NASA TECHNICAL NASA TM X-53818
MEMORANDUM March 13, 1969

NASA TM X-53818

THE TEMS APOLLO-SATURN IB TRACKING SYSTEM
ERROR MODEL RESULTS THROUGH THE AS-205
FLIGHT TEST

By Bobby Junkin
Computation Laboratory

Nﬁg-zu:;;

. E (AECESSI‘ON NUMBER) {THRU)
' ol
:

(PAGES)

3 {COnE)
ETMY 838518 07]
N AS A 4 (NASA CR OR TMX OR AD NUMBER) (CATEGORYJ{

George C. M éﬁbaz[) Spazce -FZng‘ Center
Marhall Space Flight Center, Alabama

ke'p;o&;céd b;,ﬁl-ﬂ o
CLEARING HO

,fo;' Fede_rai Scientific g %"efhiical

nformation Springfielq Va. 2215t

MSFC - Form 1190 (September 1068
L )



TECHNICAL MEMORANDUM X-53818

THE TEMS APOLLO-SATURN IB TRACKING SYSTEM ERROR
MODEL RESULTS THROUGH THE AS-205 FLIGHT TEST

By
Bobby Junkin

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812

ABSTRACT

This is the fifth in a continuing series of reports summarizing the
TEMS multiple regression analysis results from the current and previous
Apollo-Saturn IB flight tests. The TEMS method for determining the iracker
error models involves establishing the tracker errors and then determining
functional expressions to describe the established errors. Guidelines used
in obtaining truncated error models have resulted in generally acceptable
models,
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TECHNICAL MEMORANDUM X-53818

THE TEMS APOLLO-SATURN [B TRACKING SYSTEM ERROR
MODEL RESULTS THROUGH THE AS~-205 FLIGHT TEST

SUMMARY

"This is the fifth in a continuing series of reports summarizing the TEMS
multiple regression analysis results from the current and previous Apollo-
Saturn IB flight tests. The TEMS method for determining the tracker error
models involves establishing the tracker errors and then determining functional
expressions to describe the established exrors. Guidelines used in obtaining
truncated error models have resulted in generally acceptable models.

INTRCDUCTION

This report presents the TEMS multiple regression analysis results
obtained from the evaluation of tracking system measurement errors on the
Apollo-Saturn IB flight test data. It is the fifth in a continuing series of reports
summarizing results from the current and previous flight tests.

The basic concept in the TEMS evaluation process involves establishing
the fracker errors and then determining, in the least squares sense, error
model expressions to describe the established errors [1]. The fundamental
observational residual equations in the method are given by

- 0 _

VR = AR - AR
= 0 —

N AA AA (1)
= 0 —

VE AR AE s

—— — S ——
Observational Observed Functional

Residuals Deltas Deltas



where
AR = g+ 6C + (Cy+ 6Cy)Ty+ (Cy+ 6Co)1p+ ... + ('é'k+ 6C,)x,
AA =Dy + 6Dy + (Dy + 6D;)a, + (Dy+ 6Dy)ag+ ... + (ﬁJE +6Dy)a, ) (2)
AE ='EU‘9+ 6F; + (f‘iv}- o0F;)eq + (rf‘2+ 6Fg)eg+ ., + (Fm+ 6Fm)em ,

and T and em are functions of the basic range, azimuth, and elevation

a
k’ £ H
measurements. The parameter (or coeificient) residual equations are given
by

Vv = 6C0 + CO - CO
Co
v = 5C + C, - ¢
Cy
(3)
Vg - oF + F - F. .
m m m m
—— e’ e it e o i
Parameter Corrections Coefficient A Priori
Residuals Approximations Coefficient
Values
The corrections 6C,, 601., cees 5Fm are determined in the least squares
sense. The initial approximations Eo, Ei, cans 'fi‘Jm are then adjusted by

these amounts,

Truncated tracker error models for representing the systematic errors
are obtained using the TEMS method in conjunction with a stepwise regression
procedure. The stepwise regression procedure involves examining at every
step the variables incorporated into the error model in previous steps. Thus,
the final regression model results in only the most significant variables being



retained in the model. The UNIVAC 1108, Executive VII, computer program
for application of the various procedures is currently in an operational pro-
duction status.

SUMMARY OF APOLLO-SATURN IB RESULTS
THROUGH THE AS-205 LAUNCH

The Apollo-Saturn AS-205 (Apollo 7) vehicle was launched at 10:02:45
(AM) Eastern Standard Time on October 11, 1968, from Kennedy Space Center,
Launch Complex 34. Tracking data from seven C-band radars were utilized
in the TEMS reduction. The post-flight reference trajectory used as the
standard is presented in Reference 2, The vehicle ground track summary and
location of the various tracking sites is shown in Figure 1. Location data for
the launch site and the various tracking stations is given in Table L.

The AS-205 tracking data utilization is shown in Figure 2. These
usable data were defermined from an edit pass through the TEMS program.
The preliminary edited data for all the radars were processed with the param-

eter weight matrix (Wf and approximation maftrix (E) equal fo zero.
A priori estimates of zero for the error model coefficients were also entered
into the final TEMS computer runs.

The general approach for obtaining truncated error models to describe
the AS-205 range, azimuth, and elevation response variables is summarized
in the following guidelines:

i. It was assumed that the survey terms, rate bias term, and the
azimuth and elevation velocity lag terms were not essential in obtaining
truncated error models to describe the response variables.

2. The first two variables entered in the stepwise regression
{excluding those left out under the assumption in the first guideline) were
selected for consideration in the final TEMS error model.

3.. A thirdwvariable was considered if an adequate description of the
response variable was not obtained with the first two, or if a constraining
condition required an additional variabie in the model,



This approach actually results in entering the most significant variables into
the error model. It should be pointed out that the third variable selected in

the third guideline often involved selecting one of two variables that represented
borderline cases in the order of entry in the stepwise regression, that is, the
two variables had nearly equal partial correlation coefficient values. The
approach given by these guidelines has generally resulted in acceptable error
models for the AS-205 data.

The previous TEMS Apollo-Saturn IB summary report is given in
Reference 3. An overall summary of the fruncated error model resulis from
[3] and from the AS-205 Flight Test is presented in Tables II throngh IX.

It is observed in these tables that the coefficient standard deviations for the
individual radars do not vary significantly from test to test. One exception

to this observation is the AS-205 azimuth and elevation results for Radar 7.18.
Table X shows that the least squares residual errors for the various radars
are in close agreement with the input accuracy estimates of 5 meters in range
and 0. 006 degree in azimuth and elevation.

Table XI is a summary of the coefficient standard deviations obtained
from the various tracking radars. The data in this table are grouped accord-
ing to two categories:

(1) Category for all the radars combined.
(2) Category according to radar location.

From this table it is seen that the standard deviations for several of the
coefficients do not vary significantly from radar to radar. The standard
deviations appear to be fairly stable for the different radar locations con-
sidered in the second category. The summary in Table XII gives some idea

of the size of the error model required to describe the tracking errors. No
fewer than four and no more than nine ferms, excluding constraints, have been
retained in the truncated error models.

CONCLUSIONS

Results from the evaluation of tracking system measurement exrrors
on the Apollo-Saturn IB flight test data (AS-201 through AS-205) are obtained
using the TEMS Multiple Regression Analysis Method. Truncafed tracker
error models representing the systematic errors in the AS-204 and AS-205



data are obtained under guidelines using the TEMS Method in conjunction with
a stepwise regression procedure. These guidelines show considerable use-
fulness for constructing tracker error models containing the most significant
variables and represent an improvement in the area of model construction.
An overall summary of results obtained on the AS-201 through AS-205 flight
tests shows that the standard deviations for several of the error model
coefficients do not vary significantly from test to test or from radar to radar.
The average random errors remaining in the least squares residuals are in

close agreement with the input accuracy estimales of 5 meters in range and
0. 006 degree in azimuth and elevation,
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TABLE I, LOCATION OF LAUNCH SITE AND C-BAND TRACKING RADARS
USED IN TEMS AS-205 REDUCTION

Latitude, ' Longitude, Height, *
Site degrees degrees meters

Launch Complex 34 28.521963 80. 561141 61. 54b
Patrick (0. 18) — 28.22655b3 80. 599293 19.92
Merritt Island (19. 18) 28, 424862 80, 664404 16,39
Grand Bahama (3.18) 26, 636350 78. 267708 16.29
Grand Turk (7.18) 21.462890 71. 132114 32, 82
Bermuda (67. 16) 32.348103 64. 653801 17. 81
Bermuda (67.18) 32.347964 64. 6563742 19. 03;
Cape Kennedy (1. 16) 28.481766 80. 576515 ' 18.78

a. Elevation above the Fischer Spheroid

b, Elevation of the C-Band radar antenna above the Fischer Spheroid




TABLE II. TRUNCATED ERROR MODEL REGRESSION ANALYSIS
RESULTS FOR RADAR 0.18

Coefficient Value Flight Test No.

and Standard

Deviation 201 202 208 204 205
Cy 30. 39 15.37 -56. 69 11,12
o 0. 58 0.70 1.25 0,56
o - 0.446E_4 -0. 57E-4
o 0. 37E-5 0.19E-5
C, -0. 0197 0. 0055 0.0041 | 0.0100
G 0. 34E-3 0. 20E-3 0.58E-3| 0,49E-3
C, L172. 32 -18. 49 _271. 06 -302. 11 —
T 9.69 4.50 20, 22 11. 22
Dyg -0.0142 -0. 0040 -0. 00067 0. 0148 | -0.0016
o 0.73E-3 0. 28E-3 0. 53E-3 0.0010 | 0.28E-3
D, 0. 0094 0.5220 0. 6955
o 0.036 0.151 0. 059
Dy 0. 0139
' 0. 0018
Dy - -0. 0622 —
(o3 0.0042
Dy 0. 0172 0. 0582 :
o 1.1E-3 0..0042
Ty 0.000115 0.0212 0.0112 0. 0681 0.0109
o 0.35E-3 1.1E-3 0.46E-3 0. 0053 0. 27E-3
Fy 1.084 -0.2633 -0.2701 | —0-8753
o 0.100 0.134 0.212 0. 065

No. Data Pts. 323 377 259 356 471

. .6 ) . .9

- 3.30 3.65 2.33 15, 02 3.96
Ty 0. 0049 0. 0050 0. 0082 0.0081 | 0.0060
g 0. 0086 0. 0068 0. 0086 0.0085 | 0.0067




TABLE III, TRUNCATED ERROR MODEL REGRESSION ANALYSES
RESULTS FOR RADAR 19. 18

Coefficient Value Flight Test No.
and Standard
Deviation 201 202 203 204 205
Cop- 57. 57 51. 61 8. 90 7.26
o 0.62 0.36 0. 89 0,40
Cy 0,075E-4 0.349E.4 -0.50E-4 -0.23E-4
o 0. 34E-5 0. 14E-5 0.20E-5 0.78E-6
C, -0.0105
g 0.265-3
C, -23.29 -275. 03 -9.25 17.21
g 190. 50 11. 0% 13.54 3.46
By -0. 000101 0. 0016 0, 0020 -0.88E-3 | -0.0051
o 0.24E_3 0.75E-3 0. 25E-3 0.46E-3 0.42E-3
Dy -1.253 0. 4070 3. 57 1.68
o 0. 061- 0.126 0. 143 0,128
Dg -0. 0362
o 0.0017
D, 0. 0143
o 0. 0011
Dy 0. 0612
o 0. 0019
¥y 0. 0036 0. 0368 0. 0398 0. 0027 0, 0696
g 0.23E-3 0,35E-3 0.23E-3 0.45E-3 0.0018
3 0. 3424 0. 1828 -1.189 1,224 -0, 6983
o 0, 034 0. 049 0.078 0. 070 0. 0540
No. Data Pts, 455 360 279 287 468
3, . . . 4,68
SvR 13 4.64 1.86 5. 65
Tva 0. 6049 0. 0071 0. 0039 0. 0092 0. 0057
TyE 0. 0061 0. 0070 0. 0045 0. 0066 0. 0072

10




TABLE IV, TRUNCATED ERROR MODEL REGRESSION ANALYSIS
RESULTS FOR RADAR 3.18

Coefficient Value

Flight Test No.

and Standard -
Deviation 201 202 203 204 205
of -7.65 55.19 -72..32 -13.05 17.39
o 0.68 0.39 i.21 0.39 0,32
c, ~0.197E-4 2. 087E-4 0.624E-4
o 0. 15E-5 - 0.46E-5 0.93E-6
Cs 0.0013 0. 0039 -0.0273 -0.0041
o 0.29E-3 0.11E-3 0.50E-3 0,10E-3
Cq — -77.15 _ 139. 55 46. 14
o 4. 00 4.16 2.76
D, 0. 0143 -0. 00086 0.0115 | -0.0038
v 0.46E-3 0.29E-3 0.20E-3 | 0.20E-3
Dq 0. 0975 0.4300 0.-3084 1.392 0.734
o 0. 200 0. 056 0. 109 0. 090 0.093
D — 0. 0492
g 0..0016
D, -0. 0016
o 0. 0011
Dyg 0. 0043 0. 0038 0. 0117
o 0.38E-3 0.77E-3 0.34E-3
Fy 0. 0371 0. 0181 0. 0348 -0. 0196 -0.0062
o 0.45E-3 0. 33E-3 0.47E-3 0.212E-3 | 0.23E-3
Fy 0. 0846 0. 0586 0. 5901 1,695
o 0. 094 0. 201 0.126 0.147
No. Data Pis 427 435 270 326 406
2.2
Ton 6. 36 2. 69 2.96 2.20 4
L. 0. 0044 0. 0034 0. 0068 0. 0047 0. 0036
o 0.0128 0. 0085 0. 0079 0. 0032 0. 0047
VE -

i1




TABLE V. TRUNCATED ERROR MODEL REGRESSION ANALYSIS
RESULTS FOR RADAR 7.18

Coefficient Value

Flight Test No.

and Standard
Deviation 201 202 203 204- 205
Co 25.45 -85. 14 12.20 -3.54
o ‘ 0.40 2.95 1.59 242
o -0.638E-4
‘o 0.30E-86 o
C, 0. 0027 0. 0048 0. 0073 _0.0083
g 0. 80E-4 0. 16E-3 0.42E-3 0.41E-3
C, 29,78 -195.46 39.50 ~69. 74
¢ 2. 00 10. 88 5.38 10.48
Dy 0. 0047 0. 0043 0. 000251 -0, 0082 -0, 0011
p 0. 30E-3 0.34E-3 0.60E-3 0.56E-3 0. 93E-3
Dy -1. 667 0.2910 -1.35
g 0. 122 0. 120 1.50
D
T
Dy
a2
Dy -0. 0072 0. 0059 -0, 0607
o 0. 43E-3 0.60E-3 0. 0027
Fy 0, 0041 ~0.0092 0.0113 0.0394 0. 3020
o ©.0.32E-3 0.30E-3 0. 60E-3 0.56E-3 0. 0027
Fy 1. 049, 433, 65
o 0, 359 9,03
No. Data Pts. 536 338 168 280 330
YR 7.13 1.74 2. 93 6.34, 2,38
Tua 0. 0060 0. 0040 0. 0055 0. 0059 0. 0056
- 0. 0051 0. 0074 0,0115 0, 0130 0.0238

12



TABLE VI, TRUNCATED ERROR MODEL REGRESSION ANALYSIS

RESULTS FOR RADAR 67. 16

Coefficient Value

Flight Test No.

and Standard
Deviation 201 202 203 204 205
Cy NA~ NA" 84.683 13. 56 -69.76
o .08 1.81 3.23
Cy —0.58E-4 -0.636E-4
v 0.14E-5 0. 26E-5
C, 0. 0079 -0.1186
o 0.27E-3 0. 86E-3
Cy
a
Dy -0. 0076 -0. 0081 -0. 0083
o 0.41E-3 0, 66E-3 0. 64E-3
Dy 0. 3350 0.2405 0.6104
- 0. 079 0. 0126 0. 0934
Ds
12
Dy
o
Dg
(1
7, 0. 0085 0. 0106 0. 0229
v 0.44E-3 0. 63E-3 0. 73E-3
Fy 0. 190 0. 2604 -0.7614
& 0.075 0. 0236 0. 1781
No. Data Pts. 139 18¢ 227
oun 1.44 11. 16 10. 04
N 0. 0028 0. 0037 0. 0036
- 0.0063 0. 0038 0. 0078

% Not Available

13




TABLE VIi. TRUNCATED ERROR MODEL REGRE SSION ANALYSIS

RESULTS FOR RADAR 67.18

Coefficient Value

Flight Test No.

and Standard
Deviation 201 "202 203 204 205
Cq NA* NA* NA* 30.62 27.32
o 0.85 0.61
Cy -0,585E-4 | -0.526E-4]
o ) 0.11E-5 0. 93E-6
Cy 0. 0095 -0.0023
c 0.18E-3 0. 80E-4
Cy
o .
D, -0,0019 -0, 0075
o 0.40E-3 0.32E-3
Dy 0. 0090
o 0. 0085
Ds
o
Dy,
o
D, -0. 0032 0. 0054
o 0. TO0E-3 0.36E-3
Fy -0, 0041 -0, 00013
a 0.65E-3 0.36E-3
Fy 0. 0049
a 0.0191
No. Data Pts. 247 326
G'VR 6. 98 ' 4,53
oA 0. 0036 0. 0047
- 0. 0040 0. 0061

* Not Available

14



TABLE VII, TRUNCATED ERROR MODEL REGRESSION ANALYSIS

RESULTS FOR RADAR 91. 18

Coefficient Value

Flight Test No.

and Standard
Deviation ) 201 202 . 403 204 205

Cy 47. 02 - NA% NA* NA*

e i.52

Cy -1, 260E-4

a 0.18E-5

C, 0. 0014 0.0024

o 0.10E-3 0.47E-3

(o) -7.67

o 7.30

Dy 0.0038 -0, 0092

fos 0.44E.3 2.9E-3

Dy, -1.639

i3 0.110

Dy 0. 0975

o 0.032

Dy .

o

Dy -0.0125

o 0.68E-3

Fy 0. 0054 0.0191

o 0.42E-3 0.90E-3

Fy -2. 204

o 0. 233

_?'7
No. Data Pts._ 342 73
. 1.

GVR 7.59 49

OvA 0. 0050 0. 0070

UVE 0. 0076 . 0111

# Not Available

15




TABLE I¥X, TRUNCATED ERROR MODEL REGRESSION ANALYSIS

RESULTS FOR RADAR 1. 16

i6

Coefficient Flight Test No.
and o 201 202 203 204 205
Co NA¥ NA™ NA* NAT -1.58
o . 50
Cy -0. 23E-4
o 0. 10E-5
Gy
g
Cy —1.41
o 5.1
Dy -0, 0121
o 0. 45E-3
D, 0. 465
o 0. 057
Dy
0
Dy
T
Dy 0.0733
7 0. 0014
Ty 0. 0767
¢ 0.0013
F3 -0. 906
o 0. 0389
No. Data Pts. 428
YR 5, 83
UVA 0. 0069
UVE 0. 0078
* Not Available




Ly

TABLE X. RESIDUAL ERRCR SUMMARY FOR TRACKING RADARS

ON AS 2014 - 205 FLIGHT TESTS

RIaDd ar IR’ meters Oas degrees TR degrees_
0.18 5. 65 0. 0064 0. 0078
19.18 ‘3. 99 0. 0062 0. 0063
3.18 329 0. 0046 0.0074
7.18 4.10 0. 0054 0. 0092%
67. 16" 7.53 0.0033 0. 0059
67.18° 5.75 0. 0041 0. 0050
o1.18% 7.59 0. 0050 0. 0076
1.16° 5,83 0, 0069 0. 0078

a. o data from AS-205 not included

VE

b. Values based on data from three flights

¢. Values based on data from two flights

d. Data from the AS-201 flight

e, Data from the AS-205 flight




"TABLE Xi. COEFFICIENT STANDARD DEVIATION SUMMARY FOR
TRACEING RADARS ON AS 201 - 205 FLIGHT TESTS

Cape Radars | Bermuda | Grand Grand
Coefficient 19.18 Radars Baham2a Turk
Standard a 0.18 67.16 Radar Radar
Deviation All Radars i.16 67.18 3.18 7.18
O‘C 1.01 0.65 1.41 0.60 1.84
0
O'C XE-bH 0.17 0.17 g.15 0.23 —_—
1
U'C AE-3 0.30 0. 37 0.35 0.25 0. 27
2 '
42 5.06 9. 92  — 3.64 7.18 :
Cq
ch XE-3 0.45° 0,49 0.48 0.29 0.45
0
o 0.093 0.095 0.048 | 0.109 | 0.121
3 .
o, - 0.0017 0.0017 _ S
. 002 0.002 —_— —_— —
O-D'{ o 0.0021 026 '
ch XE-3 1.07 2.20 0.53 0.49 0. 51
3 .
T XE-3 0.71 1.08 0. 56 0. 34 0. 44
1 To o
O'F ‘ 0.115 0.084 0.074 0.142 —
3

a. NOTE: (1) AS-2057.18 Azimuth and Elevation results excluded
(2) AS-202 91.18 Range, Azimuth, and Elevation results excluded

(3) All other results combined

18



TABLE XII. TOTAL NUMBER'OF TERMS IN TRUNCATED ERROR
MODELS FOR AS 201 - 205 FLIGHT TESTS

Apolio-Saturn Flight Test
Radar 201 202 208 204 205
0.18 5 8 7 - 8 7
19, 1-8 5 9 e 7 6 . 8
3.18 7 8 8 7 | 8
7.18 7 7 5 4 8
91.18 8 5 . NA . NA NA
67. 16 NA NA 6 7 6
67.18 NA NA NA 6 8
1.16 NA NA NA NA 8

NA: Not Avaiiable




APPENDIX

RESULTS FROM THE APOLLO-SATURN 205
FLIGHT TEST

The basic radar error models for describing the systematic errors in
the range, azimuth, and elevation measurements are given by the following
equations:

Range

AR = Gy +CyR +Cy R +C; t +Cy (-0. 022 cosec E)
X Y\ Z
-+ Cs (‘E) + CG(—R') + 07 ("ﬁ“) 2 (1)

AA =Dy +D; A +Dy K + Dy tan E + Dgsec B + Dy tan E sin A

+ Dg tan E cos A + Dy (w) + Dy (_ sin A cos A)

Azimuth

X Y

+ Dii .A gec E . (2)
Elevation

AE = F, +F1E +F3i1“.. + Fy (-sin A) + Fgcos A

0. 022 8 Xtan E
+ Fy (Rsi}lE_io )cotanE + Fy (_ET—)

-Y tan E cos E .
+ Fio (_'—'Z__R ) +F11( O; ) +FpEcos E . (3)
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The specific physical interpretation of the terms appearing in equations (1),
(2), and.(s) are given in Reference 1. These equations require modifications
depending on the particular tracking system being considered and on the flight
trajectory geometry. The computer program was thus developed so that any
compination of ferms appearing in the error models can be retained in a given
adjustment through the use of appropriate program control mafrices.

Results for the truncated versions of these error models on the AS-205
data are presented in this appendix. Coefficient correlations are given in
Table A-I. The stepwise regression analysis resulis for the AS-205 data are
given in Table A-II. Plois of the observed deltas, computed deltas, and the
least squares residuals are presented in Figures A-1 through A-14. The
tracking errors for the various radars are represented by dots in these figures.
The description of these errors as obtained from the TEMS least squares
adjustment program is represenied by the solid computed curves.

The least squares residuals for the truncated error models presented
in this appendix can be thought of as being composed of (1) random errors and
(2) unmodeled systematic errors. A high random error content in the data
may prevent a systematic error of comparable magnitude from being deter-
mined. The latier errors are those that can be atiributed to uncertainities in
the standard used in establishing the tracking errors, unknown systematic
errors not abgorbed by those that are modeled, or geometry limitations, or
both. The presence of a significant unmodeled systematic error may prevent
an adquate description of the data from being obtained.

21



TABLE A-I, COEFFICIENT CORRELATIONS FOR THE TRUNCATED
AS-205 RADAR ERROR MODELS

Jigaar 1. 19

6, © & D, Dy Dy ¥ P C, © C Dy DIy Dy Fy Fy

ey | 1.0 ]-048]0.21]0 os|o.0ef-0 06 |-0 08]-0.14 C, |2 0!-0.33]0 064 0.03 00000 oal 0.01

¢, | 10 foszfoor|o oz|-0 11]-0 e1]-0 24| G | 1.0 |e asl-o.esl0 eilo e7fo ozl 6.0

o |10 [o.13]o 0s|-e2t |-e.21 -0 47 ¢ |10 |0 ozlo.orlo og 0 0] 0 ot

. Py |t-0 o 08|-0 62 |-0.60] 0.08 D, | 100 oztoasto ziboos

Dy |10 |-020]-019] 003 p, |10 008 o o4 0.01

p, | 1.0 | oss]-0.13 Dy |ro|osso.4

’ B 1.0 |-0 6 ¥o [1.0]036

Fs 1.0 Fp {10

Badar 0,15 Radar 1% 18
G G C; D By F Fy g € € D Dy Dy Fp

¢, |1.0 |0 56]-0 76 0.18|-0.02] -0.0 | 0.0 Co |t 0] -0.45|0.21f0.03] 0 0 |-0 esl-0 05]-0.05

¢, [ 1.0 |-0.95 e.22]-0 02| -p.0a [0 0 cy | o |oesioos|oolosito 12018

c: | 10 Le.2s] o 02| o.0t]0.0 ¢, {to |o12o 00 a0 150 27

D, |1.0 | 60t 0o |00 D, [1o]e az-o.'rzi-o‘ 7280 07

p, (.o | oo 0o ;|10 0.0}, 06f-0.00

Ey Lo (0.10 ) o; |10]0.99 010

r e Fo {1.0|0.52

Ty 1.0

Rader 67. 16 Radar 67.18 Radar 7 18
€ €& D, D F B G ¢ ¢ D, D DB F FR G € C Dy D Dy E R

¢, |1.0] 009 0.04]-0 21 |-0.06]-d 22 C.,]_i ol-o 88| ~0.14}-0.0¢|0.0] 0 02]-0.01) 0 0 | o] 1.0|-001] 0.99 900 0}-001]-0050.02
G, [0 | 0 o4f-0.22 -0 06[-0 22 C | 1o | o20| e.0z|o.0]-0.07) 0 03] 0ot ¢ | 1.0 | o14-0.08 o otf-0.02| 0.01] 0.0
Dy {4.0f 0aa|eo {00 e 1ol oos|oei-017]| 00sf 001 ¢ | 1oloooo]-0o1] oos|ooe
By | 1.0 | oo 0es . Dy 10 {00 0a1]-o017]-0.03 D, | 1.0 -0 47-0.27] 0.17] 0 16
By | 1.0 [-0.60 p, ttofois| oosee| 5 |10]002|o0fom
B |10 D, | 10 (-0 54008 D, | 1.0 -OGi-Oiﬂi
) F, | 10007 Fo |10}o ssl
Fy 1.0 F ;o_l
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TABLE A-II, STEPWISE REGRESSION ANALYSIS RESULTS

FOR AS-205 DATA

Radar I

Eguation Variables in Regression Iy F Level
0.18 l

AR Co» C1y Cey Crpy Cy, Gy, C, 2,74 5.98

AA Dy, C,, Dy 0. 0055 170.75

AE Fp, Cy, Cs, Dy, Cy, Ty 0. 0054 .08
19.18

AR Co, Cb CG’ Cz, C4, Cﬁ, CB 1. 90 346. 28

AA Dy, Co, D3, Cs 0. 0043 53. 20

AE F,y, Cs, Fy, Cy 0. 0059 18, 99
3.18,

AR Co, CG’ 'C'h Cz, Cl 1.485 —'0. 03

AA Dy, Dy, Dg, Ds, Dy, Da, C,, C, 0. 0031 4.03

AE Fy, Dy, Dq, C,, F3 0.0043 . 15.65
1.1¢6

AR Cys Cgs C3y Gy, Cs 2. 93 -2, 45

AA Dy, C,, Dy, Cs 0. 0051 20, 24

AE Fy, ‘Cs, Ca, Cq, Cg 0. 0069 11.25
7.18

AR Cy, Cg, Cy, Cy, C,p, Cy 1.48 4.75

AA Dy, C, 0. 0048 26. 8

AE Fy, C4, Dg, C, 0.0113 18.9
67.16

AR Cq, C,, Cq 6. 41 324. 4

A‘A Dy, C, 0. 0036 3219.3

AE Fg, Cq, Cs, Fy, C, 0. 0060 3.7
67.18

AR Co, Cy, Cq, Cs, Cy, Cq 1.88 7.25

AA Dy, Dg, Dy, Dy, Dg, Cp, Dy 0. 0041 6. 13

AE Fy, C4, Cy, Dy, Dy 0. 0050 6. 84
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FIGURE A-13. RADAR 67.18 RESIDUALS ON AS-205
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