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. The observed distortion of images in the J-aystem stellar photography
have been anmalytically correlated with the scan phase relationship of
the tvo panoramic instruments. It is concluded that the incomplete
momentum balancing of these instruments, vhen combined with their un-
synchronized operation, creates varying degrees of vehicle disturbances
which can result in a panoramic image ground smear contributiom of up
to U4 feet. It is further observed that the scan phase relations of
the two instruments are so erratic as to varrant a complete review and
improvement of the scan control aystem design.



Throughout the history of the J program there have been reports of dis-
tortion and doudble imagery in the stellar photography. These reports wvere
generally attributed to a smear caused by the normal vehicle pitch rate, or
to a double exposure resulting from & secondary opening of the stellar shutter
when being "cocked.” These somevhat superficial explanations failed to seriously
relate these disturbances to potemtial panoramie {mage quality degradation, or
tc the sporadic resolution performance experienced both between separate frames

~and within individual frames of panoramic photography.

" An snalysis of the dymamics of the panoramic instrument’ indiested o
dynamic unbalance capable of imparting sufficient disturbance into the vehicle
such as to create a potentially immge-smesaring rate of motion. This amlysis
was considered briefly, and wvas left unresolved pending "further analysis” by
Boston. The eopcengus was generally that “... unbalance may contribute to, or
be associated with, photogrephic degradation due to the resulting vehicle dis-
turbances; even though present pbot:gnph:lc results cannoct be used as con-
clusive proof for this degradation.

Not until mission 1010 (J-11) was the total effect of the unbalance dis-
turbances reelized. The cyclic disturbances of moving particles in successive
stellar formats not only effectively demonstreated the phencmenom, bdut provided the
clues to the photographic recording of the distortions. It then became evident
that the displaced, or "double”, immges often encountered in the stellar photo-
graphy were in reality actual image distortions created by vehicle movements
in excess of the normal pitch rate (\rhich, by itself, should create only an
extremely minor immge distortion). At last there was a rational explamstion for
the stellar imaging behavior, and there wvas visual evidence of the unbalance
disturbances.

ANALYSIS
The complete mission 1010~1 stellar record was carefully amalysed for

presence and magnitude of distortion. Several frames containing records of the
moving particles mentioned above were inspected in detail, and the locatiom,
size and shape of all images observed were noted. The measured distortion of
the images in successive frames vere geometrically analyred and compared vith
the dynamics of the pancramic instruments at the corresponding time. The rate
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of motion and displacement profile of each distorted image vas calculated,
and found to be very directly relsted to the main instrument operation.

In order to positively verify the correlation of image motion with
panoramic instrument operstion, the magnitude of distortion in each of the
stellar frames vas compared with the phese relationships of the two soan arms.
These comparisons were plotted both in a distortion frequency distribution
as a function of phase angle, and in a sequential pattern of pbase angle and
distortion as functions of time (i.e., pancremic frame mumber) shoving overall
trends of instrument operstion and acecmpanying distortiom.

CONCLUSIONS "

The detalled attitude amlysis study shows a very distinet correlation
of the cbserved vehicle pertubations with the predicted performance.> Maximm
rates of vehicle motion vere measured to be approximately 300 degrees per-hour,
which 18 sufficient to create a panoramic image degradation of the order of
33 to 4 feet of smear with exposure times of 1/300 to 1/250 second. In
establishing this basic conclusion, the following charscteristics and amalytical
findings were cobserved:

1. - There 18 a very distinct correlation between the observed occurrence -
of stellar distortion and the phase relationship of the two panoramic
instruments. The stellar images vere consistently grossly distorted
at phase relationships of +70° to +100° (forward instrument leading
the slave) and again, but to a lesser magnitude, at -70° to ~100°
(forward instrument lsgging behind the slave). The explanation of
the reduced distortions vhen the instruments are 180° out of phase
is not readily apparent, but is believed to be & result of the
deviations of the actual instrument operatica profile from the
thecretical.

2. The shape and proporticnal magnitude of the large distorted images
observed correspond to the cyclic motion and retes of the panorsmic
instrument operations. The two second exposure time of the stellar
instrument recorded approximstely 90% of a full pancremic instrument
operstion eycle (sdout 2.2 seconds per cycle), grephically indicating
the resultant vehiile motiocns.

b op. cit.
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The maximm mgullr displnmt of the vehtcla, creating the

image dietortion, vas determined to be of the order of hd to 5
minutes of arc, achieved in approximately 900 milliseconds. This
rate of displacement is in excess of 300 degrees per hour, vhich

can be degradable to panoramic image quality; however, since the
resulting absolute displacement {8 well within the vehicle attitude
control eystem dead~band, no overall vehiclé reaction to these
motions would be expected unless the wvehicle has drifted to the

edge of the control dead=band.

There is evidence of larger, but much slower, pertubations induced
into the vehicle. The correcting action of the vehicle attitude
control system appears 88 a reveril in direction of the successive
displacenents as the cumilative motion exceeds the control desd-band.,
The attitude errors about the piteh axis are not easily discernshle
inthe stellar photegraphy, vhereas the significant roll and ysw errors
observed are very readily evd.dent‘ for analysis.

The varistions of panoramic instrument scan rates vith comtrol (pro-
portional V/H) voltage varies between the two ingtruments to the extent
that the trends in the sean phase relationships will actually reverse
(scmetimes more than once) during continuous opsration. It is quite
common to £ind one instrument running faster than the other, com=
stantly increasing the phase angle between them, but before the emd
of the sequential operation it will lctun]_]y be rumning alover than
the second, the accumulated phase relationship being diminished.

The large images cbserved in several of the stellar formats are m!.nc ;
particles, poesidly self-luminous, vhich can de tracked through
consecutive frames. The particles appear to be completely independent,
each moving at a velocity and in a direction differing from any cf the
others. Only the velocity components in the immge plane could be
deterxined; the apparent velocity of each of the particles was
steadily increasing vith consecutive frames (i.e., sccelerating).
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. DISCUSSION

The theoretical _a.mJysil of M and J instrument system dynamic unbalance
by QIR {0 June 1964 {llustrated the potential vehicle motdons, and
aceompanying image degredation, that could be induced by the lack of full
momentum balancing of the ingtruments drums. The mission 1010-1 stellar
record provided a socurce of empirical data by which the actual effects of the
characteristic momentum imbalance in an actual flight could be determined apd
compared with the predicted theoretical performance. The distorted images
contained in the 1010~1 record provided a general verification of
analysis, even ‘though there are some aress of explanation that are not adequately
documented with usesble empirical data to understand completely.

Stellar - Frames 8 - 1%

Several frames near the beginning of the mission included smeared records
of moving particles. These particles were shown to be {raveling in a straight
iine acroes the imege plane by plotting the reiastive image movement from
successive frames in which the truces were cbserved. Stellar frame mmbers
8 through 14 contained a large smmpling of these particle traces, as well as
several distinct star images. Both the stellar jmmges and the particle truces
shov varying degrees of distortion; appearing as "double-image"” smears for the
stars, and as lateral displacements of the particle from its straight velocity
vector. The imagec observed in frames numbered 8 through 14 are plotted on a
comnon format in Figure 1.

By simple ammlytical geometry, it was found that the direction and
mgnitude of the distortion of the stellar images were in agreement with the L d
resultant lateral displacement component of the more complex particle trace
distortion. Or, more simply, the distortion of the particle trace is of the same
magntiude and direction as that of the stellar images. From this analysis, it
vas determined that the maximm displacements were of the order 4# to 5 minutes
of arc, comsisting of approximately U4 minutes of arc in the vehicle roll directic
and 1 or 2 minutes of arc in the vehicle yaw direction. The rates of this

cyclic motion was obaserved to be somevhat greater in one directicn than in the
other, the more rapid rate requiring approximately 0.85 seconds to move through
the 44 minutes of arc for an averauge a.ngu.lni- velocity in excess of 300 degrees
per hour. This cbserved maximm velocity agrees with-a.na.lytical
predictions.
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‘In making this amalysis of the distorticus, it was cbserved that the
particle traces appear to be accelerating. This may be merely a geometrioal
phenomencn associated with the particles approaching the vehicle, or my de
something far more oomplex, such as an sccelersting force created by & reaction
of materimls in the particle mass, or an "outgassing” or degredation of the
mysterious particle's material.

It is suspected that these same types of particles are the source of the
so~-called "light~leak"” streaks appearing in the stellar photography sporedically
throughout the mission, Detalled examimation of these large, blurred stresks
reveals that these too Mave an apparent lateral displacement in egreement
with the accampanying distortion of the stellar immges in the respective frames.
If the particles vere very close to the vehicle, they would be recorded as
quite large, blurred {(out of focus) streaks, moving across the image plane at
a very high rate; these, indeed, are the characteristics of the randomly occurring
streaks.

Phase Angle Correlation

Bach of the frames of stellar photograply from mission 1010~1 wvere reviewed,
and a relative evaluation of distortion estimated. The distridution of immge
disturbances is shown in sequencisl order for the entire 1010-1 mission on
Figure 2a. Also, shown in Figure 2 are plots of the relative phase relation-
ships between the two min instruments, determined from the time words actually
recorded on the mission panoramic photography. The rates of change, the
reversing of the phase change trend, and the correlation between the phasge
relationship and immge distortion are evident from these curves. ]

In order to more fully illustrste the correlation of immge distortion
wvith the instruments' phase relationships, the respective values from Figure 2
wvere replatted in Figure 3a, showing estimated relative distortion as o
direct function of the phase relstionship. As an alternate approsch, the
frequency distribution of only the medium and large disturbances were plotted
alsc a8 & function of the phase (Figure 3b). The distinct similarity between
the tvo curves in Figure 3 very strougly reinforces the direct correlation of
thege cbserved distorticns vith the dypamic operstion of the panoremic instyu-

ments.

-
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though no general conclusicn 1is dn.m lt th:ll tine, one migbh vontm

to speculate om the significance of the profils of curvea in Figure 3. 'nse

hint of synmebw vith the two peaks of distortion at +75 to 100 and -75

to -100° respectively, plus the decrease in distortion as the instruments

become directly opposed {180° out of phase), presents a minor mystery which -
will require even further empirical investigation to explain confidently. An
anslysis of the geometric relationships of the two scan arms shows that the
meximum combined momentum imbalance occurs when the phasing is suck that ane
instrument is just completing a scan as the other is Just starting. This

occurs when the instruments are approximately 80 to 100 degrees cut of phese with
each cther (both directions). A series of plots showing the theoretical net
combined unbalanced momentum imparted inte the system for several representative
. phase relationships are presented in Figure 4.

It might further be reasoned that one instrument bas in reality a greater
degree of momentum balancing then the other, thus not only comtributing to the
lopeided distribution, but alsc offering same additional explanation of the
predominantely one-direction oceurrence {ir Yaw) of the observed distortiom
velocity vector. Other contributing possibilities might be the vary:l.ng extent
of deviation of the scan dynamics from the theoretiecal (which has been demon~
strated several times by JENJMER, snd the tendency for the vehicle to have’
greater inertia in one ddrection of motion than in another (such as might result
from induced minute gyroscopic effects). The detailed investigation of these
characteristics i1s beyand the intention of this report, but should definitely
be studied further.

General C(bservations
The cbservations and analyses of the stellar image distortion correlation wit.

panoranic instrument operation generally substantiate the analytical predictions,

but also indicate a need for an even better understanding of the actual instru-

ment dynamics. In review, these general observations were:

A, The cycle rates of the two instruments appear to be significantly

inconsistent with respect to each other. The differences in rate
from one to the other varies not only from pass to pass, but also
vithin a pass. The variations in sequential scans within one pAss are
80 extensive that the relative scan rates actually reverse (more
than once in some passes). Note these relationships on the plots
shown in Figure 2.
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B. C:ﬁ{i" A Gitlons of the stellar imsges correlate very directly ‘
with the scan phase relationships (i.e,, momentum imbalance) of o
the two panoramic instrumente. Peak distortions occurred most
frequently at phase angles of approximately#100° and -100°, which
are the relationships in vhich the deceleration of one se&n _coin-
ecides with the acceleration of the other. This effect could be
accentuated by the suspected dewiations of the actual scan velocity
profile from ideal, and by the apparent variations in relative scan
rates reiterated in A. above.

C. The magnitude of the distorted tmages is sufficient t0 cause sigaificant
contribution to imege smear of the pﬁnoramic photography. Since the
motion is cyclic, the contributions are additive to image smear created
by earth rotation in one direction, but are counter acting 1t in the
other. Thus, depending upon the net combined momentum imbalance and
the resultant induced motion, the panoramic photography could have
an enlarged apparent cross-track smear, no smear, or an apparent
"reverse-crab” smear (1.e., vhen opposing disturbance 1a greater than
earth rotatiod comtribution). Since the maximm smear for each of the
two comtributors (crab and imbalance) is of the order of fomr feet
for typical panoramic expcsures, a constructive reinforcement could
result in a total smear of ¢igt feet, wheress a coincident contrihution 3
(destructive reinforcement) would result in zero smear. N g

In addition to these basic cbservations there mre the many relsted

cbservations and conclusions previocusly presented in this discussion, plus & few
somevhat unrelated observations, the most interesting of vhich is the ocourrence g
and behavior of the moving perticles. Since this discussion has already described
the observed velocities, distortion, acceleration, size and relative distance of :'
these particles, no further comments wili be presented here, except a suggestion
that theee particles be investigated further {on other missions) to determine

1f there is any sclentific significance to their exigtence, character (mmt:lax
end bebavior. ’

From the preceeding discussion of the observations and amalyses of the v

vehicle dynamics, and the resulting imege degradmtion, it is sppropriate to =
suggest, or recommend, possible courses of actiom to fully ruolve this important

-——

issue,
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The most obvious recommendation is & reiteration of previous
recommendations that all instriment momentum imbelance be eliminated
by either synchronizing the instruments with one ancther (at
O-degree phase angle), or by providing a precise 100% momentum
balancing system. It 1s ipteresting to note that there has not
yet been any ection taken on the earlier recommendation, despite
a valid technieal justification (which 1s now reinforced with
empirical observations). A secondary aspect of this recommendation
would be the correction of the linearity of the scan arm during
photography, an improvement also suggested in previous recommendatiens,
More practical for fmmediamte action, it is recommended that the '
entire dynamics of the panoramic instrument be thoroughly investigated
under precisely cantrolled laboratory conditions to obtain sufficient
empirical data by which the observations discussed in this report

might be completely understood. The net imbalance imparted to the
vehicle as a function of phase and of cycle rate, etc., should be
thoroughly measured empiricaelly. This should be superimposed on the
measured effects of the system non-linearities (i.e., deviations of
actual sean arm velocities from thecrstical profile) and 'dile:r;pnnci'ob N
in relative cycle rates for the two instruments. The ultimate
recommendation to satisfy the questions raised by this report would
be the natural consequence of the suggested empirical investigation. ;
The incorporation of yaw programming will preclude the addition of the
earth rotation and imbalamce =ffects and result in the reduction of |
peak smear factors. This solution will however result in the loss .

of the subtractive effect where the earth rotation and imbalance are o?._

opppsite sign.
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