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NAVIGATION ANALYSIS FOR VIKING 1979 - OPTION B

By Paul H. Mitchell

1.0 INTRODUCTION

A parametric study was performed for U8 trans-Mars reference missions
in support of the Viking program. The launch dates cover several months
in the year 1979, and each launch date has multiple arrival dates in 1980.
Figure U.2-1 of section h.2 is a plot of launch versus arrival dates
with case numbers designated for reference purposes.

The analysis consists of the computation of statistical covariance
matrices based on certain assumptions about the ground-based tracking
systems. The error model statistics are listed in table 3-1 of section 3.
Tracking systems were assumed at three sites: Goldstone, California;
Canberra, Australia; and Madrid, Spain. The tracking data consisted of
range and Doppler measurements taken during the tracking intervals starting

at E-30 and ending at E-10 for the control data and ending at E-l8
for the knowledge data.

The control and knowledge covariance matrices were' delivered to the
Planetary Mission Analysis Branch (PMAB)' for inputs into a AV dispersion
analysis. Additional results are contained in the plots and tables of
section k.

2.0 SYMBOLS AND DEFINITIONS

AD Mars arrival date

B-plane a plane perpendicular to incoming hyperbolic asymptote

B vector from center of Mars to the piercing point of the
incoming asymptote

|B| magnitude of the B-vector

CNB (or HSK) tracking station near Canberra, Australia



Control

C3

DA

deg

E

GDS

HOPE

H

km/sec

Knowledge

LD

m

MAD

MOF50

mrad

Option A

Option B

POS

R

RA

RD

uncertainties in trajectory at Mars encounter considering

tracking data from E-30 to E-10

energy of the approach hyperbola

vehicular declination referenced to ecliptic plane

degrees

Mars encounter (periapsis of incoming hyperbolic tra-
jectory)

tracking station at Goldstone, California

Houston Operations Predictor/Estimator

vehicular momentum vector at Mars encounter

kilometers per second

uncertainties in trajectory at Mars encounter considering

tracking data from E-30 to E-l8

launch date from Earth

meters

tracking station at Madrid, Spain

mean of 1950 ephemeris reference date

milliradians

indirect landing "by way of parking orbit

direct approach to entry and landing

.plane-of-sky angle between Earth-Mars line and angular
momentum vector of vehicle at encounter

range measurement from ground-based tracking station

right ascension

range rate or Doppler data from ground-based tracking
station



SMA. (or a)

SMIA (or b)

Subearth point

Submars point

TL

Type I

Type II

Transfer angle

VI (or Voo)

ZAE

MI

a right—handed orthogonal coordinate system with S
in direction of incoming asymptote, T lying along
the intersection of the B-plane, and ecliptic plane
R completing the system

semimajor axis of error ellipse in B-plane

semiminor axis of error ellipse in-B-plane

projection of center of the Earth onto Mars surface

projection of center of Mars onto Earth surface

linearized time of flight

missions with transfer angle less than 180°

missions with transfer angle greater than l80°

sun-centered angle of travel from Earth to Mars

velocity at infinity measured at Mars encounter

angle between Mars-to-Earth vector and the S-vector at
encounter

trajectory target angle measured from T-vector to
B-vector

orientation angle of error ellipse measured positive
clockwise from T to SMIA

one sigma or one standard deviation on Gaussian distri-
bution with zero mean

3.0 ASSUMPTIONS AND ERROR MODEL

Ground-based tracking stations at Goldstone, California; Canberra,
Australia; and Madrid, Spain, were assumed to be taking two-way Doppler
(RD) and range (R) measurements for navigation purposes. The stations
were allowed to track above elevation angles of 8° measured from the
station's local horizon. The Doppler count intervals were at 60-minute
intervals throughout the tracking arc while only one range measurement
was taken at E-30 days. Two tracking arcs were assumed for each tra-
jectory. Navigation control uncertainties contain tracking data from



E-30 to E-10 and are based on Doppler plus range. The solutions which

are designated knowledge include tracking data from E-30 to E-18 both
with range and without range for each case.

A weighted least squares filtering technique was employed with a
consider option; the data were weighted by the inverse of the data noise.
The values of the mathematical error model are listed in table 3-1. The
station location uncertainties that are listed were rotated into the
local latitude, longitude, and altitude of the station for incorporation
into the Houston Operations Predictor/Estimator (HOPE) (ref. l).

Only the state vector was included in the solution vector; the consider
option included the effects of unsolved biases on parameters such as
gravity fields of Mars, Sun, and Jupiter, a bias on the range measurement,
three components of station locations for each tracking station, and the
six parameters of Mars ephemeris as defined in table 3-1.



TABLE 3-1.- ERROR MODEL

1. Noise values

a. Doppler (l/hr)

b. Range

2. Station locations

a. Distance to spin axis

b. Longitude

c. Distance along spin axis

3. Data bias

Range

!*. Gravitational

a. Mars

b. Jupiter

c. Sun

5. Mars ephemeris

a. Aa = l.E-T
a

b. Ae = l.E-7

AM + Ar = l.E-To

d. Ap = l.OE-7

f. Aq = l.OE-7

e. eAr = l.OE-7

0.00181 cps

50.0 meters

1.5 meters

3.0 meters

0.0 meters

100 meters

1.1* km3/sec2

900.0 km3/sec2

15 000.0 km3/sec2

Note: p, q, and r are unit vectors; p is in direction of perihe-
lion, r is normal to orbit plane, and q completes the right-handed
orthogonal system.



U.O RESULTS DATA

U.l Trajectory Information, Coordinate System Geometry,
and Statistical Limits for |B| and YF

This section contains a table of trajectory information and a geo-
metric illustration of pertinent coordinate systems used to derive the
error analysis solutions. The Rl3T schematic was taken from reference 2.
Figures U.l-2 and U.l-3 show the statistical bounds on the trajectory
parameters |B| and y . These bounds are due to the constraints imposed

upon acceptable entry conditions and are a function of nominal trajectory
values. For instance, the entry flight-path angle Y-C. nas an assumed

£i

nominal value of -22.0° and a maximum uncertainty of +U.0°. Therefore,
for given entry altitude and V̂ ,, the allowable uncertainty (upper bound)
in |B| can be computed by the equation of item c(2) in the following
list. This list is presented to identify and in some cases to clarify
the data that end this section (̂ .l).

a. Table U.l-I is trajectory data.

b. Figure U.l-1 illustrates the geometry of the coordinate systems
(ref. 2).

(1) RST right-handed orthogonal systems

(2) B-plane

(3) Ecliptic plane

(U) Trajectory plane

(5) POS (plane of sky)

(6)- ZAE

(7) Error ellipse

c. Figures k.1-2 and k.1-3 show the statistical limits for |B|
and YTE

(l) Allowable B uncertainties versus Vm assumes a nominal
entry flight-path angle Y-P °f -22° and OY-r, max of

£j ilj

1.333°



Y_ = -22°. aB and ay- a^e evaluated from the following
E E

(2) Entry flight-path angle versus aB assumes a nominal
Y_ = -22°. aB and ay
E
equation (from ref. h):

-Voo(csc -y

where

R = radius of Mars + 800 000 feet

y = gravity constant of Mars
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Figure 4.1-1.- Geometry of coordinate systems.
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U.2 Navigation Uncertainties in the Semimajor Axis (SMA)
and Semiminor Axis (SMIA)

This section contains the navigation uncertainties in the semimajor
axis (SMA) and semiminor axis (SMIA) of the error ellipse evaluated at

the time of the deflection maneuver at E-6 . The error ellipse orientation
angle Q is also included and defines the direction of SMIA with

respect to the T (see fig. U.l-l). Figure U.2-3 of this section contains
the minimum uncertainties in entry flight-path angle. This minimum ayE

results from minimizing the uncertainty in aB (see equations in sec-
tion l*.l). The following list is presented to identify the data that
end this section.

a. Launch dates from Earth and arrival dates at Mars contour plots
are shown in figure U.2-1.

b. Case numbers are defined on figure U.2-1.

c. Control navigation uncertainties in SMA, SMIA with 9 are

shown in figure .̂2-2(a).

d. Knowledge navigation uncertainties in SMA, SMIA, with 0..,.

(assuming a range measurement at E-30 ) are shown in figure h.2-2(l>]

e. Knowledge navigation uncertainties in SMA, SMIA, with 6
(assuming Doppler only) are shown in figure .̂2-2(c).

f. Minimum uncertainty in y (deg) is evaluated at Mars
Ci

altitude of 800 000 feet (assuming a nominal YJ, = -22.0°) in

figure U.2-3.
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U.3 Navigational Bounds on Target Angle 6

This section contains the navigational bounds on the target angle
6. These "bounds are a function of the navigation statistics on SMA
and SMIA and of the allowable aB as presented in section U.I. They
are evaluated by the equations of this section. The following list is
presented to identify and define the data that end this section.

a. Navigation approach angle window for Mars arrival is shown for
May, June, July, August, September, October, and November, 1980 (figs. U.3-1
through U.3-8).

(1) Nominal entry into Mars atmosphere at 800 000-feet altitude
and y = -22.0°.

(2) OYE = +1.333°

(3) Tracking data (R, RD) taken from E-30d to E-l8h.

(U) Equations to determine 8 allowable (ref. U)

- b2

•a; "allow4> ,, , ., = arcsin0 W 7 r-nYallowable 2 f az - b^

^ __ A , 1

allowable MI — allowable

where

oB = uncertainty in |fi | via figure U.l-2

a = aSMA of table U.U-II or figure U.2-2

b = aSMIA of table U.U-II or figure U.2-2

6,^ = 9,,T of table U.U-II or figure U.2-2
MI' MI
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U.U Tables of Navigation Uncertainties SMA and
SMIA and Uncertainties in |B|, TL, DA, RA,

C3, and VI

This section contains tables of navigation uncertainties in SMA and
SMIA as presented in section U.2 and in JBJ , TL, DA, RA, C3, and VI.
These symbols are defined in section 2.0 and are direct outputs from the
HOPE computer program. Control and knowledge navigation information
items as presented in the tables are defined as follows :

a. aSMA = one standard deviation in semimajor axis of error ellipse

at E-6h.

b. aSMIA = one standard deviation in semiminor axis of error ellipse

at E-6h.

c. Q = error ellipse orientation angle measured from SMIA to T

(see fig U.l-l).

d. oB = one standard deviation in magnitude of the B-vector |B| .

e. oTL = one standard deviation in linearized time of flight.

f. oDA = one standard deviation in declination of Viking with respect
to Mars (MOF50 equator).

g. oRA = one standard deviation in right ascension of Viking (MOF50
inertial reference).

h. aC3 = one standard deviation in orbital energy at E-6 .
i_

i. aVI = one standard deviation in Vo> at E-6 .

j. Q = trajectory target parameter which defines B with respect
to f (see fig. U.l-l).
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TABLE 4.4 -1.- CONTROL NAVIGATION INFORMATION FOR VIKING 1979 - OPTION B ~

T
<TDA <TNA (TCj <TV1 Q

» K « » ' « K H » (DES) (KM) | ( SEC ) ; (Mf tAO 1 1 ( MRAD t ( M/S );2 j {M/S )

a I 159.66 23«8o ; &*58 28 « |9 [ J 1. 00' 1* 21' : • 0*2 '11 5. 638 : • 016 • o

2 168. Si 33«27 .26 33.27 13.68 .9Q1 «061 1 1 B . 3 H 7 .015 0

3 2 3 | « « 1 30'&8 5«5& 37.61 l H t 7 8 2*566 « 1 1 2 2 2 0 < V H O «03<« : 0

t 218.42 4»»B8 6 .H3 55. |2 l5.*»9 2'33' « 1 2 » 2 l 6 « t < * V « 0 3 2 ' 0"

5 S O ^ ^ O * ' 2 « j 7 -7.59 82t t6 2"».2l J.915 .J35 251. »02 .03S 0

6 H36.3Q 66 t87 - |3«62 122*30 3 H . 8 Q j . M S 9 . J 2 2 339.278 . Q M 2 { 0

7 3 1 J . 7 5 < « 1 « 1 0 3»06 «C(.l6 J7 .69 3»92t « | 7 6 362.605 .TJSH j - -g-

8 ; 2 8 5 t < « 7 7J.33 6.21 78.12 20*27 1.321 •2H6 355. 5>9 .058 ' 0

9

10

II

•8«1S 1 H 7 . 8 6 31*08 H « 2 5 0 *33l 3<i1.<<59 .055 i 0

73 l * « 2 « 2 t - J » » 3 » 225. «3 5S .B9- j .66 l - .37£ '319.733 »T3Srr 0

676.21 136. t6 -20-42 21Q.72 6H. 02: 2. 682 .351 315.323 .019 0

|2 173.35r 92*79 -J .01 93.22 70*25 6. |72 .172 530*795 .086 : 0

|3 361.11 ' 129.87 - 1*15 132*73 50*00 6*789 .151 188.970 «08S IT

362*86 |72*69 ! -5.51 175.51 53*6| 6.Q86 <152 365.568 .067 0

15 148.28 139.76j- |6 .26 |88.21 59.76 1.263 .108 237.188 .011 : 0

14 372.31 31*82 , .42- 36.*7 5Q'15-3.110 •251 313»t87- .USO"—0~

J7 37J .23 61.81 -1.21 55.17 57.13-3.925 .326 295.181 .050 0

»8 325.33 73*80 -1«19 7l.il 18.|2 1.Q67 .327 :237.112 .011 0

|9 319.96 8 t .99 -3«29 B n r o 2 13«16-3*726 ; * 3 1 6 '117*077" .02* ' -^~

20 112*45 45*11 -7.22 85.81 32.58 2.110 .385 89.737 .0|7 0

21 265.62 1Q.Q5 .83 Io« l ' 23.79 2.003 « 1 2 1 290*875 .035 0

22 265* io 3S»S1 I* !? 35*»0 27. IS 2*337 *l1i -2*1*995 »TT36 ~ TJ

23 269 .7) 32*81 1.35 33.36 31*32 2*540 * > 6 3 229.702 .036 0

21 -249,88 32*16, 1.13 32*82 36.81:2.662 <188 (95.917 .032 ' 0

d dT'hese data are based on doppler tracking data taken from E-30 to E-10
with one range measurement taken at E-3° •
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TABLE 4.4 -I.- CONTROL NAVIGATION INFORMATION FOR VIKING 1979 - OPTION B - Concluded

1
CASE '! <TSMA ' i O'SMIA

, ._ i- .._ . ..
25 • 270,33 I 3«>l1

26 278,40

27 322.98

28 231*56

2* 2l l»87

30 211.37

31 217.57

32 ; 253.75

33 268.84

31 201.28

35 202.16

37 796.69

38 731.01

39 723.0*

40 11*.72

41 172.86

12 : 530**S

43 219,94

11 309.27

45 3J6 .9Q

16 165,20

i <«7 20a*13
!

•«8 ! 237.12

38,72

12*36

36. Q6

31* ,3

3 2 * 9 4

32*31

3l«99

17.19

13«o7

i ' i
0MI | CTB ' 0-TL 1 CTDA

•13 34.1 7 39,52 2.683

-1.16 39 .44 41.82 2.623

•75 12.11 21.01 J.597

1> 15 36.32 25,51 j .967

IM* 31*12 27.14 : 2*d53

•98 33 .46 28.69 2.Q83

•6| 32.3* 29.00 2*073

• 17 31.99 27,99 2.Q16

-•01 17.19 19. 12! 1»297

• 11 13*g9 . 21.15 !|.422
1 '

•78 4 l « 2 7 = 22*16 j («285

76.06i-13.07 196.97 36 .53J2 .7 l l

87.46 r-13. 52 192.82 17.9o :2«736

96, 8o;- l5. 23 212.92 56.39 2.173

128. 9Q j-ll. 63 168.75 82*88 :2 *616

(85.26 - 7 > l o | 9 3 > l S 66.31 b«i»l

j 6 5 » 9 9 - -8 . |4 - |8 | .Q9 • 7 2 » 3 7 > S * S 4 8

77 .8Q ; -5.76 81. 52 69.21 l«283

69, 07 -1*11; 69.39 51.92 2.657

5 2 » 7 8 - ,7 j S2«88 39.77 2*667

i
38.43 4. 1 9 4Q.Q8 ] H»18 .712

34.6' 3 *85 37.|8 ! 37* i9| |,465
; 1

31«66 t 3. 02 33.86 26.18 I «79 l

0-RA

.211

.255

• 285

.099

•12,

• 133-

• 111

• 156

• J 7 ,

• 093

• 101

• 111

.282

• 269

.3-n

• 388

• 461

C485

• 331

• 306

• 23?

• 2*1

•230

• 1*0

trC3 ?
(M/S)

163.374

99.815

5* .087"

197.169

115.613

11 7. -5,3-

88,303

59.466

53,m

114.010

55.146 -

276,180

322,115

"W.-2tt~

418.856

561.269

- 5l9.ir63-

300*333

319.656

35ff.32I ~

352.603

36ff.87T

33»«579

1
. orVI ' .1 '0

.028 ' 0

.018 0

~«~Q | 0 0

.025 ;- o -

.022 0

"•fflT— o~

• 015 -0^

• oio ; "o

• 009-^ — 0 —

•018 ; 0

• 013 0

"•"008 -Q-

• 010 0

.'015 •: o

.010 T~ 0
1

•066 | 0

•09O : 0
i1

• 078 '•• o~

•016 : 0

• 053 0

-iw- -o—

.015 ! 0 -

.-050 { 0"

• Oil 0
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TABLE 4.4 -U.- KNOWLEDGE NAVIGATION INFORMATION FOR VIKING 1979 - OPTION B

[The trackjnjLarc is from E-30 to E-18.

0HI
(KH) (KH) (DEC)

0-8
(KH)

<TTL ; 0-OA 0"RA
(SEC) : |HRAO) < H R A D )

0-V1
(HyS)

a
TOCff)

1 5 1.2*
115.91

' 148.25

125.Q1*
: J94 .20

1 '3l8.S9

*
4

7

7

t

6

9
9

10
10

II
li

12
12

-i*--
13

1*

1*
I*

312.SJ

93*75

271.21

145. 7V

IUV.32
140.36

151.Q4
1SI.11

1~37 i 55-

111.6/

2^*20i -3. 81.8*
25.90 l**0 26.17

-»r7-5;
1.9Q ,976 .077 J U 6 . J 7 7

29.23
27*16

2*&Q 2*«78
3*13 29.10

2*71

3.26 |.233 «Q65
5.19 *9S6 .0*7

0*7
,-13*77 I 68.9Q i 3 « i i ; i « 3 7 o ;

163.Q10
131*163

- -rOZt
• 017

• 021

14.2J
"Jl*73

72*56

75.QJ

Jb-1*

27.44

18.32 | 3 * V 2 j l * 7 3 9 ; .120
106*Vg 14.62 12*021 I •120

a 68.4O-
124.51

61.96

•|8.Q&

39*81

S.-72-
|5.5| I 51.82

T*

r»*-*-6-3-r
115.115

186.852
227.Q17

I fl I » 7 2 4

1029
• 022

.028
•~031

|3*0* 1*141 | *111 213*322
\ -

3.99

1.85

2t.70

I6t90
|2*|7

4*44

3*10

10. 1U

H6.&6

19.44

7l .60
b6. 12

8i*3S
7o*S7

32*64

38T71

36.^1
39.3Q

3U.51
1 f .-63-

i
- t

23*93 I
15.20"

38.96-

\ T i * t > "1S.S6-
2«_'2 ^0'_^

V . O b H H . 2 5
T". r> ' 11*87

h

3.35 i .800
10.221 .888

• 109

•121

JI51.571
151.574

TtT2T
• 02V

.019

- 7*71 i 1*981 ; »06»
12.68

1*38

LL°°_
1*02
4.36

28.21

l 4o««1'

8.J9

b.«7
tt.99

S.02
7.98

H.btt
e.ier

1*972 ! «102

•13*
^I3T4.23.3

rrr-p-113
2. IBS

2*009

• 127

• iii

203*302
202.833

2 1 7 - H 8 9

.030

.030

• 03*

216.969

221

• l

• 035

• OJ7
• 033

1*70* TTfZ"
»*5»1 ! *132

2*303 I . 115
2* 178 i .151

1238.636'
237.912

221.171
213.620

-TOTT
• 033

22*24

___L___

2*359

2.7T2

• 036

t ! • 1 3 2

I
i i

~T2l8.i78—p
' 2 Q b . 7 8 7 !

ror*r

>(I38
• 036

036

3.150 ! ,Q9M

2*1*3 ' .129
j *27l

J 2 1 Q . 0 1 1
' 207.92T ;

216.731
200«162

on doppler plus range (R + RD).

Based on doppler only.
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TABLE 4.4 -I.- KNOWLEDGE NAVIGATION INFORMATION FOR VIKING 1979 - OPTION B - Continued

CASE'

17
17

""SMA "

160 .13
lb7. ,H

|8 1 166. SO

t fl j 1 B 1 . 2 3

19

I9

20

20

21
21

167.2'!

236. bb

316 .69
314 . u6

189.89
165*39

22
22

23
13

21

21

488.43
(66.53

227*66
165.17

172 .0 /
159 .V6

25 ; 162 .23
25 156.36

«6 17U . / J

2* *• 165. 74

27 258.06
27 216.4V

26 159.73
j[8 r |16* 75

29 290*16

29 Il9,7o

30 ; 6*3. ¥2
30 j Ibl .bl

(

31

32
J2

307. U2
154. bb

215.36
163*39

0"SMIA

2 6 - 2 *

't 2 • i 5

2o.o i

J9 .32

JO'1 '?
42« 19

3 2 • b b

•1 '-> • U 6

21*06
,6.61

7.75
- 3*61

19*<»5

15*22

24 • 29
14*96

2f oo
i.9.83

2 4 . 7 3
<4b« oft

25» J3
3 6 . 6 7

2J. 08
20*31

10.90
7M9

4 . 3 V

I • 1*

16. 1 2
4 . 0 2

18*66

8*73

8m
5. 1C
1 .Vd

"' '">
-. 36

3 .b6

- 3 - 2 7

-6 .27

<TB

30«U6
4 2 . 4 4

34 . &7

' OTL
V . B 4

15. 9i

7 . [ V

3V. 3b 1 1 .V7

35 .5V 6 .14

4 4 . 6 5 i 2 - b o

47. 8b 6 .13
-3. Ob 4 9 . 2 3 8 .Q9

-1»22 1 25.35
•> 1 • 35

-2*16

5*61
2*66

3.39
5.6o

|7* ] 1

23*01
3«*1

29*33
16*92

2 6 . 7 9

18.27
l&* 10

<TDA

2. 127
2 - O O V

2 * 6 1 3
2.530

3 .224
3 - 5 7 3

J . q u

2 . 0 7 4

1*389
1 * 371

65*23 3*331
i*«^orrM3TJ

18.31
28.36

2 2 * 3 0
46. (J4 3b« 47

2 • '/ 3 2 b • b 6 ] b > 6 3
.76 I 59. 85 36 .29

1 • 1 J
1 . Xb

-.fa 7
3 .23

24. * l 11 .35

4 b . V O 2 0 ' 2 1

25.71
3V. GO

t t
• -5.Q5 2&>«1
i -3*(j9 2i*8.8

•• -3*63 \ 21.79
"•79 7.56

' -i.il

: > 3 S >

6 .C1

' 1 .08

16 .44

1 .37

35 .43
5.49

1Q.7Q
15.36

12*03
~l~2"i"ft~$~

S9.66
17*23

100*87
1 9 . 7 4

1*930
1*100

I .937
1 . 5 V 7

1 . 8 V V
1 .839

i .953
2. 089

2«363
2. r'r

• 962

2*312

• 910

6 .513
.893

1 15. 5?
21 .78

5.56 29.8) 49*88
• 1«22 r 9V2?f T3*6T

3 .489
.859

2«926
~i ff5B~

0-RA

•120
• 1 od

<rC3*** ^>J o •

(M/S)2

181.666
1 7 7 . Q 9 2

• 126 i 1 bl .66d

avi

• 031
• 030

• C3 3
.169 18TJ.UF8 : itJ33~

• I r2~TS-«.UB1 J-.-03U"
• 133 ! 175.206 .033

• 2 5 4 j 9 9 . 3 7 0
.229 T 102. 4T F"

• 128 1 189772T"

• C 1 a

i6

- o

0

0

0
• 019

~»-ffZ3 TT
• Q65 . ( 98 *270 • 021

- • ' '

•336 265*059
ro»8 1ST.8&Z

•266 : 156*688

• Hi 116*173
- .- _

• i 37
•222

"TTT* 591
1 3 9 . 7 7 9

• 1 13 1 2 5 . Q 1 5
• 2 4 4 j 136.S99

.,199
• 197

• 156
•HT~

• 101
"»~0^7

.265

¥9.00-1
94 .429

64.219
6-TV432

108*116
n o*n pr
112*122

• 036 Q

• U^T

.028 ~ ^-QT
• 022

• 024
.023—

.022
• 02t

.016

.017

• 0 » 2
• 012

• 0)9

o

0

- -

...

-

~

0

T
0

o
TOT1 p

.01? T)'
•056 77.535 *0|2 '

; — ;
.o4B 2T5.°W 1 .03") 0 i
• 0 6 H J 6 6 . 7 5 2 ' .O i l |~

• 016 , 57 .576 .OIU" ! o~ ~
i as 3" 1 5 B . 6 v f ~ ; . o i o •

•515 17.729 .008 0

_

"*098~" 52*900 «0fl9
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TABLE 4.4 -H.- KNOWLEDGE NAVIGATION INFORMATION FOR VIKING 1979 - OPTION B - Concluded

CASE)

>3
»3

31

35
35

3*
3*

»7
37

38
»8

39
39

4Q

**»

HI

42

43
H3

44

46
45

4*
44

47
47

48

,•*?•
|8|.31

153.92

ISS.Q8 ;
1&5.QS

l**.36

1*0* *•

239*75
348.il

,°SMIA;

22« Q l

23.58

- *20

22*47
22*52

21*23

Om-

.aa

-l*6|
•a» 12

-.49
••58

2*95

59«j8 i 6.87
*J .70 i »8*04

173.38 47.40 10*48
245.02 t 56.49 "«94

156.94 44*30 7*4*
220*87 54*Q8 »l*33

98.57
127,94

14*. |4

110*50

14S.8J
139.44

j7*« f9

|7|.32

111*11

38. 04
52*48

***3I

35*05
45*63

27.38
68*15

24*98

2S«o2
47.48

23*89

23*48
33*43

38.61
43*8|

.

,CTB

i"8 • o 6~
10*64

23.97
29.77

22*62

22*7*

20»0»"

63. *9
78,5*

S6.Q*
55.67

48.24
64.36

29. 3| 58.43
10*21 1 66,32

7.40 30*01
24t*2 97.ro

|3*27 : 47.68
3*96 44.F*

2B*14 ' 4*.|*
4.S2 68. *7

7 . 9 •- '»21
10*09

11*32

B*Q9

38.21
53*76

33 . 0"
55.57

33.39

121.62

42*48

tj.o9-
47.34

0-TL

58.67
23.4*

7.58
1 1 » 1 9

»r*rr

13.4*

3*44
7.7|

3*44
- 7.23

3.44
7.16

4.72
• •S3

14.86

4.82

6.67
16,29

7.26
13*89

-*»-*«

12*86

~~§^8 • 7 3

22.4*
34.7*

4.6*
7.14

n
2.603"

.787

.793"

ftt2~
.737

.741

.623

2*248
2*218

1.624
2*238

1.7 10
2.077

l*2«*
^rt»»

.9*0

2*602
Z« 1 3*

! .775
| .862

1*501
1*4*7

i .634

t*It*

1*926

<TRA

.115

• 094

- .123
, *053
r

• 135
- »osb

» 1 04
• 110

• oes
• .090

• 088

• 161
^1*3

• |57
-.272

• 122
• 122

• tee
'218

« 144

; • 103
1 *138

| *199
| .302

! rT44
M9,

~» f 27 —
• 138

•tSl?
51.119

92.815
82*322

6&.VS)
S7.SI9

* ~i

57.588
49.722-'

122.9S«-
179.670

155,803
211* 63 X

I76rt56—
213,830

21*, 2*4
~227» l9*

234.33*
249,J*T

2*1*831
2«.73»-

227.339

215.741
; 215.357

232.373
219.352

2*3.220
! 385. 644

211.674

237 1 1 2^
220.434

Jf«_
• 009,

JL
D

.012 0

.0*0

• oO*^ o
• 008

.008

*Mfl

0

•018 | u
.02*

• 022

• 029

• 034
-rt»3*-

• 038

• 039
• 036

• 030
.036

0

U

0

r~
0

0

0

•033 : 0
• U33 '

• 030
• 028

• 034
• 049

'-f02^-
• 024

-ro^r1

• 035

B

0

h.—

•



U.5 Covariance Matrices for Control
and Knowledge Tracking Arcs

The six-by-six covariance matrices for the control tracking arc and
for the knowledge tracking arc serve as a conclusion to the result data.
They were computed in double precision but were truncated for inclusion
into this report. The following list defines pertinent features in the
tables.

a. Control tracking arc is from E-30 to E-10 .

b. Knowledge tracking arc is from E-30 to E-l8 .

c. The coordinate system is the inertial XYZ, MOF50, Mars-centered.

d. The covariance matrices are computed at the deflection maneuver

time of E-6h.

e. The case numbers refer to the trajectory case numbers as defined
in figure U.2-1.

f. Covariance matrix format (units are kilometers and seconds) is
as follows:

• •

ax2 axy axz axx axy axz
9 'ayx ayz ayz ayx ayy ayz

azx azy az2 azx azy azz

axx axy axz ax2 axy axz

ayx ayy ayz ayx ay2 ayz

azx azy azz azx azy az2
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JÔ-
0

1
_

a

»1

IM n
o a

OK ft

r^. oolr^
o at o

O a^ *o *^ «^
•« <M CO ol 3-
ft ^ ** 3"| QK
r* OK] 0 3-
o a i/> r%
r*. 0i o OK
^ -i — IM

• .] ,* •

ft
0

IM H ̂  *»' «
o a o o 0

rt OK! 3- -J O
i IMJ n o 0 IMJ -«

Uli rn
mi a

xl

*«^

a

•
3"
CM
OK
3-

fMJrt
!</>
fl

—1 n
ui o
UA I

i X h^
^*i 3* *^ ̂  O O X 3"
IM! r* •*. IM -• 3- . *
eo|i>- 3- —!».'»• ; —

fl
O

1 UI; j 3*1 ** f^ fM *O| F^ ' | £^ <4
OK t- : IM
r- •<
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Ûl
•0
ui
o
•*
CM

CM
O
1
X
CO
O*
OR
O
O
CM'
^™

-»
U
Ul
in

x
x

^^

IklUJ

in
^
£
iC

O

u
Ul

in m
Z -v
or
f^ ^

^ ̂<o

E"*
o

o
oe
^ **.

S1"
< —
^ N
IA

M.

j;

^̂
>-

A.

r_ ^
' V.

K

f^
oi
f>)
rv

rt

ui
CM
CM

rt

a
A

CO
X
CO
X
X
in

*

1*1
o

CO
o
a
o

CM
O

ft
O
•*•
Ul
CM
CO

£
o
X
N

!•)

O
A

rv
CM
Ul
)̂

Ul

o
—

CM
O

(̂•)
âi
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Ô
fM

1

•0
0

-•
a-
o
-o
00
-«
in

o
o
rv
a-
ft

lA
CM
•0
IM

1

O

in
CM

^
OK
09

IM

_

O

lA
•a
OK

r"

ar
fM

•"

u
UI

X

a
N

U
UI
It
\
X

c

u
in <f

O X

— M
^- —< e

UI
0

or

Z M

K- M
in

x
VM

>-

X

^^
x

*•>
o

a-
•n

fi

a-
o

00
-0

o

OK
OB
r*

f»
0

a-
fM
00

a-

o

in

CM

«

n
O

CM

00
o
ar

CM
O

CM
O
a-
CM

CM

in

OB —

Z UI
o »-
-« in

OL. in
0
» UI

IV «

«•* ••«
o

\9 oe
z o

F
O

R
 

V
IK

I
N

T
E

R
E

D
 

C
C

Of

•< ar

X
UI -

Z lA
< U.
— o
or x

o y-
Cl K

UI -t

w »-

* UI
o z
z ••*

•n

UI
vt

(M
o

0
a

oi
OK
o
in
CM

1

CM
O

r*
IM
in
CM
r>-
CM

a-
o

CM
09

0

r*.

•*

o

o

a*

OB
a-
a-

a-
o

OB
lA

•0
O
OK

CM
IM

1

a-
o

a-
OK

in

lA
ft
ar

CM IM
O O

fM 00
-0 O

ft lit
lAf>
M O
a- o
a- OK

CM CM
O O

OB -O
CM 41

a- ft
r» •«
OlA
in ui

i

ft ft
o o

.5
1

0
2

7
3

1
0

'
5

6
6

0
5

7
Q

7
'

t

0 0

o —
fM CM

in o
in —

•« lA
OK —

t

a- a-
0 0

fx O
ft IM

CD |A
fM |A
CM -.
ft 4
03 OK

1

a- a-
0 0

II

i

OK 00
O O

At ^%

a- o

fM —
-. OB
OB p*
ft CD
in -o

i

O» 00
O 0

ft 00
CM a-
OK a-
ft ft
OB —
in —
a- in

r

OOK

— O

or*
— n
O CM
a- OK
OK ft
00 00
oo in
OK a-

'

0 0

r* ft
0-0

.5
6

6
0

5
1

•S
5

6
3

9
<

t

ft CM
0 0

Oft
— OB

r* o
IM a-

— t O
in in

i

a- CM
o o

CM r*
OD CM
— in
-. CM

•c —
»*• —

•

o

ft
m

OB

in

OB
O

O

OB

«0
•e

i

OK
O

IM
a-.

CM

OB
ft
If

O

OB
O

in

o
o
OK

CM
O

CM
•0)

ft
lit
at
r
r

IM
a

o
OB
a-
in

o
in
CM

•

M

X

0
M

U
UI
in
>»
X
vt

o

u
UI

in' in
Z -s.
O X

•< o

UI

or

z *

in

_

X

MC

O

OK

00

CM
ar
a-
CM

a-
0

ft

OB
0
in

in
o

-o
a-
in
a-
a*
OK
OK

o

a*
OK
a-
CM

CM
O

tn

OK
CM
CM
««
OK

CM
0

ft
OB
OB



—
33 UJ

O >-
—• in

a. LU
o »—
i «t

9- 2
rs — •
cr- o
— a:

o
19 O
Z U
_

V O
•"" kj

^" Ul
ai ar »-
»•*»

TO i* UJ
O 0^
c — • in

^^. of ar •

' .••ST..

O
Ul if,
O U. •
z o-
< s:
« .,
OC ISI.

> X
Cj
U _J

^
—I •—o >-

,csr ST.-
.»— UJ
.2 Z'

O —•VJ — :

O :
3-

UJ
in«fj
o

PM PM —
O O O
I 1 1
f> co -.n

PM LI >s.

— — in3- PM CO
f^ ^^ ^0
&•• •— • ^B

• i
PM PM —
£3 a 0

rv rs -o
T CO 3"

<•» o ^
-o *o in
o — • PM

PS if\ 3"

1 1

— . — . o
O O O
I . I + •
O 3- f»

CO «O -O
rs, rs. o

— * y -O
O PM — •
PSI -a r*i

CD CO 3"
» 3" 3" f*1

'. |

' in i_n -o
i ooo
i + ; * - • « •i _
; in r»i —

o
e

ff-

CO

»•

o

rs
o

PM
PM

ff-
ff.
-o
rn

iO
o
1
3-
•4
lfl
^^
-o
o
rs
3-

O
o
+
ro
-O

|s. rs
O O
e i
•O PM
0 3-

— PM0 3-
rs cc
3- ~O
PM co

r- rs
o o

-0 0

3- 3"
3* PM

rs rs-
0 0
1 t
PM rs
PM fr
rO ps
— • CO

ff- —
ff* ff*

•O —m ff.

_' _

OiO
i i
3- i>o

i PM 3- esii o rs. t*i
; ifl ff- PM
j 3- rs TI
; PM — PM
I <*> co m

0 0 PM

! I ,

j !•) Lfl I/l

000
. ; •* i -f +•

' i.n ^o y
rs PM 1*1

'. is. r̂  3-
CO *C ff-

I co : -. —
; 3- PM »
i -iJQ . ^^ f^

i «
: 3- >*1 Lf>

O O O
•f -fr +
IT in rs
-~. *s^ ^n

: — • rs PM
i ff* ' GO in
| CO O 3-
1 — • CC PM
! Q 3" r*l
\ rs ', -c it

-0
-~
f*\
3"
<*>

1

—
O
1
3-
O
fs
3"

<
33

*"

^^

0
8
O
*

—•^>
: fsi
CC
3-

•o ,rs
in i/i
*SI ?t>
3" CO
PM;-0

1 1

PS; PC
O o
l l

1̂  CD
o> 'rs
ff*:rs
o in

— PMin :rsff. !_

i l

PM Psl
00
1 t
PM O
3* .̂
3" • */l
pnjp-4
«O — '
O 3-
rs i fi
fs Iff

LU
in

•s:

ISI

U
LJi
in.

0̂
^

~
o
u;

:in in
•z *^
o r:
•— ^
i— — '• ̂  c

> X

UJ
o

o
;CK

•X —
:O *:
|2" ^
•< —

!>- ISI
on

—z;
^5
>-

« .̂
! _

-^«^
X

;

o
i
o

CO
-0
-o

t.
•

o
i

-o
ff-
o

o
PM

n
o
l
•-•
n
3"
^*

0
-o
CO
-c •

<*\
0
*

3-
rs
•C

— ;r*>
PM i
o ;i/i
*
r?
O
4-
rl

Cr*
-J3

-C
CO
3- :
— *

rsi '
O
+
T
3~
ff-
CO
rs
rs
o
cc

CO

2
O

OL
O
1

ff*

—s5
Z
!-•

>^
»

>

cc
: 0
• u.

yf

CC
1 f-
i 4
; •£.
1

UJ

1 *"*
I Z
• <
i *— *
i t
i •*
!S
' U
1
' w
; ^
O

. ^; -»

O
2

^
• o
3-

Ul
in

• <
u

j

i

-
IAi

1—i/i
>-
m

Ul

h—«C

5

c
a:
o
o
u

a.
Ul
or
Ul
i— i
f'
Uli

10;
ttri
<r:
z:

»i
Oi
•ji\
a..
01
x:1
•j

£i
X'

_l
*J.

.—1—.
or

^'

— i
— *

i

i

o
i

CO

CO
in
3-

PM

1

O

!o.
f^
PM

f*)
0
1
o
rs
in
_*

CO
PM
fs.
PC'

« .

3"
0
+

••>
o
— •

—
i/>
PM

—
PM

3-
o
+•

. ' -c
CO
-~

ff*

—
— «
:si

l

3"
0
*•

rs
O
PM
rs
3"
rs
rs

• —

f) P«J 9*
O O O
1 1 1
in oco
Ifl O PM
co -r >o
o- ->.o
CO l/l CC

P*I p-i'in

i i

PM PM CO
000
I I •• B

in ^^.fs
ff* o in

CO CO — «
in rs 3-
in it —

« i
Psl rl o-
0 0-0
1 1 1

fs 1*1 r*l
PM <"O O
3- in cc
O rO -.0
3- PM ff-
7 ^.in
CO —3-
-^ ;n !>o

i
i

31 *"'•*!
o 0:0
* * l»
co — «'n
•a «*i|f*i
in 3-|in
ff. «|<»>
ff- OjPM
— PM'>O
O "O,—
n fsiii/i

l i

3- 3" PM
000
•f •*• 1

PM CC 'fs.
3" -*.PM
-o in 3-

— . — 3-
3" OCO
<O t*t — '

I

3" 3" f*t
O O,O
+ + 1
~C f*) r^
co o.rs

— —'in
l/> — — «ff* in co
— PM'PM
— — .TS.
PM PMiPM

co rs ;
0 0
1 1

^C fs.
3" Ul
co in
m •••

PM —•

I

0 0
( 1•

— -o
CO ~O

fs CO
o in

•4 PM

1

CD 9h

0 0
1 t
fs CO
in PM
fs 4)
ff- 0
— iCO i
3-:rs. ;
^0 'O^
— . in i

i t
PM Psl !
0 0
• > i
r~. 10
0 .0 j
o;a- !
o 'ci i
cc tin
fs :*> i
PM o- >
•*> r1^ i

1

fsi -r^ ,
o|o
1 1

in -in i
ff* *n
— ;eo

ec «C
in |P*>
ff* ^o
in :PM

i

PM .PM :
0 0i i
PM CO
f*1 P*)
-O .ifl
CV CO
>O l/l
fs 3-
n r4)
PM :PM

in O
"*«• •

r«<: m
— in
O fs

o

— y
o o
« i aLkJ •

in in

i: o
!W ff*

0 3"
^_ f^
^~ ^P

fs

•3-
O

— 1U fs
LU O

l,O 'J) ff-
2 -s, in
o rr —
— Tl^ • 9"
i- — in
^T ^i ^^

>.
.UJ
;Q PM

O
- ̂ ^ ^,ar .3-
:< -~ ro
!Q IT !>".
;z ^ PS
!<t — CO
i>— !SI .*-<!in —
; ;m

,PM
O
+
o

— .00
T. ff*

— cc
>- o

0
CO

: r *

'PM
;o
..4.
3>

^^ .f*l

i ^i3"

^^ 'PM
: x .—

ISI
a-



75

i-
•5*

a
u
(J
^^
o

^c

z
CO Ul

0 >-
— in
t-
OL. Ul
O IM
1 <
0- Z
r^ -
» 0

•i~ Q

> e
Ul

at t-
o z
U. Ul

0
X
— in
ee ae
H- «

< Z

a
ui in^j ^
z o
< z

ee N

> X
o
U -J

_J -.
o »-
ee ae
>- Ul
z z
0 —

a-

Ul
1/1

o

CM! a- CM
a o o

CMl
IMJ

CM
c«*
eo
09
a-

•
t

CM
a

1
 1

7
7

9
4

6
6

-
4

8
4

6
3

0
4

0
-

1

CM -
0 0

!Q
J
 
.-

.2
0

8
.5

0
 7

6
.4

.

•0
2
 

-
'9

2
2

6
8

3
8

6
'

•0
1
 

.2
0

9
5

7
9

6
1

'

3

CM
-C
CM

1

a-
a

«•»
CO

in

a-

ft

i

a-
a

c
CM
•O
cr

ft
a-

i

a

CM
CM

a-
. a-

IM

8
2

6
7

Q
2

0
6

-
3

7
3

2
3

8
4

6
-

t

in in
o a

o r^
CO O-
00 •«
a- —
09 CO
in in
•e a
— a-

i

in in
o a
* -t

1
3

6
Q

4
5

2
4

1
6

5
8

4
8

8
9

i

o a
* «
CM ft
a ce
CM a-
•e in
CO —
— a-
ft 9-
a- ft

l t

09 CO
0 O

8
2

7
0

6
2

6
2

-
1

7
9

6
6

5
6

0
'

t

r- r^
0 0

a- oo

in <n

0 -0
— in
9- —

»

^ f»*
O O

1
2

6
2

3
9

9
6

'
1

9
1

0
1

5
3

4
-

*

o o

3
7

3
2

3
8

4
6

-
2

0
9

5
7

9
6

1
-

i

CM IM
O O
1 1

8
2

6
7

Q
2

0
6

9
2

2
6

8
3

8
6

i

• 
1 

1
2

6
2

4
3

0
-0

•2
0

8
5

Q
7

6
4

-0
3

*

CO
0
1
•0
CM
CO

CO
r*.

09
O

'0
8

 
.1

7
9

6
6

5
6

0
-

.8
2

7
0

6
2

6
2

-
4

8
4

6
3

0
4

0
-0

2
 - 

«

a-
o
i

1 
1

7
7

9
4

6
6

i

•4
8

8
2

2
7

2
2

-0
5

i

S
T

A
N

D
A

R
D

 
D

E
V

IA
T

IO
N

S
X

(K
N

> 
Y

(
K

M
) 

Z
(

K
M

) 
X

D
(K

H
/S

E
C

) 
Y

D
IK

H
/S

E
C

) 
Z

O
(K

M
/S

E
C

>
.8

7
8

8
8

9
7

6
*
0

2
 

'1
1

6
6

3
8

4
3

*
0

3
 

.2
0

1
1

4
8

9
9

*
0

3
 

.2
0

6
4

5
5

8
0

-0
3

 
.(

0
7

5
4

4
4

S
-0

3
 

.8
8

4
1

4
8

3
2

-0
4

C
A

S
E

 
4

8 
K

N
O

W
L

E
D

G
E

 
C

O
V

A
R

IA
N

C
E

 
M

A
T

R
IX

 
F

O
R

 
V

IK
IN

G
 

1
9

7
9

-O
P

T
IO

N
 

B
U

N
E

R
T

IA
L

 
X

Y
Z

.M
O

F
S

Q
.M

A
R

S
 

C
E

N
T

E
R

E
D

 
C

O
O

R
D

IN
A

T
E

 
S

Y
S

T
E

M
i

•

CM
O
1
CO

CO
a-

a-

i

ft
o

in
a-
in

o-
in
in
9-

CM
0

CO
ft
CO
CM
r.
o
CO

2
1

9
9

2
S

8
<
4

*O
H
 

,

a-
o

CM
ft
eo
9-

!?
30
CM

1

a-
o

4
Q

6
9

4
2

7
Q

4

CM ft
0 0
1 t
a- CM
ft in

CM ft
-0 ft
ft 0

-• CD

1

CM CM
0 0

6
1

2
3

3
5

0
9

-
7

4
1

0
0

3
6

9
'

CM CM
O O

•4
3

2
9

7
0

8
2

'
6

1
3

3
7

5
7

9
-

9
5

l7
l3

5
3

*
O

H
1

1
.1

4
6

9
9

2
*0

5
 

-
,

i

a- a-
0 0

8
2

7
3

9
8

1
3

'5
1

7
1

3
5

3

i

a- a-
O 0

CM a-
fl 09
eo in
9- CM
in o»
a- o-
to —
CM CM

1

co e*
0 O
i i

21
a- o

CM ee

CM 9-

i i

co co
O 0

4
4

2
9

3
9

7
5

-
5

2
8

2
3

9
2

2
-

i

I co co
0 O

5
7

9
7

0
7

8
9

-
.4

4
2

9
3

9
7

5
-

6
1

3
3

7
5

7
9

-0
2

 
«

7
4

1
0

0
3

6
9

-0
2
 

-•

t

CM CM
0 0

•4
3

2
9

7
0

8
2

6
1

2
3

3
5

0
9

CM ft
0 O

1 
8

0
7

2
8

3
8

-
9

5
5

9
1

5
4

5
-

1
2

2
7

8
8

4
-0

8

r*

0
0

9
3

8
9

Q
9

1
 4

-

00
0

•a
•o
9"
a-

fM

CM

1

ft
O
1
IM
in
o-
ft
ft
9-
in
CO

CM
o.

1
9

3
6

2
4

3
4

4
3

6
4

8
3

9
8

-0
2

 
«

i

S
T

A
N

D
A

R
D

 
D

E
V

IA
T

IO
N

S
X

(K
M

) 
Y

(
K

M
) 

Z
(

K
M

) 
X

D
IK

H
/S

E
C

) 
Y

D
IK

M
/S

E
C

) 
Z

D
(K

M
/S

tC
)

a-
o :
t
CM
9-
CM
ft

in
in
CD

a-
0
1
*̂*0
o
o
CD
-0 1
CM

a-
o
i
o
in
in
09
fl

-0

fl
o

*•o
<M
CM
CM
in
•a
o

CM

0

09
CM
a-

-c
9-
O
9-

IM
0

*O
•o
o
IM .

ON

ft



76

x:
en ui

»—
•z in
o >-
— in»—
a. ui
Q t-
I <t:

0> 2
fv —.
O. Q

—• X
o

v*j o
z o
•—«

V Q.

•— Ul
CM > &

ro
O

U. Ul!

X :
— If!
c; on

o.
i Ul LT
i o uJ
• 2 O!
'• ** z

> x
, °
1 «J _*i

: o
': a:

' 2 -z:
', O —'

i 3-

UJ
i W
• <r

—• — o -o rv rv
O O O O 00
1 1 4 1 I I
in 3" CM;OO oo in

n o -0,30 CM CM

:M in —• 3- 3- in
(SI — — — CM O

I I I

0 O O O O O
1 I I I I I
a o «M 3- rv a>

o-o in o >o CM
^> 3* n n rv co
—.rv to —• -o -o
n ^o o in *o CD
CM —• o o -» 3-
3" CM rv -o CM CM

II I I
»-* ••* o ^ rv *{t
0 o o o o o
1 i4i i i
rv ON CM n 3- co
-c o on n:in
in *M rv o o|co
CM 3- fM'in n co

a n oo n IT cc
in CM CD CM o. 3*

o 0|a oio
: • » • • » • • * i *

M «M :M

o . at* <c Irv in i-o
Q rv 3~ • CM n j f\i
Q rv Oi3" CC 'ON

o* n ON ice ol~
CM m P

it i I ' i

T- m inj — — ; —
o o oio 0,0
+ » + ! I I j I

CO Q- O|O OiT

" -' i

3-:r> 3-;
.CD

n. *-^ n ro *c ! *•*
in co ^^ fM ^^ .n
CO 5T" in I •« fM ' "*

3- 3" in ;— f M , —
o o oio o;o
+ + * i i i

3-

rv

O co : —
5r o^' in C3' t-^
CM O' CV -0 I •*
3- oi/> — co

—^ n in! o n! -o
3-:in f> Jin CM ;IM

o-
o

O O
Ul I
</>: BO

Q !>.
>- 3-

o
~: I
U CO
UJ' 3"

in -j\\ co
2 v, rv
O Z; O
~ ii! 0>-

!< a! m
••— x i •

•ul

! O
iQ i •»•
ice !<•>
)< - 3-
Q s:

It- Nl i
in

I in

I CM

io
> -f

i X ;C

t I
i

to —
r.

2 Ul
O I—
•— in
t- >~

• ok \n
o

o
p oc
2 O

. ~ o,

>• d
ul

« «K
O Ul
U. H-'

2|
X Ul

— Moe I
•— in;
«t Ot!

< u.;
—• O!
or z

U)

Ul »-!

_l K;
* Ul
O 2!

rv
3-

Ul
in

(M CM fM ON CD rv
O'O O O O O
I I I I I I
3"O P4 — O f>
•«jo n o 3"!"•
in:o co o in: —
— CO !M 3" < O

~* •"• ̂  CM O O
n — 3- cc -o fM

I III

CM CM CM,00 CO 00
OiO O'O OJO

f̂  i ̂ K ^) CD C) ^"
3- o — 3- »M in
— ;CO -. CM fM ~O
o-n 3- o 3- —
r> .o — «M in n
n a n o CM -o
_ .c •* —• -o -A

i i i

n CM CM CN co f>
o;o o;o p o
i t i t i t

«^ *O ̂ ^ i •"* CO u
—13- -O ;in f 'f>
rviao — ^ CM[3*
in i 3" o *o o ? n
rv in •« ico

• * •
3- in i CM CM
o o
+ •*•

CM In co
rv j— cc
IMI-C -o

CM
0 o
1 I

•O O- !CM

-o —|co
— jfM

O'O 3- f>
O— |co x l-o —

— |»M o'O n
rvo- —; — o !

i ; i •: i

3- 13" 3- i CM CM i«M
O'O OiO O|O
+ i* *• ,1 ill
—«.-o n iO rv io

CN im — -o o- !o-
3-JO -C 3- O'ON
CM .m — co co co

-o TV co Jin o 'o*
co ;—• CM iin O:—

I f

3-3- 3- In CM 'CM
ojo ojo o[o

-C i—• CM :CM ON '3-
a ION rv j—. n j-o
rv j3- CM — 3- Jin
y ;IM IT irv — .—
»v i-o — !m o •*
in )•« — jrv o !n
3- jco — !n n |—

771?

W O
X. I
at m
K <M
_ (M
O -O
M U>

n
3-

-. -3-
«J O
Ul I
l/> O
•v n
Z -O
:•: -n_ CO

O 0

'.3-
O

-V t

• 2 en
O Z- 3-
~ v.-a

10
!rr

O
+

••<*>
',O
o

it- ivi n
:in .o

CM

Z- .3-
^ CO
— irv
>- (rv

.in
o-

O

*n
— n
z: cc
:*• •«

X —
CO



11

i

i

i

1

i1

i

PI*r
O)
U)
CO
0
*~*
o-
g

C
A

$
E

 
4

3 
C

O
N

T
R

O
L 

C
O

V
A

R
IA

N
C

E
 

M
A

T
R

IX
 

F
O

R
 

V
IK

IN
G

 
J

9
7

9
-O

P
T

IO
N

 
B

(
IN

E
R

T
IA

L
 

X
Y

Z
iM

O
F

S
O

iM
A

R
S

 
C

E
N

T
E

R
E

D
 

C
O

O
R

D
IN

A
T

E
 

S
Y

S
T

E
M

)

(Ml CM — ips CO) p» 1
Ol O O O O O i
a , i ii i i • i ;
C0| CM CK: o -Oi co 1
a-i o o <M — i —
OK p.. CM' CM a-l m
o! co r̂  CM n1 CK
Ul, OK -O CK -O O
CD, -O r»t 4 O| CM
a-, OD OK lo. — r» •
«Ki a- CM^ a- -• —

i; I : s I :

CMi — —1 pv CO! CD ,
p o o o o o
i i ill i! i '
co' co coi co o « ;
3-. CD OK! 3- Ul> —
dt» oj— a- 3- i
P»IP^ r-ln co' n

-«i in -oiui a-' o ]
— • o CMI a- ol — 1
CM! — — ' — O K ! — 1

;• j1 , :
— j — ol ~o r»J p»
0 0 O 0 01 0

2!
CM
n
CM
OK

n

*:
o
CO
CM
Ul
n
cc
O
0~

1

n
0

*
CM
CO
f^
CK
CK
n
CO

'"

?

S
n
ui
-o
o

CD
p»

r- CK|PV co; o
IMP»IP^ a-, CM
in col — — 1 CM
ui ui ce n! CM
O •« n a-; o-
in a-! n uii <
•o mi a- a-| OK
CM — CM — T

i

Ul -O
O 0

— a-
CK o-
O a-
3- 0-
in CM
•o o
O 0
CM —

i

in IT
o o
* +
CM —
-0 CK
P» O
r» a-
o ui
m +
n o
-CM

i

n ui
0 0

* *a- ce
CM CM

CD Ul
r- n
CK CO
OK O
no>
CD —

1 1

I

o —
0 0

CK CO
P» 0
00 O
ui r̂
-0 «K
a- >o
Ul CM

1

0 0
t 1
r* OB
CM CD
in f-
Ul »•*
O CK
in in
-0 0
CM —

3
3

9
2

3
2

6
3

-
0

1
 

•
2

1
6

8
7

0
H

8
-Q

2
 

-«

i

o
i
o-
o
CM
p>
0
p-
CK
CM

CM
O
1
IM
O
PK
co
CK
•e
CO
a-

i

CM
O
1
co
a-
CK

o
Ul
no
a-'
CK

1

1

1

i

"

S
T

A
N

D
A

R
D

 
D

E
V

IA
T

IO
N

S
X

(
K

M
) 

Y
U

M
) 

Z
U

M
I 

X
D

tK
M

/S
E

C
) 

Y
D

IK
H

/S
E

C
) 

Z
D

U
M

/S
E

C

-. ;
0 i
• 1
Ul '

0 '
lA '
CD

**
*+

- '
•

^ r

f i
- '
0 i
CM

Ul .
OK

•

!

n
o
i

CO

£ !
n i

n I
CK

»• 1
• i

!

n
O

*-o

n
CK

! I
n i
• 1

n
O
* t
K ICM
CK I
Ul :
n •
in j

•
t

CM i
0 i

\ \
S !
n j
CO
•
*

C
A

S
E

 
4

3 
K

N
O

A
-L

E
D

G
E

 
C

O
V

A
&

IA
N

C
E

 
M

A
T

R
IX

 
F

O
R

 
V

IK
IN

G
 

1
9

7
9

-O
P

T
IO

N
 

B
(I

N
E

R
T

1
A

L
 

X
Y

Z
.M

o
F

S
O

tM
A

R
S

 
C

E
N

T
E

R
E

D
 

C
O

O
R

D
IN

A
T

E
 
S

Y
S

T
E

M
)

; CM'
0
i

' ^in!
ui

Uli
; o|

CM,
ni

i

• sl
3-.

i *ii -0|

! Ii
CMI

; n'1
o1

*'

! o
j o-:

i CO-k

1 r

;
o

*CO

1 f
i ••»
1 "*

. 
1

7
9

5
9

0
8

3
-0

2
,2

0
8

7
7

6
7

3
-
0

2

i '

CM CM|
O O

o- n
CD -Of
•0 0'
CM 3-
CK Ul
Ul OK
r- n
•0 3-

CK CO OD !
0 O 0
l i t
— p» i n i
n CM. n i
•o -o CK
r -a n
oa a- o
a- ui. a- •.
a- -or ui
a- CM; -o

i i

co co cc
0 O 0

-0 Oil^
n OK' CM :

o ifli-o
0-0-0
p» CM a-
3- 3- ui
co -o -a
CM -O CM

Y
D

IK
M

/S
E

C
) 

Z
D

(K
H

/S
E

(

1 1 1

CM CMl OD 00 OK :
o o: o o>o ' i
i 1 1 1 i i i ; —
3- nj CM -O • — i c»

CM n co oi-o '
co 3-1 a- oi a- }
n n| a- P- ; co i
co QI n a-i a-

n —

i

a- a-
o o
* *
CM o
OK -0
a- r»
•o —

•c o
Ul —
3- n

, 1

i 3 -J3-3-
1 o! o o
! » * *I CP.CK Ol

CM: <O CK
: O- O- 3-
! •* i CM -0

1 — — 0m in -o
i co 1— in
1 oiif» 3-

; 1
i

• i 3-
! O

i *
I "*

! Si ««
: o

1 I
\

-CM.3- !'

•! • i
CM CM| CM
O O 0
1 1 1
n n In 1
c- -olfv j
n OK
a- a- |rv

OCK :eo
«». n> o
— a-i CM

.3
0

8
3

*
2

7
4

-
0

2
 

-
•
6

7
5

V
2

6
8

9
-
0

2

. 
1

7
9

5
9

0
8

3
. 
p

2
 
-

• > ;
a- a-.n CMICM i
o o o o o
+ + . i i i i
a <oi— y i^ j
CM — i — CK i n ]
OK f.\ o a- in
•0 — OK -Oi — :

— -oi — — 'in '
n —'oo -oi o i
co n •* o .CM i
CM «MI a- CMI n :

i 1 1 'i j

in in
'z -v
o z

«. 0

>"
Ul
0

io
cc

J2;
iz •*
f *f

\t- IM
in

i
i

; z:
! *

>-

a:
; ^

"

i
1

a-
0 |
« i
ce |
»> '
•o ;
CM

CO 1
0
CD
•

o !•
CK
O
Ul >
CM i
O
Ul

co
•

a- l
o

CK '
n

p> i
r \
•o •;^ I
a-
•

CM
O

*eo
3-
O
CM

P~
in
Ul
•

CM

O

1

3-
n

S
u>
3-
co
•

CM
10
I*

.*

loT
— •
i°lo
iiH
•

!



78

u
<*1 CM — • CO CO fv UJ t
O - O O O O O (A O
0 1 1 1 1 9 v», 1
— • o» <•» •« CM rv Z >C
O rv cf — O O ^ -o
fM CO -C »M 3" O —.CM
— fM — in CM O O 3-
f! in in =r o» — IM, rv
CM — • — O O tv ' «M
— • CM O It O CM —

CO CM — • O>- •« — —

I I I

-^ CM — — rv rv co ~ m
z: o o o o o o u a

CD UI 1 9 t t t t «xl 1
»- _ o — rv — CM in' o1-

z >n r*> o <M — • r- o "v; >
O>- (V _ . CM 3) CO 3- Z! *•>
•—in in o- -o in -o CM * o
*- -a CM o* -a o>> cr- — —
0. UI 3- O CM O Cf- O OCC
o »— -« .0 co CM s- o>- j- in
1 •« -O — • 3- in CM •« -.

rv •— 1 1 1 1 i
O-O
— or! -• — o -o rv co «n

o o o o o o o .0
e> o 11 + 111 -~ i
Z u 3- in CM fv rv ,0 t_>' |v
•— 3- <••) >o CM — • — ui'«n
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5.0 CONCLUSIONS

The purpose of this analysis is to support a AV dispersion analysis
and thus determine the feasibility of a direct approach to a Mars landing.
Therefore, the enclosed results serve as an intermediate step to the desired
goal. A final document vill be published which will contain the analysis
of the complete study; firm conclusions will be drawn at that time.
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