout.

Frequency Response of Wind Data

The bias error in winds introduced by the smoothing function
depends on the wind field itself and hence varies from flight to
flight. The frequency response of the wind filter determines the
degree of bias that will occur for various wavelengths. Table 7
presents this frequency response. For example , from Table 7 it
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$

Table 5. Frequency Response of
Thermodynamic Data
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X X K X T X X X K X K K X X X  X X X K X X K X X X X ~~X X , X X X X X X X X X X K 5 - 5 -  K X K X X X X X X 5 - X X X X

K K K K K K - K  F K K
A 1 K O .C 1  K (.01 K 0.01 K 0.01 ) 0.01 K 0 .C2  K C 5 7  I O~~96 K
V K K K K 5- K F K K— —  
£ 2 K O .C 1  K ( .01  K O .C L  x 0 .03 1 0.10  K 0.40 K 0 .76 K 0.99 K
L K K K K K K K K K
6 5 K C .C 2  K ( . 03  K 0.06 K 0.11 X 0.20 K 0 .93  K 0.99 K 0.99 K

K — K K 5- K 
- 5- K K- C 10 K C.)’. K C . 1 7  K O.~~’ . K O . R 5 x O.97 1 0 .94  5- G .9 9 K 0 .99 K 

I _ K - K K _ K K K K
P 20 K 0.~~8 K 0 .03  1 0 .66  K 0.90 5- 0 .9K K 0 .99  K 0 .94 X 0~~99 K

Table 7. Frequency Response of Wind Data
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is observed that at 70 Km a 10 Km sinusoidal wave in the wind

field will appear in the computed output to have only 85 percent
of its true amplitude .

35

- - ~~-~~.-5-,-~.a- J~~~I~ ~~~~~~~~~~~~~~~~~ ---i. - . -~~~

- -~~

I 

-

~~~ /



R~~ER~ KES

1) Bailey , A.B. and Hiatt , J ., “Free Flight ~~asur~~~nts of Sphere Drag at
Subsonic , Transonic, Supersonic and Hypersonic Speeds for Continuun,
Transition and Near—Free-f’blecular Fla~i Conditions,” AEIX -TR-70-291,
Van Karman Gas IYynamics Facility, Arnold Engineering Developi~ nt Cen-
ter. Air Force SystEns Qi~inand , Arix)ld Air Force Station , Tennessee,
Marc*1 1971.

2) Engler , N .A. , and Luers, J.K. , “~&x1ifications to the 1972 ROBIN Progr~ n”
( to be published) , Prepared for US Army Atmospheric Sciences Lab-
oratory, ~~ite Sands Uissile Range, r~~~~ Mexioo, February 1978.

3) Luers, J .K. , and Mac1~rthur , C.D. , “Optimuri Radars and Filters for the
Passive Sphere Systen,” NASA CR—l11952. Revised Fdition, October
1975.

4) Engler, N.A., “Develoçinent of ~~thods to Determine Winds, Density, Pressure
and Te~~erature fran the Robin Balloon ,” UDRI, AFCRL-65-448.

5) Luers , J.K., “A !-~ thcx1 of Ccinputing Winds, Density, T~~~erature Pressure
and Their Associated Error fran the High Altitude ROBIN Sphere using
an Optirnun Filter,” LIDRI A~~RL—70—0 366, July 1970.

* U S GOVERNME NT PR*NTING OcFICE~ 1179 — 971.01 flaK 36

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


