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REMOTE PILOT-CONTROLLED DOCETIHNG WITH TELEVISTON

By Edward R. Long, Jr., Jack E. Pemnington,
and Perry L. Deal
langley Hesearch Center

SUMMARY

An investigation of the use of closed-cireuit television (CCTV) as an
instrument for pllot-controlled visual docking of two apace vehiecles was con-
ducted on the Langley rendezvous docking simulator (RDS). The RDS is a full-
scale dynemic facility which is used to study pilot-controlled decking of var-
ious types of space vehicles, The vehicles simulated in this study were Lhe
Gemini epacecraft and the Agena booster.

The first part of this two-part study was designed to compare the pllot's
abllity to remotely control a docking by using only informaticn obtained from a
television monitor with his ability to control the doecking by direect vigion from
within the spacecraft., For the remote Flighls a closed-cireuit television cam-
era was mounted in the Geminl cockpit with the camera lensg fixed at the pilot's
cockpit eve position. Comparison of the results of the first part of the study
with earlier Gemini docking studies shows that the error band (of terminal
asccuracies) of docking with the CCTV is very similar to that in actual visual
docking, - - :

In the second part of the study the camera wae mounted in the Gemini nose
with the lens center line along the longitudinal axis of the vehlele, so that
the camera saw no part of the Gemini wehicle. An Integral part of this camera
location was a visual aid mounted on the target (the Agena booster). Three
generalized wvehicle-control sycstems were used In order to obtain more general
results and to show the effects of the contrcl system on the pilot'as contrel of
the active vehicle. Results of the second part of the study show that, with the
aseletance of the wvisual aid on the target, the pilot could commit to a docking
with small error.

TINTROMICTTON

In future manmed space-vehicle operaticns, some instances will arise in
which the astronaut mast control vehieles he ecannct see directly. In a situa-
ticn such as this, the pllot would either be remote to the operation or merely B
unable to see directly the work he is dolng. Such conditions may arise from
coneiderations of ,vehicle design and erew safety. Hence a means muat be pro-
vided to give the pilot a wvisual dieplay of the problem or proper and sufficient
instrumentation to replace the loss of direcet wisual cbservation.



One tack for which direct vision is advantageous is the docking mancuver,
The presenl Gemini vehicle designs provide the pllot with a direet view of the
docking operation. Much work has been done In the study of Cemini docking
preblems with a direct view as indicated in references 1 and 2. However, 1i1itle
consideration has been given to providing the pilot with a visual scene of the
Problem when he ie either unable to see directly or is remote to the active
vehicle. Tf the Gemini or some other craft were used as a space Lug for trans-
porting supplies, possibly radicactive or dangerous, perhaps the Pilot would
have to be remolely located for his own safety and would not be able Lo see
where he was depositing his suppliea. If this were the cage, then one means of
Eiving the pilot a suitable view would be to mount a television camera on the
load or on the spacecraft so that the docking interface could be scen.

The purpose of the present study ie to investigate a means of supplying
the pilot with adequate visual information for docking when he is remotely
located. The means chosen is to locate a television camera on the similated
Gemini model and transmit the camera's view Lo the remote pilot.

A televisicn monitor provided the Pilot with a view of the operaticn as
the camera saw 1t. Two locations were chosen for the camera. The first loea-
tion was in the Gemini cockpit with the lens at the poslition where the plilot's
eye would be. In Lhis location the camera saw what the pilot would have seen
had he cecupied the cockpit. The results of this Part of the study are compared
with studies made earlier in which the same pilots flew from inside the Cemini
cockpit, The second camera location was in the nese of the Geminl spacccraft.
This second part of the study is a continuaticn of the inveestigation of the use
of CCTV. However, no comparison of results is made with any other study or
with the first part of thie gtudy. Sinece the Larget lacked sufficient visual
information for this camers loecation, a visual aid was developed and is dis-
russed herein,

SYMBOLS

The units used for the physical quantities defined in this paper are given
both in U.8. Customary Units and in the International System of Units (SI)
(ref. 3). Appendix A presents factors relating the systems as used in this
paper, -

Flgure 1 presents the translation coordinates used herein.,

Fo center-of-maas position in x direction of vehicle with respect Lo
target, £t (m)

¥, center-of-mass position in y direction of vehiele with respect to
target, £t (m)

Zy center-cf-mass position in z directicn of vehicle with respecl to

target, tt (m)

ha



¥n lateral nose error of vehicle with respect to target, £t (m)

Ty vertical nose error of vehicle with respect to target, £t (m)
g pitch error of vehicle with recpect to target, deg

Y roll errcr of vehicle with respect to target, deg

¥ yaw error of wvehiele with respect to target, deg

W weight of total fuel used, 1b (kg}

t flight time, =

X,¥,2 inertial coordinates

A dot over a quantity represente the first derivative with respect to time,
APPARATUS

Simulator

The Langley rendezvous docking simulator (RDS), a full-scale dynamic six-
degreg-of-freedom facllity used to study docking of wvarious types of space vehi-
cles, Is shown in figure 2, (See ref. H.} A full-size model of the Gemini
spacecraflt, which is the active wehiele in this study, is mounted in a hydrau-
lically driven three-axis gimbal system which provides piteh, roll, and yaw
attitudes. This glmbal system is then suspended in a horseshoe-shaped frame
which is suspended by eight ceblea from an electrieally driven overhead
carriage-dolly arrangement which provides the three degrees of translational
freedocm. The attitude and tranalation systems respond to the pilot's control
inputs through a programed analog computer. The pilet's control inputs cause
voltage elgnals representing thrust to be tranemitted to the computer where they
are transformed in the computer from the body axis system to an inertial coor-
dinate system.

Target

Figure 3 shows the model of the Agena booster used in this study. The
model was a wooden eylindrical frame 25 Teet (7.62 m) long covered with trans-
lucent paper. The docking adapter cone was of balsa wood and bakelite.

Television Equipment
The 500-line herizontal rescluticn, 675-scenning-line television unit used

for this study consisted of two monitors, a control package, and a camera. One
of the monltors and the control package are shown in figure 4. The camera can



be seen in figures 5 and 6., A more detailed description of the gpecifications
of the system e glven in table I.

Fricr to each set of runs, the control box and camera were adjusted to
obtain a picture which was satisfaclory to the pilot in gquality, detsil, and
contrast. After the image conditions were manually selected, the control box
wag switched to an automatic mode. In this mode, the automatic light compen-
eator maintalned the same imege conditions on the monitor regardless of the
change within a design limit of the light incident on the target., For any
large change in light intensity, the compensator stabllized the image qualily
under the new conditicns. That is, the image did not wash cut hecause of large
chenges in the light intensity incident on the target.

Filot Compartment

The pilot was located in an inflatable planctarium (fig. 7) adjacent to
the RDS, which 1s used primarily to simulate the darkness and void of space.
The pilol sat before the television menitor in a chair, as shown in figure X,
Figure 8 shows the attitude controller which was used with his right hand, and
figure 9 shows the Lranslation comtroller which wes cperated by his left hand.
By actuating these controllers with only the vieual information supplied hy the
moniter, the pilot contrelled the alinement and closure of Lhe vehicles to
docking.

TEST PROGEAM

Camera in Cockpit

The firet part of the study was conducted with the camera in the left side
of the cocckpit of the Gemini model (fig. 5). The camera was positioned zo that
its lens occupied the seme cockpit loecation as the rllabt'a eyes.

The purpase of thls part of the study was to determine the Peasibility of
using CCTV by comparing remcte runs made with the camera in the cockpit with
rune using direcl vision made by the same pilots in an earlier study. The data
of these earlier runs when the pilots were in the cockpil were taken from ref-
erences 1 and 2.

Camera in Nose

The seccnd part of the study was conducted with the camera in the nose of
the Gemini spacccraft (fig. 6). The nose plate of the spacecraft was removed
and the camera positioned so that its lens looked along the longitudinal center
line of the spacecraft, that 1s, there was no parallax due to the camera
loecation.



This part of the study was conducted to investigate the effect of the pllot
not being able to see the body of his own vehicle. With the camera in the end
o the Gemini nose there was no part of the spacecraft in the picture as in the
case where the camera was in the cockpit; thus, the spacecraft served us a
camera mount only and not as any defined vehicle. To insure that this config-
uration was a generalization, the thrusting levels of the rockels were arbi-
trarily set at nominal levels of 0.4 £pe? (0.122 m/s2) in translation and
0. d&gfsg in attitude; a generalized S50-percent attitude-translation cross
coupling wae used. Thus the coupling in attitude resulting from a translation
command required half the avallable attitude-control power to overcome the
ccoelaration. The same effect on translation occurred when altitude ceontrol
was commanded.,

Oross coupling oceurs because the jets do not fire through the center of
the vehicle mass. Hence a Tiring to cause tranalation up, down, left, or right
oreated an attitude rate in pitch down, piteh up, yaw right, or yaw left,
regpectively. In this case, a 2-second firing of a Jet to cause vertical rate
also created A pitch rate which required 1 second of attitude firing in pitch
to stop the ettitude rate.

Target Visual Aids

The initial runs made with the camera in the nose of the Gemini epacecraft
were attempted without any wvisual aselstance other than that provided bty the
target. The tagk of docking was very difficult because of ingufficient wvisual
information of positicn relative to the active wvehicle ti the target. This dif-
ficulty was intensified close to the target where the camera saw only the inaside
of the docking adapter which was white. Hence the pilots had to aline approxi-
mately 15 feet (4.57 m) in front of the target with poor cues of position and
hold this alinement by intuitlon to docking. It was decided that scme type cf
visual aid was necegsary to provide the camera with a view containing gpufficient
vigual information throughout the approach so the pilot could dock with a small
error. Although runs were initisted only 50 feet {(15.24 m) from the target,
the ald was designed to be effective as far as 150 feet (L45.72 m) from the
target.

It was decided that a double-angle truncated cone would soclve the problems.
A crosc-cectional drawing of this cone 1s shown in figure 10. A cone was uged
for two reasons. (1) Since the camers was viewing the end of cylinder, the
center of which it had to aline with, a cone whose maximum diameter was mounted
flush with the end of the cylinder as shown in figure 11(a) was in keeping with
the geometrical shape. The sameness of shape was not an overly Important fea-
ture but doee allow for easy culmination of all cues whether from the ald or the
target. (2) With the cone a sense of depth was retrieved, more so than would
have been with a cross on cach end of a rod. Two angles were used because it
was deaired to employ the cone as a visual aid for the entire run. The large-
angle part of the cone was found very suitable for gross alinement at large



distances while the amall-angle part was used for fine alinement Juet prior to
docking. It was later decided that this smaller apex angle would have been
nesr optimum had 1t been 20° to 30Y. The inner part of this cone faced the
approaching camera as shown in figure 11(b)., This view was transmitted to the
monitor and the information used in the fellowing manner:

If an attitude rate existed, then the aid seemed to translate across the
monitor sereen. On the other hand, if a pure translational-rate error existed,
the concenlric circles became inereasingly nonconcentrie while the aid trans-
lated a emall amount compared with translation due to attitude on the monitor
secreen., For example, if the camera were high relative to the aid, the circles
seemed to "bunch" at the top of the sid while spreading at the bottom. Using
these two types of visuel information, the pilot could distinguish attitude
and translational errors and control them Lo docking.

Control Modes

In both parts.of the study translation control was the direct (accelera-
ticn) mode.

With the camera in the cockpit, acceleration-command attitude control was
also used. Thus, all six degrees of freedom were controlled by the accelera-
tion mode with no damping. Gemini thrust levels and coupling, as defined in
refercnce 1, ware used.,

In the second part of the study with the camera in the noge, three attitude
control modes were ptudied. The mode of Lranslation control was elways
acceleration command. The first attitude mode was an acceleration-command mode
with I deg/s? rotational on-off acceleration in each axis. The second attitude-
contrel mode tested was the on-off ascceleration command mode with a rate wash-
out circuit. With the rate washout feature, attitude rates established were
damped out upon release of the controller, through a computer feedback loop
having a 2-second time constant. The third mode studied, an cn-off wvelocttby
command, was somewhat different. The signal from the controller was seen by
the computer ae a velecity of 0.4 deg/s. This velocity was integrated to a
positien to which the computer would drive the spacecraft. Thus there was
attitude motion only as long as the attitude controller was displaced.

RESULTS AND DISCUSSTON

Since Lhe objectives and the slmilation techniques used in the two parte
of this study were different, the results and conclusions for each part are
examined scparately.



Cameras in Cockpit

The results obtained with the CCTV camera in the cockpit can be compared
with the results of the atudy reported in reference 2. The present remote
cking study using the rlosed-cireuit-television system was conducted imme-
diately after the study in reference 2 with the same pilols and the same sim-
ulator. Two pilots designated A and B were used for this part af the study.

A run was considered to be finished when the lengltudinal separation of the
nose of the spacecraft and cone of target was zero, AT this end point, the con-
diticns were interpreted as the lateral and vertical nose error with respect to
the cone.

Figure 12(a) is a plot of the end conditions for pllot A. The aquares
represent the leteral and vertical capsule nose error at docking for the case
of the camera in the cockpit (pilot remote using CCTV)}. The small eircles
represent the errors ab docking when the pilot wes in the cockpit {pilot using
direct visicn). Figure 12(b) is a plot of the same Ltype of data for Filot B.

In both parts of figure 12 the large circles represent the error bands
within which the different set of runs fell. Comparison of the results for
both pilots shows that the error band identified by the cireles is smaller for
the case when the pilot controlled from the cockpit; however, for all runs the
end conditions were well within the l-foot (0.3048-m) error band prescribed for
Gemini-Agena docking. The main reascons for the larger spreed of data for the
camera-in-the-cockplt runs was the loss of depth and aspect when viewlng the
TV monitor. When viewing the TV monitor, the pileot only saw a two-dimensicnal
image. Also, if he moved his head he could not see a change in aspect of the
target that he would see when in the cockplit. This latter cue is econsidered to
be helpful in vieual docking. The loss of depth and aspect affected pilot A
mainly in detection of vertical error whereas pllot B was affected in both
lateral and vertical error.

In figure 12, the center of the lerge circlee identifies the blac in nose
error relative to a perfect docking. It is interesting to note that for both
the camera-in-the-cockpit and pilot-in-the-cockpit cases there was a left lat-
eral blas in nose poesltion. The reascn for theese characteristics can be
explained by inspection of figure 13. Filgure 15 is a two-dimenslonal drawing
depicting the position of the vehicles just prior to docking and explains the
left bias in the end conditions. The pilots sat approximately 14 inches
(35.6 em) to the left of the longitudinal center line and hence bad a visual
parallax when locking at the nose of the gpacecraft and guiding to a docking.
The pillots tock two measures to alleviate the work load caused by this parallax.
One was to aline the eye (or camera lens) in a gunsight fashion with the docking
bar on the spacecrall nose and docking slot on the target. While holding this
alinement, the pilot flew high and to the left relative to the target to use
the aspect of the side of the target for vertieal and lateral Lranslation cues,
The pilote remained left and high during the approach antil just before docking
and then attempted to translate right and down to eliminate the error. Decause
of eroes coupling, a command to translate right caused the capsule Lo yaw left.
Hence the nose was slightly to the left at docking.



The reason for thils difference of results for the pilot in the cockplit and
the camers in the coeckpit can be scen by a further investigation of the tech-
nique of approaching high and to the left, When the camera was In the cockpit,
the pilot saw only 2 two-dimensicnal image, that 1s, the dimension of depth was
lost. Less of aspect was reamlized when the pilot moved his head relative to
the TV monitor and did not get a change of aspect of the target. As can be
seen from figure 12, this loee of depth and aspect affected pilot A only in
detection of vertical rates and positicn, causing his vertical error to be
greater and in a more random distribution. Pileot B was affected in both lat-
eral and vertical sensing.

Turing the pilol debriefing 1t was stated that more caution was exercised
during a IV approach compared with flighte made from wilthin the coclplit, yet
there was no fear of making an wsuccessful doecldng. To clarify this feeling
of the pilets, plots were made of total fuel used against Plight time for each
run. (See fig. 14.) The resulte of remote (camera in cockpit) and direct-
vieion (pillot in cockpit) flighte are superimposed.

Figure 14{a) shows that, for the direct vision Plights, the pilot used a
mirimum amcunt of fuel for a run time of approximately 75 to B0 seconds. For
a flight of chorter duration the fuel consumpticn inereased because the closure
rate was high, and the pilotas "over-controlled" in their anticipation of docking
and hence used more fuel. Ior flight times of greater duraticns than the ncom-
inal 80 seconds, the fuel consumption also inereased because the pilot took more
care as indicated by a slower closure rate and used more corrective ifnputs.
This result indicated that for thie task, baeed on fuel use, a flight time of
80 seconds was optimum and represented a elosure rate of 0.625 fps (0.191 mw/s).

A look at the overall end conditions of hundreds of runs made by pilot A, how-

ever, chowed that a T5-to-80-zecond flight time was not optimum. The investi-
gation Indicaled Lhat accuracy of docking and consistency of this accuracy began
to ocecur at a flight duratlon of about 110 seconds, and an optimum flight was a
trade-off between accuracy and fuel use. Now notice that, with the camera in
the cockpit, the pilot's minimm £light time wae epproximately 110 seconds.

Thie longer time is an indiecation that the pilet was using inereased cautieom.
That is, he realized the problems and the limitations of closure rate at which
he could still dock accurately. Flgure lh{a] shows that the TV (camera in cock-
pit) runs followed the same pattern as piloted runs beyond 110 seconds, and
these results agree with bthe pilots! comments that they did not change thelr
technique of approach and docking., Figure 1li{b) shows the same results as fig-
ure'lh(a], however, with a lower fuel-consumpticn level Tor the TV runs. Less
fuel usage indlcated the pilct had become better trained, that is, he used less
fuel for the TV case because he had more experience and had become more profi-
cient at decking in general.

The glopes of the two curves are about the same; hence, the change of fuel
consumption for a change in flight time remains the same. This agreement plus
the pilet's statement does strongly suggest that there was no change in tech-
niague or in workload other than the realization of limitaticne of approach rate
and cues and werking within these limitations.



Control-Mode Study With Camera in Noee

As stated earlier, the second part of the study with the camera located
in the nose was not made for a comparison of data but simply to detect the
effect of & two-dimensional picture with no own-body references. Table IT is a
chart of the average end conditions for runs made by pilots A and B for the
three types of attitude command. Variables are ¥;, 24, lateral- and vertlcal-
€.g. BITOT; ¥n, 2Zp, lateral and vertical nose error; 8, @, and ¥, piteh,
roll, and yaw, respectively. All variables are defined with respect to target
position.

The results show that the final nose errors becams smaller as the control
mode in attitude became easier. Generslly, acceleration command is considered
the most dAifficult mode. BRate command and rate washout command are usually
considered less difficult - the order of difflculty depends on pilot experience.
Filot A seemed to do better In rate-washout ccmmand, becaunse it was a simpli-
fied version of the aceceleration command with which he was highly trained and
proficient. Pilot B, who was not as highly proficient, had the trend of
becoming much more accurate in the mede usually conslidered the casiest case
(rate command), For both pilots the improvement in pitch error, 8, from the
acceleration to the rate and rate washout commands reflects the difficulty of

g detecting vertical alinement. Errors in roll, @, and yaw, ¥, alsc lmproved
steadily. '

Taeble IIT is a chart of average values for the number of control inputs per
run in eech degree of freedem, flight time, translaticm Jjet fuel use, attitude
fuel use, and total fuel use per run. '

The flight time for both pilots showed wvery little change for the differ-
n ent control modes., So even if the mode was easier there was no atbemplt to
establish a higher approach velocity. The reason for a slow approach was
attributed to the accentuation of the motion on the monitor. This acecentuaticon
was produced because the camera was on the end of a lever arm (nose of space-
craft) with a center of rotation some 5 feet (2.44 m) aft.

= The final point of interest is the fuel consumpticn. The total fuel con-
sumpticn inereased for both pilots as the contrel mode became easier. The
reason for thie is twofold. As the attitude control mode became easier to
manage, less emphasis was placed on attitude control and more emphasis was
placed on translaticn contrel. However, the translation thruster levels were
higher and required more fuel for a glven input than the attitude thrusters.
Also, theugh the pllot made less use of attitude control, automatic jet firing
was required for attitude stabllizaticon and made the rate-command mode easier
to fly but required just as mich or more attitude fuel.

PILOT COMMENTS

It was important that the plleots who flew the system were given an oppor-
tunity to state thelr remarks and conclusions about the work they had done.



After ecach pilot had completed his data flights for a part of the study, he
was debriefed.

The following are the statements, opinions, and ideas of these pilots for
the cases Jjust dlacussed,

Camera in Cockpit

Following the runs with the camera located in the ceockpit, the first ques-
tion gave the pilots an opportunity to state their cpinion of the similation:
How feasible do you feel docking via TV 1sf The pilots' comments were

Pilot A: "T think docking with & TV plcture of the task is very
feasible. As a task, it is easily accomplicghed.”

Filot B: "I think docking with a TV picture of the task is quite
feaslble. Like anything else docking by visual informetion transmitted
to you by IV ds golng to take a little practice to gain proficlency;
however, it 15 quite feasible."

They were asked what percentage of runs they felt they could complete
withln the docking tolerances eatablished for Gemini-Agena. One pilot felt
that he could complete 100 percent of the runs, while the other estimated 85-
percent success. The reasons given by Lhe second pllot for this limitation of
accuracy were: Plcture quality, loss of aspect of target, loss of three-
dimensional cues on the target, and the inability to delect range and range
rate adeguately. All the pilots suggested that for instrumentation they would
like to have at least a range indicator in a 'heads-up' location.

The pilots were agked to discuss their ability to separate attitude and
translation positions and rates; thelr comments were:

Pilot A: "I could distinguish attitude rates from translation
rates; however, the translation rates were not as clearly defined as
they were when I was actually in the cockpit. This is due primarily to
the fact that you just can't see the target quite as well, because its
image on the TV ie not as well defined at its boundaries. As for posl-
tions, 1 could identify them about the same ss in the actusl pllot-in-
the-coclkpit case. But this was a small amount of treouble in clearly
defining both rates and position."

Pilot B: "T believe the biggest problem was the poor quality of
the plelure, but in general the attitude and translation rales were
fairly recognizable. However, it was hard toe tell exactly when you
were docked. Even 1f you moved in glowly, you couldn't tell exactly
when you had your indexing bar within the V-slot unless you saw the tar-
get move when you hit it. 'This was because the TV pieture was two
dimensionsl, and you could nol see the back of the target when close 4o
the target. At first T was having difficulty getting my rates to zero.
I couldn't see slight movements as T could when actually in Lthe cockplit.

1o



There was a little difficulty in separating attitude and translation -
primarily in pitch and vertiecal translation. I think the problem would
decrease with increased proficiency."

To improve their detection of rates and position, the pileots felt that the i
most necessary feature of the system was a good picture on the monitor. One :
Ppllot felt that visual alds on the target might be of eignificant value, while
the other one did not feel wvisual aids were necessEary. ‘

The pilets were asked how muich they felt the image quality on the raster
could be degraded and still allow them to dock within telerance. One comment
Wa.B _ ‘

Pilot B: "Well, I don't think it could have been mich worse than |
what we had in some runa, because from the starting position (S0 feet |
(15.24 m) from target) I couldn't even see the afterbody. Actually I

was using only the face of the target with which to dock."

The pilots were then asked if they modified their technique of approach
because of the difference between the television presentation and the out-the-

window view they got in day runs they had made, MNeither felt that he had to
modify his techniques.

Their comments on the worklcoad caused by the television compared with
flying from within the spacecraft were

Pilot A: "I think the workload is about the same. I believe you
lose depth perception and that's it. Other than that, i1t's not
different."” '

Pilot B: "The workload in flying the picture seecmed to be a
little greater than flying in the spacecraft. I think this was pri-
marily due to the fact that I had no seat-of-the-pants feel. I had to
rely strictly on what 1 saw; therefore, if I had a poor plcture quality
my rates tended to get higher before T detected them."

Camera in Nose

After the flights with the camera in the nose, the pilots were asked
which control mode they preferred. Pilot B stated: "I preferred the rate-
command mode. T didn't have to worry about my attitude movements after T got
them centered because they remeined fixed. Then, all I had to do was fly the
translation mode."

Filot B's statement about the effect of the visual aid on control tech-
nigque was: "My basic technigue was unchanged. TIn the direct mode T was using
more attitude control. That'as because T was more or lese trying to get my
translation zerced and then keep my nose squared away in the rings with my
attitude contact., This 1s pretty difficult.”

11



When asked about proficiency development, pilot A stated, "T think docking
with TV camera in the nose is guite feasible. I can develop a proficiency of
skill in which I can acccomplish 100 percent decking. My prelficiency would stay

igh longest in the rate-command mode, "

Comments on the role played by the visual aid were:

FPilct A: "The aid to attitude eontrol provided by bthe cone is
real hard to explain because 1t is more or less a feeling - a sencse -
you develop from experience.” i

Pilot B: "The truncated cone as a wvisual aid is a great help,

primarily in transleticn . . . . I think you could achieve accuracy
within a 2 error band uaing the ald, but T feel it would be pretty
Longzn "

Recommendations of possible changes in the visual-aid design were:

Pilot B: "Ag for additional lines, different ccne angles, or dif-
ferent band widths, it's prelly nebulous. It would have been better if
the cvuler cone could have been longer. The inner cone ueed for final
dDCklEg was about the right size, perhaps a amaller apex angle could be
uged.

The guestion of what was the mein problem In the overall slmulaticn brought
forth this answer

Pilot A: "I think the main problem in this simulation, as in the
rest of our work, was being able to make tiny corrections at the last
minute. The closer you get to the target the more those small residusl
rates show up."”

Pilot B's opinion of docking capability with the camera in the nose was
"Excellent,"
CONCLUSIONS
The two-part study of the feasibility of using closed-circuit TV (CCTV)
for remate control of space docking has been made.

With the television camera in the gemini cockpit, the following conelusions
WETre made:

. (1) Closed-cireuit Lelevision (COTV) is feasible as a back-up mode, but it
15 not desirable as a primary means of viewing if direct viewing could be used.

{2) There 15 little degradation in lateral and vertical acouracy at docking

a e, = : n ] M .
“{"LT the pilot is sufficlently trained. Oceurrcnce of degradation is due to
the less of aspect and threc-dimenalonal cues.

12



(3) There is a degradation of ability of the pllot to estimate range and
range rate using CCTV. A 'heads-up' range meter is desirable. ‘

(4) The pilots' techniques of approach and doelking with CCTV were not
changed from those of direct viewing. '

With the televisicn camera in the nose, the followlng conclusions were
made:

(1) Some type of visual ald on the target vehicle would be required.

(2) With the truncated cone aid, pilot proficiency, and realistic control
characteristics, a Gemini-Agena docking band of +20 may be possible,

(3) The acceleration mode was found to be acceptable and used the least
fucl of the three types of attitude control modes studied.

(4) The rate-command mode was easlest to control; however, the required
automatlie stabilization caused this mode to use more fuel than the other two
modes.

Langley Research Center,
National Aercnautice and Space Administration,
Langley Station, Hampton, Va., June 17, 1965.
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AFFENTIX A

Factors required for converting the U.5. Customary Unite used herein to
the International System of Units (G5L) are given in the following table:

FPhysical quantity|U.3. Customary Unit CunvErH%U? factor 51 Unit

%
ceng & g By
Mass 1b 45k kM lograms, kg
Acceleration £t/ a2 . 3048 meters/second®, m/el
Frequency eps 1 Hertz, Hz
Veloeity ft/s 3048 meters/second, m/s

i \
Multiply value given in U.S. Customary Unit by conversion facteor to

obtain equivalent

1L

value in 5T Unit.
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TAELE I.- ESPECTFTCATIONS OF

Input:

Yoltape: W wowoms o & 8 o3 5 % Sowy g

Current & & ewcas W0 w0 ow ¥ s a Gh Sa

Frequency, cpeor Hz + . & « & o &% .

Powerg W 5 W oy &0 & & 9 8 5 e
Output Zmpedance, chmes . . . . . .
Horizontal resolution, lines . , ., , , .
Slgnal-to-noise ratio, dB . . . . . .
CCANINANE TINEE o o covweae w6 W o e 5 e
dnterlane ratld. « veoww B o B % N %
Field rate; epes o He: = ¢ & v & % % %
Auntomatie light compensation ratioc . .
System bandwidth, me . . . . . . . . . .
Tclerable ambient nbise level, dB . . .
Camera:

Dimensions, in. (em) . . . .

Wedght, b [le) "o coave o o 9 5 5 5 %
Conbrol package:

Dimensicns, in. (em)
Weight, 1b (kg) . . © v o v v v v v »

»
.
]
(]
]
]

*As given by manufacturer.
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L # - - - -
- . - - - - -
. - - - "
" " & - - - -
- = o= = - - L3 &
w * * - - -
a * * * * * [l -
- = o= - 5 #
] a - - - - - -
. & " - - - - -
- - » " - [l 3 (3
- - - - - " " [l
- - - - - - = oa

h.s x 10 % 6.56

COTV SYSTEM™

- - - . 5
& . " - "
" * - *
- - - - (3

. 100 to 130
I T S - £ i
. 50 te 60
I | -

ST

800 or more

< « & v » 4O pr better

- - - - #
- - -
3 TR - -
- - - .
- e - - -

¢ 5 4w BT

« v » 2T0 1
e e s BD
. 6000 to L
“ o 1z

up to 160

(11,45 % 25.4% % 16.66)

- - 9(4.08)

I 5 X 1962 (a2 R 12,70 ¥ 4g.83)

4(1.81)



TABLE II.- AVERAGE OF ENT) CONDITIONS FOR RUNS WITH CAMERA IN NOSE

Error in -
Command mode ¥ Ty, ¥ Zn a, | ¢, | ¥,
et | m | £t l AR T I - T Ll
Filot A
Acceleration|0.k5 0,157 O.£é1b.1?1 o.48lo.1bk6 0.2 (0064 3. 35 L. 7T]|2.02
Rate washout| .25| .076| .47| .143| .21| .064| .20| .061)2.87| .37| .82
Rate ) L1E8] LTS G229 L23) 070 .éT .082|3.09] .51(1.23
Pilot B Ty
teceleration|1.12]0.341(0.95 éteag o.46lo.1h0 0,26 |0.079 (k.98 |2.00|2. 47
Rate washout| .49| .149l1.00| .305| .22| .067| .50 .152|4.69] .33|1.56
Rate 18| .os6| 45| .137| .08 .o2k] .19| .0sBl2.25| 39| .72

17



50'C1ER'9 | Hég" Mpm,ﬂ 02"2 (6% | 06'GTe2 2T %] C2 0Tl '+ |G CT| QL LT|GL 6T mm.m“ a3y
66 TiOh % | GTH" |26 | en'T [eT°¢ | Llz-6oe 095 06°0T|0T"9 [02°6 |0E 9T |0L'6T|00 €| Iney=en muﬂm“
Log'o|€T 2 | g9270(6c D | Eg 0 [HE'T | 2hrors | oergl, LTz (g HT| S cTlc2 0 _mg.ﬁﬂ HI'E| ZCT3eIsTa0aY |
€ 9°TId “
A e gl |19 T | €T |o¢'¢ | 62r20e z0*66 ELIT|BE"q |0S'ET| 00 72|00 CE|TO Bl | =9y
¢S 1|el 2 Tq* | 167 e |%g'T | TLgoe Lz 2g eT'9T|00°L | C2'CT|RE QT|€9 6T |0g g Inousnn ajey
hitoj29'T l'0[€0°T | g2'0 |29°0 | 64 Gt It gl QL H2 |GL OT| BB 4T |CT  |LT°9 |9§'9|uoTasastanay
¥ 30714
R e Rl 1 o, s g fomrgz|una xad syndut A & & ¢ A &
vt Jad Tanl|ona Jad Tang| unr Jad Tang| 4q@TT1T afpionw APOW TOLyEe]

J508 NI VoOaYD HITA 3TVW STIHDTTA MO ZWIL ONY "TINd ‘SInd¥T 20 SEOVSEAY - ' IIT TIHVI

14



o e e

——— T T Emr——— - o Lt - - e

fpnjs AL U] pASN SARWPI0D WORB(SURL] -] ainfbiy

A1

Uz 17—

ASOU ATITYIA JO IDJUDD

UOTIE]0I JO IDJUI]Y

19



Froure €~ Linyley rendegvous docking simulator iGamini cenfiquration. L=(d-d307




04727 “|aise) ety o dnyaow uapooh) -7¢ Snbid




£c101-49-1 “uopeinwis Bupyap Burinp wojpsed @y -y 2inklg




PG PO IU(IED J0 8RS 18] Ul BJBWED ALDD

- Bandiy




-89 BEOU [SPDL WIS UL BIMUED ARDD -9 2unbid




EREE-T9-1

“LniERURIE #eRpY] - anbl

22




£FT0T-59-1

SR[IDAUEY SONULY g &Ny

e =



TST01-69-1

*18| oAU uojEjsUEl] -G 2ang

27




PIE |BNS A jo DUIY2Ip |Pugiaes-5500] -pf einbig

-
p
: .
|

—
S

,,.%A%&w\&&@ﬁ\%\\\%\\\\%\\\\\x\\\\\\m&%\\_\\\\\bﬁ, _
| 7 4

N T T T T T T T
&

i
{
g o

) A

0L
DE"S
T
06" g
05ty

4

| oo

- sz'

gh

| SZ' T

Ty Ce -

U
L

b A= R .
'“"'U‘-"‘H’GDL',.‘::.-J‘ E o

28

SAYIUT ignrey Torui g



"85QU Ul BJAUEDY AL UYIM BUIICD Joy pASH (SUAD PREILUNYL PIE (BNS 1A 0 sty - TT ainbi4

*jepoi ewsby jo #uGd BUIICD U] pELUNCW DI [EnsIA o BuimELD dEr2nT (2)

128181 Bu=2dy

PTE TENSTA

auca Jurydog

29




MpOjUEY  -*T 240

29T0T-£0-] BIALEDT AJTD ..“u Ut 5B 02 eSS Jo maly ()




(0L ")

‘)| Jayu=a eualiy o) Joadsas L)|M 50U (I3 J0 J3)UAD J0 00D [EITIEN DUE (eJaiE 2T ainbig

2 10lld ) "y 101 12}
(o) 13 U= uy 37 'z
[SFDE™ D (gx0e"
=T —~ T

(gpog)
1

\m o
\
frf

i =¥y i
(my 3F 'L I

i g R

T
| o
/u
]

1tdipos of wrawes [ a

TR0 oF I9TF ()

jrdy30d ur BIIWE]

oo

37d¥s0y UT IOTFL

3L

— T e ke B = I T



guzdy

‘Buryzop o solud sapaman o buimelg g7 aunbig

TuTUag

32



23

D U] BaEd pue D Ul jofid Ja) (spuoses) sw Wl 1suebe paod (15y) spuncd) pasn fen 2100 0 SOl UCHIPUSI-PUT 3T HJrbL4

. , w10 B
§ 104 1 W [
2 5 "3
0T oot 2 rife! . 5
0 T T 4 2 bl _ __n
—M— V
9E° = = g- e — %
- o | H
(=]
] g 2 n m
= -y .
=] T = il E " i bt E
- & - :
um.. E o =
- A ;
m c H w
= 3 & .
e BT g T 2 801 — 'z K.
i) . r o T
T s ...
o . - =
A/
il N 4% LI Y /-8 e
ITINPCY OT RISIET = — = = = o = il =)
F L & o
UL el R P, o O ._.m_.._
aTdyz0s oT JOTII s 1
—
itdyioa up goyrg (o]
.s_,l..._
-
P,
=
i
[
<
Lr]
=L
E
e i e i e T T — : :
o Py o B T - z - - ! . e




