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ABSTRACT

the Statement of Work in the Contract NAS 9-7198, "Parametric Vision Simulation
Study." The document deseribes in detg;;;!. the second pt-zrt of the sub,j-ect study
and an analysis of the data from the E;‘fbim study.t Part I of this report,

document D2-1lﬂ0h0-2, describes in detail the first I:art of the stud;y including

a description of simulation equipiﬁent end the results of the first part.

| KEY WORDS

Manned Lunar Descent
Visual Sirmlation
Lunar Phctometrie Funciion

LIunar Models
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1.0 SUMMARY

This document is an addendun to Document D2-114040-2, "Paranetric Vision Simu-
lation Study-Final Report = Part I." It contains a description of the Redesig-
nation Stud;c ;’- an attempt to eveluate the effects of landing site redesignatien
on visibility during a nammed landing on the moon -- and cotplete reductilon of
data from both the pfevious phase - thé Trejectory Study - and this phase - the

Redesignation Study.

Results indicate that the lending site look angle must be 12° (+ 4°) below the

sun angle to be "fairly visi‘ble'f._—;e the astronaut during a l\;.:nér 1;ﬁding., and

that excessively high redesignation sngles must be used to achieve "fair visi-
bility" if the landing site look angle is substantially less than 12° below the
sun angle. All dsta show a remarkable degree of consistency with ph;tographic
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:?' 2.0 INTKODUCTIGH

The Parametric Vision Stmulation Study has been divided into two parts, (1) the

Trajectory Study and (2) the Redesignation Study.

? The Trajectory Study, reported in Reference 2, Document D2-114040-3, "Parametiric i
Vision Simmlation Study ~ Final Repori = Part I, wag originally designed to be
a 20-hour simulation study of the effects of sun angle, flight path angles, and
terrain roughness on visibility during a manned lunar landing. A pro,jection
lamp fallure forced & delay at the end of 12 hours of simuation and while
repairs were being made, it was mutually agreed between NASA/I-‘TSC and Boeing that

‘the £inal 8 hours.of similation showld be used to study the effect of redesig- ?
nation angle (a heading change) on lunar visibility. '.l'his final phase has been

‘temed. the Redesignation Study to distinguish it from the prevmus phase which is
now cal].ed the Irajectory Study. A diflerent trq.jectcry Was usea in the Redeslg- | .
nation 0 Stuay. | | |

Reference 2 contains a de_scr:!.ption of the.Traj-ecto:y'Study, t_he unreduced dats -

USE FOR TYPEWRITTEN MATERIAL ONLY

from that study &nd s desci'iption of the similator equipment used in both
 studies. o . | o , '_ B ' :

This present document contains a report on:

_,( =

1) The Redesi@ation Study

2) An snalysis of the data from toth studles S LEw
3) The results of a separate analysq.s which show that the separate data

pa.ckages from 'both studies are cempletely compatible with each other

_ “and vi'hh photographic: data from Lunar Orbiter.

Figure 1 shows the terminology used in this report. - . T ] |
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Appendix % P

some dimensiohal data relating to the models. Trajectory data are given n

A1) runs were conducted ovar the rough series of models except for three runs

over the smpoth nodels that are in'cluded for comparison purposes.

Data wére_ cdilected solely by voice recording. The questionnaif-e used previocusly

. _/_,?

was eliminated éfd: subjects were not requested to estimste the vertical field
of view; ss had been done previously. It was fiélt that the recorded volice com-
,ments would contain a8ll the information needed for data reduction for this

Phase of ‘the similation.

i

3.2 Simulation Résulss &% o
" Figure 3 is an“abs'tract-. of the voice comments showing the subject's opinion as
(9 e \\:-;'_u
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' { 3.0 THE REDISICIATICH STUDY
oo 3.1 Study Deserivtion 5
y The Redesignation Study wes conducted using exactly the scme simulation equipnent ‘

. used for the Trajectory Study descri‘t;ed in Rei'cren‘ée' 2. However, & coupletely B
- new trajectory was used for this study which differed from the prew;ious three '
used in the Trejectory Study im thet it: (1) had a lower pitch sngle so that g *
mdre of “the lunar surface was visible in the lowe; part of the window thus Pro- | ‘
v:ld:l.né somewhat better visibility, (2) had 7an almost straichi-in appr&;;ch to the 2
- lending site compargd to the approach to a point 500 ft. sbove the 1an_ding site : 2
I, used previously, and (3) provided a choice of five separate redesignation angles ;f
up to'25;f.;‘_ heading chenge in S-degree increments:in add.it-i\;\to a0° mdes?’g’%ﬁ?tion ilg
angle. . e 7 - ’

<, Figure 2 show‘s the initial and fin»al‘condition‘s’ for each of thé ‘-'bhree models and
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| (‘ o B | s

REDESI-‘GNATION STUDY i

CONDITION VISIBILITY

SUN - DOGLEG :
ANGLE ANGLE SUBJECT 5 SUBJECT 6 SUBJECT 7 AVERAGE

7° O FAIR FAR - FAR | FAIR

n° 0  FAR " BARELY BARELY BARELY

n° B FAIR ~ FAR .~ NOTFLOWN  FAR

O ' \°4

15 0 NONE NONE NONE NONE

5% g NONE NONE NOTFLOWN  NONE

0 B

15 15 BARELY BARELY : NO COMMENT  BARELY

O

6 NONE ©  NONE  NONE - NONE

{7 . w® sarey’  NONE NONE NONE.

 USE FOR 1, PEWRITTEN MATERIAL ONLY

w . BARELY ~ BARELY BARELY  BARELY

90° 0 ° 7 NONE . NONE  NOTFLOWM  MONE

o

| 20> 15 NONE  'NONE  NONE NONE

20° 2°  BARELY  BARELY = NO COMMENT  BARELY
2> 0 . NONE NOT FLOWN' NOT FLOWN ~ NONE

| 22+ 2° - . NONE  NOTFLOWN NOTFLOWN  NONE

'
A

s

(- " Figure 3 | SUBJECTS' CO'M-MENfs:oNLA-MmNG SITE '\{'i‘smury

Us 4802 i43a REV “BnBs .
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( to the relative visi-bili.tjr of the landing site. The entire transcript of ‘Ln,

voice commenis is given' in Appendix I. "Barely visible" means the subject could

detect something that looked like the landing site, but would not attempt &

G e T O L R

"Feir visibility”™ meens the subject could see well enough to attempt

landing.
a landing although visibility was fer from being "good."
ﬁ From the data it may be concluded that: :
| (1) The 7° sun angles provide fair visibility without redesignation. H
(2) A 15° redesignation is required to move the landing site from the ™no i
.. - ! i
visibility™ region to the "barely visible™ region when the sun angle §

| is 15°.
(3) A 20-degree. «.:.tvi"é;s:ignation is reguired to move the landing -s'ite from

.
T e R B i

the "no visibility region 'c.o the “barely visible" region when the

sun angle is 17°.

() A 2‘5° reéesignatien 1s required to move the landing site from the "no

visibility region to the "barely vis:.ble region when the ‘sun sngle |

) :ls 20 . |
(5) A 25 redesignétionl is not sufficient f.o change visibility when the

USE FOR TYPEWRITTEN MATERIAL ONLY

sun angle 131.1-25",.
wajeets felt they could probably land under conditions of "fair visibility,”

but would not ai);tempu a8 landing under l”bxa.rely VlSlble condi’aions. Since none

B oi’ the mdesignations changed visibility from Ybarely" to ".Lair, (except for

the 11° c"as’e) it is inlpossible to estima-te on the basis of the data, .what __

N redesignation a.ngles would be required to produce “fair" visi'bility. However;

R
) ot

"-when these data are compared with the data from the ‘l‘rajectexy Stud,v 1ater in

Section 5 it w.ill be mam that _t-hey ;previde a basis for esti-_mating the redesig-

~_ nation angles required for falr Violblliby-

} R

U3 4802 1434 REV . 863
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4.0 DATA AUALYSIS OF BOTH TER TRAJECTORY STUDY AND THE REDESIGHNATION STUDY

Data frorn both phases of the study contain much useful information when examined
closely. : The three data packages from the Trajectory=Etudy ~ the voice comments,
the estimated vertical field, and the de-~briefing cormné-nts - and the voice com=
ments frqm the Redesignation Study liave been examined both individually end
together. Reéul s of the ex.manation are presented in this section.

4.1 Washout Pnenomonolosy

The washout phenomenon is caused by the high back scatter photometric property of
the moon. Iight coming from the sun is reflected 'bac;kward tqward the sun nore
inﬁensely'-than in any other direction. 'J.'his high back scatter is caused by a |
thin layer of fine lédsely compacted \t}ock dust particles on the order of 10-tﬁicron
gverage dlameter. 'fhe particles are stackec’.- against each other to produce a
fairy-castle packing which is about 90% ve* ds by volume (Ref. 5, Dccument D2~
111101&0-2) Light entering this porous mﬂter’lal penetrates -several tenis of

m.icrons below the surface and is scattered by each particle in a e;eneral lambert

"'fashlon. - If one looks into ‘the surface along the line of 1]_'Lumnauwn, he will®

see illumi-nated particles well below the surface-. If he looks at the same point .
from.:any other angle, he will see fewer particles becaﬁse the lower paﬁieles 1ie
in the shadows of ioarticles closer to t‘.he surface. The spot will appear le.s;s
bright because he is seeing niore shadowed area than beforé. As thé look angle

inereases, the percent of shadowed area Increases and brightness decreases.

On the .'ba'sis of this phencrdoxioiogy. one would -.e)rpc.‘act f.hat:
o 1) The amount ‘of hgh" back-scattered should be independen of terrainﬁ
slope. 'l'his has already been proved since the e:cistence of the washout
' effect has been well estsblished.
2) Terréin *fisi:bility in the vertical iﬂanéféhould depend -'prima'r:-ily on the

‘U3 2802 1434 REV . 2-83 ' . : .2)
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visibi]j.ty engle (see Figure 1 for a definition of terms) and be

reasonably independent of sun angle and traJectory angle.

3) An observer should find it difficult to Judge terrain slope in the
vicinity of the waéhout aresd. )

4) An observer should find it difficult to judge vehicle moft—ian when

terrain fegtures are washed out.

In the data analysis that follows, each of these hypotheses is tested for

validity.

h.2 ZTrajectory Study Voice Corments Analysis

Reeér’ded voice coments made during the Trajectory Study runs wére examined ‘

for data on landing site visibility. It vas found that, 1n most cases the .

subjects commented when the landing site became "barely" visible and later

when it sppeared to have "fair" visibility. These two events seemed to be {

= & -_-su-:l'f-ﬁicientiaﬁ--=d:-i=s=t—i-—n-guish_ah§te- -and--subject 's coiments appeared-to- be sufficlently |-

USE FOR TYPEWRITTEN MATERIAL ONLY

a
A paie b a8 1 1

| consistent from run to 7un arnd genérally from subject to subject to warrant

i/

= | investigation.

According to hypothesis 2 above, terrain visibility should depend primarily

upon the visibility angle in the vertical plane. The visibility angle (see

s i e 5L s i i S

Figure 1) is defined as positive in the downward direction so that en increase

ke o
il

in the visibility angle corresponds to an increase in visibllity on the lunar
surface. In order to test this hypothesis, the landing site look angle was

- Pilrst calculated for each ef the three trajectories from eomputer readout

o T 8

U3 2802 1434 REV . 2-05




=H MATERIAL ONL .

=

NUMBER po. ]_]_h.o!;o_

e ETETLZLLIET comeany REV LTR

- - —ing gite.

USE FOR TYPEWRITT

shown in Figure h.*

The times at which subjects commented that the landing site was (1) "barely” vis-
ible, and (2) "fairly® visible were noted and the landing site look-angle read off
-Sun angles

the look angle vs. time curves. These anglés are shown in Table l.

| were then subtracted from these readings to obtain the visibility angles which are
shown in Table 2. It was ﬁbted in examining the results in Table 2 fhat data from

CuvbhJect 3w Mlered considerably from that of the other subjects. A re-exemination

of recorded comments revealed thaﬁ the subject was locking &t general'visiﬁility
‘over the entire lunar model surface and not concentrating specifically on the land-
On the basis of this, it was decided_to eliminate this data from sub-
sequent analyses. Table III gives the average visibility angles for “"bare” visi-

bility ard "gair” for all subjects except Subject 3.

We are now in a position to examine Hypothesis 2 above,. l.e., whether visibility

: depeﬁﬁs-un visibility angle only. The data were plotted across srajeciory angles

4n Figure 5 and across sunwapglesﬁianigure~6.—

estimate smaller visibility angles at higher sun angles which on the basis of this
data seems te eonuradiet the hypothesis.
for the higher trajectories (Ref. 2, Do I—3_ff3, does het necessarily tend to sup-
port the hypothesis since there is another factor that may have influenced their

. performance. Figure 7 shows a.plot of the lower limit of the IM window (tqp

#The curve showed an unexpected deviation from smoothness over to the last model
which, 1t was conjectured, could heve been caused by inability to read the original
curves accurately. It will be recalled that the trajectory and attitude were
programmed into the computer by reeding points from a set of curves and calculating
polynomial coefficients f'or these points.
on the calculated value of the landing sité look angle was calculated to determine
the reasonableness of this assumntion. The calculations showed that the +100 foot
curve reading error would cause a +7 s angular error at the end of the trajectozy
vhich easily could have caused the deviation. Fortunately, the deviation does not
affect study results, since the only important thing is the actual value of the
landing site looX angle, not what it sheuld have been.

There appears.to be a tendency tof:, 

The subjects almost unanimous preference

The effect of a 100' curve-~reading erroid .

. SHEET
no 9
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TABLE | TRAJECTORY STUDY

LANDING SITE LOOK ANGLE FOR "BARE" AND
"FAIR" VISIBILITY AT THE LANDING SITE

SUN ANCGLE

“BARELY" {

"FAR"

. DEGREES
_ 7 N 15 20 25 30
FLIGHT PATH
ANGLE DEGREES {13 16 1913 16 12(13 16 19{13 16 19{13 16 19|13 16 9
VISIEILITY ANGLE SUBJECT 1
"BARELY" NENCNCNCNCNCNG 21 22 @ 27 29 © @ ® © © ®
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curve in each case) superimposed on look angle curves (bottom curve in each
case) for the three trajectories. More shadowed terrain at larger angulsr:r
distance from the landing site is visible at the high flight pat.n angles. 'I‘hisl
does not affect the visibility at the landing site, but does give:e possible
basis for the reported preference of the subjects for the higher flig’ht path

a-ngles, since overall visibility was better.

It seems more likely thet;' the tendency to estimate lowe'r visibility angles at
higher sun angles eoold have been caused by the feo; that a slight improrement
in overall visibility would be much more noticeable when visibility 1§ near zero.
When visibility is not so near zero, as at the _l_ower sun angles, v;sibility
changes would not be quite so important and subjects would p_robably tend to

estimate larger visibility angles Just to be on the safe side. If this is true,

| the tendency is subjective in na.ture and would not affect the hypothesis.

::'*‘Judgement of the visibility of small slopes, hypotheses 3, was not an objective

of this study. However, 8 specific comment on slope visibility was made by one
subject {p. 1-6, De-nl;oho-a) and all sub:jects remarked during the debriefing

_ sessions that they could not judge the terrain slope during the sinmlated. descent.

. This important observation geot only identifies a poten-tially dangerous s:l.--,t;uef.ion

‘but also raises the question of whether or not the only safe' sun angle for a
landing might be one that produces shadows where terrsin slopes are too great |

for a safe landing and no shadows where terrain slopes are low enough to be

| sefe for landing. It is worth noting here that the shadows on the moon, while

_ they are blacker than on earth, are not totally black and the contrast of the

shadow area as defined by the equation:

35713@‘—'
‘Bav o

C =
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(. Yhere: C = Contrash

Bs = Brightness of the shadow

Bav = Brightness of average terrain

is definitely not -1, even vhen there is no starlight and no earthshine illumin-

ating the shadowed areas. The light that illuminates the shadowed part of a

TR

crater is light back-scattered ‘oy the sunli’ part of the same crater. Under

certain conditions, contrasts as small as ~.2 are obtained. The dynamic range

62 the human eye, being censidefably greater than the vidicon camera used in
“ Ranger & Surveyor and the S0 243 film used in the Iunar Orbiter, should make it
possible for the ‘astronauts 1o see clearly enough in the shadowed areas to

traverse phein in complete safety on foot. Whether or not they can see well

encugh to land the IM in the shadow aress safely is another question. ]

'.l‘he subjectst lack of aH:Ll'Lty to identii‘y de'bris piles is consistent with R

Hypo thesis. 3 ‘above (see p. I-3 and ff, D2-11’-|01!-0-2) ‘I‘heir small size end 1cmr R

e .

silhouette mekes them appear ZLike small lmr' hills which cast almost no shadcms

| USE FOR TYPEWRITTEN MATERIAL ONLY

at the higher sun angles. Since the subjects could not estimate slope, slope
could not be exiaeéte.d to give visual cues which might otherwise inmprove éébris
visibility. This 1e§ds to the céncltision t—.hat_.lunar debz:i_s 'will probabl& n&l; be
visible until the spacecraﬁ; is very near the 1anding site end then only when

4 i
—

the sun angle is low enough to form shadaws. '

) H;mothesis bk a'bOVe is es’tah]ished by the subjects ﬂifectcomen‘bs'. Sub,jects

reported a’lack. of ability to judge ‘motion when terrain features were washed eut,

=

P -

which again leads to the conclus;on that sun angles low enough to form shadows ‘

must 'be usecl.

SHEET . . | e

US 4802 1434 REV, 8-€5"




) NUMBER Dz-nhoho-3_
e LEZEFLZTIRIES commany REV IR

k]

k.3 Trajectory Study Estimated Vertical Field Data Analysis

Table 1 of Document D2-114040-2 gives the vertical field estimated by each of

the subjects during a pause in the 19° trajectory. The pause occurred at the
83 second point, i.e., 5 seconds before the end of the second model. At this 1
point the lower limit of the windows was 36° down from the horizon. Subjects

were asked to estimate the visible field in degrees from the bottom of the

i PR o e A B A 2 ko S o e

window using the LFD. The visibility angle was obtained by subiracting the sun

angle and the window limit angle from these visible field estimates. Results

are shown in Table k4.

!
|
1
:
|
i
1

Comparison of Table L with Table 3 shows a remarkable eonsist-eney. Whereas the

average "fair" visibility angle from the voice data was 12.4° # 3.9° the average

from the vertical field estimates is 12.4° +.2.4°. o doubt such close agrs ement‘ |

is fortuitous eonsidering the deviatlons.

- The -data shows- nOdependenee*Gnsub;ject; -which tisagai:n censistent—with——the yolecel .. ...

data. It is :lnteres’-’ting to note that while voice data from Subjeet 3 was con-

USE FéR TYPEWRITTEN MATERIAL ONLY

siderably different from the other subjects, his vertical fileld estimates are

quite consistent with the others.

There appears to be & slight tendency in the vertiecal ﬁeld-d-afga to estimate a

smaller v:.sibility angle at the 15 sun angle than at lower sun angles. As.

previously neted, h::.., tr=nd alsé appears in the voice data. However, the

opposite trend occurs in the Reﬂesn.gxation Study data shawing tl')e.t it pro’bably.
is subjective in nature as noted In Section %.2. Thus, the total ‘data pac?age _ ‘f
tends to support Hypothesis 2, that-v:.sibil;ity depen‘ds primarily on the visi-

| bility shgle. S

| 21

| —~ ~ SHEET
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TRAJECTORY STUDY
TABLE IV

VISIBILITY ANGLE FROM ESTIMATED VERTICAL FIELD OF VIEW AT THE 19° TRAJECTORY

SUN ANGLE

P R I iR i

r n° 15

SUBJECT

S Lk e b i

15

3 |
,_:4 _ R ]50 _ - .90‘

o

e Bkt o it s .
Ak ek PP

11° . S 1

AVERAGE 13.3° + 2.4° 14.0°% 1.4° 10.0°% 1.4°
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OVERALL AVERAGE:

e e nm e B2 i b i

12.43° % 2.35°

i

P
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k.4 Redesignation Study Voice Comments Analysis f
In order to anaslyze the Redesignation Study voice comments properly, 1t was '
necessary to combine the summary comments shownaffii/ij) Figure 3 with the data from :
- the Trajectory Study given in Tables IIT & Ivt';~--'-"‘i’i;e method chosen was to display 4-
the data from both studies on an actual yotograph of the moon.
This display not only shows the compatibility of data between both parts of the ;
similation but, significantly, the compatibility of the simulation dats and
visual conditions on the lunar surface as indicated by Lunar Orbiter photogr.apiis.

'I.'he.-lnpuon photo selected was Framé 42 from Lunar Orbiter V, ﬁaken down sun of the :

% westc;;il horizon when the spacecraft was at 48.47° Eaﬂst Longitude and 0.96° South }

% I.atitudé‘ and at an altitude of 97.26 km. The deﬁelo"pm&nt of this visual cor-

% relation with. the ILunar Orbiter photograph ‘is accomplished with constru.;:tion of

é three .transparent ovérlays. | . ‘ | ' ‘_" :

" E | The data from the Trajectory Study are plotted on théfirét overlay transparency. | - —:

; The subsolar point was c-'alcula-ted from ILunar Orbiter V data. Next, the 7.8° '
visibility angle corresponding to "barely visible" and the 12.4° visibilthy angle
corresponding to "falrly visible," from Tsbles III and IV, were located along
the ground track. F:_t.nally the two arcs were drawh from a common center through
these two visibilit& ;points to generate a _loéus of apparent equal vié_i-b:.lity to
the left and right of the ground track. | |
A grid of constant v‘isibility angles. (1.e. the look angle minus the sun aﬁgle)

* is plotted on the second overlay. Note t_ﬁ_at the zero vi—sibilit§ angle passes
through the subsolar point and the lower visibility angles lie higher in the
photograph. This grid of Visibilitﬁr Gverléyéd with the lunar orbiter .phctographw |
can be used to illﬁstrate visi‘bility conditions for various cqmbi‘nations of sun 3
. SHEET . - |
U3 4802 1438 REV. B-85 , ) : e " ' |




Ty e
i b € i bt L 0

Ay

.k kbl M

NV = NO VISIBILITY : ,w";

BV = "BARELY" VISIBLE | Yon

FV = "FAIR" VISIBILITY | A ﬁ

bkt R 45 e i i e T e e

REDESIGNATION ANGLE - DEGREES . s . b
5 L : NV L
20 15 10 5 NV , , : — L

1 - =

x B

NV




T

_iﬁﬁﬁaﬁﬁﬂtﬁ% ;

-

+1

+5

S
Lo
=
7]
2
>

u 2
O a
z 2
<a
1




IR Y i S R

L U T,

SANEET o AR

ALt el am

Lol e e

e \_ 7;80

VISIBILITY ANGLE

y 12040
VISIBILITY ANGLE

W -

0




Ism -+

REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR. ]

R IR T I A

Figure 8 DOWN-SUN PHOTO OF THE MOON WITH OVERLAYS

KR AN S

OVERLAY REGISTER MARKS o

sOVERLAY REGISTER MARKS

L

o i

e e B s

Al e e = s

- - o Lunar Pyrenees |

A -

e e r— e

. . o — -

Lo o - i o ————
™ T 3= = _——

! e e e .

. - - - - -
£ - = L=
N . R - — —— . _f.-—-.u-,"“ -

-' Y bl — .‘--

T - T e oy ar i et i "

H . i ]

- o - - P
¢ - N - e
%Wz:;:vww o _nns-— B PSS WU, SR ,i
o ~ LT p -
;s - A . -
Lo = - oo :
! v RN e - - 7 .
L

s

Sl A N e oo N B T T i b N el




T R AR | T i A A ey e s

USE FOR TYREWRITTEN MATERIAL ONLY

NUMBER D2-114040-3

e LBEDLCELIES company | REV UIR

angles and look angles. For example, when the landing site look angle (equiva-

lent to the trajectory angle approximately) is 16 degrees and the sun angle is

while points to the right represent a "mirror image” of the actual points. This

the overlay. These points are still withinﬁthé 12.4 + 3.9° tolerance band

T degrees, the amount of ﬁashout at the landing site is shown along the 9 degree

visibility angle grid on the photograph.

Finally, the subjects' comments on landing site visibility from the Redesignation
Study (Figure 3) were plotted on the third overley. Redesignations were alvays
toward the left of the reference straight-in ground track because of IM window
geometry. The points plotted on the third dvérlay represent majority opinion

of the test subjects concerning visibility forthe stated conditions (see

Figure 3). Points to the left of the ground track represent actual points,
was done to illustrate the symetricsl nature of the LO phctograph.

The specific data points from the Redesignation Study {thixd overlay) are gen-
and fairly visible conditions from the Trajectory Study aé extended to polnts
off the ground track (first overlay). Larger redesignation angles would have

provided improved date in the "patr” visibility region, but this was not evident T

prior to the simulation.

Note that one point (and its mirror image) plotted on the +5° visibility angle

line indicates “fair" visibility slthough 1t lies inside the 12.4° eircle on

and, therefore, do not.preséﬁﬁ-any.inconSistency.

% is evident by looking at Figure 8 with its overlays that the points marked.;**“

"NV" for "no visibility" falling within the 7,8° visibility aengle curve certainly

e
=l
e ﬁ@ﬁgg |
) . o . ._,»i*
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do correspond to points of no visibility on the photograph. ©On the other hand,

the area outside the 12.4° curve contains quite a bit of deteil and one might
consider visibility to te "fair" in this region. Figure 8 with 1ts overlays
shows that the sirulation did duplicate visibillity conditisns on the moon, and

that simulation data are quite compatible with actual conditions to be encountered

during a manned lunar landing.
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' 5.0 RESULTS AND CONCLUSIONS

Figure 8, the down-sun photograph of the moon taken by Lunar Orbiter V, shows
that the data obtained in both the Treajectory Study and the Redesignation - Study

phases of the Paremetric Vision Simulation are completely compatible with visual é;

conditions on the moon. While there hes been no attempt to derive a figure of
merit for the simuletion, it is felt, on the basis of 2 simple visual inspection
of Figure 8, that the simulation accurately reflects the gross visusl conditionms

on the moon. y

== “7 |~ A number of conclusions mey be drawn from this sirmlation:

1. The visibility angle for "fair" visibility must be at least 12.4° + 3.9°.

2. A redesignation, that ié a heading change, may be used to imprové;gisibility.
Figure 9, which 1s based on information in figure 8, estimates the redesig-

ration angle required to improve visibility from "herely visible” to "fairiy’

_visible" when the visibility angle is less than 2.4°,

3. The required redesignation angle rises very repidly with higher sun angle. - b

USE FCR TYI?EHR!TT EN MATERIAL ONLY

_h{ Landing sites on the moon should contain a smail numﬁer of features which
stand out from the‘background to give the astronauts landmarks which will

B provide visual cues. Rills are preferred, but large craters ﬁay also be

used. Small craters, low hills and debris plles are generally not acceptable _

as landmarks. (See Table I-1, D2-11h0L0-2). |
5. Astronauts should make simulated landings on models of actual landing sites
prior to the missiqg to familiarize them with visual conditions on those

N
- landing sites. {(See p. I-4 and f£, D2-114040-2)

SHEET
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APPENDIX I
) REDESIGHATION STUDY VOICE COMMENTS :
:
As was mentioned in the body of this report, each subject was invited to meke / 3
verbal comments during the runs. At the completion of the simulation, these |
verbal comments were extracted and typzd for inclusion in this report. Those :
comments are given in the following pages of this Appendix. ;
]
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7105 seconds -

i
it

"1 am loosing some of the definition of the c

TEST SUBJECT: COL. FRANK BORMAN
7° Sun Angle - No redesi~nation - Rouch Medels
14 seconds - I can't identify anything that looks like a landing site at this
time.
36 seconds = I still can't identify any landing area.
50 seconds -~ 1 have target.
60 se;ends - Pretty good definition.
6L seconds « I can see the rill and the crater.
| 72 seconds - Very good definition now.
-_I‘il tell you one thing, yourﬁhead movement sure makes a lot of
_difference on%this_LPD. You can move it Jjust a little bit and
the landing site will move 2° vithout any problem at all.
86 seconds -.Very good definition still. | _
100 séconds =« The laﬁding-site has come down to L0°, -(Editor's note: Calculated .
value is 39° at this point in the trajeeﬁory). |

erater.

11° Sun Angle - No redesignation

10 seconds

i? éecén&s
‘38 seconds
3? seconds
U8 seconds
 68"§econds
76 seconds

85 seconds

95 seconds

Itfs very difficult to piék out any detail down range where the
térge& would be. - |

The deteils underneaﬁh-are very distinct.

qunézggge is ;till‘wésﬁgd out very badly. -

The only detail i'ﬁ getting is araund.55°.

I thinﬁ I have it now,

Very good definition.uﬁﬁerneath.
I can see it well enoﬁgh. i

ihexiandiﬁg site 1s very clear.

Details are good the rill is.ve£§ distinct.

A
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100 seconds -~ S5till good detail.
- I could see really not much difference between 7 and 11° as fer
as sun angles go. They had about the same amount of definitier..

I feel both of them were adeguate.

b b SCTIR
i 4, i oV M

5° Redesirnation

9 seconds -~ The redesignator has not moved over very far.

G B e Fa S

19 seconds « The definition i¢ Just about the same as the last time.

4
b
:

15° Sun Angle ~ No redesigmation

15 seconds = Things beneath you and along_fhe LPD line are not very well %

| defined. ' -;

22 seconds - I have no 1dea where the landing site is. ';

| 40 geconds - Anything gﬁbve-58° on the LPD is very badly washed out. é

. ' - 52 seconds - Anﬁ_hix-ag above 52° is wé.shed out. )
e _60=seeend5ngriwcanfpfck'up"thﬁ*bigﬂéféter,'%ﬁt'IstiII:donffvééetHé“?ill.ﬁ”""'ﬂMT“:?)

: .'65l§ebonds -~ The landing site is washed oﬁt; . ' éf”“
72 seconds - Areas above 50° are éoming into view. I still don't see the rili. ;
T8 seconds « The rill is just becoming visible. | |
< 85 secsnds - I caﬁ see the big cfater‘no#.‘ fhe'gther one I saw.gefore Was
| not it. | _ .

92 gecogds ;’The_Landing point is still not very weil defined. :

95 seconds - The rill is visible. | ?

..105 geconds = The ril%.is-visible, but nothing else is very 6;31b1e. NOW_thingsT- E

are starting to become visible. |
- I didn't get very good definition until right at the end of that

Tan.

5° Redesignation

8 seconds - I see the -cratar now.




F -
15 seconds - The definition is better on this run than the last one.
22 seconds -~ I can see the landing site now.
15° Redesignation
- . 7 seconds = Definition is better on this run than it was on the lasf one.ﬁ I
>

can see the landing site now.

19 seconds ~ Visibility on this run is better than on the lest two;

That one is much better.

- X7° Sun Anzle - No redesignation

15 seconds

21 seconds

28 seconds

61 séconds

- 75 seconds

85 seconds

92 seconds

107 seconds

End of run

30 seconds.

sl_seeoﬁé;.

10 seconds - Everything is washed out, the lunar surface is completely washed

out except off to the’lgft._ _ |

If I move my head forward and look off to the left I can seé
terrain details. .

Ahead I see rothing, I have no idea where éﬁe landing site is.
$t111 nothing unless I look off to the periphery on the left.

Everything is washed out, I cen't even pick up the big crater.

‘The only things visible ere off to the igft and underneath.
It's all washed out, a white blob. -
I just begin to pick up the big"crater.'

The target area 1s still vashed out. I can see the crater, but

© I still can't pick up the rill.

I still can't see.the landing area..

I never did see the rill at all on that segment.

10° Redesignation

v;,go;seconda - There is much better visibility in the landing ares, ' %

- 8 seconds - There's better visibility on this run, I can Just about picﬁ ﬁp :

the area that I think would be the landing site.
:’f’N'\

S A

_ 7 EE
I-k

I start 46 pick up the big crater, but I cannot yet see the rilll ~  TTFT




End of Run ~ A dramatic¢ difference in target visiﬁility for a 10° redesignation.
- Part of the increas e in visibllity was due to an adjustment to the
6%7 Riwff;:;iifgf valve projector.
10 seconds - I can see the large crater to the left.
19 seconds -« The target area is visible,'but there is much better visibility
. below the target area.
End of Run = The t&rgét area is much better defined. I woﬁld say this 1is
accepteble, | | |

- 20° Sun Angle - No redesisnation

‘5 seconds - Just completely washed oﬁt.'

"9 seconds 4-The only place I can see is leoking off to the left.

95 seconds - The area to the right is completely'washed out.

15° Redesignatien

‘I'm amazed aﬁ‘it.
?

- Still quite washed out.

S0 seconds - Can still plck up some targets off to the left.
I cah see the

large crater now.

105 seconds = MNow T can see the'targEt.

.15 seconds -~ Any place vhere the target might be is ccmpletely undefinable.
- 21 seéonds.- S5till completely washed out. '
30.séconds - I still have no idea of any terrein features except for looking
| off to the left.

,_kéms onds¢;_No definitian there at _lu_:,_uqn;m;r:m;x;;uT;ﬂ;?J;ﬁgu;JTHJLT;TM:;TTﬁK_”T“:wﬁmﬁn
5075e¢onds ; Still nothiub except by looking off to the left. . -
56 seconds ~ Hothing in the landing area, it's all white,

‘63 seconds - Above 54° there is nothing on the'LPD. | /

I76 seconds - I'm starting to get definition around 5h°ﬂn-c_>wf
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25° Redesignation
6 seconds - The area underneath me is very well defined.
) 8 seconds - There's the large crater.
12 seconds - I still cannot define the target area.
19 seconds = I can see the two small craters.
] .
: - That still wasn't very good.
25° Sun Angle - No redesignation
’ 5 seconds « Everything is washed out. .
10 seconds - I can see some features by looking way over to the left.

15 seconds - Everything ahead of me is washed out.

22 seconds - éémpléiely:unaeceptab;e.

35 seconds - Even off to the left is not very well defined.

50 seconds

Very, very washed out, nothing at all in the target area.

60 'seconds - No terrain features except off’to fhe extreme left of the window.

70 seconds ~ Very, very poor.

!

”fi¥f%ﬁ75fsécon&3ﬁ =I?3ust:startﬁto:see"a¥craterlat-thefveéy:bettemrofrtheéwindewx?r,f
" U down around 60°. |

-._725?ﬂ8é§¢§igpation

95 seconds - Still washed out badly.

- 95 seconds - I can see terrain features to the left and Low.
‘100 seconds ﬁ'I.can Just pick up fhe left side of the big'crater;
110 seconds - The right side is @ompléteiy vashed out. | . :
- I can seé no‘sensé in going to the 36; sun angle the trend hes - |

. been to ﬁeeome'wérse aii the way along at the higher =man angle.- |
‘End of Run.-'Thié 1s the first real visual siﬁula£ibﬂ.1'§e seen of this pfobléﬁ.

. ) _ : - We've all_been'speculéting and there's a_continuai effort to allow |

. | | the éun angle to getelﬁréer and larger beéause itrelieves.ﬁhe~ *
lounch tiwe constraint, but it seems to me that ydu'real;y ebuldnjp _}f
16 .
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usge anytLing mich greater than 15°.

15° Sun Angle « No redssignation - Smooth models

10 seconds. » Tnings are still pretty well vached out t6 the right.

L0 seconds

It's pretty well washed out.

43 seconds - Visibility to the left is pretty good.

50 seconds

Pretty badly washed out still.

'-ifi'-' o 70 seconds » Vieidiili;ow:i.his smooth model seems worse than on the rough

’

models.'t““

84 seconds

I just started to see things in the landing area.

= - 204 seconds - Terget definition is fairly goed, I don't see the rill.

Z° Sun Angle - No redesignation - Smooth models

= This has been very valuable to me being eble to see this, now

vhen somebody says we'll use & 30° sun angle we will be able to
i’ - ' tell the 1% not possjble. . - N
10 seconds '~ This 1s much better.' - |

15 seconds There's a dﬁamatic improvemﬂnt.' You can see thingS'much_further

',h6 seconds - I see a large crater out there.

Very much better definition than thé last run.

57 seconds

75 seconds. - Definition in the 42° to 50° area is very good.

90 seconds - Very good definition in the 42° avea,

100 seconds - I can see Well up to about 32°.

(IS

105 seconds

L}

quinitipn is good.

25° Redesignation

- The redesignat*on at these lower sun angles does not provide the

dramatic improvement that it does at the nigher sun angleu.

-7 .




TEST SUBJECT: MAJ. BILL ANDERS

7° Sun Angle ~ No redesirnation ~ Rouck models
hﬁ seconds - Reasonubly good definition.
54 seconds - There is good definition.

64 seconds - Looks good.

- 82 seconds - I was Just able to pick up the triad of craters at the landing site.

86 seconds - Definition is good.

11° Sun Angle - No redesismation

44 seconds = There is considerably more wash out.
50 secondéw- There's a ot more wash out on this run,
.57 seconds - 1'd say'we'rg approaching the unacceptable angle between the line
of sight and:the sun angle. |
fé-séconds - There's a little definition at h?’.' None at L6°.

-Repggt_gg_igg_7° Sun Angle - No redesignation

.~ I have the landing point in sight. ..

- The ares, between the_bottom of the washout and the bottom of the

window is okay for altitude reference.

- The landing site is still on thn 1imit of the 1ndistinguishable J

[l ;
1

) detailed. area,
» The foreground is good for altitude estimation,

5° Reaesignation

‘- Ibu get a lot better detall forward.

End of Run - It seems like if you're going to redesignate, the later you redesig-

nate the more it's going tc help you.

- 15° Sun Angle - No redesignation

.« Very poor detsil for altitude control.
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30 reconds

Still very poor detail, I can't even see the rill.

51 seconds - Very poor visuel cues,

59 seconds - There's some detzil &t about 25° yaw.

89 seconds =~ Very poor deteil.
r 100 seconds - I can see nothing‘bﬁt gross features. I can see hardly anything
in the landingtdrea.

° Redesimnation

99 seconds < There's still boor detail.
108 seconds - Very poor detail.
15° Redesignation

- Ihis is not as good as the lower sun angle final phase, but it's

g B AR b

better than the 5° redesignation.

e bt e i A

- - I can do a little bit better at pickihg out a possible landing

,‘Bite. For traaeetory‘cbntrol you need a little bit better detail.

‘_1?°_Sgn Angle - No redesignation

- This iE'terrlble. B qﬁ:»?”¥-L;ﬁf:,ﬂﬁ,yn$;;w;,m?,;"?,gw,;_M;
.= Hit the eject and bail out. zThis'is like landing on a salt flat.
39 seccnds - We re in bad trouble. It looks like we're landing on a blg sand

*dune now. No detail at all 40 speak of. Down range past tne

= , _-', e 't&rgét is zero detail. You can probdbly get some help in altitude

control by looking off to the left side. ‘There's no detell in

--\_

R i

the landing area. There is some detail low 1n the window. It'

- would be 1mpossible to evaluate the landing area.

. 1o° Redesiy_l&tio'x

_« Very little detail. There's more detaii'npw for trajectory control .

o o S but I still camnot evaluate the 1andingfafeé:7 1 don't think you 5

could reasonably make an LPD'aég-leg evaluation because you can't

\z‘ '

-9 4= |

see the landing area good enough to tell you what values %o crank . 3 ! .




- into the computer.
= You can't see any better in the area after e redesignation than

you could before the redesigaation,

20° Redes ignation
100 seconds = You still can't evaluate the terrain good enougin to make an
intelligent dog leg.

20° Sun Anple = No redesiznation

13 seconds - No detail. _
« No detall in the landiug area.
59 seconds - No detail.

15° Redesignation

- There is not enough detail at all.

End of Run The dog-leg was not sufficient.

- o5° Redesignation

r

- This gives me pretty good side detall at about gO” yaw, hut I

My conclusicn 1s*that the dog—leg is improving the situaﬁioh fron

a completely unacceptable ore to a half acceptable one. You might -
;q§f§311 seve your fuel and not do it early, but walt until you

get dovn and do it all at once.

Absolutely no deteil early“in the flight. Limited visibility off
to the left for trajectory control, |
There s absolutely nothing. |

i

At this sun angle it appears the dog-leg 1s useless because ycu

BT - -39 seconds

can't look at the terrain ‘and say, "Il do this dog-leg, becguse

thereks-no place to go. You can't see anything in the area. It

would be much better to go on down to your hover point{Bnd yaw"

1-10°

= o
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“stiIl cannét evaluate the landing site-at all. -aTwmifﬁ_urwﬁﬁ;,f,ﬁﬁwwrg e
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: "”u,. AR | around, and then look for an acceptable area to land.’
. End of Run - This is really an eye opener. Here we are leooking for vwhat was &
complete non-detailed area to an 81105t non-ccmpletely-detailed area.
) The only thing the dog-leg does ic to give you a little more
" ' . capability of controlling your trajectory.
' '
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TEST SUBJECT: JAY MONTGOMERY

7° Sun Angle - No redésignation - Rough Models

30 seconds - Looks like ve might be off as much as 1 1/2° on the LED.

T2 seconds ~ Good visibility here.

-VV1sibility was good all the way down, you have good contrast,
no problem, the Lfb indication is as stable as one would expect
flying down it drifts a lSttle bit, but this ene would expect ' B,
to see flying over terrain. v

11° Sun Angle - No Redesignation

" 21, seconds -.Theren;s & large degrad&tion 1n_£he piéture;

26 séeohds -1 am starting to see the rill or a feature that I'can define as -

k1l seconds - Definitioh is improvihgﬁall the-wéy in, g‘ | ?

i
g

Ycu begin to get this fogey effect here where you dﬁh‘t have thﬁ

r%splut%% and the terraindefinitimat the,_ﬁa??se‘u but as

”yoﬁr-féngé}is closing and‘you get clasér to the objgcts,théy
begin to ccane out of the fog and washed out srea and define
_themselfes. Where with the T° sun angle I could see that rill .
almost from the‘time ve pitched over and stabilized here 1 !
" hed to wait for quite awnile before 1 could see anything that
v even looked like the ¥ shaped rill. |

96 seconds - You get good definition in this phase.

 5° Redesignation

2k seconds - 600"altitude we have good definition.

-« It looks 1ike wve' rﬂ ‘ot 5o*ng to have a big prdblem here. Agein

1ts going to be & problem of sittiug hack and waiting for feotures

e
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: ‘ - - to develop. The 1a;rge features are picked up early enough. *;
) | = Probably with the normal Apollo landing site and what I can see f
\ ‘ here you wouldn't want a sun angle much higher than 11 %
5 o 15° Sun Angle - No Redesignation g .- g
?:; .A : 20 seconds ~ A wash out'extends-all;the way back to at least 56° and the‘. E
| f. B shape of it would be & large oval.
: %l 33 seconds - The large crater at the foot of the Y rill is coming out now. :
L Lh seconds - I don't have any definition where the LPD indicator is telling ;
ne I should be looking. ' ;
_ | = All good definition was short éf where the landing site is. %
‘?.' | Everything in the area ,of the landing site and above is cbliter= g
? | ated by the wash out. | | é
?' -58 Eeéonds -‘Some,large features are beginning to peak through in the'areaﬁef !
; - o the landing site. :

i

E: . 66 seconds - I° still can't see the landing site. It 1s at the bottom edge ‘
? fmm~w~~~-.°f the waSh Gut. :u:mmnqm_: e e

é fB sécondéﬂ-'We're still at the front édée_of the Qésh out. ;

; R f;_It looks like almovt exactly wnat the LPD is giving us for an

; indication is right at the fonﬁard edge of the wash eut and

g - that's bad, because procedurely our redesignation should be

down range, but we couldn't do thatmin this type of situation.

92 seconds - I can see the large cra*er feature.

g 165 seconds - I am still chasing the 1anding area back. I éan see the 1&ndiﬁg
g i o l area though. e | ” . -_ f
\§ “ e -7 1 only get definitiou of the lazdlng area at ﬁae very last
) ‘-: o portion of the tra{ebbor; which would be so0 low that it would R
| | te ‘almost prbhibﬁ@ive to permit redesipnation. A | ;. (
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15° Redesignation

9 seconds - I can't see o large feature down there.
~ With this much wash out you would have to start the redesignation
mich earlier.

17° Sun Anpgle - No Redesipnation

20 seconds - Only large features are visible at 56° about.

35 seconds The?yash out has ﬁ%w extended o?er the larnding point and to the

- lef£.

- The wash out looks like 1% is about & degreé.éfféﬁéﬁdégg;es
short of the indicated landing site. whereas'berpre thé'iaﬁaing
site was_fight on the edge af the washéd out aréa."' |

- Because we have such disfinct craters we have better visibiliﬁy

‘. up range anywhere from 3° to 6° short of the indicated larnding

site whieb I doa't think we will have vith the snmoother modals

... ... vhich are more representative of the landing area.

. 96 secorjds

/It's still washed out short of the landing site.

.~ 102 seconds I cen't seé the cratér that'é short of the Y rill any longer.

- 10° Redesigmation

'_18 seeendﬁ - At this low down yog’re_tée late te-elean up the p;oblem. '
' :_30‘sec6n&s-- You can see the feaﬁures‘in the area, -but you're so low nowﬂthat'
_; it's irrelevent. o _ |
Enduof Run.- Ifx;he sun anélelis highef you're going.tohave to take cbr-j

- reective action earlier im the tfajectory to get out of this

‘washed out area.

':13 seconds - There are soﬁe szAll features in_fhat erea that are Just starting

-k

P T




' to peek through.

- The crater size can cause you problems. The 30' to 50' diametcf
eraters could tip you over, you still can't see till you're
right down on the deck and even the bigger features are quite

? | difficult to sce.
- Ae'this sun angle there is almost nothing to see down the LPD.
~ The only thing that can be seen is way oﬁt to the far left.

20‘_Sun.ﬁﬂﬁl¢ - 15° Redesignation

16 seconds - I'm looking ﬁp &long the LPD and can't define anything aloﬁg

_the flight path.

25 seconds - Some small craters are peeking through at the very bottom of the

1
L

hut I can iny see ;he rim of 1t after the redesignation.

rlOS-seconds‘ I'm Just. 7 %0 pic& up pictures now. -

2 Redesignati on

'“;, = No comments on that run.

15° Sun Angle - Mo Redesignation - Smooth Models

14 seconds - There is poor definition in the landing site area.

20 seconds - The features éféﬂémall enougn, but I can't see them. |
= This is what we. erpgpted with the smotther modnls. The fea%ufes
. are smaller, and %he wash cut, together with the fact{that you
can't see the'fea%ﬁres because they're smaller, really présent§

a prcblen.

115

N _ | | : ] . L \l\

window. _ ' - ' A _
| Lo seconds —;He have almost 10° below the lanaing site £hat is Washéh.out.
55 sécondé.- ”hpro is a wash out at least lO° up-range of the 1anding site.
70 seconds - There are features within 5 of the indicated landing site.
.7 o 86 seconds'; There is a large_é;ater up there that I should be able to see,' o

W,
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1

52 seconds - With this size feature I just cannot pick out enough.

73 seconds « The features I am able to define are moderately large.

ﬁ
90 seconds « I cannot see small features at the landing site or beyond down
i.’ '

ra.nge .

96 seconds -~ There's a largze feature there. -

Just defined itself the veny.last phases of the trajectory.

25° Redesignation

13 seconds =~ Still not that much improvement we're right on the edge of the

- The rill beyond the landing site I almost could not see it. It

No cémment-on.the last_m@éel.

116

wash out. .
23“seconds - Were too. late.
30:secqnﬂs - Stﬁxting to pick up‘the small features.
11° Sun Angle - No Redesipmation -
10 seconds - I still can't see the’lanéing area. | T . 5, -
**iS“Seconﬁg*:“ﬁoWn“rangE”fromﬂtﬁe*ian&ing“nreé*téﬁwasheﬂfoutf*“i"“'*ﬁ-""’ﬁ" _;T_“;_“T__:Juizm_mmﬁr
- ; I can see the rill beyond the 1and1ng area now plus a good 'l
definition of the features around the landing arza.
52 seconds « I would say that this is Sust barely acceptabl ;‘ﬁ
' 55 seconds - I have 2° to 5 of visible craters beyond the 1anding site. =’1§
81 séconds - S5till good definition at this point. .
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APYENDIX 1I
REDESIGNATIO:! STUDY TRAJECTORY PARAMETERS

As vas mentioned in the body of this report, the trajectories used for the
5 | ' .Redea*ignai;ion Study were completely different fiom the three trajectories used
for the Trajectory Study. Trajectory pearameters for the Redesignation Study

trajectories are given in the following pages of this Appendix.

‘Figure IXI-1 shows the look angle to the landing site aﬂd the depression angle
fo tﬁe lower limit of the LM window. It mgy be éompared to Figure 7 in the
body of the report. Figure II-2"shows the complete traj ectory for the 0°
.redesigﬁa-t‘im arfgle. The remaining figures show only the trajectory parameters
for £lights over the 1ast model, the parameters for the\ first two models being

identical with the paramet'ers‘shmm in the first two-thirds of Figure _II-2.
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